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STRUCTURAL INSIGHTS INTO FeGalnSs NANOPARTICLES VIA PULSED LASER
ABLATION IN LIQUIDS
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Controlled synthesis of nanomaterials with defined size, morphology, and purity is crucial,
as these factors strongly influence optical, electronic, catalytic, and dielectric properties[1].

Pulsed Laser Ablation in Liquids (PLAL) is a versatile, ligand-free, and eco-friendly
method that produces high-purity nanostructures via laser-induced plasma formation and rapid
quenching, enabling unique phases difficult to achieve by conventional method[2].

Unlike chemical routes, PLAL vyields clean surfaces without surfactants, enhancing
interfacial processes such as charge transport and polarization, which is critical for energy
devices and polymer nanocomposites[2].

Bulk FeGalnS4 crystals used as targets were synthesized in vacuum-sealed quartz
ampoules with controlled heating and further annealed at 800 K to improve crystallinity and
uniformity[3].Subsequently, FeGalnSs nanoparticles were produced via the Pulsed Laser
Ablation in Liquids (PLAL) method. A schematic representation of the experimental setup used
for the PLAL process is shown in Figure 1.

Target

Tripod mount clamp
FeGalnS4 crystal, >

Laser beam

Generated NPs*" ‘ _ Dax m g ed adjacent’
Plasma plume - ﬁ
iHeat effected

Shock wave Zone

7‘

FeGalnS4 crystal plate

Figure 1. Schematic representation of the PLAL setup for FeGalnSa crystal ablation.
X-ray diffraction (XRD) is widely used to determine crystallite size, lattice defects, and
internal strain. The phase composition and crystalline integrity of the samples before and after
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laser ablation were investigated using X-ray diffraction (XRD). Figure 2 illustrates the diffraction
patterns for both the bulk crystal and the nanostructured samples obtained via PLAL.

Figure 2. XRD patterns of FeGalnS, crystals before and after laser ablation.

For the FeGalnSs bulk crystal, sharp and well-defined diffraction peaks were observed at
values of 7.15°, 14.41°, 21.72°, 28.2°, 30.95°, 37.0°, 40.8°, 44.74°, 45.46°, 53.5°, 61.2°, 68.0°,

—— Laser abilation,
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2
2

Intensivity (a.u)

Intensivity (a.u)

26 (deqree)
69.0°, 75.0°, and 78.6°. These peaks correspond to the (001), (002), (003), (102), (005), (104),
(006), (105), (007), (008), (109), and (0010) crystallographic planes, respectively. The diffraction
data confirm the trigonal symmetry (R3m space group) of the FeGalnSs phase, indicating high
crystallinity in good agreement with previous reports [5].

The XRD analysis of the PLAL-processed samples revealed that the primary diffraction
peaks remain consistent with the bulk material, suggesting that the fundamental FeGalnS4 phase
is preserved during the ablation process. However, additional low-intensity peaks emerged in the
ablated samples. Specifically, peaks at 206~10° and 19° were attributed to B-FeOOH and
GaOOHphases, respectively [6]. The formation of these oxyhydroxide phases is a characteristic
phenomenon in PLAL, resulting from the reaction of ablated Fe and Ga atoms with active O and
OH radicals generated by the laser-induced decomposition of the water medium.

Furthermore, peaks observed at 20~ 29°, 31° and 59° and were assigned to FeGa»Ss and
Feln2S4 phases. These findings indicate that during IR laser irradiation, a portion of the ablated
components undergoes recrystallization into alternative binary or ternary sulfide phases,
reflecting a partial structural transformation from trigonal (R3m) to cubic spinel-type (Fd3m)
configurations. While the presence of FeOOH and GaOOH may enhance photocatalytic activity,
their low intensities suggest a relatively small volume fraction in the final product [7,8].

To further quantify the structural evolution, the Williamson-Hall (W-H) method was
employed to determine the crystallite size (D), microstrain (g), and defect density (5). The W—H
plots and the calculated parameters are presented in Figure 3 and Table 1, respectively.
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Figure 3. Williamson—Hall plots of (a) bulk FeGalnS4 crystals and (b) laser-ablated
FeGalnS4 samples.

Table 1. Structural parameters of the investigated samples

Sample Crystallit Micro Deffect
e size Strain €107 density 6*10
(nm) *(nm)?
FeGalnSs (bulk) 354 6 94,4
FeGalnSs (laser 105.1 -0.6 9,61

ablation)

W-H analysis showed crystallite size increased from 35.4 to 105.1 nm after laser ablation,
indicating improved crystal order. Microstrain changed from 6.09 x 1077 (tensile) to —0.6 x 1077
(compressive), while dislocation density decreased nearly tenfold from 94.4 x 107> to 9.61 x 10~>
nm=2 These effects arise from laser-induced annealing and partial recrystallization, where rapid
heating and ultrafast cooling reduce defects and promote grain growth. Consequently, XRD
peaks narrow and the lattice becomes more compact. The trigonal structure of FeGalnS4 remains
stable, with only minor secondary phases detected. Overall, PLAL-synthesized nanoparticles
exhibit high structural stability and promising optoelectronic potential for photodetectors, energy
systems, and photocatalysis.
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Abstract

FeGalnS, nanoparticles were synthesized via PLAL using pure bulk crystals as targets.
XRD and Williamson—Hall analysis revealed an increase in crystallite size from 35.4 to 105.1
nm, a transition of microstrain from tensile to compressive, and a significant reduction in defect
density. The main trigonal structure (R3m) was preserved, while minor secondary phases
(FeOOH, GaOOH, binary/ternary sulfides) formed. These structural changes result from laser-
induced thermal annealing and ultrafast quenching, producing larger, more ordered
nanostructures, highlighting their potential for optoelectronic, photocatalytic, and energy
applications.

Xulasa

FeGalnS, nanohissaciklori PLAL Usulu ilo tomiz bulk kristallardan hadof kimi istifado
edilorak sintez edilmisdir. XRD vo Williamson—Hall analizi kristallit 6l¢tsinin 35.4-don 105.1
nm-o artdigini, mikro-straining orilmodon sixilmaya kecdiyini vo defekt sixliginin ohomiyyatli
dorocado azaldigini gostordi. Osas trigonal struktur (R3m) qorunmus, FeOOH, GaOOHvo
ikili/uglu sulfidlorin kicik miqdart iso ikinci dorocoli fazalar kimi yaranmigdir. Bu struktur
doyisikliklori lazerin yaratdig: istilik anilasiyast vo ultrasirstli soyutma naticesindo daha boyuk
Vo nizamli nanostrukturlar omolo gotirir, optoelektronika, fotokataliz vo enerji totbiglori tgun
perspektiv toqdim edir.

Annomayusn

HanouactunpiFeGalnS, 611 cuntesnpoBansl MeToqoM PLAL ¢ ncnonp30BaHUEM YHCTHIX
KPYIHBIX KpUCTaIoB B KadectBe wmumened. Anamu3z XRD u Williamson—Hall moxka3zan
yBEJIMUEHHE paszMepa KpucraumrtoB ¢ 35,4 no 105,1 HM, nmepexox MHUKpPOHANPSHKEHUH OT
pacTsHKeHHS K CXKATHI0O W 3HAYUTEIbHOE YMEHBIIEHHE IUIOTHOCTH JedekToB. OCHOBHas
TpuroHanbHas CTpykTypa (R3m) coxpaHeHa, mpu 5ToM 00pa30BaIMCh HE3HAYUTEIbHbIE
BropuuHsle ¢aszpl (FEOOH, GaOOH, OunapHbie/TepHapHbIE CYIb(QHUIBI). DTH CTPYKTYpPHBIC
U3MEHEHMS BBI3BaHBI JIa3epHON TepMOOOPaOOTKOM M YIbTPaOBICTPBIM OXJIaXIeHUEM, POPMUPYS
Ooiee KpymHBIE U YHOPSJIOYCHHBIE HAHOCTPYKTYPBI H  OTKpPBIBas TEPCIIEKTHUBBI  JUIS
OTTO3JIEKTPOHUKH, (POTOKATATIHM3A U IHEPTETHUECKUX MPUIOKESHUH.
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MnGa2Ss KRISTALININ DIELEKTRIK NUFUZLUGUNUN TEZLIiK VO
TEMPERATURDAN ASILILIGI

Niftiyev N.N.", Dasdamirov A.0.", Mammadov F.M. ™, Agayeva R.M."
Azarbaycan Déviat Pedaqoji Universiteti’
Az-1000, Baki, U. Hacibayli, 68
AMEA Kataliz va Qeyri — iizvi Kimya Institutu™
Az-1143, Baki, H. Cavid pr., 29
namiq7@bk.ru

Acgar sozlor: MnGa,S,, dielektrik niifuzlugu, tezlik, temperatur, aktivlosmo enerjisi,
relaksasiya dispersiyasi, si¢rayis kegiriciliyi, CBH modeli

Isdo MnGazSs kristalmin dielektrik niifuzlugunun elektrik sahosinin tezliyindon va
temperaturdan asililif1 294-374 K temperatur vo 25-10° Hz tezlik intervalinda todqiq edilmisdir.
Miiayyon edilmisdir ki, dielektrik niifuzlugunun haqiqi hissasi (¢) temperatur artdiqca artir, tezlik
artdigca iso azalir. Bu artim temperatur yiiksoldikco yiikdasiyicilarin konsentrasiyasinin
coxalmasi ilo slagadardir. Dielektrik itkilori xarakterizo edon xoyali hisso (¢") tezliyin artmasi ilo
koskin azalaraq relaksasiya dispersiyast gostorir. €”-nin temperaturdan asililigit Arrenius
ganununa uygundur vo aktivlosma enerjisinin tezlik artdigca 0,36 eV-dan 0,16 eV-a qodor
azaldig1 miioyyan edilmisdir. Naticolor gostorir ki, MnGa2Sy kristalinda kegiricilik qarisiq zona—
sigrayls mexanizmi ilo bas verir vo CBH modeli ilo izah olunur.

Son illorde hom magqnit, hom do yarimkecirici xassolori eyni zamanda niimayis etdiron
materiallara maraq ohomiyyatli doracods artmigdir. Bu ciir materiallarda keg¢id elementlarinin
(xtisusilo 3d qabig1 tam dolmamis elementlorin) istiraki noticosinds yeni fiziki xassolor
formalasir. AB2X4 tipli Gi¢lii birlogsmoalor (A = Mn, Fe, Co, Ni; B = Ga, In; X =S, Se, Te) maqnit
vo yarimkegirici xiisusiyyatlorin kombinasiyast ilo segilir. Bu materiallarda maqnit xassalorinin
elektron vo optik tosirlorlo idara olunmasi onlarin optoelektronika, fotodetektorlar, lazer
sistemlori vo fotokataliz sahalarinda totbiqini miimkiin edir.

MnGazSs birlosmasi bu sinfin mithiim niimaysndslorindon biridir. Onun kristal qurulusu,
maqnit vo optik xassolort ovvalki todqiqatlarda arasdirilmisdir. Togdim olunan is dielektrik
nifuzligunun temperatur va tezlikdon asililiginin dyranilmasine hosr olunmusdur.

MnGapSs kristalt yiiksok tomizlikli Mn (99,995%), Ga (99,999%) vo S (99,99%)
elementlorindon sintez edilmigdir. Komponentlor stoxiometrik nisbotda qarigdirilaraq vakuumda
(=10 Pa) kvars ampulalarda sintez edilmisdir. Rentgenstruktur analiz naticosinde miioyyan
edilmisdir ki, kristal rombik sinqoniyada kristallasir vo qofas parametrlori: a = 12,90 A, b = 7,45
A, c=6,13 A toskil edir [1].

Dielektrik dlgmalori tigiin ~ 1,5 mm qalinliginda niimunslor hazirlanmis vo onlarin sothing
giimiis pastasi ¢okilmisdir. Olgmolor 293—400 K temperatur intervalinda vo 25-10° Hz tezlik
diapazonunda aparilmigdir. Dielektrik parametrlori &' = Cd/(g0S), €" = tgo-€' ifadalorindon
hesablanmigdir.

Sokil la-da miixtolif tezliklor {igiin dielektrik niifuzlugunun haqiqi hissasinin (&)
temperaturdan asililigi gostorilmigdir. Temperatur artdiqca &'-in artmasi miisahido olunur (85—
120 intervalinda). Bu hal elktrik keciriciliyinin temperaturla artmasi ils izah edilir:

g

€= @)

gowtgs '
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Temperatur artdiqca yiikdasiyicilarin konsentrasiyasi yiiksalir vo noticodo hom kegiricilik, hom do
¢" artir [2]. Digor torofdon, tezlik artdiqca €' azalir ki, bu da dipollarin yiiksok tezlikdo sahayo
uygunlasa bilmomaosi ilo baglidir.

Sokil 1b-do dielektrik niifuzlugunun xoyali hissosinin (") tezlikdon asilili1 gdstorilmisdir.
5-102-5-10° Hz tezlik intervalinda &” koskin azalir, daha yiiksok tezliklords iso azalma daha zoif
xarakter alir. Umumilikdo &” tezliyin artmasi ilo toxminon 60 dofs azalir. Bu, relaksasiya
dispersiyasinin mévcudlugunu gosterir [3].

130 A =#=—25Hz
120 A == 1kHz
110 A 100kHz
100 -
“ 90 -
st ./l/"“././.‘.
70 4 :
60 ' ' . ' )
280 300 320 340 360 380
T(K) lgf, Hz
(a) (6)

Sakil 1.

a) Miixtolif tezliklordo MnGapSs  kristalinda €'-in  temperaturdan  asililig1.
b) Miixtalif temperaturlarda MnGaxSs kristalinda €”-in tezlikdon asililigi.

Sokil 2-ds £"-nin temperaturdan asililig1 verilmisdir. Bu asililiq aktivlogsmo xarakteri dastyir
vo Arrenius gqanunu ils ifads olunur:

e''~exp (— i—;) (2)

lge” — 10%/T grafiklorinin meylindon aktivlogsmo enerjisi hesablanmisdir. Miioyyon edilmisdir ki,
tezlik artdiqca aktivlosmo enerjisi 0,36 eV-dan 0,16 eV-a qodor azalir. Asagi tezliklordo
yiikdastyicilar dorin lokal saviyyslordon zonalara kegid edir (zona mexanizmi), yiiksok tezliklordo
159 yaxin lokal soviyyslor arasinda sigrayis edir (si¢rayis mexanizmi). Orta tezliklordo iso hor iki
mexanizm paralel sokildo bas verir.

4 4 @ 25Hz
M 1kHz

3 - A 10kHz
® 100kHz
e 2 4
W
i) . ‘-Hs.\.\.-\‘
0 A %

_1 L) 1
2,5 3 3,5

103/T, K?
Sakil 2. Miixtalif tezliklordo MnGazS4 kristalinda €”-nin temperaturdan asililigi.
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Bu naticolor gostorir ki, MnGaySs4 kristalinda keciricilik qarisiq zona—sigrayls mexanizmi
ilo bas verir [4]. Aktivlosma enerjisinin tezlikdon asili azalmasi korrelyasiyali sigrayis modeli
(CBH) ilo uygunluq toskil edir [5]. Bu modelo gors tezlik artdiqca sigrayis mosafosi azalir vo
dastyicilar daha yaxin enerji soviyyslori arasinda horokot edir.
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Annomauus

B nmanHoit pabore wmccienoBaHa 3aBHCHMOCTH JAMAJIEKTPHYECKOW MPOHHIAEMOCTH
kpuctaa MnGazS4 0T 4acTOTHI SJEKTPUUECKOTO OIS U TeMIleparypsl B untepsaie 294-374 K
u 25-10° I'm. YcTaHOBIEHO, YTO JEHCTBHUTENbHAS YACTh JMANEKTPUUECKOH MPOHHIIAEMOCTH
YBEJIMYUBAETCS C POCTOM TeMIepaTypbl M YMEHBIIAETCS C YBEIUYEHHEM 4YacTOThL. ITO
YBEIIMYCHUE CBS3aHO C POCTOM KOHIEHTPAIlMM HOCUTENICH 3apsa TpH TOBBIIICHUH
Temneparypbl. MHHMas 4YacTh, XapakTepH3ylollas AMIJIEKTPUYECKHE TOTEepH, PE3KO
YMEHBIIAETCS C YBEIMYEHHWEM YaCTOThI, YTO YKa3blBaeT Ha HaJIMYUE pEIaKCallMOHHOM
mucniepcun. [lokazaHo, 4To TemneparypHas 3aBUCUMOCTh £” MOAUUHSETCS 3aKOHY AppeHunyca, a
SHEprusl aKkTUBALMU yMeHblIaercs ¢ poctoM yactotel oT 0,36 no 0,16 »B. IlomyueHHsble
pe3yibTaThl CBUAETENBCTBYIOT O TOM, YTO MPOBOAUMOCTh B KpHucTamie MnGazSs peanusyercs 1o
CMEIIAaHHOMY  30HHO-TIPBDKKOBOMY  MEXaHHW3My ¥ XOpPOIIO  OINKCBHIBAETCS  MOJEINBIO
KOppenupoBaHHbIX NpbLKKOB (CBH).

Resume

In this work, the dependence of the dielectric permittivity of MnGaySs crystal on the
frequency of the electric field and temperature has been studied in the ranges of 294-374 K and
25-10° Hz. It was found that the real part of the dielectric permittivity increases with increasing
temperature and decreases with increasing frequency. This behavior is associated with the
increase in charge carrier concentration as the temperature rises. The imaginary part, which
characterizes dielectric losses, decreases sharply with increasing frequency, indicating the
presence of relaxation dispersion. The temperature dependence of ¢” follows the Arrhenius law,
and the activation energy decreases from 0.36 eV to 0.16 eV with increasing frequency. The
obtained results indicate that electrical conduction in MnGaxSs4 crystal occurs via a mixed band—
hopping mechanism and can be well explained by the correlated barrier hopping (CBH) model.

13


https://link.springer.com/article/10.1134/S1063782609110025#auth-F__M_-Mamedov-Aff1
https://link.springer.com/journal/11453
https://link.springer.com/article/10.1007/s10812-022-01304-w#auth-N__N_-Niftiyev-Aff1

NMIIEJAHCHASA CHEKTPOCKOIIUA IUIJEKTPUYECKUX
CBOMCTB KPUCTAJLIIOB ZnSe

raoncuesa M. P., ‘Mammaonu 4. A.,*T'yceiinos [nc. H.?Ad6acos U. U,
LAzepoaiioncanckuil zocyoapcmeennwlii nedazozuueckuii ynugepcumem, Baxy
2 Azepbaitoncanckuii zocyoapcmeennstii Yuusepcumem Hegpmu u Ilpomviuenennocmu, Baxy

KuaroueBble ciaoBa: ZnSe, audieKkTpuueckas MPOHUIAEMOCTh, YacTOTHAs JUCHEPCHUS,
TEeMIIEpaTypHasl 3aBUCUMOCTb, IUII0JIbHAS MOJISIPU3ALUs, PEIaKCAlIUOHHBIE ITPOLIECCHI.

lIupoko3orHsle TomynpoBoguuku A’B®, B uwacTHOCTH celeHHI IMHKA, IIHPOKO
UCTIOJIB3YIOTCS TIPU CO3JIaHUH JIIOMHUHECHEHTHBIX U JIA3EPHBIX SKPAHOB, POTONPHEMHUKOB, B K-
texHuke [1]. CeneHua LMHKA TpoO3padyeH B ONTHYECKOM JMAara3oHEe UIMH BOJH M XOPOLIO
nporyckaer nndpakpacuoe (MK) uznyuenue [2]. MaTepuan ¢ HU3KUM COACpKAHUEM MTpUMecen
U COOCTBEHHBIX J1e(h)EKTOB CTPYKTYPHI YIAaETCS MOTy4yaTh METOJAOM XMUMHUYECKOTO OCaXJICHUS U3
raszosoii (a3er (Chemical Vapour Deposition, merogom CVD) ¢ uCrnoiap30BaHHEM B KadyeCTBE
UCXOJHBIX PEareHTOB IMHKA U CMECH ra3000pa3Horo ceneHoBogoponaa. Jto nenaer CVD-meron
Haubosee NepCHeKTUBHBIM Ul MOJy4YeHUsl 00pa3loB ZnSe ¢ BBICOKUMHU 3KCIUTyaTallMOHHBIMU
xapaktepucTukamMu. OIHONM U3 BaXKHEUIINX XapaKTePUCTHK ONTHYECKHX MaTepUalOB, KOTOPas
MO3BOJIIET MCIOJb30BaTh MX B KAuyeCTBE AKTUBHOIO 3JEMEHTAa B PA3JIMYHBIX YCTpPOICTBaXx,
SBIISIETCS. YACTOTHOM U TEMIIEPaTYPHON 3aBUCHMOCTBIO AUAICKTPUUECKOM MPOHUIIAEMOCTH.

B nannHoli paboTe mccienoBaHbl HEKOTOpble ¢u3mueckue cBoiictBa CVD ZnSe, B ToMm
YHClie PEHTICHOCTPYKTYPHBIN aHalu3 U ONTHYECKas MUKPOCKOIMS, JUIIEKTPUUYECKUN OTKIIUK
Ha MU3MEHEHHUE dJIeKTpuyeckoro nojisi. O0paser] moJMKPUCTALIUYECKOTO ZnSe TOMIUHON 3MM,
UCIONIb3YEMBIN B JAHHOH padoTe, MOIy4eH METOAOM XUMHUYECKOT0 OCaXICHUS U3 Ta30BoM (pasbl
[3].

PeHTreHocTpyKTypHBIE WCCJICIOBAHMUS CBUJCTEIHCTBYIOT, 4TO oOpaszery
CVD ZnSe sBnsiercss  MOJMKPUCTANIMYECKUM.  AHaIM3 HWHTEHCUBHOCTEH  PEHTI€HOBCKUX
OTpaKeHMI TMOKa3bIBaeT HAMYHE B KpHUCTaie MPeoOsaarollero HalpaBlIeHUs, a TakxkKe, 4To
UCCIeyeMbIit 00pa3ell COCTOUT U3 OJTHOM (ha3bl.

s uccnenoBanust MOp(OJIOTUM U MUKPOCOCTaBa MOBEPXHOCTH 00paslia MCHOIb30BAJIC
CKaHEPHBIH 3JIEKTPOHHBI MHKPOCKOT SIOHCKOTO mpom3BojacTBa Mapku JEOL JSM6610-LV.
KosnyecTBeHHBIM PEHTI€HOBCKUM MHKPOAHAJIM30M ONpEZeNieH cocTaB (a3bl M pacupeieseHue
XUMHYECKHX DJJIEMEHTOB Ha IIOBEPXHOCTH HccieayeMoro oopasua. AHalW3 IOJyYE€HHBIX
pe3ysIbTaTOB I1OKA3bIBA€T OJHOPOAHOCTH MOBEPXHOCTH, HO CO M3MEHEHUEM CTEXHOMETPUH B
npejenax o0J1acTh TOMOT€HHOCTH ZnSe CTOPOHbI U30bITKA CelleHa.

JIeCTBUTENbHYI0O MU MHUMYI YacCTH KOMIUIEKCHOW JUAJIEKTPUYECKON MPOHUIIAEMOCTH
nonukpuckamumueckoro CVD ZnSe B TNepeMEHHOM JJIEKTPUUECKOM  TOJI€ M3MEpsIM  Ha
uudposom npudope E7 — 20 (25 + 10°Tu). C nomompsto npubopa E7 — 20 usMepsercs
emkocth (C), akTUBHOE COIpOTHBIEHHE (R), MOIyTh KOMIUIEKCHOTO cOmpoTuBieHUus (Z),
nobpotHocts  (Q), TaHreHc yrina mnotepb (tgd) u  (a3oBeId CABUT KOMILIEKCHOTO
COIIPOTHUBIIEHUS HCCIIEyeMOoro o0pasia.

JUIST TUBIIEKTPUYECKUX M3MEPeHHMH OBLIM HM3TOTOBIeHBI oOpasiel 3 CVD ZnSer Buje
IUIOCKUX KOHJIEHCaTopoB. B kadecTBe OOKIag0oK Oblla MCIONB30BaHA cepeOpsiHas IacTa.
JIMama3oH 4acTOT TIEPEMEHHOTO JNEeKTPHYecKoro mons coctamsn 25 -10° I'm. Ha o6pasen
nojnaBajgochk HampsbkeHne 1 B. 3HadeHus JeHCTBUTENBHOM YacTH  JIUAJIEKTPUUYECKOM
MPOHHUI[AEMOCTH PACCUYUTHIBAIUCH, HCXOAS W3 TONIIMHBI CETHETOIJICKTPUYECKOW IUIeHKH d,

cd o
IIomaan KOHTaKTa S mo (I)OpMyJ'IC AJId TNIOCKOI'0 KOHACHCATOpa g = ; PACCUUTAHHOU 10
o
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U3MEPEHHBIM 3HaueHUSIM eMKOCcTH C ¥ yCTAaHOBJICHO, YTO €€ 3HauCHHE U3MEHSIETCS B Ipesenax
180+540 B nmanaszone wactor 25+ 10°Tn.  YacToTHas 3aBUCUMOCTH JUAJIEKTPHYECKOIL
NPOHMIIAEMOCTH O0YCJIOBJICHa HMHEPIIMOHHOCTBIO MPOIECCOB TONspu3anuu. VcciemoBaHust
YaCTOTHBIE 3aBHCUMOCTH JECHCTBUTEIBHOM YaCTH IUAJICKTPHUCCKON mpoHunaemoctu &' (f)
noiaukpuctauimueckoro CVD ZnSe npu pa3nuyHbIX TeMIepaTypax IOKa3bIBalOT, YTO
¢'(f)umeer MeCTO CWIIbHAs YaCTOTHAs

JUCIIEPCHSL. 600
Ha puc. 1 mnpuBenen rpaduk
3aBUCUMOCTH  JICUCTBUTEIBHOM YacTU 400

JUDJICKTPUYECKON MpoHuIaeMoctu (&)
OT 4acTOThl TOKa (V) B TEMIEpaTypHOM
unrepBaie 290 + 470 K. Kak BugHo u3
pucyHka B oOnactu  WHGPPAHUZKHX
gactoT (f < 100 ') musnekrpuyeckas 1
nponuniaemoctb CVD ZnSe ocraercs S
nocrossHHOW. Korga Bpems penakcanuu
JUIIOJIbHBIX MOJIEKYJI MEHbLIE
MOJIyTIEpUOJIa  AJIEKTPUYECKOTO  I0JIS,
JUIIOJNY HUMEIOT IIOJIHYK0 OpPUEHTAlMI0 B HAINPAaBJICHUU IIOJISI, IOATOMY JMIJIEKTPHUYECKas
IIPOHUIIAEMOCTh OCTAETCs IOCTOSHHOM. Bo BceM wccnenoBaHHOM MHTEpBAJE TEMIEPATYP
3HAYEHHUE JIEHCTBUTEJIBHON YacTU AMDJIEKTPUUECKON MPOHUIIAEMOCTH MOHOTOHHO YMEHBILAETCS
C YBEJIMYEHHUEM YacTOThl B JUANa30HE YacTOT 102 =+ 10%Tu. HawuGosnee KpyToil cman €'
HaOII0/1aJICs IPH CPaBHUTENBHO HU3KUX yacToTax (102 < 103 I'n). B auanasone yactor 10 + 6
I'm BenumumHa &' cnabo 3aBUCHT OT 4acTOTHL. 110 Mepe yBENMUYCHHS TEMIEPaTyphl 4acTOTHAsS
mucriepcus € ycunuBanack, U ans temmneparypsl T=180 °C nHaGmonanach OYEHb CHIIbHAs
3aBUCUMOCTh €' OT 4YacTOThl. XapakTep HW3MEHEHUs &' ¢ YacTOTOW CBHICTEIbCTBYET O
peNaKcallMOHHOM JHUCIIEPCUM JMUAJIEKTPUYECKON MPOHUIIAEMOCTH B MOJMKPUCTAIUIMYECKOTO
CVD ZnSe. Crnegyer OTMETHUT, UTO PEJIAKCALIMOHHAS JUCIEPCHS XapaKTepHa sl JUIIOJIBHOTO U
MUTPAIMOHHOTO MEXAHNU3MOB MOJIIPU3ALUH.

Ha puc. 2 mpeacrtaBieHbl TeMIepaTypHble 3aBUCHMOCTH aeiictButenbHoiie’ (T) dvactu
IUDJIEKTpUYEeCKO  mpoHunaeMoctd CVD Zn 1npum  pasnuyuHBIX  3HAQYEHHUSIX  YacTOTHI.
TemmepatypHbie 3aBUCHMOCTH JedcTBUTENbHON &' (T)M MHHMOW dYacTeil  IUAIEKTPUUECKOI
npouunaemoctd €''(T) wuaeHTHYHBL. XapakTePHBIM SIBISIETCS TO, YTO JIO OINPEACICHHOM
temneparypel & wu &' ocrarorcs
IIPAKTUYECKH  IOCTOSHHBIMM, a IIpHU
NanpHEIIeM YBETMYEHHH TEMIEpaTyphl W B
o0e TPOHMIAEMOCTH pe3Ko pacTyT. M3 400
pPUCYHKAa BHUAHO, 4YTO C YyBEJIWYEHHEM

200

Puc. 1. Yacmommnas 3asucumocmo
ousnekmpuyeckotl nponuyaemocmu 6 CVD ZnSe

60 {;u

~——o—_
w

Y4acTOThl TEMIIEPaTypa, COOTBETCTBYIOLIAs oy *
pe3skoMy pocTye’, cmemaercs B CTOPOHY o °
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TEPMHUYCCKH AKTHBHPYEMbIi pocT  &'. DTO CBA3aHO C TEMIIEPATYPHOW 3aBUCHMOCTBIO
3IEKTPONPOBOAHOCTH HCCIIEI0BAHHBIX 00PA3IOB.

PeHTreHOCTpYKTYpHBIM  aHaiM3 TOKa3aia, dro oOpasern; sBIseTcs OAHO(DA3HBIM
MOJIMKPUCTAIIJIOM C BBIPAKEHHOM TEKCTYpOW, YTO YKa3bIBa€T HAa HAIMYUE MPEUMYIIECTBEHHOTO
KpucTaymorpadguueckoro HamparieHus pocta. CKaHUPYIOMIAs SIEKTPOHHAS MHKPOCKOMHS U
PEHTT€HOBCKUN MHUKPOAHAJIU3 BBISIBUIN OJHOPOAHYIO0 MOPGOIIOTHI0 MoBepxHOCTH 00pasia. [lpu
9TOM OOHApY)KEHbI HE3HAUYUTEIbHBIC OTKJIOHEHUS CTEXMOMETPUU B MpeAesiax o0iacTu
TOMOT€HHOCTH ZnSe, MPOSBIAIOIINECS B BUJEC M30BITKA CEJIEHA, YTO MOXKET OBbITh CBA3aHO C
ocobennoctsiMu CVD-nipoliecca rnonyyeHus Marepuana.

JusnekTpudeckre U3MEpeHus: MOKa3zajih, YTO JEHCTBUTENbHAs YacTb TUAJIEKTPUUYECKOU
NpoHMIIAEMOCTH &' nonukpucramamueckoro CVD ZnSe B jguamasone wactor 25-10° Ty
n3Mensiercss B npeaenax 180-540 u neMOHCTPUPYET BBIPAKEHHYIO YaCTOTHYHO JUCIIEPCHUIO.
YcTaHOBIIEHO, YTO € MOHOTOHHO YMEHBIIAETCS C YBEIMUYEHHEM YacTOTHI, OCOOCHHO B O0JIACTH
102-10* ', YTO CBMAETENBCTBYET O PENAKCAMOHHOM XapaKTepe MONSPU3ALUOHHbIX IIPOLIECCOB.
C NOBBINICHUEM TEMIIEPATyphbl HAOIOIAETCS YCUIICHHE YaCTOTHON NUCIIEPCUU M POCT 3HAYCHHUUI
€' 1 €", 4TO yKa3bIBaeT Ha TEPMHUUECKHU aKTUBHUPYEMYIO IPUPOAY MOJSPU3ALIIH.
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Pe3rome

B pabore wuccrmenoBaHbl (uU3MUYECKHWE CBOICTBa MOJHKpHUCTaindeckoro ZnSe,
nonydyeHHoro wmetonoM CVD. PeHTreHOCTpYKTYpHBIM aHalu3 TMOATBEPAMWIT OXHO(A3HYIO
MOJIMKPUCTAINIMYECKYIO CTPYKTYPY C BBIpaKEHHOW TekcTypod. COM H  pEeHTreHOBCKUU
MHUKpOAHaJIu3 TOKa3ajd OJHOPOJHOCTh ITOBEPXHOCTH M HE3HAYUTEIBbHOE OTKJIOHEHUE
CTEXUOMETPUU B CTOPOHY H30OBITKA ceneHa. V3yueHbl AecTBUTENbHAs W MHHMas 4YacTd
JIADJIEKTPUYECKOM MPOHUIAEMOCTH. Y CTAHOBJIEHA BBIPAKEHHAs YacCTOTHAs W TeMIlepaTypHas
JTUCTIiepcusi, OOYCIOBIEHHAs PETaKCAIIMOHHBIMH MPOIECCAMH TUIIOJBHON U MUTPAIMOHHOM
nonsipuzaiuu. C pOCTOM 4YacTOTHl AMAJIEKTPUYECKAass MPOHUIAEMOCTh YMEHBIIAETCA, a C
MOBBINICHUECM TEMIICPATYpbl BO3paCTacT, IPU IOTOM MAKCHUMYM CMCIIACTCA K 0ojiee BBICOKUM
TeEMIICpaTypaMm IIpU YBCINMYCHUN YaCTOTHI. Pe3y.HBTaTI)I YKa3bIBalOT Ha TEPMHUUYCCKH aKTHBpreMBIﬁ
XapakTep IUDJIEKTPUIECKOr0 OTKIIMKA MaTepuaa.

Xulasa
Bu isdo CVD metodu ilo alinmis polikristal ZnSe-nin fiziki xassolori tadqiq edilmisdir.
Rentgen strukturu analizi materialin ifadali teksturaya malik birfazali polikristal qurulusa sahib
oldugunu tosdiglomisdir. SEM va rentgen mikroanaliz naticalori ssthin homogenliyini vo
stexiometriyadan ciizi konarlagmani — selenin artiq miqdar1 istigametindo — gdstormigdir.
Dielektrik keciriciliyin  haqiqi veo xoyali hissalori  Oyronilmisdir. Dipol vo miqrasiya
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polyarizasiyasinin relaksasiya proseslori ilo olagodar olaraq giicli tezlik vo temperatur
dispersiyast miioyyon edilmisdir. Tezliyin artmasi ilo dielektrik keciricilik azalir, temperaturun
yiiksolmasi ilo iso artir; eyni zamanda maksimum qiymet tezliyin artmasi ilo daha yiiksok
temperaturlara siiriigiir. Noticolor materialin dielektrik cavabinin istiliklo aktivlogon xaraktera
malik oldugunu gostarir.

Abstract

This work investigates the physical properties of polycrystalline ZnSe obtained by the CVD
method. X-ray structural analysis confirmed a single-phase polycrystalline structure with a
pronounced texture. SEM and X-ray microanalysis revealed surface homogeneity and a slight
deviation from stoichiometry toward selenium excess. The real and imaginary parts of the
dielectric permittivity were studied. A pronounced frequency and temperature dispersion was
observed, attributed to relaxation processes of dipolar and migration polarization. With increasing
frequency, the dielectric permittivity decreases, while it increases with rising temperature;
moreover, the maximum shifts toward higher temperatures as frequency increases. The results
indicate a thermally activated nature of the dielectric response of the material.

DOYiSON ELEKTRIK SAHOSINDO ZnSe KRISTALLARININ ELEKTRIK
KECIRICILiYi
14bbasov I. I., 2Aslanov R. B., *Hiiseynov C. 1., 3Mammoadli C. A.
YAzarbaycan Doviat Pedaqoji Universiteti, Baki sohari
24zarbaycan ET nazirliyinin Biofizika Institutu, Baki sahori
34zarbaycan Doviat Neft va Sanaye Universiteti, Baki sohori
ibrahimabbasov179@gmail.com, jahangirhuseynov1958@gmail.com

Acgar sozlar: CVD sintezi, XRD analizi, Raman spektroskopiyasi, EDS analiz, elektrik
keciriciliyi, impedans spektroskopiyasi, Jonscher ganunu

Giris

Muasir elektron vas optoelektron texnologiyalarda genis qadagan olunmus zona enina malik
yarimkegirici materiallar, xiisuson A%B® tipli sink selenid (ZnSe) kristallar1 xiisusi ohomiyyat
kosb edir. Bu materiallar yiiksok elektrik miiqavimati, asagi dielektrik itkilori, mexaniki
dayaniqliliq, radiasiya miiqavimati vo otraf muhit parametrlorino qarsi sabitlik kimi {istiin
xususiyyatloro malikdir. ZnSe kristallar1 0,6- 20 mkm diapazonunda soffaf olub, CO, lazer
optikasinda, infraqirmizi sistemlords, termal goriintilomo vo gecogdrmo cihazlarinda genis
istifado olunur. Iri 6l¢iilii, yiiksok soffaf va bircinsli ZnSe kristallarinin alinmas iigiin on somorali
tisul qaz fazasindan kimyovi buxar ¢okdiiriilmosi (CVD) texnologiyasi hesab olunur. Bu metod
vasitosilo alinan kristallar minimal qurulus defektlorino va yliksok optik keyfiyyoto malik olur.

Son illorde bu birlogmslorin nazik tobage, kvant ndqtelori vo nanokristallar formasinda
alinmasi onlarin totbiq imkanlarmi genislondirmisdir. Olgii effektlori naticosinde qadagan
olunmus zonanin geniglonmosi spektral xassolorin idaro olunmasina sorait yaradir vo bu
materiallar1  yiiksok somoroli optoelektron sistemlor {glin perspektivli edir. A,Bg tipli
yarimkegiricilor arasinda sink selenid (ZnSe) kristallar1 xiisusi yer tutur. Bu materiallar yiiksok
xlisusi miigqavimot, asag1 dielektrik itkilor, mexaniki dayaniqliq vo radiasiyaya davamliliq kimi
iistlin xassoalora malikdir. ZnSe kristallar1 0.6-20 um spektral diapazonda soffaf olub, CO, lazer
optikast, infraqirmizi sistemlar vo termal tosvir qurgularinda genis totbiq edilir.
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ZnSe kristallarmin elektrik sahosi altinda tezlik vo temperatur asili elektro-fiziki
xassolorinin dyronilmosi hom fundamental, hom do totbiqi baximdan miihiim ohomiyyat kosb
edir. Elektrik kegiriciliyi, dielektrik sabiti vo relaksasiya proseslorinin temperatur vo tezlikdon
asitliligmin  todqiqi  yiikdasiyicilarin - kinetik  mexanizmlorini  vo  qiisur  strukturlarim
aydinlasdirmaga imkan verir. Bu baximdan, toqdim olunan is CVD fisulu ilo alinmig ZnSe
kristallarinin elektrik keciriciliyinin todqiqine hosr olunmusdur.

Eksperimental Metodika

Yiiksok tomizlikli ZnSe kristallar1 miixtolif tisullarla yetisdirilo bilso do, bu todqigatda
yiiksok struktur vo optik homogenliys malik naticolor verdiyi iicin CVD (Chemical Vapor
Deposition) metodu totbiq edilmisdir. Todqiq olunan ZnSe niimunslari sink vo hidrogen selenid
(H2Se) buxarlarinin istifado olundugu CVD prosesi ilo sintez edilmisdir. Cokmo prosesi qrafit
substrat {izarinda, argon dasiyict qazi miihitinds hoyata kegirilmisdir. Reaksiya zonasinda sink va
H,Se buxarlar1 qarigdirilmis, sinkin buxarlanma siirati iso 600—-800 °C temperatur intervalinda vo
100 torr-dan asagi tozyiqde tonzimlonmisdir. Reaktor kimyavi vo termiki dayaniqli materialdan
hazirlanmis, ZnSe-ys yapigsmani minimuma endirmok {i¢iin qrafit substratlar vo iizorino nazik
grafit tozu tobaqosi istifado olunmusdur.

Alinmig CVD-ZnSe niimunasinin faza torkibi vo kristallik qurulusu Miniflex 600 rentgen
difraktometri (XRD) ilo todqiq edilmisdir. Sath morfologiyasi vo mikrostruktur JEOL JSM-
6610LV skan edon elektron mikroskop (SEM) vasitosilo Oyronilmis, element torkibinin
paylanmasi iso rentgen mikroanalizlo miioyyon edilmisdir.

Raman sopilma spektrlori Nanofinder 30 konfokal Raman mikrospektrometri (Tokyo
Instruments, Yaponiya) ilo qeyde alinmisdir. Hoyacanlandirma monboyi kimi 532 nm dalga
uzunluguna malik Nd:YAG lazer (maksimum giic 10 mW) istifado olunmus, spektral ayirdetmo
qabiliyyati 0.5 cm™-don yiliksok olmamisdir. Signal soyudulmus CCD detektor (1024x128
piksel) vasitasilo qeyd edilmigdir.

Niimunolorin elektrik kegiriciliyinin tezlikdon asililigi Keysight E4990A yiiksok daqiqlikli
impedans analizatoru ilo 20 Hz-120 MHz tezlik intervalinda 6lgiilmiisdiir. Olgmolordon
kompleks impedans Z* = R + jX hesablanmig, buradan kegiricilik vo dielektrik xassalor miiayyon
edilmisdir.

Naticolor vo onlarim miizakirasi

ZnSe birlogsmasi iki kristallik modifikasiyada mévcuddur: kubik (sphalerit, B3, F-43m) vo
heksaqonal (wurtzit, B4, P6smc). Termodinamik baximdan stabil faza kubik sphaleritdir, wurtzit
159 osason qazfazali kristallagsma vo ya lizvi sink birlogmalorinin pargalanmasi zamani metastabil
formada yaranir.

CVD iisulu ilo alinmis ZnSe niimunolorinin rentgen difraksiya (XRD) spektrindo 26 =
27.2°, 45.2° va 53.6° bucaqlarinda miivafiq olaraq (111), (220) vo (311) reflekslori miisahido
olunur. 27.2° otrafinda giiclii vo dar pik (111) istigamotindo giiclii tekstural yonslmoni gostarir.
Naticolor JCPDS (00-065-9603) etalon karti ilo uygunluq gostororak slave fazalarin olmadigini
vo yalmiz kubik ZnSe strukturunun formalasdigini tosdigloyir. Bragg ganunu osasinda hesablanan
gofas sabiti a = 5.666 A olub odabiyyat doyarlari ilo uygundur.

Serrer diisturu ilo hesablanan kristallit dl¢iilori toxminon (450-550) nm intervalindadir ki,
bu da yliksok kristallik doracasini vo asagi defekt sixligint gostorir. Dar difraksiya piklori daxili
gorginliyin az oldugunu vo CVD prosesinin homogen kristal struktur formalasdirdigini
tasdigloyir.
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EDS analizi niimunolorin yliksok
kimyovi homogenliyini gostormisdir. Zn
vo Se element xotlori askar olunmus,
konar elementlor geydo alinmamisdir.
Atom nisboti Zn : Se = 48.78 : 51.22 olub
ideal 1:1 stexiometriyaya yaxindir. Se-nin
clizi artiglig CVD ¢cokdiirma
xiisusiyyatlori ilo izah olunur. Umumi
olaraq sistem yiliksok kimyovi tomizlik
nlimayis etdirir.

CymMMapHbilt cnekTp

0 2 4 6 8 10 12 14 14

SEM/REMMA analizlori bazi lokal |nonuas wrana 100498 wan. Kypcop: 0.000 x3B
saholordo sinkin ustiinliik togkil etdiyini Sokil 2. CVD ZnSe kristallarinin

gostorir ki, bu da ZnSe sisteminin
ikitorofli homogenlik oblastina malik
oldugunu siibut edir. Sintez soraitindon asili olaraq ham n-tip (Se artiq), hom da p-tip (Zn artiq)
keciricilik aldo etmok miimkiindiir.

Raman spektroskopiyasi noticolori ZnSe kristal qofosinin vibrasiya xiisusiyyatlorini
tasdigloyir. Kubik struktur ii¢lin xarakterik olan ii¢ asas zolaq ~160, 195 va 246 cm™ saholorindo
miisahido edilmigdir. 195 cm™ pik TO (transversal optik), 246 cm™ iso LO (uzununa optik)
fonon moduna uygundur vo yiiksok kristallik keyfiyyatini gostorir. ~150-165 cm™ bolgosinds
miisahids olunan zaif vo genis zolaq ideal kubik ZnSe {i¢iin fundamental birfonon kegidlorins aid
deyil vo asason defektlor, taxil sorhadlori vo ¢coxfonon prosesloari ilo izah olunur. Bu, CVD {isulu
ilo alinmis polikristallik strukturlarda tipik haldir. Umumilikds, Raman noticolori nizamli Zn-Se
gofosinin moévcudlugunu, olave zolaglar iso struktur qilisurlarin1 vo ¢oxfonon effektlorini
tosdigloyir. Alinan naticolor CVD iisulu ils sintez olunmus ZnSe niimunslorinin yiiksok kristallik
keyfiyyata va yaxs1 kimyavi homogenliys malik oldugunu gosterir.

Impedans spektroskopiyas1 asasinda aparilan dlgmolor zaman1 CVD iisulu ilo yetisdirilmis
ZnSe kristallarimin elektrik keciriciliyinin tezlik todqiq edilmis vo alinan naticolor sokil 2-do
tosvir edilmisdir. Qrafikdon goriindiiyli kimi log(f) = 1.3-7.4 tezlik intervalinda CVD ZnSe
polikristallarmin xiisusi elektrik kegiriciliyinin toxminon 1078-107> S/m araliginda eksponensial
artdigt  miisahido olunur. Qrafiki sorti
olaraq ¢ osas oblasta ayirmaq olar: 51

1. Asag tezliklords (log f<4): o « 107}

sathinin rentgen mikroanalizi

doyarlort ¢ox kigikdir vo zoif artim IE 10°
miisahido olunur. Bu oblastda elektrik TU 4
keciriciliyi ~ osason ionlarin vo toloyo §& '
diismiis yiikdasiyicilarin yavas :. 10°|
relaksasiyasi ilo mohdudlasir. i 0.5§
2. Orta tezliklordo (4 < log f < 6): _7§
Kegiricilik artimi siirotlonir. Bu oblastda 10 |
artiq sorbost dasiyicilarin  sigrayish ldsi i log f., Hs
keciricilik mexanizmi  aktivlosir. 1 2 3 4 5 6 73
Elektron vo ionlar lokal energetik Sakil 2. CVD ZnSe-nin elektrik
soviyyeler arasinda tez-tez kecid edir. keciriciliyinin tezlik asililig

19



3. Yiiksok tezliklordo (log f > 6): Elektrik kegiriciliyi koskin artir vo ~107°-1072S/sm
intervalina ¢atir. Bu oblastda artiq yiikdastyicilarin horokoti doayison saho ilo sinxronlasir,
dispersiv kegiricilik yaranir. Kegiricilik artimi1 Jonscher empirik ganununa tabe olur:

o(w) =04 +Aw’, (0<s<1)
burada: o,;. — sabit coroyan (statik) kegiriciliyi, A — sabit, s - materialin lokalizasiyasindan
asili olan tezlik gostoricisidir. Elektrik kegiriciliyinin tezlikdon asililiq molumatlarinin Jonscher
empirik ganunu ilo uygunlasdirilmasi noticesinde o4, = 1.55-1078 Q"sm 1, A = 4.48 -
10711 Q" sm tHs™S vos = 0.94
qiymatlari aldo edilmigdir.

Asag tezliklordo kegiriciliyin sabit galmasi oz, — yo uygun olub, bu sahodo elektrik
kegiriciliyinin osason sigrayislt mexanizmi ilo miioyyon olundugunu gostorir. a4, — nin Kigik
giymoti materialda sorbost yiikdasiyicilarin az oldugunu, onlarin osason lokallagmis
vaziyyatlordo yerlasdiyini va corayanin bu vaziyyatlor arasinda tadricon kegidlorlo bas verdiyini
tosdigloyir. Tezlik artdiqca o(f) qiymatinin yiiksalmasi dinamik proseslorin — dipol relaksasiyasi
vo lokallasmis dasiyicilarin enerjili kecidlorinin — intensivlogsmasi ilo slagodardir. Bu artimin
xarakterini mioyyan edon s —tezlik gostoricisi maddads zoif lokalizasiya vo nizamli kristal
strukturlarin moveudlugu haqqinda moalumat verir. Belo yiiksok s doyorlori sistemds enerjili
baryerlorin nisbaton kigik, tololorin iso sopolonmis oldugunu, naticodo dasiyicilarin tezliklo
oyadilma qabiliyyatinin ytliksokliyini gostorir.

A parametrinin nisbaton kigik olmasi dispersiv kegiriciliyin zoif ifade olundugunu, yoni
materialda sabit (dc) komponentin iistiinliik togkil etdiyini gostorir. Bu tip davranis yarimkegirici
va ya nanostruktur kristal sistemlor {igiin saciyyavidir vo elektronlarin lokal voziyyetlor arasinda
enerjili kecidlor vasitasilo dagindigini tosdigloyir.

Noticalar

Aparilan struktur vo kimyavi analizlor gostorir ki, CVD {isulu ilo sintez olunmus ZnSe
niimunolori yiiksok kristallik keyfiyyoto malik kubik (sphalerit) fazasinda formalagsmisdir. XRD
naticolori yalmiz (111), (220) vo (311) reflekslorinin miisahido olundugunu vo olave fazalarin
olmadigin1 tosdigloyir. Qofas sabiti (a = 5.666 A) adobiyyat qiymotlori ilo uygunluq gostorir,
Scherrer tisulu ilo miioyyon edilon 450-550 nm kristallit dl¢iilori iso materialin yiliksok struktur
nizamliligin1 vo asagr defekt sixligini gostorir. EDS analizi Zn—Se sistemindo yiiksok kimyavi
tomizlik vo toxminon 1:1 stexiometriyaya yaxin torkibin oldo olundugunu tosdigloyir. Raman
spektroskopiyasi iso kubik ZnSe tigiin xarakterik fonon modlarini tosdiqlomokls yanasi, zoif genis
zolaqlar vasitasile lokal defektlorin vo ¢oxfonon proseslorinin mdvcudlugunu gostorir.

Elektrik kegiriciliyinin  tezlik asililigt {izro aparilan impedans analizlori ZnSe
polikristallarinda dispersiv keg¢iricilik mexanizminin mdévecud oldugunu ortaya qoyur. Kegiricilik
log(f) = 1.3-7.4 intervalinda ~1078-1072 S/m aralifinda artaraq asagi, orta vo yiiksok tezlik
oblastlarinda forqli ylikdagima mexanizmlori niimayis etdirir. Asagi tezliklordo lokal talolor vo
zaif relaksasiya proseslori, orta tezliklords sigcrayish keciricilik, yliksok tezliklords iso saha ilo
sinxron dispersiv davranig istiinliik togkil edir. Jonscher qanununa uygunlasdirma naticosinds
alinan parametrlor (c_dc = 1.55x107% S/sm, s = 0.94) materialda zoif lokalizasiya vo nisboton
nizamli kristal qurulusun mdvcudlugunu tesdigloyir. Umumilikdas, naticolor CVD iisulu ilo
alinmis ZnSe kristallarinin hom struktur, hom do elektrik baximindan perspektiv yarimkegirici
material oldugunu gostarir.
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Xiilasa

CVD fisulu ilo sintez olunmus ZnSe niimunslorinin struktur, morfoloji, vibrasiya vo
elektrik xassolori todqiq edilmisdir. XRD analizlori yalniz kubik sphalerit (B3) fazasinin
formalasdigini, (111) istigamotindo giiclii teksturan1 vo ~5.666 A qofas sabitini gdstormisdir.
Scherrer hesablamalar1 yiiksok kristallik keyfiyyati vo 450-550 nm kristallit olgiilorini
tosdiqlomisdir. EDS naticalori Zn vo Se elementlorinin yaxin 1:1 stexiometriyasini vo yiiksok
kimyovi tomizliyi ortaya qoymusdur. Raman spektrlori Zn—Se qofosinin xarakterik fonon
modlarin1  vo defektlorlo bagli zoif coxfonon =zolaglarini askar etmisdir. Impedans
spektroskopiyasi naticalori elektrik keciriciliyinin tezliklo artdigini vo Jonscher qanununa uygun
dispersiv davrams gostordiyini tosdiglomisdir. Umumilikds, niimunolor yiiksok kristallik
keyfiyyato, yaxs1 homogenliys vo zoif lokalizasiyali yiikdasima mexanizmino malikdir.

Pe3rome

O6pa3upbl ZnSe, cuHTe3npoBaHHble MeTo oM CVD, OblIH UCCIEI0BaHbl ¢ TOYKU 3PEHUS
CTPYKTYpPHBIX, ~ MOp(OJIOTUYECKUX,  BHOpPAllMOHHBIX M  DJJEKTPUYECKUX  CBOWCTB.
PentreHou@pakimoHHbIA aHAU3 MMOKa3al (pOpMUPOBaHME MCKIIOYUTEIBHO KyOMUecKoi (asbl
coaneputa (B3) c BblpaxkeHHOW TekcTypol mo HampasieHuto (111) u mapamerpom peméTku
~5.666 A. Pacuértsl o dopmyite Illeppepa noATBEpMIN BHICOKYIO KPUCTAIMYHOCTD U Pa3Mephl
kpuctauToB 450-550 aM. EDS-ananu3 BBISIBIIT OJIM3KOE K CTEXHOMETPUHU COOTHOIIEHHE Zn:Se
=~ 1:1 ¥ BBICOKYIO XMMHYECKYIO YHMCTOTY. PamaH-CIEKTpOCKONMS IMOATBEPAMIIA XapaKTEPHbIE
¢oHOHHBIE MOABI Zn—Se PpeméTku U Haauuue ciaabbix  J1e(heKTHO-00yCIOBIEHHBIX
MyJIbTU(OHOHHBIX TOJOC. lMmenaHcHass CHEKTPOCKONHUs IOKa3ala YacTOTHO-3aBUCHMOE
YBEJIMYEHUE IPOBOJAMMOCTH, MOAUYMHAMOIIEecs 3akoHy JlxoHcepa. B menom  obOpasiel
XapaKTEpU3YIOTCS BBICOKOW KPHUCTAIIMYHOCTBIO, OJHOPOJHOCTHIO W claloi JIoKanu3anuei
HOCHUTEJIEH 3apsa.
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Abstract

ZnSe samples synthesized by the CVD method were investigated in terms of structural,
morphological, vibrational, and electrical properties. XRD analysis confirmed the formation of a
single cubic sphalerite (B3) phase with a strong (111) preferred orientation and a lattice
parameter of ~5.666 A. Scherrer calculations indicated high crystallinity with crystallite sizes in
the range of 450-550 nm. EDS results revealed near-stoichiometric Zn:Se composition (~1:1)
and high chemical purity. Raman spectroscopy confirmed characteristic Zn—Se phonon modes
along with weak defect-related multiphonon bands. Impedance spectroscopy demonstrated a
frequency-dependent increase in electrical conductivity following Jonscher’s power law. Overall,
the samples exhibit high crystalline quality, good chemical homogeneity, and weak charge carrier
localization with predominantly dispersive transport behavior.

SJEKTPOH-®OHOHHOE PACCESIHUE KBAHTOBO-PA3ZMEPHOM IIJIEHKH C
I'MIEPBOJIMYECKUM NIOTEHIHHUAJIOM HHELUIA-TEJIJIEPA

racanoe X. A., *T'acanoeé 0. M., *Adzezanoea X. A.
Akaoemus MUC AP, . baxy

2 Azepbaiidncanckuil 2ocyoapcmeennblii nedazozuueckuii ynusepcumem, baxy
khanlarhasanli@gmail.com

KawueBble ciioBa: KBaHTOBas Teopus paccestHUs, MOTEHIHMAN aedopMannu, TByMEpHbIE
3JIEKTPOHHBIE CHCTEMBI, Tunepooanueckuil norenuuan Iénuis—Temnepa, MaTpUUHbIE 3JIEMEHTHI,
BpeMs peIaKCalUH.

N3BecTHO, YTO HaXOXKJICHHE BEPOSTHOCTH IEPEX0/ia SBIACTCS 3a7aueli KBAHTOBOW TEOPUH
paccesausi. OHa pelaeTcs Ha OCHOBE METO/1a HECTAIIMOHAPHOM Teopuu Bo3mytieHus [ 1]. OOuuit
raMUJIbTOHUAH 3JIEKTPOHA B pealibHOM peleTKe mpeacTaBuM B Bue [2,3] I:| =H+H'.T e H'
OITMCHIBAET B3aUMOICHCTBIE DTEKTPOHA C (hoHOHAMU, KOTOPOE CUUTAETCS MAJIBIM BO3MYIIICHUEM;

HEBO3MYIIEHHBIN raMUJIbTOHUAH H B cilydae paccesHUs Ha (pOHOHAxX H Brirouaer B ceGs TaKKe
U TaMUJIBTOHMAH HJ€AIbHOr0 ()OHOHHOTO Tra3a, HE B3aUMOJICMCTBYIOIEIO C 3JIEKTPOHOM.
[TockonbKy NpH IJIMHHOBOJHOBBIX aKyCTHYECKHX KOJEOAHMSAX AJIEMEHTapHas silueiKa MOYTH He
negopmupyetcs (Koaelnercss TOIbKO LEHTP MAcc), TO SHEPTUsl B3aUMOJICHCTBUS HE MOXKET OBbITH
IPONOPLUOHAIbHA CAMOMY CMEIIEHHUIO, a JOJDKHA ObITh JIMHEWHOM (QYHKIMEHW OT MepBbIX

IPOM3BOJIHBIX CMEIICHUA U, (I’) 10 KOOpJIMHATaM:

A, = Edivu,, (1) (2)
4TO Ha3bIBACTCS MOTEHIMANIOM Jedopmannu, a KodGPHULUUEHT IPonopLHOHanbHOCTH E| -
KOHCTaHTOM MoTeHIrata aepopmaiun. Toraa B 9Tom ciryyae u3[2,3] MokeM Hamucathb

1 << o+ b { ey i 3)
u, (r)y=— e b, e'% 4+ b e '
ak( ) (_N Zq:]zﬂ: ,(Q)[ J(q) J(q) :I
rac ei (Q) -CI[I/IHI/I‘{HHﬁ BEKTOD IMOJIApU3aAIIUH, bj (Q) -KOMIIJIEKCHBIE HOPMaJIbHBIEC KOOPANHATHI,

a, -BeKTop pemetku, N -9HCII0 3I€MEHTAPHBIX SYEeK.
[Toncrasnss (3) B (2), noyunm

|:|"’:k (r)= %;jﬁ;(qei (Q))[bj (q)(-:-iqr +b; (q)e—iqr:l
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BonHOBYI0 (YHKIHMIO CHUCTEMBI MpPEICTaBHUM B BHUJC ‘ ,Bqu>,r,ue ﬁ:(l,n,kZD,O'),-Ha60p

KBaHTOBBIX 4HCEN, K,,-/IByMEpHBI BONHOBOM BEKTOp, O -CIIMHOBOE KBaHTOBOE 4HCiIO N

XapakTepu3yeT 4YuciIo (OHOHOB C BOJHOBBIM BEKTOpOM (U moisipu3anuedt | . Burawmciaum

BEpOATHOCTh  paccesHus [4,5] ¢ runepOonmveckum  moteHnmaiom [lemms-Temnepa.
H3BecTHO,uTO

2,2 2,2 21,2 21,2
V(z) = hzjl A+ Dth2az; &= 2% — 0+ D - (A-m?) + R hZ:ly
1
_ i(kxx+kyy) a(/l—n)r(Z/l—n‘l‘l) 2 2
X,y,z)=¢e L, (4, n—A,thaz
e ( )
3nece N=0,1,2,...,; n<A4; A>0; k, ky - BOJIHOBBIE BEKTOPBIL. TOr/1a BEIYUCIEHUE MATPUYHOTO

snemenTa Ha GOHOHHBIX QyHKIMX[2,3] naeT popmymy

h(N ; +1¢1j
422

<Nq.||Hﬁl‘k|NCU>: ZMG)(q) 5NC'H,NGJ?1
J

A BpIYHCIIEHHE HA SJICKTPOHHBIX BOJTHOBBIX q)YHKIII/ISIX JacT

1A n | aid,z " ’ 'CIz
<(/1 Ky, )€ (2 0 Kyp, 0)) = <(A RO ER S
Hakownen 3agaaguM KoHKpeTHbIE 3HaUeHUA A =1, N =0 1 BRIYMCIMM MaTpUUHbIN 31eMeHT. Toraa
MOJIYYUM
nqz
i mqzcosech|—=
<(/V, e|qu (/1’ n)>: [ 20']
2a
BeposrtHocTh pacce;IHHﬂ[Z] MIOJIYYUT BUJL
1 T 1 T 2
h(Ng; t5 2) " mq,cosech [Z_O'Z] 5
" h4 . 2NMw] @ 2a NgjNgjT1

Hcnone3ys popmyasr (11. 34) (11.35) u3 [2], momyuum

1 1
War = Z wi (@AY +A47); At = (Nq + > + E) ) (gfééu — &, T hw(q)) 87! ptda

7\

3,[[60]5 MBI IIPEAIOJIOKUIIN, UYTO IJICKTPOHBI 3aHUMAOT HUXKHIOO HOI[SOHY(A =1, n= 0) CIIMHOBOC

T[(Elq)z T[qZ
2NMw(q) 2a

wi(q) =

BBIPOJK/ICHHE HEYUUTHIBaeTCs . JlabHeiiiee ypoIeHne moaydaeTcs,eCiii CUUTATh PACCESTHUE
ynpyrum KT > ha)(q) ,TOT 1A

_ 2mEZk,T (T4;
~ NMhuV}? 2a

qz] ?
g 1) (SE b SE2D>

Ecnu yuecTs 00paTHOE BpeMs pesakcallii U 3KpaHUPOBKY TO, AJI1 BEPOSATHOCTb
paccessHus 1e(hOpMaMOHHO-aKyCTHUECKUX (DOHOHOB KOHEUHYIO (hOpMyITy

(wEyq)? 1 1 (mascosech [\
w= (kzn'kzD) Zth*zMwoq (Nq +§i§) 24 6(,'05,( k2D+qu6(s; chD"'th)
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IIo ananorun AJId TbE30aKYCTUUICCKUX (1)OHOHOB BCPOATHOCTD PACCCAHUC

nq,1\*
h| =%
+ ()" 1 }) mascosech 57| T
w= (kZD' kZD) Z hNy*?Mwyq? No + 2 * 2a 60,06"20 kzn‘“lzo6 (skén €k T hwo)
A nnst HOJI;IpHHx ONTHYECKUX (DOHOHOB
1 1 n'qzcosech[ 1z _
w= (kZD' kZD) Z hNX*ZMOJOq (NO + E i E) T 6U,‘067€£Dj€20i‘hn6 (€E£D - SEZD + hwo)

2
nqz
mqzcosech 2o ]

To ectp, B cymecTByomux ¢Gopmynax [2], mobaBiisieM MHOXHUTEIb —. | Ama Bcex

MEXAHU3MOB PACCESTHUS.

B pamkax KBaHTOBOIl TEOpHUM pPACCESIHMS C HCIOJIb30BAHMEM HECTALIMOHAPHON Teopuu
BO3MYIICHUH  HCCIIEOBAaHBl ~ MEXAHMU3MBI  DJIEKTPOH-(POHOHHOTO  B3aUMOJCHCTBUSA B
KPUCTANINYECKON peméTke. YCTaHOBJIEHO, YTO IpH Yu€Te THIepOoIMYecKoro MOTeHLHana
[Mémns—Tennepa g JIBUKEHUS SJIEKTPOHOB B HANpaBICHUM KBAHTOBAHHS CYLIECTBEHHO
U3MEHSAIOTCSI MaTPUYHBIE DJIEMEHTHl B3aUMOJCWUCTBUSA, YTO MPUBOIUT K MOAUUKALUU
BeposATHOCTEN paccessHus. [lokazaHo, 4yTO JUIsl aKyCTUUYECKUX, MbE30AKYCTUYECKUX U MOJSPHBIX
ONTUYECKUX (DOHOHOB CTAHJAPTHBHIC BBIPAKEHHS OMOIHIIOTCS MHOXXHUTEIEM, OTPaKarOIIUM
IIPOCTPAHCTBEHHOE paclpeiielieHue BOJHOBOW (YHKIMUM B OrPAHUYEHHOM IEOMETPHH.
[TomyueHnHbie pe3ynbTaThl OOOOIMIAIOT KJIACCUYECKHME MOJIEIH pacCessHUS M MOTYT ObITh
MCIIOJIb30BaHbl NPU ONUCAHUU JBYMEPHBIX 3JEKTPOHHBIX CHUCTEM C YU4ETOM SKpaHUPOBAHUS U
KBAaHTOBO-pa3MEPHBIX 3P PEKTOB.
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Pe3rome

B pabote uccrnenyercst BEpOsATHOCTh paccesHUs JIEKTPOHOB B KPUCTAIMYECKON peméTke
B paMKax KBAaHTOBOM TEOpPHM pACCESHHs C UCIOJIB30BAHUEM HECTAllMOHAPHOW TEOpHUH
BO3MYIIEHUH. PaccMOTpeHO 31eKTpoH-(hOHOHHOE B3aUMOJICHCTBHE B PUOIMKEHUH OTEHIIHANA
nedopManuu  JUIsl JUIMHHOBOJIHOBBIX aKYCTHYECKHX KoyiebaHuil. B kadecTBe MOJENBHOTO
NOTEHIMaNa  JUId  DJIEKTPOHHOIO  JBMJKEHHUA  BJOJb  KOOPAWHATBI Z  HCIIOJIB3YETCs
runep6onuyeckuii norennuman [lénus—Tennepa. IlomyueHbl BbIpaKeHHS ISl MaTPUYHBIX
JJIEMEHTOB U BEPOSITHOCTEM pacCesHUs Ul aKyCTHMYECKHUX, IbE30aKyCTHMYECKUX U IOJISIPHBIX
ONTUYECKUX (OHOHOB C YYETOM JBYMEPHOIO XapakTepa 3JIEKTPOHHOro raza u 3 QeKToB
sKpaHupoBaHus. lloka3aHo, 4TO B CTaHZApTHBIE BBIPAKEHHUs I BEPOSATHOCTEH pacCesHUs
BXOJWT JIOTOJHUTEIbHBIM MHOYKWTENb, CBS3aHHBIM C IPOCTPAHCTBEHHBIM pacHpeleIeHuEM
BOJIHOBOH (DYHKITMH B HAIPaBJICHUU KBAaHTOBAHMUSL.
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Xiilaso

Isdo kvant sopilmo nozoriyyssi corcivosinda kristal qofasindo elektronlarin sopilmo
ehtimallart aragdirilir. Uzun dalgali akustik rogslor {igiin deformasiya potensiali yaxinlagsmasi
istifado olunmusdur. Elektronlarin z istiqgamotindo horakoti ticiin Posl—Teller tipli hiperbolik
potensial gobul edilmisdir. Akustik, piezoakustik vo polyar optik fononlar {i¢iin matris
elementlori vo sopilmo ehtimallar1 ¢ixarilmisdir. Noticolor ikidlgiilii elektron qazi vo ekranlanma
effektlori nozoro alinmaqgla {imumilosdirilmisdir. Gostorilmisdir ki, movecud ifadoslors
kvantlasdirma istigamotinds dalga funksiyasinin paylanmasi ilo bagli slave amil daxil olur.

Abstract

This work investigates electron scattering probabilities in a crystal lattice within the
framework of quantum scattering theory using time-dependent perturbation theory. Electron—
phonon interaction is considered in the deformation potential approximation for long-wavelength
acoustic vibrations. The electron motion along the z-direction is modeled using the hyperbolic
Poschl-Teller potential. Analytical expressions for matrix elements and scattering probabilities
are derived for acoustic, piezoelectric acoustic, and polar optical phonons, taking into account the
two-dimensional electron gas and screening effects. It is shown that an additional multiplicative
factor associated with the spatial distribution of the wave function in the confinement direction
modifies the standard scattering probability expressions.

Y,05; NANO HiSSOCIKLORININ RAMAN SPEKTROSKOPiYASI

Huseynov C. I., Dasdamirov A. O., Rzayev R. F.
Azarbaycan Dévlat Pedaqoji Universiteti, Baki sohari

Asar sozlor: Ittrium oksid, Skanedici elektron mikroskopu, Rentgen qurulus analizi,
Raman spektroskopiyasi, rogs tezliklori.

Ittrium oksidi yiiksok korroziyaya davamliliq, kimyovi vo istilik dayaniqhiga, yiiksok
arima temperaturu, zoif istidon genislonmaya, yiiksok istilik kegiriciliyina vo digor xiisusiyyatlora
malik ola keramika materialidir. Genis spektral diapazonda soffafliq (0,2-8 um), yiksak
dielektrik niifuzlugu (~14-18), boylik sindirma amsali (~2), gadagan olunmus zonanin genis
eni (~ 5,8 eV) kimi ola elektron xiisusiyyatloro malikdir. ¥,03; — iin belo miithiim xiisusiyyatlori
effektiv optoelektronik cihazlarin yaradilmasi ilo mosgul olan miitoxassislorin xiisusi digqgat
morkozindodir [1].

Son zamanlarda funksional materiallarda Ol¢ii effektlori genis sokildo todqiq edilir.
Miixtolif morfologiyali nanodlgiilii nadir torpaq metal oksidlori ¢ox diqqeti colb etmisdir.
Nanostrukturlu oksiddon istifadonin osas Tstiinliiyii ondan ibarotdir ki, hissaciyin Ol¢iisii
nanometrik soviyyads saxlanildigda onun mexaniki xassolori yaxsilasir. Nanostrukturlagdirilmis
itrium oksidi (Y,03) agir nadir torpaq metal oksidlorinin on miihiim nanohissaciklorindan biridir,
bark cisimli lazerlor, fosforlar vo sintillyatorlar ii¢lin perspektivli material hesab olunur [2, 3].

Todgigat numunosi nano kristal soklindadir, sixligni 0.31 q/sm3, tomizlik darocosi
99.995 %, kristal hissaciklorinin &lgiisii 30-45 nm, XUsusi sothin sahasi (SSA)25 — 45 m?/q,
arimo temperaturu 2425 °C, buxarlanma temperaturu iso 4300 °C-2 barabordir.

Y203 nanohissaciklorinin qurulus xiisusiyyatlorinin dyronilmasi zamani ilk olaraq onlarin
soth qurulusu vo 0Olcu effekti todqiq edilmisdir. Todgiqatlar SEM, ZEISS, ZIGMA VP cihazinda
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xarici tosirlorinin minimuma endirilmis halinda aparilmisdir. Niimunolorin  qurulus
xlisusiyyotlori rentgen difraksiyast metodu ilo, atom dinamikasi iso Raman spektroskopiya
metodu ilo otaq temperaturunda vo normal soraitdo todqiq edilmisdir. Alinmis naticolor uygun
olaraq Ritveld metodu ilo Fullprof progrrami ilo vo Qaus funksiyasi ilo Origin programinda
analiz edilmisdir.

Todqgigatlar zamani Raman spektrometrindo hoyacanlandirma monboyi kimi dalga
uzunlugu 532 nm, maksimal gucl iss 10 mVtolan Nd:YAG lazerindon istifado edilmisdir.
Raman spektrlori Origin 9 proqraminda analiz edilorok Qauss funksiyalarina uygun olaraq
maksimumlarin topa ndqtalarini toyin edorok maddslorin atom dinamikast miioyyon edilmisdir.

100 nm miqyasinda Skanedici Elektron Mikroskopunda aparilan todgigatlar zamani
muloayyan edilmigdir ki, ovuntu halinda olan nanohissaciklorin Olculori d = 20 — 40 nm
diapazonunda doyisir. Sokil 1-do ittrium oksid nanohissaciklorinin soth morfologiyasi
gostorilmigdir.

Ittrium  oksid  nanohissaciklorinin
kristal qurulusu otaq temperaturunda
rentgenoqrafiya metodu ilo tadqiq edilmasi
zamani  mioyyan edilmisdir ki, Y,04
birlogsmosinin  Kristal qurulusu  yiksok
simmetriyaya malikdir. Elementar 6zoyin
qurulusu  Ia—3 foza qruplu  kubik
simmetriyaya uygun golmisdir. Elementar
Ozayin parametrlori: a=>b=c-=
10.5958 A toyin edilmisdir. Molumdur ki,

ittriumun oksidlosmo doaracasi 3-dir. Ritveld . NS
metodu ilo analiz edilmosi zamani miioyyon sakil 1. Y, 03 nanohissaciklarinin sath
edilmisdir ki, kristal qofosdo tigvalentli morfologiyast

itrium atomlann iki forqli Kkristallografik

movgedo  dayanirlar.  Birinci  ittrium  atomu  (Y;) x = 0.25,y = 0.25vaz = 0.25
koordinatlarinda, ikinci ittrium atomu (¥,) x = —0.0165,y = 0vaz = 0.25 koordinatlarinda
gorarlasirlar. Ikivalentli oksigen atomlar1 iso eyni kristallografik mévgeds: x = 0.3942, y =
0.1428 vo z = 0.3825 koordinatlarda qorarlagirlar. Oksigen atomlar1 ittrium atomlari ilo
do_y = 2.1628 — 2.4083 A diapazonunda miixtelif uzunluglukovalent rabitolor yaradirlar. Eyni
element atomlar1 arasindaki rabitalorin uzunlugu isadaha boyiik qiymsts malik olurlar. Diamond
3.2. programinda kristal qurulusun analizedilmasi zamani1 miiayyan edilmisdir Ki, ittrium oksidin
elementar gofosindo on yaxin mdvqeds yerlogson oksigen atomlart arasinda mesafalor: dy_o =
2.8207 — 3.7003 A, oan yaxi movqgeds yerloson ittrium atomlar: arasinda mosafalor iso: dy_y =
3.6416 — 3.8922 A, diapazonda yerlosirlor.

Atomlararas1 mosafalorin qiymaetlorini miiqaise etdikdo goriiriik ki, atomlarin ion radiuslari
artdiqca, bir-birlorindon daha uzaq mosafolordo yerlosirlor. Buna goro do, onlarin omoalo
gatirdiklori rabitolorin uzunluqlarinda bir qodor forqlor meydana ¢ixir. Malumdur ki, ytingul
elementlor hesab edilon oksigen atomlarinin ion radiuslar1 daha kicikdir. Daha agir elementlor
hesab edilon nadir torpaq elementlorino aid ittrium atomlar1 oksigen atomlarindan bdyiik ion
radiuslarma malikdirlor. Itrium elementini tork edon elektronlar kovalent oslage yaratdiqda
oksigen atomunun xarici elektron toboaqgesini tamamlayirlar. Ona goro do ikiivalentli halda
oksigen atomlarmin ion radiuslar1 daha bdytk olur. Bu, oksigen-oksigen rabitolorinin oksigen-
ittrium rabitalorindon bdyiik olmasinin sobobidir.
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Y203 birlosmasinin nanohissaciklorinin otaq temperaturunda alinmig Raman spektrlori sokil
2-do verilmisdir. Malumdur ki, Raman spektroskopiyast metodu ilo miimkiin rogs tezliklorinin
hamisini miisahido etmok miimkiin deyil. Kristal qurulusunun simmetriyasi yiiksok olan
birlosmolords iso daha az sayda rogs modalari miisahids edilir. Y203 nanohissaciklorinin Kristal
qurulusu la-3 faza qruplu kubik simmetriyaya uygun goalidiyino gora do bu birlosmods az sayda
rogs modasmin miisahido edilocoyi gozlonilir. Raman spektroskopiyasi metodunun
xiisusiyyatlorindon molumdur Ki, agir atomlarin amolo goatirdiklori rabitolorin rags tezliklorinin
qiymati daha az olurlar. Daha bdyuk tezliklordaki ragslor asasen 0, H, C va S. atomlarin amalo
gatirdiklori rabitolors uygun golir. Y203 nanohissaciklorinin atom dinamikasinda asason oksigen
atomlarinin omolo gatirdiklori rabitolorin ragslorinin miisahido edilmosi miimkiin oldugu {igiin
todgiqatlar yiiksok tezliklar oblastinda: 500-3000 sm™ aparilmisdir.

Niimunonin Raman spektrinin Qauss funksiyasi ilo analizi zamani miioyyan edilmisdir ki,
gostarilon tezlik intervalinda iki rogs modast miisahido edilmisdir. Bu rags
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Ramam hift (em) yhissaciklarinin Raman spektrlori

modalar1 sokil 3.3.2-do gostorildiyi kKimi Qauss funksiyasi ila Origin 9 programinda interpretasiya
edilmigdir. Spektrdon gorindlyu Kimi ittrium oksid nanohissaciklorinde miisahido edilmis qofos
rogslori 1081 sm™! vo 1531 sm™! tezliklorino uygun golir. Raman modalarmin tezliklorinin
yiksak giymato malik olmasi1 gostorir ki, bu tezliklor oksigen atomlarinin omolo gotirdiklori
Y - O rabitolorinin rogslorine uygun golir.
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Skanedici Elektron Mikroskopunda aparilan todqiqatlar zamani miioyyon edilmisdir Ki,
ovuntu halinda olan Y, 05 nanohissaciklarin 6lgiilori d = 20-40 nm diapazonunda doyisir, kristal
qurulusu xiisusiyyetlori todqiq edilmis, gofos parametrlori hesablanmigdir. Raman spektrindo
miisahido edilon 1081 sm™! vo 1531 sm™? tezliklorino uygun gofos oksigen atomlarinin amalo
gotirdiklori Y - O rabitalorinin rogslorine uygun goldiyi gostorilmisdir.

Pe3rome

B xone uccnenoBaHuii Ha CKaHUPYIOUIEM 3JEKTPOHHOM MHMKPOCKOIE YCTaHOBJIEHO, YTO
pasmepsl HaHouyacTull Y, 03 B BUJE MOpoOIIKe BappupytoTcs B auana3zone d = 20-40 HM, U3ydeHbl
CBOICTBa KPUCTAINTMYECKOW CTPYKTYpPBHl M paccuuTaHbl mapamerpsl pemeTku. [lokazaHo, yTto
HaOIIOaeMble B CIEKTpe KOMOMHAIIMOHHOTO paccesHus cBeTa dvactorel 1081 sm™! u
1531 sm™! coorBercTByIOT KONEOaHUAM cBszeil Y — O, 0Opa3oBaHHBIX aTOMaMU KHCJIOPOJa
PELIETKH.

Summary

During the scanning electron microscope studies, it was determined that the sizes of Y,0;
nanoparticles in the form of rubbing vary in the d = 20-40 nm range, the crystal structure
properties were studied, and the lattice parameters were calculated. It has been shown that the
frequencies of 1081 sm~! and 1531 sm™! observed in the Raman spectrum correspond to the
oscillations of the Y — O bonds formed by lattice oxygen atoms.

PHOTOCONDUCTIVITY OF GASE-GE HETEROJUNCTION AND ITS
APPLICATION AS A HIGH-EFFICIENCY PHOTODIODE

Babayeva A.F*2, Ahmadova F.Sh2
aDepartment of Semiconductor physics, Baku State University, 23 Academic Zahid Khalilov
Street, Baku AZ1148, Azerbaijan.
“E-mail: fidanehmedova580@gmail.com.

Keywords: heterojunction, GaSe, Ge, photodiode, spectral response, interface effects

The study of photoconductivity in semiconductor heterojunctions represents a significant
and rapidly developing field within modern optoelectronics, particularly in the design and
fabrication of high-efficiency photodiodes. Among various material combinations, the
heterojunction formed between n-type germanium (Ge) and p-type gallium selenide (GaSe) has
attracted considerable scientific and technological interest due to the complementary physical
properties of these semiconductors. The present work is devoted to the fabrication, experimental
investigation, and theoretical interpretation of the photoconductive behavior of the n-Ge/p-GaSe
heterostructure, as well as to the evaluation of its applicability as a high-performance photodiode
with enhanced efficiency and broadened spectral response. The heterostructure was fabricated
using a vacuum-assisted melt deposition technique, in which n-type Ge powder was thermally
melted onto the surface of a p-type GaSe single crystal grown by the Bridgman—Stockbarger
method. The process was carried out under high-vacuum conditions in order to minimize
contamination and ensure improved interface quality. Upon gradual cooling, the molten Ge
recrystallized on the GaSe substrate, forming a mechanically stable and electrically active
heterojunction. This fabrication approach enables the formation of an intimate contact between
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the two semiconductors, although it simultaneously introduces interfacial imperfections, defect
states, and a transition (buffer) layer that significantly influence the charge transport and
recombination mechanisms within the device. The photoconductivity characteristics of the
obtained heterostructure were investigated using spectral photoelectric measurements over a wide
photon energy range from approximately 1.3 eV to 2.9 eV, corresponding to the visible and near-
infrared regions of the electromagnetic spectrum. The experimental results demonstrate that the
heterojunction exhibits a broadened and enhanced spectral response compared to the individual
constituent materials. A pronounced maximum in the photocurrent spectrum is observed near
2.15 eV, which corresponds closely to the fundamental bandgap energy of the GaSe layer,
indicating that the dominant photogeneration of electron-hole pairs occurs within this material.
In the lower photon energy region, particularly between 1.3 eV and 1.8 eV, an additional
extrinsic photoconductivity band is detected, which can be attributed to impurity levels, defect
states, and localized energy centers within the forbidden gap. This behavior reflects the presence
of complex recombination-generation processes and highlights the contribution of non-idealities
introduced during fabrication. Furthermore, the extension of the spectral sensitivity toward longer
wavelengths is primarily associated with the Ge layer, which possesses a smaller bandgap and is
capable of absorbing lower-energy photons. As a result, the combination of GaSe and Ge leads to
a synergistic enhancement of the overall photoresponse, enabling the heterostructure to function
effectively across a wider spectral range than either material alone. However, the analysis of the
photocurrent behavior at higher photon energies reveals a noticeable decrease in the
photoresponse, which is attributed to the presence of strong recombination processes at the
heterointerface. These recombination losses are mainly caused by interface-related defects,
structural imperfections, and possible interdiffusion between Ge and GaSe during the melt
deposition process. The formation of a transition region at the interface modifies the local
electronic structure, alters band alignment, and creates additional recombination centers that
reduce the efficiency of charge carrier collection. Despite these limitations, the built-in electric
field inherent to the p—n heterojunction plays a crucial role in the efficient separation of
photogenerated carriers and their subsequent transport across the interface, thereby enabling
measurable photoconductive and photovoltaic effects. Under illumination conditions, the n-Ge/p-
GaSe heterostructure exhibits clear photodiode-like behavior, as confirmed by its current-voltage
characteristics, which demonstrate the presence of an open-circuit voltage and a short-circuit
current. The fill factor of the device is found to be approximately 0.54, indicating a moderate
level of diode quality and carrier transport efficiency. The estimated energy conversion efficiency
reaches approximately 19.5% under white-light illumination of 100 Ix, although it should be
noted that this value depends on the specific calibration of the light source and does not directly
correspond to standardized solar illumination conditions. Nevertheless, this relatively high
efficiency confirms the strong potential of the Ge/GaSe heterojunction for practical
optoelectronic applications, including photodetectors, optical sensors, and energy conversion
devices.
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Fig.1. Spectral characteristics of n-Ge/p-GaSe heterojunction

The overall performance of the heterojunction is strongly governed by the quality and properties
of the interface, which remains the most critical factor limiting device efficiency. While the
employed melt deposition technique provides a relatively simple and cost-effective fabrication
route, it also introduces challenges associated with defect formation, interfacial instability, and
non-ideal recombination dynamics. Therefore, further improvements in device performance are
expected to be achieved through advanced interface engineering, optimization of technological
parameters such as temperature and cooling rate, and the implementation of surface passivation
or alternative deposition methods aimed at reducing defect density and enhancing carrier lifetime.
In conclusion, the n-Ge/p-GaSe heterojunction represents a promising material system for the
development of high-efficiency photodiodes due to its broad spectral sensitivity, significant
photoconductive response, and effective carrier separation mechanisms. The combination of the
layered optical properties of GaSe with the well-established electronic characteristics of Ge
results in a hybrid structure with enhanced functionality and practical applicability. Although
interface-related recombination processes currently limit the maximum achievable efficiency, the
obtained experimental results clearly demonstrate the feasibility and perspective of this
heterostructure for next-generation optoelectronic devices, and further research focused on
interface optimization and material quality improvement is expected to yield even higher
performance in future implementations.
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Abstract

This study investigates the photoconductivity properties of an n-type germanium (Ge) / p-
type gallium selenide (GaSe) heterojunction and its application as a high-efficiency photodiode.
The heterostructure was fabricated using a vacuum-assisted melt deposition technique. Spectral
analysis reveals a broad photoresponse with a maximum near 2.15 eV. The device demonstrates
high photosensitivity and an estimated efficiency of about 19.5%, indicating its strong potential
for optoelectronic applications.

Xulasa

Bu isdo n-tip germanium (Ge) vo p-tip gallium selenid (GaSe) osasinda hazirlanmis
heterokegidin fotokegiricilik xususiyyatlori vo yiiksok effektiv fotodiod kimi totbigi todqiq
edilmisdir. Heterostruktur vakuum soraitindo aridilms tisulu ilo aldo olunmusdur. Spektral analiz
noaticasindo genis spektral hossasliq vo 2.15 eV otrafinda maksimum fotocorayan miisahido
edilmisdir. Qurulusun yiiksok fotohossasligi vo toxminan 19.5% effektivliyi onun optoelektron
totbiglor {iglin perspektivli oldugunu gostorir.

Annomauus

B nanHoit pabore ucciieoBanbl (POTOMPOBOISININE CBOMCTBA reTEpOINepexo/ia Ha OCHOBE N-
tunarepmanus (Ge) u p-tuna cenenuaa rawmms (GaSe), a Takke ero NpUMEHEHUE B KauyecTBe
BbICOKOd((hekTnBHOTO (oTommona. I'erepocTpykTypa OblIa TMOTy4eHA METOAOM BaKyyMHOTO
riaBnaeHus. CHeKTpanbHbIM aHaIM3 IOKa3zal IIMPOKUH Jauana3oH (OTOYYBCTBUTEIBHOCTH C
MakcUMyMoM okosio 2.15 3B. VYcTpoiicTBO JeMOHCTpHUpPYET BBICOKYIOUYBCTBUTEIBHOCTh U
3P PEeKTUBHOCTb 0KOJI0 19.5%, 4TO MOATBEPKIAET €ro NePCHeKTUBHOCTD AJISI ONTOAJIEKTPOHHBIX
IIPUMEHEHUM.

ASPE-Bi,Tes KOMPOZITLORINDO TORKIBDON ASILI SOTH
MORFOLOGIYASININ TODQIQi

Homzayeva A. Y., Imanova S. R.
Goanca Doviat Universiteti
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Acar sozlar: asagr sixligh polietilen (ASPE), Bi,Tes, polimer kompozitlor, soth
morfologiyasi, perkolasiya

Keywords: low-density polyethylene (LDPE), Bi,Tes, polymer composites, surface
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Polimer kompozitlor miiasir texnologiyada miihiim rol oynayir vo onlarin funksional
xiisusiyyetlori asason struktur qurulusdan asilidir. Xiisusilo yarimkegirici doldurucularin slave
olunmas1 materialin elektrik vo mexaniki xiisusiyyatlorini doyisorok onu miixtalif totbiglor iigiin
uygun edir. Bi,Te; kimi materiallarin ASPE matriso daxil edilmasi interfasial qarsiliqlh tosirlori
giiclondirir vo sathin morfologiyasini doyisir. Bu dayisikliklorin diizgiin qiymatlondirilmasi ii¢lin
yalniz vizual miisahido kifayot etmir. Statistik analiz {isullari, xiisusilo histogram yanasmasi,
sothin daha doqiq tesvirino imkan verir. Kompozit niimunslor ilkin olaraq homogen qarisiq
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soklindo toz halina gotirilmis, daha sonra iso isti preslomo {isulu ilo formalasdirilmigdir.
Niimunslorin torkibinde Bi,Te; doldurucusunun hocm payr miivafiq olaraq 5%, 10%, 30% vao
50% olaraq secilmisdir (sokil 1). Sothin xiisusiyyetlori atom qiivve mikroskopiyasi vasitasilo
Oyronilmisdir. ©ldo olunan molumatlar asasinda soth hiindiirliiklorinin paylanmasi qurulmus vo
asagidaki gostoricilor analiz edilmigdir:

e paylanmanin formasi vo simmetriyasi

e sothin vahidliyi

e yiiksok amplitudali doyismolorin mévcudlugu

Bu yanasma soth strukturunun obyektiv qiymatlondirilmasine imkan vermisdir.

Aparilan analizlor gostorir ki, doldurucu miqdarinin artmasi kompozit materialin soth
morfologiyasina todricon vo morhalali
sokildo tosir edir vo bu doyisikliklor
struktur-xasso olagalorinin
formalagsmasinda miihiim rol oynayir [1].
Asag1r konsentrasiyalarda (masolon, 5%
Bi,Tes) sistemdo polimer matris istiinliik
toskil edir vo doldurucu hissaciklor asason
izolyasiya olunmus sokildo paylanir. Bu
sobabdon  sothin  morfologiyas1 qeyri-
borabor vo mikroheterogen xarakter dasiyir.
Hiindiirliikk paylanmasi histogramlarinin
asimmetrik formasi sothdo lokal topoqrafik
forqlorin, yoni ¢okoklik vo ¢ixintilarin
geyri-barabar paylandigini gosterir ki, bu
da zoif fazalararasi1 qarsiligli  tosirin Pa ks b Da ks s
naticasidir [2]. Doldurucu miqdart 10%-o () (d
catdigqda iso sistemdo miihiim struktur ~ ?3kil1. Miixtolif Bi-Tes konsentrasiyalarinda ASPE-
doyisikliklori bas verir. Bi,Tes B_lzTe3 kompozitlarinin Sath hindrliyd

; . - histogramlari: (a) 5%, (b) 10%, (c) 30%, (d) 50%.

hissaciklorinin daha homogen paylanmasi

miisahido olunur vo polimer-doldurucu interfeysindo qarsiliqlt tosir giliclonir. Bunun naticosindo
soth daha hamar vo nizamli olur. Histogramlarin daralaraq simmetrik formaya yaxinlagmasi sath
hiindiirliiklorinin daha borabar paylandigini gostorir. Bu morhalo kompozitin optimal struktur
vaziyyati kimi qiymatlondirils bilar, ¢ilinki hom morfoloji sabitlik, ham ds potensial funksional
xassolor (mosalon, elektrik vo istilik kegiriciliyi) balansli sokildo tomin olunur. Doldurucu
miqdar1 daha da artirilaraq 30%-5 ¢atdigda iso sistemdo yeni morhalo-perkolasiya dncasi voziyyot
formalagsmaga baglayir. Bu morholodo hissociklor arasinda mosafo azalir vo onlarin qarsiligh
olagosi giiclonir. Noticods sothdo daha iri strukturlar vo aqreqatlar omolo golir. Histogramlarda
asimmetriyanin yenidon artmasi vo yiiksok hiindiirliiklors dogru uzanmasi sathds iri ¢ixintilarin
yaranmasini gostorir. Bu hal perkolasiya hoddino yaxinlasmanin osas gostoricilorindon biridir vo
sistemdo davamli kecirici yollarin formalasmaga basladigin1 gostorir. Nohayat, 50% Bi,Tes
konsentrasiyasinda kompozitdo artiq davamli doldurucu sobokasi formalasir. Bu marholods
yarimkecirici faza dominant rol oynayir vo polimer matrisin tosiri nisbaton azalir. Sothin
morfologiyasi daha kobud, geyri-borabar vo yiiksok doracods heterogen olur. Bu iso hom
mexaniki, hom do elektrik xassolora ciddi tosir gostorir. Elektrik kegiriciliyi artmasina
baxmayaraq, sothin geyri-baraborliyi vo struktur geyri-sabitliyi boazi totbiglordo (xiisusile yiiksok
doqiqlik va sabitlik tolob edon nanoelektronik sistemlordo) monfi naticolors sobob ola bilor [1,3].

(a) (b)
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Todqiqat gostorir ki, ASPE-Bi,Te; kompozitlorinds soth morfologiyast doldurucu
konsentrasiyasinin funksiyasidir.

« Asag1 konsentrasiyada polimer dominant rol oynayir

« Orta konsentrasiyada an optimal struktur formalagir

» Yiiksok konsentrasiyada perkolasiya va qeyri-stabillik artir

Soth hiindiirliiyii histogramlarinin analizi bu morfoloji doyisikliklorin agkar edilmosi vo
qiymatlondirilmasi {igiin etibarli vo effektiv yanasma hesab olunur.

9dabiyyat

1. Tanaka, T. Dielectric nanocomposites with insulating properties. IEEE Transactions on
Dielectrics and Electrical Insulation 12 (2005) 914-928.

2. Garcia, R., Perez, R. Dynamic atomic force microscopy methods. Surface Science Reports 47
(2002) 197-301.

3. Kirkpatrick, S. Percolation and conduction. Reviews of Modern Physics 45 (1973) 574-588.

Annomauus
[ToBepxnoctHass mopdonorus kommo3utoB HIIIIE-Bi,Te; wuccrnenoBana ¢ MOMOIIBO
THCTOTPaMM pacnpezeneHust BbICOT. IIpym HM3KMX KOHLEHTpauusax NpeolnagaeT MoJuMepHas
MaTpHIa, PU CPeTHUX-HAOII0AAETCS OTHOPOIHOCTD, TP BEICOKUX-3((PEKTHI TEPKOISALINH.

Abstract

The surface morphology of LDPE-Bi,Te; composites was studied using height distribution
histograms. Results show matrix-dominated structure at low filler content, improved
homogeneity at intermediate levels, and percolation effects at high concentrations.

DIELECTRIC BEHAVIOR OF GO/PVA NANOCOMPOSITES: EFFECT OF GO
CONCENTRATION AND FREQUENCY-TEMPERATURE DEPENDENCE

Baghirov M. A", Eyvazova G. M.2
@Nanoresearch laboratory, Baku State University, 23 Academic Zahid KhalilovStreet, Baku
AZ1148, Azerbaijan.
“E-mail: bmbaghir@gmail.com
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Among the materials that have attracted significant attention in recent years, graphene and
graphene-based materials occupy a prominent position. Within this class, graphene oxide (GO),
an allotropic derivative of graphene, is of particular interest. The presence of oxygen-containing
functional groups in GO imparts hydrophilic properties, enabling it to be easily dispersed in
aqgueous media. These hydrophilic characteristics also facilitate its compatibility with various
matrices, allowing the formation of composite materials [1].

One such polymer matrix is polyvinyl alcohol (PVA), which is also readily soluble in water
and capable of forming flexible films. This combination enables the fabrication of high-quality
nanocomposites at relatively low cost. The mutual solubility of both GO and PVA in water
ensures the formation of highly homogeneous GO/PVA nanocomposites. Due to their film-
forming ability, such nanocomposites can be applied in energy storage systems, gas sensors, and
related fields [2,3].
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In this study, GO was synthesized using a modified Hummers’ method. PVA was dissolved
in distilled water, after which GO was added to the PVA solution and mixed using ultrasonic
treatment. The prepared mixture was cast into molds and dried at room temperature under
ambient conditions. Nanocomposites with varying GO weight concentrations were fabricated by
adjusting the GO content.The electrophysical properties of GO/PVA nanocomposites with
different concentrations were investigated and are presented in Figure 1. The dielectric properties
of the samples were studied over a frequency range of 1.2x102-10° Hz and a temperature range of
293-373 K.

Figure 1 shows the frequency dependence of the real part of the dielectric permittivity for
GO/PVA nanocomposites with different GO concentrations. Figure 1A corresponds to the
pristine PVA film. As observed, the dielectric permittivity decreases with increasing frequency of
the applied electric field. This behavior is attributed to the inability of polar groups to follow the
rapidly alternating electric field at high frequencies, resulting in a significant reduction in
permittivity. Furthermore, the temperature dependence indicates that the dielectric permittivity
increases with increasing temperature, which is associated with the thermal activation of polar
groups and enhanced segmental mobility of polymer chains. Consequently, the maximum
dielectric permittivity is observed at 373 K.

Figure 1B presents the dielectric response of the 0.4 wt% GO/PVA nanocomposite.
Compared to pristine PVA, the addition of 0.4 wt% GO results in a decrease in dielectric
permittivity. This reduction can be attributed to the decrease in the effective electric field within
the composite. Additionally, it is well known that GO forms hydrogen bonding interactions with
the PVA matrix, which restricts the segmental mobility of polymer chains. The combined effect
of these factors leads to a decrease in dielectric permittivity.

Figure 1C corresponds to the 0.8 wt% GO/PVA nanocomposite. At this concentration, a
slight increase in dielectric permittivity is observed. This enhancement is attributed to the
homogeneous dispersion of GO within the matrix and the contribution of interfacial polarization
to the overall dielectric response.

However, as shown in Figure 1D, the dielectric permittivity decreases again for the 2 wt%
GO/PVA nanocomposite. This indicates that beyond a certain threshold concentration, the
dielectric permittivity decreases with increasing GO content. This behavior can be explained by
the significant reduction of the effective electric field at higher filler loadings. Moreover,
excessive GO content partially blocks dipolar orientation and polymer chain mobility, thereby
reducing the dielectric response.

In summary, it has been established that the incorporation of GO generally leads to a
reduction in dielectric permittivity, with 0.8 wt% GO identified as the optimal concentration for
GO/PVA nanocomposites.
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Fig 1. Frequency dependence of the real dielectric permittivity (¢') of GO/PVA
nanocomposites at different temperatures for varying GO concentrations: (A) PVA, (B) 0.4 wt%
GO, (C) 0.8 wt% GO, and (D) 2 wt% GO.
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Abstract

GO/PVA nanocomposite films were prepared using a solution casting method with
graphene oxide synthesized via a modified Hummers’ method. The dielectric properties were
investigated in the frequency range of 1.2x102-10° Hzand temperature range of 293-373 K. The
results show that dielectric permittivity decreases with increasing frequency due to dipolar
relaxation limitations, while it increases with temperature owing to enhanced segmental mobility.
The addition of GO exhibits a concentration-dependent effect, where 0.8 wt% GO provides
optimal dielectric performance due to improved interfacial polarization and homogeneous
dispersion.

Xilasa

GO/PVS nanokompozit tobagalori modifikasiya olunmus Hummers metodu ilo sintez
edilmis qgrafen oksid asasinda mohlul tokmo Usulu ilo hazirlanmigdir. Niimunolorin dielektrik
xassolori 1.2x102-10° Hs tezlik vo 293-373 K temperatur intervalinda todqiq edilmisdir. Noticolor
gOstorir ki, tezliyin artmast ilo dielektrik niifuzlugu dipol relaksasiyasit sobobindon azalir,
temperaturun artmast ilo iSo polimer zoncirlorinin horokatliliyinin artmasi naticasinds yiiksalir.
GO-nun olave edilmasi konsentrasiyadan asili tosir gostorir vo 0.8% GO optimal dielektrik
xassalar tamin edir..
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Annomayusn

Hanokommosutable iéHkn GO/PVA OblIM MOTyYEHBI METOJIOM PAaCTBOPHOTO JIMTHS C
UCIIONIb30BaHUEM OKCHAa TrpadeHa, CUHTE3UPOBAHHOTO TO MOAU(PHIIMPOBAHHOMY METOMY
Xammepca. JIudaeKkTpuyeckue CBOMCTBA 00pa3lloB MCCIEIOBAHbI B AMANa30HE YacTOT 1.2x10%
10°T' u Temneparyp 293-373 K. YCTaHOBIEHO, YTO C YBEITHUYEHHEM YaCTOTHI AUIIEKTPUUECKas
MPOHUIIAEMOCTh YMEHBIIIAETCSl BCIEACTBHE OTPAaHMYEHHUI AUIOIBHON pellakcaluy, TOTrJa Kak ¢
pPOCTOM TeMIEepaTypbl OHA YBEIUYMBACTCS 32 CUYET MOBBIIECHUS MOJBHKHOCTH IOJIMMEPHBIX
neneil. Jlo6aBnenne GO oka3bpiBaeT KOHIEHTPALlMOHHO-3aBUCHMOE BIUSHUE, IPH STOM
ONTUMAaJbHBIC TUAIEKTPUUECKUE CBOMCTBA HaOMoat0Tes npu coaepxanuu 0.8 mac.% GO.

BORON EFFECTS ON OPTiCAL PROPERTIES OF LPE-GROWN GaSe THIN FILMS
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Gallium selenide (GaSe) is a layered 111-V1 semiconductor that has attracted considerable
attention due to its unique anisotropic structure and excellent optical properties. Owing to its
direct band gap in the visible region, high photosensitivity, and fast carrier dynamics, GaSe is
considered a promising material for optoelectronic devices, particularly in high-frequency and
terahertz (THz) applications [1,2].However, the performance of GaSe-based devices is often
limited by structural imperfections. In bulk crystals, weak van der Waals interactions between
adjacent layers lead to stacking faults and defect formation. In thin films, additional defects may
arise during the growth process, significantly affecting charge transport and optical absorption
characteristics [3,4]. To address these limitations, partial substitution of Ga atoms with boron has
been proposed as an effective strategy. The incorporation of boron into the GaSe lattice leads to
the formation of Gai-xBxSe solid solutions, which exhibit improved structural coherence and
modified electronic properties due to enhanced interlayer coupling and local lattice distortion
[5,6].In this context, thin films of Gao.oe5Bo.00sSe were prepared using the Liquid Phase Epitaxy
(LPE) method, which is known for producing high-quality films with reduced defect density and
relatively low fabrication cost [7]. The present study focuses on the investigation of optical
absorption and band gap properties of these thin films, along with a comparative analysis with
their bulk crystal counterparts.

Gaon.995Bo.00sSe compounds were synthesized using the direct melting technique. High-
purity elemental gallium (Ga), boron (B), and selenium (Se) were weighed according to the
desired stoichiometric ratio and sealed in evacuated quartz ampoules under a vacuum of
approximately 10°Pa. The ampoules were gradually heated to temperatures in the range of 950—
1100°C to ensure complete melting and homogenization of the components. The melt was
maintained at this temperature for several hours to achieve uniform distribution of boron atoms
within the GaSe matrix. Subsequently, single crystals were grown using the horizontal Bridgman
method under controlled temperature gradients and slow cooling rates (~4°C/h), which facilitated
the formation of high-quality layered crystals with strong c-axis orientation. Thin films were then
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deposited on suitable substrates via the Liquid Phase Epitaxy (LPE) method. This technique
allows controlled crystallization from a supersaturated solution, resulting in uniform film
thickness and reduced structural defects compared to conventional deposition methods. Optical
characterization was performed using UV-Vis spectroscopy in the wavelength range of 500—
1000 nm. The absorption coefficient (o) was calculated from the absorbance data, and the optical
band gap was determined using the Tauc relation for direct allowed transitions:

(ahv)? = Alhv - Eg)

The optical properties of the Gao.ge5Bo.oosSe thin films were investigated using UV-Vis
spectroscopy, and the obtained results are presented in Fig. 1(a) and Fig. 1(b).

Figure 1(a) shows the absorbance spectrum as a function of wavelength in the range of
500-1000 nm. It is observed that the absorbance is relatively high in the short-wavelength region
(around 500-600 nm) and gradually decreases with increasing wavelength. This behavior is
characteristic of direct band gap semiconductors, where strong absorption occurs near the
fundamental absorption edge. The high absorbance in the visible region indicates that the thin
film is an efficient light-absorbing material, making it suitable for optoelectronic applications
such as photodetectors. To further analyze the optical transitions, the absorption coefficient (o)
was calculated and used to construct the Tauc plot, as shown in Fig. 1(b). The linear region of the

(Oth)2 versus photon energy (hv) plot confirms the presence of a direct allowed transition. By

extrapolating the linear portion of the curve to the energy axis, the optical band gap of the thin
film was determined to be 2.22 eV.A comparison with the bulk crystal reveals a noticeable
increase in the band gap, as the bulk material exhibits a band gap of approximately 1.96 eV [8].
This widening of the band gap in the thin film can be attributed primarily to the quantum
confinement effect, which becomes significant as the dimensionality of the material is reduced. In
thin films, the spatial confinement of charge carriers leads to quantization of energy levels,
resulting in an increase in the effective band gap.In addition, structural factors also contribute to
this shift. The LPE-grown thin films may experience strain due to lattice mismatch with the
substrate, leading to modifications in the electronic band structure. Furthermore, the
incorporation of boron atoms into the GaSe lattice introduces local lattice distortions and
enhances interlayer interactions, which can further influence the band dispersion and optical
transitions.

Absorbance (a.u.)

T T T T T T
500 600 700 800 9200 1000

Wavelength (nm)

Fig.1.Optical characterization of thin film: (a) absorbance spectrum and (b) Tauc plot
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Overall, the observed increase in band gap, combined with strong optical absorption and
direct transition characteristics, demonstrates that thin films possess improved optical properties
compared to their bulk counterparts. These features make them highly promising for applications
in high-frequency optoelectronic devices and advanced photonic systems.
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Abstract

In this work, the optical properties of thin films obtained by the liquid phase epitaxy (LPE)
method were investigated. The material was first synthesized by the direct melting method, and
subsequently single crystals were grown using the Bridgman technique. Thin films were prepared
and analyzed using UV-Vis spectroscopy. During the investigation of the absorption spectrum,
high optical absorption was observed in the visible region. The optical band gap determined by
the Tauc method was estimated to be 2.22 eV. Compared to the bulk crystal (1.96 eV), an
increase in the band gap of the thin film was observed. This difference is explained by quantum
confinement and size effects. The obtained results show that thin films can be considered as
promising materials for optoelectronics and high-frequency photonic applications.

Xilasa

Bu isdo maye fazali epitaksiya (MFE) tisulu ilo alinmis nazik tobagalorinin optik xassalori
todqiq edilmisdir. Material avvalca birbasa oridilma sulu ils sintez olunmus, daha sonra Brigmen
metodu ilo  monokristallar  yetisdirilmigdir. Nazik tobogolor hazirlanaraq UV-Vis
spektroskopiyasi ilo analiz edilmisdir. Udma spektrinin todqiqi zaman1 goriinon oblastda yuksak
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optik udma miisahido edilmisdir. Tauc metodu ils toyin olunan optik qadagan olunmus zonanin
eni 2.22 eV kimi giymotlondirilmisdir. Massiv kristalla (1.96 eV) muigayisado nazik
tobagodogadagan olunmus zonanin eninin genislonmosi miisahido edilmisdir. Bu farq kvant
mohdudlasmasi, olgli effekti ilo izah olunur. Alinmis naticalor gostorir ki, nazik tobagalori
optoelektronika va yuksak tezlikli fotonik tatbiglor ti¢tin perspektiv material hesab oluna bilar.

Annomauus

B nannoil pabore mccienoBaHbl ONTUYECKHE CBOWCTBA TOHKUX IUICHOK , IOJIYYEHHBIX
MeToaoM xkuakodasHoi snurakcuu (LPE). Matepuan cHavaia ObT CHHTE3MPOBAH METOJOM
IOPSIMOrO IIJIABJIEHUS, IOCIE YEro MOHOKPUCTAJUIBl BBIPAIMBAIUCH METOJOM bpumkmeHna.
ToHKkHe TIEHKH OBUIM TONYYEHBI M HcclefoBaHbl ¢ nomoinbio UV—-Vis cnekrpockonuu. [Tpu
U3y4EHHH CIIEKTpa TIOTJOUICHUS B BHIUMOW 00JacTé HaAOIIOAAIOCh BBICOKOE ONTHYECKOE
norsjouieHre. Onruyeckass IIMPUHA 3allpelleHHON 30HbI, ompeaencHHas wMerogoMm Taka,
cocraBuna 2.22 »B. Ilo cpaBHeHuio ¢ mMaccuBHbIM KpuctauioM (1.96 3B) B TOHKO# mieHKe
HAOMOIaeTCsl YBENMYECHHE IIUPHUHBI 3allpelleHHON 30HbI. JlaHHOe pasnuyue OObSICHSIEeTCs
3P PEeKTOM KBAHTOBOTO OTpaHWYEHUS U pasMepHbIMH d(dekramu. IlomyueHHBIE pE3yIbTATHI
MOKA3bIBAIOT, YTO TOHKHE ITUICHKH MOTYT PacCMaTpPUBAThCS KaK MEPCHEKTUBHBIE MaTEpUabl s
ONTORJIEKTPOHUKHU M BHICOKOYACTOTHBIX (DOTOHHBIX IPUMEHEHUH.

PHOTOVOLTAIC MATERIALS FOR SOLAR ENERGY
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Introduction: The rapid growth of energy demand and the environmental problems caused
by conventional fuel sources have made the development of renewable energy technologies
essential. Solar energy is one of the most promising sources in this regard. The direct conversion
of solar radiation into electrical energy occurs based on the photovoltaic effect.

The practical development of modern solar cells accelerated in the mid-20th century, and
semiconductor materials form the foundation of these photovoltaic systems. These materials
absorb light energy, generate electron—hole pairs (excitons), and produce electric current through
an internal electric field. The photovoltaic process is based on the energy band structure of
semiconductors. The energy difference between the valence band and the conduction band is
called the bandgap. When the energy of an incident solar photon exceeds this bandgap, an
electron transitions to the conduction band, creating a free charge carrier.

The efficiency of solar cells is determined by the following parameters:

Bandgap width (optimal ~1.1-1.5 eV)

Absorption coefficient

Carrier lifetime and mobility

39



Recombination rate

An optimal bandgap allows absorption of the maximum portion of the solar spectrum.

Since crystalline silicon is the main photovoltaic material, approximately 90-95% of solar
panels worldwide are silicon-based. Silicon solar cells are produced in two main forms:
monocrystalline and polycrystalline silicon.

Monocrystalline cells are characterized by higher efficiency (20-24%) and long service life
(>25 years). The main advantages of silicon include high stability, abundant raw material
resources, and a well-developed industrial infrastructure.

However, due to the high energy consumption required in silicon production, the synthesis
of GeSe- and SrSe-based semiconductor materials has been proposed and practically
implemented. Layered (thin-film) crystals of the binary compound GeSe have been successfully
obtained. Thin-film technologies aim to reduce material consumption and production costs.

To increase the energy storage capability (carrier lifetime) of the material, antimony (Sb)
was introduced as a dopant into binary compounds, while bismuth (Bi) was added to enhance
electrical conductivity. Due to their high absorption coefficients, these materials can operate
effectively even in very thin layers. Their advantages include low material consumption,
applicability on flexible substrates, and stable performance at high temperatures.

At the same time, the GeAs photovoltaic material was synthesized and demonstrated an
efficiency higher than 25-28% under laboratory conditions. When doped with 0.05% Sb and
0.06% Bi, improvements in both energy storage capacity and electrical conductivity were
observed. This material is mainly used in space technologies; however, its high cost limits its
broader economic application.

Single crystals of these materials were obtained using the Bridgman and Czochralski
methods. Thin films of GeSe were deposited by the chemical vapor deposition method.

The following directions are considered priorities in the development of photovoltaic
systems:

Creation of multi-junction structures

Increasing light trapping through surface texturization

Reducing recombination losses

Integration of nanomaterials

Photovoltaic materials play a significant role in reducing carbon emissions. Solar energy
does not emit greenhouse gases during operation and ensures long-term energy security. Modern
research focuses on developing cheaper, more efficient, and more durable materials.

Conclusion: The conducted analysis shows that the development of photovoltaic materials
plays a key role in the transformation of the energy sector. Although silicon technology currently
holds a dominant position, thin-film and perovskite-based systems may increase their market
share in the future. Increasing efficiency, reducing production costs, and improving material
stability remain the main scientific challenges in this field. Contemporary research continues in
the direction of multi-junction structures, new semiconductor compounds, and nanomaterial
integration.
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Pe3rome

B crarbe anamusupyrorcs TUIbl (DOTOVOltanuecKkux MaTepuanoB, HCIOJIb3YEMbIX JUIS
npeoOpa3oBaHusl COJHEYHON SHEPTHH B AJNEKTPHUYECKYIO, UX (PU3MYECKHE NMPUHIUIIBI, METOJbI
CHHTE3a U OCHOBHBIEC IapaMeTpbl, BiIustomue Ha 3¢pdexruBHoCcTh. Kpucrammnueckuit KpeMHuUH,
TOHKOIUJICHOYHBIE MOJYNPOBOAHUKH, COeIUHEHU rpynisbl [II-V U nepoBCKUTOBBIE CTPYKTYPBI
paccMaTpUBAIOTC CPABHUTEIBHO, & TAKXKE IPEICTABIEHBl UX IPEUMYIIECTBA U OTPAHUYCHHUSL.
Takxke 00CyX1arTcsd COBPEMEHHBbIE TEHIECHLUU Pa3BUTHUSI U UX pOJIb B CHCTEMaX yCTONYMBOMN
JHEPreTHKU.

Xiilaso

Glinos enerjisini elektrik enerjisino ¢evirmok iicilin istifado olunan fotovoltaik materiallarin
ndvlari, onlarn fiziki prinsiplori, sintez tisullar1 vo effektivliys tosir edon asas parametrlor tohlil
olunur. Kiristal silisium, nazik film yarimkegiricilor, III-V qrupu birlogsmolori vo perovskit
strukturlar miiqayisali sokilds nozorden kegirilir, onlarin istiinliiklori vo mohdudiyyatlori toqdim
olunur. Homginin miiasir inkisaf tendensiyalar1 vo onlarin davamli enerji sistemlorindo rolu
miizakiro edilir.

PA3JIMYMS HAJBAPBEPHOT'O M TYHEJIBHOTO MEXAHW3MA PA3PYIIEHUS
MOJUMEPOB HA IPUMEPE OPUEHTHPOBAHHOI'O BOJIOKHA
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Pa3peiB oOpas3na moa AeHCTBHEM MPHIOKEHHONM MEXaHMUYeCKOM Harpy3ku U mpoOoit
oOpasia moja AeUCTBUEM DIJIEKTPUUYECKOTO TMOJS SBIISIOTCS 3aBEPIIAIONIMMHU aKTaMU IMPOIIECCOB,
MOJTOTABIUBAIONINX HACTYIJICHHE MAaKpPOCKONMUYEeCKOW moTepu cruiomHocT. OO0 3ToMm
CBHUJICTEIILCTBYIOT MHOTOUYHCJICHHBIE OSKCIEPUMEHTAIbHBIC JaHHBIE 110 HAONIOACHUIO TakK
Ha3bIBAEMOI'0 «33J€P’KaHHOTO Pa3pyLIECHUs», KOrAa MOCie TPUIOKEHUSI HEKOTOPOM MOCTOSHHOM
Harpy3ku (MEXaHHMYECKOW WM SJEKTPUUYECKON) pa3pblB WK TpoOoil oOpaslia HAcTymaeT He
cpa3dy, a N0 HMCTEYEHMH HEKOTOPOTO BPEMEHHM, MPOAOIKUTEIBHOCTh KOTOPOTO 3aBUCUT OT
BEITMYMHBI HATPY3KH, a TAKXKE OT psAsia Apyrux (HakTopoB (Temmeparypa, CTpPYKTYPHOE COCTOSTHHE
0o0BeKTa, BHENIHSSA Cpela, paJuallMOHHOE BO3/ACWCTBUE, dIEKTpPHUECKHUe pa3psanasl u T.1.) [1,2].
Bpemsi oxumanus paspeiBa (mpo0os) TPHUHATO HA3bIBaTh JIOJITOBEYHOCTHIO T. EcCTecTBEHHO
3aKJIIOYUTH, YTO B TEUEHHE ATOTO BPEMEHH B HAarpy»X€HHOM OOBEKTE MPOHWCXOISAT H3MEHEHMS,
Pa3BUBAIOTCS TMPOIIECCHI, MPUBOMSIIINE K IMOJHON MOTEpe YCTOWYMBOCTU OOBEKTa K JICHCTBHUIO
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Harpy3ku. TakuM o0pa3oM, pa3pylIeHHE BBICTYIIA€T HE KaK KPUTHUYECKOE COOBITHE, a KakK
KMHETHYecKoe siBJieHHe. EcTecTBeHHO, BBI3BIBAET UHTEPEC MPHUPO/a U MEXaHU3M 3JIEMEHTapHBIX
aKTOB 3TOT0 MPOIIECCa, YTO COCTABISET BAXKHYIO YacTh Pa3pabOTKU (PU3MKH MPOYHOCTH WU
bu3KKY pa3pyuieHus MOJIUMEPOB.

Oxka3ajioch, YTO UCII0JIB30BAHNUE TAKOH MPOCTOM, MHTETPAJIbHOM XapaKTEPUCTUKN KHHETUKN
pa3pylieHusl Kak JOJTOBEYHOCTh JAeT 3HAUUTEIbHYIO MH(QOpPMAIMIO 00 AJIEMEHTapHBIX aKTax
nporiecca MOJArOTOBKH MOJIMMEPHOTO Tena K pa3pbiBy. OO 3TOM CBHUICTEIBCTBYIOT PE3YJIbTAThI
MIMPOKHUX MCCIIECAOBAHUH 3aBUCMOCTH JIOJITOBEYHOCTH T OT TemnepaTypsl (T) u MexaHudeckoit
narpysku (o) [3,4,2].

B ob6macti yMepeHHBIX W MOBBIIIEHHBIX TEMIIEPATyp MPH COXPAHECHHHM CTAOMIBLHOCTH
CTPYKTYPHI Ui MHOTUX MOJUMEPOB (TJIaBHBIM 00pa30M OPHUEHTHPOBAHHBIX) U HE CAMbIX MaJIbIX
HaIpsHKEHUH OBLIO TMoydeHa ennHooOpasHas ¢opma 3aBucumoctd T (T,0). Tunudnsid npumep
OKCIIEPUMEHTAIBHBIX JIaHHBIX MTPUBEJCH Ha puc. 1.

Buano, 94To uMeeT MecTo SKCIOHEHIMalIbHas 3aBUCUMOCTH T (1/T) mpu pa3nuuHbIX G.

U(e)=U,-ro 6
U, umeer BennumuHy 2-3 3B U TeM caMbIM YIOBJICTBOPHTEIBHO COBIAIACT C dHEPrUei
JIECTPYKLIUHU CKEJIETHBIX KOBAIEHTHBIX CBSA3EH B LIEMTHBIX IMOJIMMEPHBIX MOJIeKyax [5,2].
Koadduuuent y umeer pasmepHocth odbeMa. Ero 3HaueHue 3aBHCUT OT CTPYKTYPHOTO
COCTOSIHMSI TIONMMepa M JexuT B guanmazoHe ~(0.2+10) um°. HaumGomee mnpocto u

HIOCJICIOBATENILHO CBSI3aTh BEJIMYMHY KOI()(QUIMEHTa Y C JIOKAIbHBIMH HANPSDKCHUAMH (Giox).
JleliCTBUTENILHO, YMEHbIIICHHE Oapbepa JACHCTBYIONIMM B 3TOM MECTE HAMpsHKEHHEM (Giox)

npubmmkenHo pasio V, -0, ., tme V, - aktuBauuoHHEIA 06beM. V, GnH3ka kK 00beMy

CKEJIETHOTO aTOMa ¢ GOKOBBIMH MPUBECKAMHU M COCTABIIAET JUIS NIPOCTHIX HoauMepos (2+3) 107

HMS.

G/ZOK

Torma y -0 =V, -0, . otkyna V = Va =( 'Va. g - xK03hUIMEHT JTOKATBHBIX

nepeHanpsbkeHu. Takue nepeHanpsKeHus Ha MOJMMEPHBIX MOJIEKYJIaX BO3HHMKAET BCIEIACTBUE
HEOJTHOPOJHOCTH, AEPEKTHOCTU CTPYKTYphI MOJIMMEPOB. 3HaUeHUs (] Jexar B auamnazoHe ~10-
500 [2].
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Puc.1. TemneparypHas 3aBUCHUMOCTD JIONITOBEYHOCTH. [Tonukanpoamu.

OpueHTHPOBaHHOE BOJIOKHO.
1-6 =0.6 Mlla; 2- ¢ =0.8 MlIla; 3-c =1.0 MI]a.

42



U, 5B
20577
b ~

1.5¢ ~

1.01

0.5}

1 1
0 0.5 1.0 ¢, MIlIa

Puc.2. CunoBas 3aBucuMoctb 0apbepa paspyieHus. [lonukanpuamun. OpueHTHPOBAaHHOE
BOJIOKHO.

Ecin mnpexacraBnsTe  mpouecc  MOATOTOBKM pa3pblBa KaK  IOCIEIOBATEIbHOCTH
COOTBETCTBYIOILIMX 3JEMEHTAPHBIX AaKTOB, TO JIOJIFOBEYHOCTb 7 Jorapudpmuuecku OIu3Ka
CpeIHEMY BpEMEHU OXHUJaHUs Takux akToB [2]. Takum o0pazom, TMOIy4eHHOE U3
AKCIIEPUMEHTOB BbIpakeHue (1) It JOJTOBEYHOCTH MAaKPOCKOMMYECKUX 00pa3lioB MOXKET ObITh
OTHECEHO K 2JIEMEHTAPHBIM aKTaM KHHETUKH pa3pyLICHHs MOIUMEPOB [2].

DNeMEeHTapHbIMU aKTaMHu IIpoliecca IMOATOTOBKM HAarpy>KEHHOI'O IOJIMMEpa K pa3pbiBY
ABIIIOTCS aKThl pacraZa CKEJNETHBIX MEKAaTOMHBIX CBSI3€H, HaXOIALIMXCA MOJ ACHCTBHEM
BBICOKHX JIOKAJIBbHBIX HanpspkeHuit. O0 3TOM CBHIETENbCTBYIOT 3HaueHuss U, uy .

XapakTepHbIii «OOJIBIIMAHOBCKUI» BUA BbIpakeHus (1) m QyHmaMeHTanpHOE 3HAYCHUE
npemdkcnonenta m = 107 ¢ ykaseiBaer Ha To, uTO pacma; cBsa3eil OCYIIECTBIAETCA IO
TEPMOQIIYKTYallHAOHHOMY ~MEXaHHU3MYy, T.€. HAaIlpsDKEHHBIE CBS3M «OXKUAAIOT» MOMEHTa
KOHIIGHTPAllMM Ha HUX JOCTaTOYHO BBICOKOW TEIJIOBOM 3HEpruM (3HEpruu QUIyKTyaluuu Egs ) U
npu ycrnosun E, >U(c) mpomcxomut pacmajy cBssed, T.e. pa3pbiBBl MakpoMojiexkydr. O

TepMO(DIYKTYallUOHHOM  MEXaHM3ME€  Pa3pylIeHHUs  CBHUJETENbCTBYET  IOPA3UTEIbHOE
COIJIACOBAaHUE BBIPAXKEHUS C (PYHIAMEHTAJIBHBIM BBIPDAKEHUEM JJI1 CPEIHEr0 BPEMEHH  Tjx
OKUaHus QIIYKTyallH TEIIOBOM SHEepruM £y Ha aTOMax B KOHJICHCHPOBAaHHOM CHCTEME:

E

Tin = Ta exXp k_(.l]lj ! (2)

rae T, =103 ¢ aBasercs mepuomom KoneGaHumii aToMOB.

Boipaxkenue (2) mosiydeHo Kak IpU TEOPETHUECKOM aHanu3e [7], Tak U Ha OCHOBE METoJa
KOMIIBIOTEPHOI'O MOJIETIMPOBAaHUS aTOMHOM TUHAMUKH [6].

TakuM 00pa3oM MOXHO cuuTaTh OONBIION yJoaued B MCCIEAOBAHWU, TO 4YTO IPHU
(EHOMEHOIOTMYECKOM ~ M3YYEHMM TaKOro MAaKpPOCKOIHMYECKOTO  SIBIEHHS Kak  pa3phiB
IOJIMMEPHOTO  TENa, ITOJNY4YaloTCsS 3aKOHOMEPHOCTH, OTBEYAOIINE MHUKPOCKOIIMYECKUM
AJIEMEHTapHbIM IpoueccaM. CienyeT OTMETUTh, YTO pa3pblB HANPSIKEHHBIX MaKpPOMOJIEKYN B
00JacTH TMOBBIIIEHHBIX M YMEPEHHBIX TEMIEpaTyp MPOUCXOAUT IO TEPMOPIYKTYyallHOHHOMY
MeXaHU3MYy, T.€. IyTeM HaJ0apbepHOro Mepexo/ia uepe3 NOTeHIMAIbHbIN 0apbep, pa3aesiouii
aCCOLIMMPOBAHHOE U JIMUCCOLMUPOBAHHOE COCTOSTHUE HAIIPSHKEHHOM LenHoM moiekynsl. Ha puc.
3.3 cxeMaTH4eCcKH [T0Ka3aH TaKOi BapHaHT IEpexo/a.

Yro xe OyJeT MPOUCXOIUTh NPU NOHMKEHUH TeMITepaTypbl?

BeposiTHOCTh 3HepreTHyeckux (UIyKTyaluid, HEOOXOIUMBIX Ul pa3pblBa MaKpOMOJEKYI
(xorma E,, ZU(G) ), OKCIOHEHIManbHO TmazgaeT. IlodToMy [OMKHO peE3KO BO3pacTaTh
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JOJITOBEYHOCTh ~ IOJIMMEPHOIO  Tela, yXoAd B  acTPOHOMHMYECKOe  3HadeHus. T.e.
TepMO(DIyKTallMOHHAs, Hag0apbepHas KHHETHKAa pa3pyILIeHUs MOJMMEPOB C TOHUKEHHEM
TEeMIIepaTypbl pe3ko 3aryxaer. Ecnu Obl nmpeogonenue 6apbepa ObLIa BOZMOXKHO TOJIBKO ITyTEM
HaJA0aphEPHOTO Iepexo/a, TO MPH HU3KHUX TeMIIepaTypax HeOOXOAWMO HCKIIOYEHHE KUHETUKU
pa3pyLIeHHUsL.

OpnHako, KaKk HM3BECTHO, BO3MOXKEH JIPYyroll MeXaHHM3M Iepexofa — MOoA0aphepHbIN WU
TYHHEJIbHBIA. M 3TOT BapuaHT cXeMaTUYECKU MOKa3aH Ha puc.3. BeposTHOCTh TyHHEIUPOBAHUS
OTpeziessieTCsl BBICOTOM U IIMPUHON Oapbepa, a TakKe Maccol yacTull. BakHO MoAUYepKHYTh, YTO
BEPOSITHOCTh TYHHETUPOBaHUS  (WJIM CpeAHee BpeMsl OXUJAHUA TYHHEIBHOTO IIEpexo/a)
MPAKTUYECKHU HE 3aBUCUT OT TEMIIEPATYpHI [8].

Okas3ajnoch, uTo nmpu HU3KUX Temmneparypax (90+170 K) umeet MecTo OTCTyIICHHE OT
M3BECTHOM AKCIOHEHLIMAIBHON 3aBUCUMOCTH MEXAHUYECKOM JOJITOBEYHOCTH OT TeMIIEpaTypbl
(HM3KoTeMIepaTypHoe wiaro). ChaenaHo 3aKiIr04YeHHE O BO3MOXXHOCTH

U

T
Puc.3 Cxema PEO0TICHHUS Oapbepa paspyliieHusl. lHanGapbepHbIH,

TEPMOQITYKTYAIIHOHHBIN TTepexo.1; 2-mo0apbepHBIi, TYHHEIBHBIH MEePEXO.

yY4aCTuA TyYHHCJIBHBIX ITPOLECCOB B KUHCTUKE PA3PYHICHUA, 4 UMCHHO ITPU HU3KUX TEMIICpATypax

KMHETHKA MEXAHUYECKOTO paspyLieHus HIOJIMMEPOB KOHTPOJIUPYETCS HE
TepMO(DIYKTYallUOHHBIMU  (HE  HaJg0apbepHBIMH), a TYHHEJIbHbIMH (TI0J-OapbEPHBIMU)
IIPOLIECCAMH.

[TockonbKy BBITIE ObIJIa YCTAHOBIIEHA TECHAS CBS3b JOJITOBEYHOCTH MOJIMMEPHOTO Telld CO
CpPEeITHUM BpEMEHEM OXKUAHH JIEMEHTAPHBIX aKTOB MOATOTOBKH TeNa K Pa3pbIBy, TO U3Yy4EHUE
JOJITOBECYHOCTHU HpI/I HpI/IJ'IO)KCHI/II/I BJ'IeKTpI/I‘-ICCKOFO II0J11 B 06J'IaCTI/I HU3KHUX TeMnepaTyp, B
MPUHIIAIIE, CTIOCOOHO JIaTh HOBYIO MH(MOPMAIIMIO O MEXaHU3ME SJIEMEHTAPHBIX aKTOB U B ATOU
obnactH.
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Xiilasso

Pa3ppiB oOpasma mox AEMCTBHEM MPUIOKEHHOW MEXaHMYECKOW Harpy3kd W MpoOoi
oOpa3ua 1moj JeHCTBUEM DJIEKTPUUYECKOTO IO SABJSIOTCS 3aBEpLIAIOIIMMU aKTaMH IPOLECCOB,
MOATrOTABIMBAIOIINX HACTYIUIEHUE MAKPOCKOMYECKOM MOTEPH CIUIOIIHOCTH. BBI3BIBAET MHTEPEC
IPUPOJIa U MEXaHW3M 3JIEMEHTapHbIX AaKTOB 3TOr0 MPOIECCa, YTO COCTABISAET BAXKHYIO YacTh
pa3paboTKu (QU3UKU TPOYHOCTH WIM (U3UKU pa3pyLICHHs] MOJMMEPOB. H3yYEHUH TaKOro
MaKpOCKOIIMYECKOT0 SIBJICHMSI KaK pa3pbiB MOJIMMEPHOrO Teja, MOIY4aroTCsl 3aKOHOMEPHOCTH,
OTBEYAIOUIME MHUKPOCKOMMYECKUM 3JIEMEHTapHbIM IpoueccaMm. Cieayer OTMETUTh, YTO pa3pbiB
HANPSDKEHHBIX MaKPOMOJICKYJI B 00JIACTH TIOBBIIIICHHBIX U YMEPEHHBIX TEMIIEPaTyp MPOUCXOIUT
no TepMOGIYKTYallAOHHOMY MEXaHHU3My, T.€. IyTeM Haa0apbepHOro Mepexojaa uepes
NOTEHLUAIBHBIA Oapbep, pa3AeNsAIomuil acCOIMUPOBAHHOE M JAUCCOIMHPOBAHHOE COCTOSHUE
HaIPSKEHHOM LIETTHOW MOJIEKYJIBI.

Summary

The fracture of a sample under an applied mechanical load and the fracture of a sample
under an electric field are the final acts of the processes that pave the way for the macroscopic
loss of continuity. The nature and mechanism of the elementary motions of this process are of
interest, representing an important part of the development of force physics or the physics of
polymer degradation. By studying a macroscopic phenomenon such as polymer fracture, patterns
are obtained that correspond to microscopic elementary processes.

It should be noted that the rupture of strained macromolecules in the elevated and moderate
temperature region occurs through the thermal fluctuation mechanism, that is, through a
suprabarrier transition through a potential barrier separating the associated and dissociated states
of a strained chain molecule.

ANOD YAXINLIGINDAKI ELEKTRIK TOBOQOSININ DINAMIKASI

Abdinov 9.8., Hiiseynov T.X., Davudov B.B., Agayev M.N., Rasulov E.A.,
Allahverdiyev S$.A., Tagiyeva E.Q.
abdinovaxmed@yandex.ru , tarlanhuseynovs7@gmail.com
dbenyameddin@gmail.com, mustafaagaev1950@gmail.com
eldarasul@gmail.com, shams 1954@mail.ru
Bakit Doviat Universiteti

Acgar sozlor. Qazlarda elektrik bosalmasi, miisbat siitun, geyri-xotti elementar hadisslor, koherent
qurulus, is1gli tabagenin dziiniiformalagdirmasi, ikigat tabago.

Qaz bosalmasi plazmasinda anod yaxinligindaki isigli toabagenin voltamper xarakteristikasinin
geyri-xattiliyi elementar hadisslordon va faza yiikdasiyicilarinin 6zbagina yaranan koherent makroskopik
qurulugsunun dagilmasindan asilidir. Hansiki onlarin generasiyasi fiziki olaraq 6ziiniiformalasdirma prosesi
ilo izah olunur.
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Asagitemperaturlu  qaz bosalmasi plazmasinda anod qarsisinda omoalo galon parlag
oblastlar1 ¢ox zaman vizual gérmok olur. Onlar adaton, ikigat elektrik tobagoalori (IT) mévcud
olan bosalmalarinda anodun yaxinlhiginda sferik tobagolor sokilinds [1], asag1 gorginlikli qovs

bosalmalarinda parlaq topa vo Yiksok
tezlikli bosalmalarda plazmoidlar

soklinda miisahido edilir. Son
eksperimental tadgiqgatlarda [1, 4-9] subut
edilmisdir ki, onlarin yaxsi

lokallagdirilmis vizual goriiniisiinii, qaz
bosalmas1 plazmada da daha aydin
sokildo miisahido etmok olar. Foza vo
zamana  goro  belo  makroskopik
strukturlarin inkisafi coroyanin zamandan
asthihigimi  mioyyon edir ki, bu da
Oziiniiformalagdirma prosesindon sonra
yaranan geyri-xatti  sistemlorin  tipik
davranigina xas olan olamotdir [2].
Eksperiment 500 mm uzunlugunda
55 mm diametrinds silindrik stiso boruda

[ 2]
L=

(]

Sokil 1. Tacriibi qurgunun sxemi. 1- sabit monba, 2-
dayison manbo, 3- rekorder, A- anod, K- katod, Z-
zond. FD- fotodiod. Va

yaradilmis arqon qazinin plazma siitununda aparilmigdir (sokil 1). Xarici gida monbayinin
kdmayi ilo elektrodlar arasina 600 V potensial forgi totbiq edilir. Yaranan plazma anod tarafdon
yerlo birlagdirilir. Plazma vahid monbadan qgidalandirilir va zaif pariltiya malik sabit sistem kimi
hesab etmok olardi. Qaz bosalmasma daxil edilon anod diametri 3 cm olan dairovi formali
tantaldan hazirlanmisdir. Anodla miisbat siitun arasindaki mosafo 8 cm-dir. Anod katoda nisbaton
musbat yuklondiyindan, uzununa elektrik sahasi istigamatinds katoddan ¢ixan elektronlar anod
istigamotino dogru siiratlondirici sahads harokot edirdilor. Qaz bosalmasi spektral tomiz argon
tosirsiz qazimin 1-10" = 5-107 Tor tozyiginindo va bosalma coroyaninin 20 + 300 mA intervalinda
doyisdiyi soraitdo yaradilmig vo stratlarin movcudluq oblasindan konarda 6lgmolor aparmisdir.
Plazmanin parametrlorini vo potensial strukturlarmi toyin etmok lg¢lin Longmdirin zondundan

istifado  edilmisdir. Olgmolor zamani
malum olmusdur ki, plazmada
elektronlarin  konsentrasiyast toxminan
10° sm3, temperaturu iso Te = 3 eV-dur.
Ozliyazan  potensiometrdon istifado
edorok (U) gorginliyini doyismoklo (1)
Coroyan siddsti Olgililmiis vo plazmaya
daxil edilmis zondun komoayi ilo
voltamper xarakteristika ¢ixarilmigdir.
Bosalma borusunun anod qarsisinda
yaranan ikigat elektrik  tobogasinin

isiglanma daracasi ossillografa
birlosdirilmis fotodiod vasitasilo
miisahido olunmusdur.

Qaz bosalmasinda anod
yaxmhiginda bas veron isiqlanma
oblastinin miixtalifliyi (V)
xarakteristikasinin miixtolifliyi ilo

I ()

200

100

10 20 30 40 500 U0

Sakil 2. Arqon plazmasinda ikiqat tobageds statik voltamper
xarakteristikasi (P = 10-2 Ton.
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olagalondirilir. Sokil 2-do gorindiyu kimi, gorginlik (U) sifirdan baslayaraq todricon artdigcea,
Coroyanin qiymoati do todricon artir (sokil 2, a-b hissasi). U-nun mioayyan bir giymatindan
baslayaraq, anodun qarsisinda parlaq isiqli oblast meydana golir. U artdiqca, isiqlanan oblastin
parlagligi vo handasi Olcllori bosalma coroyaninin (I) artmasi ilo eyni zamanda bas verir.
Gorginlik toxminan 10 V-a catdiqda, voltamper xarakteristikasinda nizamsiz coaroyan piklori
miisahido edilir (sokil 2, b-c hissasi). Garginliyin hamin giymatlorinde mévcud olan geyri-stabil
fazada, anoda yaxin hissadoki isiglanma oblastinin sferik formaya vo oksino tosadiifii formaya
kec¢idi miisahido edilirdi.

Xarici gorginliyin giymoti U =~ 18 V-a ¢atdiqda carayan kaskin artir (sokil 2, c-d hissa).
Coroyan sigrayisindan sonra isiq sagan oblast daha intensiv va parlaq gorundrdi. Garginliyin
sonraki artimi caroyanin tadricon artmasina gotirib ¢ixarirdi (sokil 2, d-e hisss). Garginliyin
togriban 22 V giymatindan baslayaraq, corayan yenidon koskin sokilds artird (sakil 2, e-f hissa).
Homin sigrayisdan sonra tobagodoki Coroyan sixligi vo isigin intensivliyi qeyri-stabil hala
kegarak, ossillografda ona uygun olaraq 20 kHz tezlikli miintozom doyison ragslor yaranirdi.
Gorginliyin daha da artmasi halinda, tobagoa xaotik rejima kegarok, U = 37 V-da harokatsiz forma
alird1 (sokil 2, g-h hissa). Homin hadisa caroyanin artmasi (sokil 2, g-h hissa) va kaskin artmasi
hallarinda da miisayiat olunurdu. Carayanin bu ciir geyri-stabil doyismasina, sokil 2-do gdstarilon
I(U) xarakteristikasinda f-d hissasi uygun golir. Nohayat, gorginliyin yenidon artmasi halinda
Corayanin qiymatinds nizamsizliq miisahids edilirdi.

Sokil 2-do gOstorildiyi  kimi, gorginliyin todricon azalmasi halinda, voltamper
xarakteristikasinda ii¢ histerezis oyrisi yaranir. Homin gokilda birinci histerezis h-I hissasasinda
garginliyin nisboton asagi qiymatinds yaranir. Caroyanin azalmasma uygun olaraq (sokil 2, i-j
hissa) parlag tobogo qeyri-stabil vaziyyoto kegorok, yox olurdu. Bundan basqa, coroyanin
azalmasina uygun olaraq 20 kHz tezliys malik "ragslor" meydana ¢ixirdi. Qeyd edoak ki, pulsasiya
edon tobago daha asagi gorginlik giymoatlorinds do movcudlugunu qoruyurdu. Sokil 2-do
gorinduyd kimi homin tobago xarakteristikanin n-k hissosinds histerezis hissasino uygun olaraq
pulsasiya edir. Pulsasiya vaziyysti yox oldugda, ceroyan k ndqgtssindan | nogtasine sigrayisla
kegorok, tobago stabil voziyyoto kegirdi (sokil 2). Yiikdasiyicilarin yaranan strukturu, hotta
generasiyasi liglin tolob olunanlardan xeyli asagi gorginlik giymatlorindo do 0z vaziyyatini
saxlayirdi. Gorginliyin giymoati U = 8 V olduqda, isiqh toboago yox olur vo caroyan azalirdi.
Corayanin kaskin artmasindan (sokil 2, c-d-e hisso) sonra tobagoanin sabit, daha sonra isa "ragsi”
vaziyyato kegidi bas verirdi.

Dovroys qosulan xarici yiikk miigavimoti I(U) xarakteristikasinin formasina ohomiyyatli
dorocado tosir gdstordiyine goro, miigavimotin qiymatini miimkiin qodor kigik gotliirmak lazim
golirdi. Bizim todqiqat islorimizds ylik miigavimati 10 Om gétiiriilmiisdiir vo homin miiqavimat
anodla miisbot siitun arasinda yerlosdirilmisdir. Plazma monboyino daxil edilmis doyison
miigavimat is9 500 Om-a borabar idi.

Yuxarida qgeyd olunan eksperimental naticolori nozoro alsaq, I(U) xarakteristikasinin
formasinin miirokkabliyini makroskopik foza yuklorindon asili olaraq, isiq hadisalori ilo bagh
oldugunu gororik. Aydindir ki, homin hadisalordo elektrik sahosinin oksi istigamatindo
slrotlonmis elektronlar neytral zarraciklorlo geyri-elastiki toqqusmalara moruz galaraq, kvant
kecidlorinin yaranmasma sabab olur. Qeyd edok ki, gorginliyin Kkifayat godor yiksok
giymatlorinds anodun qarsisinda lokallasmis is1q emissiyasi hadisasi miisahido edilirdi. Anodun
qarsisinda miioyyan mosafods, hoyocanlagsma funksiyasi koskin sokildo artir vo noticado,
hoyoacanlagma proseslori hesabina kinetik enerjisini itirmis elektronlarin toplandigi oblast, yani
monfi foza yuklarindon ibarot parlag tobage omoaloa golir. Homin hissads zarraciklorin
neytrallagsmasi proseslori, Slrotlonmis elektronlarin enerjisinin isiq siialart soklinds dagilmasi,
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elektronlarin  temperaturunun  yiiksalmosi ilo  yanasi, neytral atomlarin oSas halda
konsentrasiyasinin sabit saxlanmasma komok edir. Isiq hadisolorinin sonraki inkisafinda
rekombinasiya etmoyon elektronlar bosalmada ahamiyyatli rol oynayir [1]. Elektronlar anodun
qarsisinda artan elektrik sahasinds slavs siiratlonarok, togqusmalarin en kasiyinin kKaskin sokilds
artdig1 enerjiloro malik olurlar. lonlasmaya sobob olan elektronlar vo ionlasmadan sonra yaranan
yeni elektronlar anod toarafindon cozb olundugu ii¢iin lokallasmis monfi foza yuklori misbot
ionlarla zonginlosmis plazma amala gatirir. Belalikls, anod garsisinda parlaq isigli oblast - ikigat
tobago amolo galir. Homin tobage anoddan miisyyan mosafodo formalasir [2]. Garginliyin
mulayyan giymatinds anodun qarsisinda sferik isiqli qurulusa malik parlaq tobago miisahido
olunur. Anodun sathina yapismis isiqli tobags, gorginlik 6znin béhran giymatins c¢atdigda vo ya
onu kecdikds spontan generasiya edir.

Sakil 2, c-d hissasine uygun olaraq, voltamper xarakteristikasinda bas veron kegid, bir-
birino oks olan iki qonsu foza yiklori arasinda uzunmiiddotli korrelyasiya kimi ¢ixis edan,
induksiya olunmus, elektrostatik qiivvalarin anodun tasirini haddindon artiq kompensasiya etmasi
halinda bas verir. Baxilan hal, elektronlarin ikigat tabagonin igarisinda siratlonmasi naticasinds
enerji qazanmasi va belaliklo, ionlagma kasiyinin kaskin sokildo artmasi vo naticads, qonsuluqda
olan miishat foza yUklorinin konsentrasiyasinin boéhran qiymato ¢atmasi zamani yaranir. Onanavi
gaz bosalmalarinda qazin tozyiqi 10*+107 Tor intervalinda doyisdikda, potensialin giymati gazin
ionlagsma potensialina (Ui) barabar oldugda (arqon t¢in Ui=15,6 V), homin kegid yaranir. Asagi
gaz tozyiglarindo hamin kegid, yalniz ikigat tobagonin potensiali qazin ionlagsma potensialindan
boyiik oldugu halinda miisahids edilir [2]. Foza yiklorinin koherent sferik diiziiliisii kortabii bas
verir, ¢lnki belo struktur lokal minimum enerji ilo Xxarakterizo olunur vo ona géro do homin
kecido alava enerji sarfiyyati talob olunmur.

Belaliklo, belo naticays golo bilorik ki, plazmadan ibarst olan isigli tabagonin voltamper
xarakteristikasinin  geyri-xottiliyi, Ozlinliformalagdirma prosesinin  miixtalif fazalarindan
(xarakteristikada homin fazalar miixtolif bohran ndqteri ilo qeyd edilmisdir), homginin
termodinamik tarazliq halindan uzaq olan koherent foza yiiklorinin qurulusundan asilidir.
Maosolonin miirokkabliyi xarici moahdudlasdirici rolunda istirak edon elektronlarin lokal soraitds
siirotlonmosidir. Onun noticasindo, simmetriya, hoyocanlasma vo ionlagsma funksiyalarinin
kosiyinin fozaca paylanmasinin pozulmasi hali bas verir. Homin hadiss bir-birins isarace oks olan
gonsu foza yiikdasiyicilarinin ayrilmasimi toyin edir vo onlarin kollelyasiyasi induksiyalanmig
elektrik qiivvolorini yaradir. Homin qiivvelorin béhran qiymatlorinde spontan olaraq, miirokkob
qurulus barpa olunur vo onlarin mévcudlugu sferik ikiqat tobago ilo tomin olunur. Homin ikiqat
tobogo ilkin miisbat elektrod rolunu oynayir, yoni onun mdovcudlugu {iglin vacib olan
elektronlarin lokal siiratlonmosini tomin edir. Ikigat tobaqo, formalasma prosesinds siirotlonmis
elektronlarin kinetik enerjisini koherent foza yiiklorinin qurulusundan asili olan elektrik sahasinin
enerjisind ¢evirmaklo, enerji toplayir. Belaliklo, ikiqat toboqe 6zii enerji monbayi rolunu oynayair.
Homin enerji hesabina ikigat tobogolor plazma qurgularinda zamana goro bas veron miixtolif
proseslori stimullagdirir.
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Annomayus
HenuHeliHOCTh BONBT-aMIIEPHOM XapaKTEPUCTHKU CBETSIIETOCS CJI0s BOJMW3M aHoAa B IUIa3Me
ra30BOTO pa3psiia 3aBUCUT OT JIEMEHTAPHBIX MIPOLECCOB M pa3pyLICHNs BOZHUKAIOIIEH CaMOIIPON3BOJIBHO
KOTEPEHTHON MaKpPOCKONNYECKOH CTPYKTypbl 0OBEMHOro 3apsima. l'eHepaumsi CBeTALIErocs CIloOA
¢du3ngecKu 00BACHIETCS MPOIECCOM CaMOPOPMHUPOBAHHS.

Abstract

The nonlinearity of the current-voltage characteristic of the luminous layer near the anode in a gas
discharge plasma depends on elementary processes and the destruction of the spontaneously emerging
coherent macroscopic structure of the space charge. The generation of the luminous layer is physically
explained by the process of self-formation.

Cu INTERKALASIYASININ GaSe LAYLI MONOKRISTALLARININ SOTH VO
LAYLARARASI STRUKTURUNA TOSIRININ SEM iLO TODQIiQi

Sadiqh L.E.
AR EIm va Tahsil Nazirliyi Fizika Publik Hiiquqi Saxs, Baki

Acar sozlar: GaSe, SEM, interkalasiya

GaSe yarimkegirici monokristallar1 6zlinomoxsus kristal qurulusuna, genis qadagan
olunmus zonaya vo zoif Van-der-Vaals rabitosi ilo birlogmis layli struktura malik olduguna goéro
miiasir optoelektronika vo mikroelektronika sahosindo perspektivli materiallardan biri hesab
olunur. Bu tip layl yarimkegiricilords laylararasi oblastin modifikasiyas1 materialin fiziki vo soth
xassolorinin idars olunmasinda miihiim rol oynayir. 9dabiyyat malumatlarina gora, interkalasiya
prosesi laylararasi mosafonin doyismoasing, defekt strukturunun formalagsmasmna vo soth
morfologiyasinin yenidon togkilino sobab olur ki, bu da kristalin mikrostruktur xiisusiyystloring
birbasa tosir gostorir. Xiisusilo metal interkalantlarinin laylararasi oblastda yerlosmosi sathin
relyefini, mikromorfologiyan1 vo laylararast qarsiliql tesiri doyisdiron osas amillordon biri kimi
geyd olunur[1 — 5].

Todqgigat isindo GaSe layli monokristallarinda Cu interkalasiyasinin soth vo laylararasi
strukturuna tosiri Skanedici Elektron Mikroskopiyast (SEM) metodu ilo yronilmisdir. ilkin GaSe
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monokristallart Bricman-Stokbarger metodu ilo yetisdirilmis, interkalasiya prosesi iso
elektrokimyovi metodika ilo mis kuporosu mohlulunda aparilmis vo Cu atomlar1 laylararasi
oblasta daxil olmusdur. SEM analizlori GaSe kristalinin sothinin miixtalif miqyaslarda tadqiqine
vo layli qurulusun morfoloji xiisusiyyetlorinin miiqayisali sokildo giymotlondirilmosine imkan
vermisdir. Alinmis tosvirlords interkalasiyadan sonra sothin daha geyri-barabor qurulusa malik
oldugu, laylarin aydin secgildiyi vo laylararasi saholordo struktur doyismolorinin bas verdiyi
miisahido edilmisdir.

SEM tosvirlorinin detall1 analizi gostorir ki, Cu interkalasiyasi noticosindo laylararasi
sahodo lokal struktur doyismolori, mikropillovari saholor vo defekt zonalar1 formalasir. Laylar
arasinda Cu interkalant atomlarinin yerlosmosi sothdo relyef forglorinin yaranmasina, laylarin
gisman ayrilmasina vo mikromorfoloji heterogenliyin artmasina sobob olmusdur. Bu proses
kristalin daxili laylararas1 miihitinin modifikasiyasini vo soth strukturunun yenidon toskil
olundugunu gostorir. Eyni zamanda, interkalasiya noticosindo sothdo miisahido olunan struktur
elementlori laylararast qarsiliglh tosirin doyismasi ilo izah olunur vo Cu atomlariin kristal
daxilinds paylanmasinin mikromorfoloji xiisusiyyastlors birbasa tasir etdiyini siibut edir.

Beloliklo, aparilmis SEM todqigatlar1 Cu interkalasiyasinin GaSe layli monokristallar

nin soth vo laylararasi strukturunu ohomiyystli dorocado modifikasiya etdiyini gostarir.
Miiayyan edilmisdir ki, interkalasiya prosesi soth morfologiyasinin formalasmasina vo laylararasi
qarsiligh tosirin doyismasina sobab olur. Alinmig naticolor layli yarimkegirici materiallarda soth
effektlorinin idaro olunmasi ii¢iin Cu interkalasiyasinin perspektivli yanasma oldugunu tesdiq
edir.
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FeCO3-DION ALINMIS Fe, O3 MATRISLI YARIMKECIRICI
KOMPOZITLORIN DIELEKTRIK XASSOLORININ OYRONILMOSI
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Giris

Yarimkegirici kompozit materiallar elektronika vo sensor texnologiyalarinda genis totbiq
olunur [3s. 326-330]. FeCO3 (siderit) manbayindan termiki ¢evrilma yolu ilo Fe,O3; matrisi aldo
etmoak, sabit dielektrik xassolora malik kompozitlorin hazirlanmasina imkan verir. Polimerlorls
(PE) birlosdirilon Fe,O3, struktur homogenliyini vo mexaniki mohkomliyi tomin edorok
materialin elektrik xassolorini optimallagdirir [1 s.42-52]. Isdo Fe,O3 matrisli kompozitlorin faiz
torkibini doyisdirarok tezliyin artmasinin dielektrik xiisusiyyatlorine tosiri Oyronilmisdir. Fe,O3
(domir(IIl) oksid) yarimkegirici xiisusiyyatloro malik materialdir vo kompozit strukturlarda
istifado edildikdo dielektrik xassolori ohomiyyatli doracads doyiso bilor [2 s.238-239]. Siderit
(FeCO3) termiki ¢evrilma yolu ilo Fe,O3-2 ¢evrildikds zarraciklorin 6l¢iisii vo paylanmasi idara
edilo bilar, bu iso niimunonin dielektrik xassasing tasir edir.

Eksperimental Hissa

Fe,O3 alinmasi: FeCO; (siderit) niimunslori 500—600 °C temperatur araliginda termiki
cevrilmo yolu ilo oksidlosdirilmisdir. Bu proses zamani karbonatin istilik tosiri ilo parcalanmasi
naticasindo Fe,Oz (domir(Ill) oksid) vo CO, gazi amolo golir. Termiki ¢evrilmo reaksiyasi
FeCO3; — Fe,03 + CO, soklindo bas verir vo bu, yarimkegirici materiallarin hazirlanmasinda
genis istifado olunur. Oksidlosma prosesi temperaturdan, qaligin dl¢iisiindon vo niimunanin ilkin
torkibindon asili olaraq doyiso bilor.

Kompozitlorin hazirlanmasi: Fe,O3 ilo polimer tozlari ovvalcodon verilmis olgili
nisbatdo alinaraq homogen qarisiq soklinds birlasdirilmisdir. Bu iisul, hor iki komponentin
borabor paylanmasini tomin edir vo naticado oldo olunan kompozit materialin strukturu vo
elektrik—mexaniki xassolori daha sabit olur. Qarisdirma prosesi, adoton, mexaniki qarisdirma va
ya kiiracikli doyirman tisullari ilo hoyata kegirilir ki, matris vo polimer fazalar1 tam birlogsin vo
niimunads bosluglar minimal olsun.

Kompozit niimunslor hazirlanarkon 40 % vo 60 % Fe,O3; maddosine 60%-40 % uygun
olaraq polimer (PE) tozu olavo edilmisdir. Bu nisbotlor miixtolif faza konsentrasiyasinin
materialin dielektrik vo elektrik xassolorino tosirini dyronmok maogsadile segilmisdir. Faiz
nisbatlorin artmas1 kompozitin struktur sixligini va elektrik keciriciliyini dayisdirs bilar.

Hazirlanmis Fe,Osz—polimer qarisigi preslomo yolu ilo sixlagdirilmis vo daha sonra
sinterlomo prosesino moruz qoyulmusdur. Preslomo morhoaloasi gqarisigin kompakt vo homogen
niimunolor halinda formalasmasini tomin edir, sinterlomo iso materialin daxili strukturlarinin
birlogorok mexaniki moéhkomlik vo davamliliq qazanmasini tomin edir. Bu proses, xiisusilo
yarimkegirici kompozitlorin hazirlanmasinda istifads olunur vo niimunonin sixligini idara etmoyo
imkan verir.

Naticalor vo miizakird

Hazirlanmis Fe,O3 matrisli kompozit niimunoalorin dielektrik xassolori miixtalif hacmlordo
Fe, 05 alavo olunmagla dyronilmisdir. Olgmoalor géstarmisdir ki:

1.Dielektrik niifuzlugu (&:): Fe;O3; hocminin artmasi ilo nimunalorin dielektrik niifuzlugu
yuksalmisdir. 60 % Fe,O3 olava edilmis niimunoalords &, nisbaton asagi olmus, 40 % olavo
olunanda isa maksimum giymata ¢atmisdir. Bu, matrisi taskil edon Fe,O3 hissaciklarinin elektrik
dipol xassoalarini glclondirmasi ils izah olunur [2 5.238-239]..

2.Faza homogenliyi: Presloma va sinterlomo naticoasinds niimunalords bosluglar minimal
olmus, Fe,O3 vo polimer fazalari homogen sokildo paylanmisdir. Bu, dielektrik vo elektrik
xassalarin stabilliyini tomin etmisdir. Naticalor gostorir ki, Fe;O3 hacminin tonzimlonmasi ils
kompozit materialin dielektrik vo elektrik xtsusiyyatlori optimallasdirila bilor [1 s.42-52].
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40% Fe,O3 + 60% PE kompoziti Gcun

I Tezlik (kHz) “ Dielektrik niifuzluq & (limumi) || ¢’ (real hisso) || ¢" (imaginar hisso) |
| 0.025 | 6. 9412 | 6.9403 | 01110 |
| 5 | 7.5156 | 7.9503 || 01321 |
| 20 || 7.9376 | 7.6365 | 01231 |
| 100 || 8.79616 | 8.0961 | 00272 |
| 200 | 9.02408 | 8.0236 || 00843 |
| 500 || 9.2002 | 9.1860 || 04527 |
| 1000 || 10.80108 | 10.7988 || |
s 40% Fez203 + 60% PE kompozitinda dielektrik nifuzlugun tezlikdan asiliig
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Sakil 1. 40% Fe,O3 + 60% PE kompozitin dielektrik niifuzlugunun tezlikdon asilihig

Tahlil
Real hisso &': Tezlik artdigca ovvolco sabit qalir, sonra yiiksolir vo yiliksok tezlikdo
maksimuma catir (s.1). €” (xayali hissd): Enerji itkilorini gostorir. 500 kHz-do koskin artim var,
bu da dielektrik itkilorin coxaldigmi gostorir (s.1). Umumi &: Real vo imaginar hissolorin
birlikds tesiri naticosindo materialin dielektrik sabiti tezlikdon asili olaraq doyisir (s.1). Asag
tezliklarda material sabitdir, orta tezliklorda itkilor azdir, yiiksok tezliklarda iso hom saxlanma

qabiliyyati, ham da itkilor artir.

60% Fe,0O3 + 40% Pe kompoziti G¢ln

| Tezlik (kHz) || Dielektrik niifuzluq ¢ || g’ (real hisso) || " (xayali hisso) |
| 0025 || 4.662 | 46432 || 0.4179 |
| 1 | 4.5066 | 45064 | 0.0451 |
| 5 | 5.8430 | 5.8424 | 0.0876 |
| 10 | 5.8016 | 58009 || 0.0928 |
| 20 | 5.5426 | 55411 | 0.1274 |
| 200 || 6.1124 | 61123 | 0.0367 |
| 500 || 6.2471 | 62471 | 0.0094 |
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60% Fez20: + 40% PE kompozitinin dielektrik sabitliyi
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Sakil 2. 60% Fe,O3 + 40% PE kompozitin dielektrik niifuzlugunun tezlikdon asiihig

Tahlil
Real hissa (¢'): Tezlik artdigca avvoalco azalma miisahido olunur (0.025 — 1 kHz), sonra
orta tezliklords (5—200 kHz) yiiksalir vo 500 kHz-do maksimuma ¢atir (~6.25). Xayali hissa (¢”):
Enerji itkilorini gostorir. Asagi tezlikds (0.025 kHz) yiiksokdir (~0.42), sonra azalir vo 500 kHz-
do minimuma enir (~0.009). Umumi &: Materialin dielektrik sabiti tezlikden asili olaraq doyisir,
yiiksok tezliklords daha sabit va itkisiz davranig gostorir. Asagi tezliklords: Dipol polarizasiyasi
aktivdir, buna gora enerji itkilori (¢") yiiksokdir. Orta tezliklorde: Materialin sabitliyi artir, €'
yiiksalir. Yiiksok tezliklorda: Enerji itkilori minimuma enir, bu da materiali izolyasiya va yliksok
tezlikli totbiqlor ti¢iin olverisli edir.
Notica
FeCO3z-don termiki ¢evrilmo yolu ilo alinmis Fe,Os; matrisi osasinda hazirlanan
yarimkecirici kompozitlor, hacmi doyisdirilon Fe,O3 ilo polimer, dielektrik xassolor baximindan
optimallasdirila bilor. Bu todqiqat, Fe,Os; matrisli kompozitlorin elektronika vo sensor
texnologiyalarinda istifadosi {igiin perspektivli oldugunu gostorir.
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Xulasa

Isdo sideritdon (FeCOs3) termiki cevrilmo yolu ilo alinmis Fe,Oz; matrisli yarimkegirici
kompozitlorin dielektrik xassolori todqiq edilmisdir. Forqli konsentrasiyalarda hazirlanmis
niimunalorin dielektrik sabiti tezliyin artmasi dielektrik xiisusiyotina tosirini gostorir vo bu
materiallarin elektronika vo enerji saxlama sistemlorinds totbiq imkanlarini ortaya qoyur.
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Abstract

In this work, the dielectric properties of semiconductor composites with an Fe,O3; matrix obtained
from siderite (FeCO3) via thermal transformation were investigated. The dielectric constant of samples
prepared at different concentrations demonstrates the effect of increasing frequency on dielectric behavior,
revealing the potential application of these materials in electronics and energy storage systems.
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Molumdur Ki, zencirvari qurulusu TlIng 4,Ge, ,,Se, birlosmasi Kifayot godor yiiksok tenzo vo

foto hossasliq omsalina malikdir [1,2]. Amma bu birlogsmoanin elektrik mugavimatinin ¢ox yiksak

olmasi sabobindon onun genis miqyasda totbiq olunmasi miimkiin olmur. Tadgiqat¢ilarin
qarsisinda duran osas mosalo mioyyan yolla bu I

birlosmonin elektrik mugavimatinin azalmasina nail ’R —
olmaqdir. Homin dsullardan biri bu birlosmoys asqar T
vurulmast vo ya homin birlosma osasinda yeni boark
mohsullarin alinmasi ola bilor. Mdévcud oadabiyyatda

I . Wy

— [l o

Tlin, o,Ge, o,Se, gofosindo indium atomlarmin daha agir, .
. . . 0
gadolintum  atomlart ilo  ovoz  olunmasi ilo
TliNg 4Gey o, Se, bork  mohlullarinin - alimmast  barado P
molumat verilmisdir [3] Muoayyon edilmisdir ki, bu |l
kristallarin elektrik miiqavimatlori TlIng ,,Ge, ,,Se, - don Sokill. Kegiriciliyin psevdomodulyasiyasinin

geydolunma sxemi

kifayot ~ qgodor  Kicikdir,  tenzohossasliglar1  iso
tenzoelementlorin hazirlanmasi gln slverislisidir.
Toqdim olunan isdo TlIin, ,,Ge, ,,Se, bark mohlullarinda askar edilmis pyezomodulyasiya

effekti vo bu effektin bazi tatbiglori barado malumat verilir. Qeyd edak ki, bu effekt mexaniki
rogs edon sistemin muoyyan detallarinin mexaniki rogs etmasinin onun xarakteristikalarina
tasirini yuksak dagiqliklo askar edarok 6lgmays imkan veran 6tlrlcilor yaratmaga imkan verir.
Bu tip otlriculor miiasir masingayirmada, toyyaralorin, raketlorin vo gomilarin harakotlor zamani
muayyan hissalorinds bas veran doyisiklari dogiq geyd etmays imkan verir.

Pyezomodulyasiya doyison konar tosirlor noticosindo kristallarin miioyyan oxlar
istigamotindo periodik olaraq uzanmasi vo ya qisalmasi ilo olagodar olaraq kegiriciliklorin
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osilyasiyasidir. Masolon, nazik metal (zorino yapisdirilmis  Tlin, o Ge, o, Se, kristalindan
hazirlanmis tenzodtiiriiciiniin bir torafini horokatsiz halda saxlayib, digar torofini v - tezlikli ragse
gatirdikds, homin tezlikds kegiriciliyin modulyasiyasiyasina askar etmoak olur. Bu 1 — ci sokildo
tosvir olunan qurgu ilo asanhiqla askar edilorok geyd olunur. Burada | - Gizoring, t - uzunluglu
TlIng ¢Ge, o, Se, kristali yapisdirilmis polad 16vhenin uzunlugu, AX - ragsin amplitudu, Ry - yuk
migavimati, R, - kristalin miigavimetidir. Tenzodtiiriici yapisdirilmis 16vho rogs Umumi
elektrik kegiriciliyinin dayison toplannani, pyezokeciricilik
AO'p(V,t): O'(V,t)—O'O (1)
kimi istifado olunur, o- kenar tosir olmadiqda, G(V,t)i59 Umumi kegirililiklordir. Periodik

uzanmaya Vs ya qisalmaya moruz qalan kristala ardicil olaraq yiik miigavimati Ry olan batareya

qosduqda, onda homin kristalda dayison AV (V,'[) pyezo signall yaranacaq. (R, <<R,
sathindoa)
AV, (v,t)=V ‘R, -Ac, (V1) )
Nozora alinmalidir ki, yarimkegirici tenzometriyada miihiim praktiki shomiyyat kasb edan
AV, (V,t)z AV, Sin2zavt  -nin doqiq toyin edilmosidir. Pyezosiqnalin amplitud qiymoti
AVgp, F510 giiclondiricisilo geyd edilib, S1-29 osilografi ilo miisahido edilir.

AX;, =016sm  Ax, =0,27sm  Ax; =0,36sm  Ax, =0,42sm Axg; =0,50sm

SRR AR AT, TAERT A
NP 2 W AN AWARAATAWL AV AT WA wiW AN AV AER RN A
ppviae VAR ARFTUIGRE ;_ﬂ Alii

B BT T I PR B A A el e VY

g =710 7 £, =13.5.10" &, =18.10° &, =22-10°7 £y =26-107

Sokil 2. Tlin, 4,Ge, ,,Se, kristalin pyezokegiriciliyinin

deformasiyanin miixtalif giymatlorinde modulyasiyasi

Tlin, ooGe, o,Se, kristali figiin alinmig homin manzars 2 — ci sokilda verilib. Aydindir ki,
kristalin tenzohossasliq amsalini toyin etmok i¢iin mugavimatin ARp(V,t)‘Rk nisbi doyismasi
toyin edilmalidir. Bunun dgln isa AVp(V,t) toyin edilmalidir. Sads hesablamalarla miayyan
edilib ki,

2
AR, R AV, (vt) 3)
Ri RV+(1+RVJ. AVp(vit) v
F

k

tenzohassasliq omsali isa
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Ry

1+2-*
. AR, (v, 1) _ R, .AVp(v,t) @
R & ({Ru AVp(V,t)} Vv
R, Y%

- . ta _
kimi geyd edilir. Burada & = 3(—3 AX -dir.

Askardir ki, istonilon, is¢i vaziyystinds olan qurgunun detallar1 mexaniki rogse dicar
oldugundan onlarin formasi, birlosmolori doyisikliklors ugrayir. Bu xiisusiyyatlori geyd etmok
igln Tlin, o,Ge, o, Se, kristalindan hazirlanmus 6tiiriiciidon istifado edilmosini toklif edirik. Bu

istigamotdo aparilan todqigat islorilo muoyyon edilmisdir ki, Tlng,,Ge,,,Se, kristalindan

hazirlanmis vibrodtiiriiciilor asagidaki unikal xtisusiyyatlora malikdir:
-Kigcik vibrasiyalari geydetms hassasliginin gox yiiksok olmasi (0,3 tartibinds);

-Tezliyin (0 — 75khS) is¢i diapazonunda doyismosi halinda signalin soviyyasi
tezlikdon asili olmur;
-TlIn, oo Ge, o,Se, asasl vibrodtiiriiciilorin on osas wstlinliklori kimi onlarn dlgiilorinin

Va ¢okilarinin kigik olmasini, 6lgmalari ¢ox Kicik tazyiglords bels doqiq aparilmasini geyd etmok
olar. Moasolon, tutum vibro6tiriculorin 6lgma tozyiglori 100 — 200 qr oldugu halda,
vibroétiricilarin 6lgmo tozyiqi comisi 1 — 2 qr olur;

-TlIn, oo Ge, o,Se, asasl vibrodiiriiciilorin quruluslarinin sadeliyi ilo méveud olanlardan

forglidirlor.
Gostorilmisdir ki, TlIn, 4,Ge, o, Se, kristal1 asasinda kigik vibrodoyismolori askar edorok

6lgmaya imkan veron, kicik Olcull, yuksok hassasliga malik yarimkegirici vibrodtiirtictilor
hazirlamagq olar.
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Annomauus

CraThsi TOCBsIEHAa W3MEPEHUIO BOJIBT-(apaJHbIX XapaKTePUCTUK TIeTEepONepexoioB,
MOJYYEHHBIX TEPMHUYCCKAM HCIAPEHUEM Ha YMCTON MOBEPXHOCTH MOHOKpHCTALIOB T lIN1-xAux
Se2. YcraHoBNEHO, UTO EpBOHAYAILHO HabM0AaeMas 3akoHoMepHOCTh B 3aBucumoctu C~f(U)
COXpaHsieTcs Iocie  OONydYeHHs, OIHAKO €MKOCTh TeTepOINepex0JI0B  YMEHBIIAETCS
HKCIOHEHIIMAIBHO
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Abstract

This article is devoted to measuring the capacitance-voltage characteristics of
heterojunctions obtained by thermal evaporation on the clean surface of TlIn1-xAuxSe2 single
crystals. It was found that the initially observed pattern in the C~f(U) dependence persists after
irradiation, but the capacitance of the heterojunctions decreases exponentially.

PYEZOELEKTRIK MATERIALLAR VO ONLARIN TOTBIQI SAHOLORI

Qasimov I.I., Babayeva A.E.
Ganca Dovlat Universiteti, Ganca sahari
isgenderova20@mail.ru

Acar sozlar: Pyezoelektrik effekt, polyarlasma, birimonokristallik kvars, elektrik momenti,
fotodiod, sensor

KuaroueBrble ciioBa: [Tvezosnexkmpuueckuil s¢pghexm, noasapusayus, MOHOKPUCMALIULECKUL
K8apy, d1eKmMpuiecKuti Momerm, oomoouoo, ceHcop

Key words: Piezoelectric effect, polarization, monocrystalline quartz, electric torgue,
photodiode, sensor

Pyezoelektrik effekt kristal sistemli materiala mexaniki qivvs totbiq etdikdo yaranan
elektrik ylikiiniin reaksiyasi kimi miisahido olunan fiziki bir prosesdir. Pyezoelektrik termini
yunan dilindon gétiiriilmiisdiir. Basmaq vo sixmaq monasini verir. Bu effekt 1880 — ci ildo
fransiz fiziklori Pierre vo Lacqnes Curie torofindon  kosf edilmisdir. Bu effekt kristal
materiallarin daxili qurulusu ilo alagelondirilir. Bu ciir tasirloro simmetriya morkozi olmayan
kristal materiallarda rast golinir. Fiziki xassoalora malik olan bels bir kristal deformasiyaya
ugradiqda miisbot vo monfi yiklor elektrik gorginliyi yaratmaqg Ugln onun sathlori (izarinda
ayrilma qabiliyyatino malik olurlar. Pyezoelektrik effekt iki istigamotli xassoys malikdir, birbasa
Vo tors. Pyezoelektrik effekt materiallarda mexaniki enerjini elektrik enerjisina vo oksina
¢evirmo kimi fiziki prosesi vardir. Bu materiallar hor hans1 fizik tosiro moruz qaldiqda vo
yaxud titroyarkon elektrik enerjisini istehsal etmo gabiliyystino malik olur. Bu iso materiallarin
kristal qgofasi ilo baghdir vo pyezoelektrik effekti adlanir. Diiz pyezoelektrik effekti mexaniki
tosir oldugda polyarlasmanin yaranmasina deyilir. Oks pyezoeffektdo iso elektrik sahasinin
tosiri altinda kristalin 6lgiilori dayisir. [1] Pyezoelektrikin istonilon zaman aninda bas vermasi
ucun iki mihim osas sortlor 6donilmalidir.

1. Kristali togkil edan hissaciklor arasinda miitloq ion rabitasi olmalidir.

2. Kristal simmetriya morkazino malik olmalidir.

Bu iso onunla oslagolondirilir ki, deformasiya naticosinde musbat vo yaxud monfi yuklor
yerlorini simmetrik doyisor vo bu zaman elektrik momenti yaranar . Bu giin muasir elma mindan
artiq pyezoelektrik kristal maddoslorin sayt movcuddur. Beloki onlarin ¢ox az bir hissasi tathiq
edilir. Pyezoelektrik materiallar icorisindo elektronikada ¢ox boylk praktiki totbiq olanlardan
birimonokristallik kvarsdir. Elektron texnikasinin miixtalif sahalorinds kristallik qurulusa
malik oln geviricilordon litium sulfat Li>SO4-H20, litium niobat LiNbOg, litium tamtal LiTaOs
genis istifado edilir. [2] Pyezoelektrik effekt tglin totbiq olunan aktiv element dovrasinds belo
bir elektron sxem qurmagq olar. Sakil 1.
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Sakil 1.Pyezoelektrik sensorun gevirici sxemi.

D1, D2, D3 vo D4 diodlart pyezoelektrik sensordan diiz istiqgamatdo 0z elektrik yikinu
goturarlar, mikrosaniys muddstinds D1 va D2 pyezoelektrik sensorun musbat coroyaninin D2,D4
iSo oks Caroyanini dovrayas Otliirma gabiliyyatina malikdirlor. K agar1 dovrani bagladigi anda Ds
fotodiodu isiglanir. Bu zaman sensorun yaratdigi elektrik coroyanini verilmis interval orzindo
yuksaltmok Gcun C va C, kondensatorundan istifado edilmisdir. Cox kicik deformasiya
vaziyyatinds sxem ardicil islomo gabiliyystino malikdir. [3]

Pyezoelektrik effektindon gorginlik hasil edoan manba kimi do istifado etmok mumkuindur.
Bu clir monba kimi asagidaki sxemi qurmagq olar.

Sakil 2. Pyezoelektrik sensorun generator sxemi.
7ZQ kvars generatoru 6z deformasiya funksiyasina gors isloyan zaman D1 diodu manfi elektrik
coroyanini Dz iso mishot coroyanini tonzimlayir ¢ kondensatoru D1 diodunun coroyanini
tonzimloyir daha dogrusu onu yiiklayir, c2 kondensatoru iss aksina bu funksiyani yerina yetirir.
Pyezoelektrik materiallarin osasinda hazirlanmis bu ciir elementlorin ¢ox genis saholori vardir.
Pyezoelementin ikili gabiliyysti onu muasir texnologiyada xususon do sensorlar, aktuatorlar,
enerji y18icilart vo akustik cihazlarda boyiik bir is potensialina gevirir.

Xiilasa

Bu moqalodo pyezoelektrik effekt kristal quruluslu bozi materiallarda mexaniki tosirin
elektrik reaksiyasi ilo miisayiot olunan fiziki hadiss oldugu vo bu hadisonin kristal gofosin daxili
qurulusu ilo bagl oldugu, homg¢inin yalniz simmetriyalarin morkozi olmayan kristallarda
miisahids olundugu kimi masalolor genis izah olunur.

Mogqalado hoamg¢inin pyezoelektrik sensorun diodlar vo kondensatorlardan ibarat elektron
sxem vasitasilo igloma prinsipi izah edilir.
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Pe3rome

B nanHoO# cTaThe moapoOHO 0OBACHSIETCS TOT (haKT, YTO MHE30JICKTpHUCCKU Y HeKT —
3TO (HU3MUECKOE SBJICHUE, MpPHU KOTOPOM MEXAaHHYECKOE BO3ICHCTBUE COMPOBOXKIACTCS
JNEKTPUYECKUM OTKJIIMKOM B HEKOTOPBIX MaTepuajax ¢ KpUCTAIMYECKON CTPYKTYpPOM, U YTO 3TO
ABJICHUE CBSI3aHO C BHYTPEHHEH CTPYKTYPOH KPHUCTAUIMYECKOM PEUIETKH, M YTO OHO
Ha0JI0/TaeTCs TOJIBKO B KpUCTaIaX 0e3 EHTpa CUMMETPUH.

B craree Takxke OOBSACHSAETCS TMNPHUHUUN pabOTHl MBE303JEKTPUUECKOTO JaTyhKa
MOCPEACTBOM DJIEKTPOHHOM CXEMBI, COCTOSIIIECH U3 TUO/I0B M KOHJIEHCATOPOB.

Summary

This article explains in detail the fact that the piezoelectric effect is a physical phenomenon
in which mechanical action is accompanied by an electrical response in some materials with a
crystalline structure, and that this phenomenon is related to the internal structure of the crystal
lattice, and that it is observed only in crystals without a center of symmetry.

The article also explains the principle of operation of a piezoelectric sensor using an
electronic circuit consisting of diodes and capacitors.

LANTANOID ATOMLARININ TlinSe; BIRLOSMOSININ TERMOELEKTRIK
VO FOTOKECIRICILIK XASSOLORINO TOSIRI

Cofarov M.B., Namazov Y. B., Verdiyeva N. O.
Goanca Doviat Universiteti
yahya.namazov@gdu.edu.az

Acar sozlar: kristallik dedektor, zoncirvari birlogsmalor,seqnoelektrik yarimkegirici, akustik
fonon, monokristal.

KiaroueBble cJioBa: KpI/ICTaJ'IJ'II/I“IeCKI/Iﬁ ACTCKTODP, I CIIHbIC COCIUHCHNA,
(OTORIEKTPUYECKUI TOTYIPOBOJAHUK, AKYCTUUECKUN (POHOH, MOHOKPHCTAILI.

Key words: crystal clearance, chain compounds, segno electric semiconductor, acoustic
phonon, mono crystalline

Mikroelektronikanin, niivo energetikasinin vo niivo texnikasimin siirotli inkisafi
yarimkegiricilor fizikasinin qarsisinda yeni problemlor qoyur. Homin problemlordon biri, vo
yiiksok sixlitia malik, ionlasdirict siialara hassasliga vo temperatur doziimliiyiine malik bircinsli
mitkommol yarimkegirici birlosmolorin alinmasidir. Bu istigamotdo aparilan todqiqat islori
gostorir ki, belo materiallarin alinma texnologiyasinin yaradilmasi onlarin fiziki parametrlorinin
mogsadyodnlii idars edilmasina imkan verir vo bununla da genis praktiki todbiq imkanlar1 yaradir.

Lantanoid asqarlanmasi (mosolon, Ce, Dy, Nd, Gd, Lu) iimumiyyatlo, somorali elektron
tololori kimi ¢ixis edorak, yiikdasiyicilarinin rekombinasiyasini azaltmaqla vo spektral reaksiyani
genislondirmoklo  yarimkegiricilorin ~ fotokeciriciliyini,  fotokatalitik  aktivliyini = vo
fotoelektrokimyavi xiisusiyyatlorini artirir. Qismon doldurulmus 4f orbitallarina gors, bu ionlar
zolaq boslugunda yeni dayaz enerji soviyyslori toqdim edir ki, bu da fotogenerasiya olunmus
elektronlarin va desiklorin rekombinasiyasini yavaslatir. Yarimkegirici birlosmolors lantanoid
ionlarinin (nadir torpaq elementlori) daxil edilmosi, zolaq boslugunda lokal elektron voziyyatlor
yaratmagqla, dasiyict rekombinasiya dinamikasina tosir etmoklo vo kristal gofasini doyisdirmoklo
onlarin fotokegiriciliyini shomiyyatli doracade modulyasiya edir.
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Dy va Eu olave edildikds, otaq temperaturunda kristalin xiisusi miigavimati adoton artir.
Bu, lantanoidlorin yaradicigi dorin tolo morkozlorinin sorbast yiiklori "tutmasi" ilo izah olunur.
Todqiqatlar gostorir ki, asgarlanmis niimunolordo kegiriciliyin temperatur asililiginda yeni
aktivlosmo enerjilori (masoalon, 0.2 eV vo 0.53 eV) meydana ¢ixir. Asagi temperaturlarda vo
yiiksok tezlikli doyison sahodo, keciricilik "Fermi soviyyesi yaxinligindaki lokal hallar {izro
sigrayis" (hopping conductivity) mexanizmi ilo bas verir.

Eu ilo asqarlanmis TlInSe> kristallarinda fotohossasliq tomiz kristala nisboton daha yiiksok
olur. Eu ionlar1 qadagan olunmus zonada oslava soviyyslor yaradaraq, isigin tosiri ilo elektronlarin
yasama miiddatini artirir.

Hazirda todqgiqatcilarin genis todqigat obyektino ¢evrilmis materiallardan biri do layli vo
zancirvari qurulusa malik A" g" Y tipli yarimkegirici birlogmalaridir. Bu birlogmalards kimyavi

olagolorin xiisusiyyatlori vo elektron xassalori ciit olmayan valent elektronlar1 sayasindo yaranir.
Valent elektronlar1 tam olmayan A" B'"Cj' tipli birlosmolor layli vo zencirvart quruluslu

gofasdo kristallasirlar. Bu sinfo daxil olan yarimkegirici birlosmalor cox maraqli fiziki xassoalora,
o climladon seqnetoelektrik -yarimkecirici, Ol¢iisiiz fazalara, yaddas vo ¢evrilmo vo s. effektlors
malikdirlor. Bu materiallarin  defektli qurulusa malik olmasina baxmayaraq, onlarin
ultrabondvsoyi, goriinen, infraqirmizi, rentgen vo y-slialarima qarst Oziinomoxsus yiiksok
hassasliga malik olmasi sobabindon onlarin todqiqine maraq durmadan artir.

A"BCY! tip birlosmalor sinfine daxil olan, fundamental xiisusiyystloro malik va praktiki

cohotdon xiisusi maraq doguran birlogsmolordon biri do TlInSez-dir. TlInSez birlogsmolorinin
dielektrik, optik vo fotoelektrik xassolorinin todqiqino aid elmi odobiyyatda genis molumat
movcuddur. Miioyyon edilmisdir ki, TlInSez birlosmasinds “C” oxuna nozoron miixtolif
istigamotlordo defektlorin paylanma konsentrasiyasinin (10%-101" sm=) miixtolifliyi, TlInSe>
kristallarinda kimyovi vo fiziki xassolorin anizotropluguna sobob olur [1]. Homin islords
defektlorin tobioti vo onlarin elektrik, optik vo fotoelektrik  xassolorino tosiri tam
aydinlagdirilmamisdir. Qeyd olunan mexanizmlorin verilmosi iiglin nizamlhi qurulusa malik
monokristallarin alinmast vo miixtalif xarici soraitlordo onlarin fiziki xassolorinin dyronilmosi
vacibdir.

TlInSe2 monokristallarinda hacmi yiiklo mohdudlanmis coroyan, yaddas vo ¢eviricilik
effektlori, moxsusi fotocorayanin termik vo optik sonmae effektlori kristallarin qadagan olunmus
zonasinda movcud olan miixtalif tipli t-tutma vo r- vo s-rekombinasiya markozlorinin morhalali
dolub-bosalmasi ilo bagldir; TlInSe2 monokristallarinin qadagan olunmus zonasinda yerlogon
akseptor tipli tutma morkozinin movcud olmasi qaranliq coroyanin 320-370 K temperatur
intervalinda termik sdnmosine sorait yaradir vo terrmik sénmo dorinliyi slialanma dozasindan
asili olaraq eksponensial qanunla azalir.

TlInSe2:Dy kristallarinda is1q kosildikdon sonra coroyanin dorhal yox olmamasi —
uzunmiiddotli relaksasiya miisahido olunur. Bu, yiikdasiyicilarin lantanoidlorin  yaratdigi
"potensial ¢alalarda" ilisib qalmasi ilo baglidir [3].

Parametrlor TlinSe; Tlin1-«DyxSe2 TlinixEuxSe;
e » p-tip (sabit qalir, lakin konsentrasiya

Kegiricilik tipi p-tip (adoton) doyisir)

Xiisusi miigavimat Nisboton asag1 Yiiksok (kompensasiya hesabina)
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Fotohassashq Orta Yiiksok (xiisusilo Eu ilo)

Istilik keciriciliyi Yiiksok Asagi (fonon sopilmasi artir)

Bork cismin fiziki xassolorinin Oyronilmesinds termoelektrik horokot qiivvesi
(termoe.h.q.) vo onun temperatur asililiginin Oyronilmosi xiisusi ohomiyyoto malikdir.
Termoe.h.q. miirokkob kinetik parametrdir vo hotta maddadoki ylikdastyicilar eyni tipli
oldugda belo termoe.h.q. ¢oxlu parametrlordon asili olur. Amma miixtolif koglirmo
mexanizmlorindo  termoe.h.q.-nin  yiikdasiyicilarin ~ konsentrasiyasindan asililigi  eyni
xarakterlidir. Bir tip yiikdasiyicilar halinda termo e.h.q. asagidaki ifads ilo toyin olunur

a:E(A—In n),
e

burada o -termoe.h.q., A — sabit, n — yiikdasiyicilarin konsentrasiyasidir. Ona goro do
termoe.h.q.-nin temperatur asililiginin  Syronilmasi yiikdasiyicilarin  konsentrasiyasinin
temperatur asililig1 haqqinda fikir sdylomoys imkan verir.

Zona noazoriyyasino goOro, sabit potensialli parabolik zona halinda termoe.h.q.
ylkdasiyicilarin konsentrasiyasi vo onlarin sopilmo mexanizminin funksiyasidir. Bir nov
yukdasiyicilart olan cirlasmamis elektron gazi iiglin a-komiyyoti sadslosir vo asagidaki kimi

ifads olunur:

o= as B (1)

e 2kT

Burada Ag -yiikdastyicinim aktivlosmo enerjisidir. (1) ifadesindon goriiniir ki, termoe.h.q.-nin
temperatur asililiginin xarakteri yiikdasiyicilarin konsentrasiyasinin temperatur asililigi ilo
toyin olunur. Yiikdasiyicilarin konsentrasiyasinin eksponensial qanunla artmast zamam
temperaturun yiiksolmaosi ilo termoe.h.q.-s1 azalmalidir. ©gor A - komiyyatinin zaif temperatur
asililigini nozorae almasaq, onda a-komiyyetinin 1/T-don asililifinin meyl bucaginin tangensi
yiikdasiyicilarin aktivlosma enerjisino (A&) borabor olar. Tocriibo gosterir ki, birlosmolori
ticiin alman = f(1/T) asilihg: xottidir. Bu naticolor temperaturun yiiksolmosi ilo
konsentrasiyanin yiiksoldiyini, basqa sozlo, todqiq olunan maddolorin yarimkegirici tobiatli
oldugunu subut edir. «a = f(1/T) asihiligindan toyin olunan aktivlosmo enerjisi,

elektrikkeciricilikdon toyin olunan aktivlosmo enerjisindon bir gqoder ¢oxdur. Alinan naticolor
todqiq olunan materiallarda kegiricilikdo hom elektron, hom do desiklorin istirak etmosini
siibut edir vo bu yiiklor termoe.h.q.-do 6z olaveasini verir. Elektron vo desiklor oks isarali
oldugundan onlar @ -komiyystinin temperatur asililigma da koskin tosir edir.
monokristallarmininin  termoe.h.q.-nin todqiqi zamanmi miioyyen olunmusdur ki «(T)
asililiglariin xarakteri praktiki olaraq eynidir (sokil 1).

Xiisusi halda elektron qazinin cirlagmadigr hal ii¢lin yuxar1 temperaturlarda yiirikllyin
temperatur asililig1 etibarli naticalor verir. Yuxarida gostorildiyi kimi tadqiq olunan materiallarda
yiikdastyicilarin yiiriikliiklorinin temperatur asililifinda: ~T7", doraco iistii r~3/2 kimi
qiymat alir ki, bu da onlarin akustik fononlardan sopilmasina uygundur. Bunlart nazars alaraq

miivafiq diisturlarla kimyovi potensial 77* vo konsentrasiyasinin n qiymotlorini hesablayaraq,
effektiv kiitloni toyin etmok olar [2].
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Sakil 1. TLIn1xDyx Sez monokristali tigiin termoelektrik horakot qlivvasinin temperatur
astlilig

Adabiyyat

1. Zorbaliyev M.M. Yarimkegiricilorin elektrofiziki parametrlorinin dlgiilmo tisullari, Sumgqayat,
SDU nosriyyati, 2004, 117 s.

2. Anexcees U.B. Terepomepexon Ha TMOJYIPOBOJHHUKAX C IEMOYEYHOU cTpykTypoit TlSe-
TlInSe; // ®TII, 1998, 1.32, Ne6, ¢. 590-599

3. Magnaros, P. C. BiusHue HOHHU3UPYIOMIETO M3JIyYEHHS HAa MEXAHH3M 3JIEKTPOIPOBOIHOCTH
MOHOKpHCTAIOB OCOOCHHOCTH MeXaHHW3Ma TOKOMpPOXOXJaeHus B Kpuctauiax TlInSex /
P.C.Manatos, A.W1. Hagxados., M. P. I'azandapos // [lepcriektuBHble MaTepuaisl, -baky, Ne3, -
ct.1-5, 2012

4. Al-Orainy, R. H. Thermoelectric, transport and microstructure properties of binary
chalcogenide GaxTes Crystals / R. H. Al-Orainy, A. T. Nagat, S. A. Hussein [and o] //
International Research Journal of Engineering and Technology (IRJET), -Volume: 02 Issue 02, -
p.816-821, 02 May-2015

Summary

The width of the zone for which the temperature dependence of the conductivity is
prohibited at the high temperature range is determined the width of the strip that is prohibited in
accordance with the specific conductivity zone of the sample decreases with increasing atoms and
the hole concentration is increasing. Dy and Eu dopants make TlInSe2 crystal more suitable for
high-temperature photodiodes and ionizing radiation detectors. In particular, Eu dopant is more
effective for signal amplification in optoelectronic devices.

Pezrome

bruta omnpeneneHa 1muMpuHA 3alpEelIEHHOM 30HBI B BBICOKOTEMIIEPATYpPHOM JHAara3oHe
TEMIIEpaTypHOI 3aBUCUMOCTU MPOBOJUMOCTH, U YCTAHOBJIEHO, YTO C YBEIIMYEHUEM KOJIUYECTBA aTOMOB
Dy B cocraBe mupHHA 3ampemieHHOW 30HBI, COOTBETCTBYIOLIEH O0OJACTH YAETHHOW MPOBOJUMOCTH
o0pasma, YMEHBIIIAeTCs, a KOHIIEHTPAITHs IbIpoK yBenmuumBaeTcs. [lpumecu Dy u Eu gemaror xpuctamt
TlInSe2 Gosee MOIXOASIINAM ISl BHICOKOTEMIIEPATYPHBIX (DOTOAMOMOB M JETEKTOPOB MOHU3UPYIOIIETO
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n3nydeHus. B wactHoctH, npumecs Eu Gonee sddexTrBHA AN YCHICHHUS CUTHAJIA B ONTORJIEKTPOHHBIX
YCTPOMCTBAX.

Xiilasa
Kegiriciliyin temperatur asililiginin yiiksak temperatur intervalinda qadagan olunmus zonanin eni
toyin olunmus vo miisyyon olunmusdur ki, torkibde Dy atomlarinin artmasi ilo niimunonin moxsusi
kegiricilik oblastina uygun qadagan olunmus zolagin eni azalir vo desiklorin konsentrasiyasi artir. Dy va
Eu asqarlar1 TlInSez> kristalim1 yiiksok temperaturlu fotodiodlar vo ionlagdirici siialanma
detektorlari iigiin daha yararli hala gatirir. Xiisusilo Eu dopanti optoelektronik cihazlarda signalin
giiclondirilmasi ti¢lin daha effektivdir.

TIGaS; - TlInSe; SISTEMINDO FAZA TARAZLIGININ TODQIQI

Riistamov V.C., Namazov Y.B., Zeynalov Z.M., Olakbarov §. S.
Goanca Doviat Universiteti
yahyanamazov@qdu.edu.az

Acar sozlor: kristallar, sintez, monokristal, polikristallar, diferensial-termik, rentgenfaza,
mikrostruktur

KioueBble  cjioBa:  KpPUCTAIbI,  CHUHTE3,  MOHOKPHCTAJJ,  IOJUKPUCTAILIBI,
muddepeHranpHas TepMHUYECKas Jerpajanus, peHtreHodaszoBoe HCCleI0OBaHue,
MHUKPOCTPYKTYpa.

Keywords: crystals, synthesis, single crystal, polycrystals, differential thermal, X-ray
phase, microstructure.

TlInSe, - TIGaS, sisteminds faza tarazligini 6yronmak {igiin ilkin yanasmada T1InSe2 vo
TIGaS; kristallar1 sintez olunmusdur. Bu kristallarin sintez texnologiyasi 6ton asrin 70-Ci
illorinds islonmisdir. Lakin sintez prosesi se¢ilmis termodinamik rejimdon giiclii asili oldugu
uctin hor bir todqiqatgr sintez etdiyi vo sonra da oldo etdiyi polikristallardan monokristal
gOyartdiyi rejimi doqigliyi ilo tosvir edir ki, bu da fiziki xassalorin eksperimental tadqiqi zamani
miisahido oluna bilocok uygunsuzluglart diizgiin interpretasiya etmok ucun oldugca vacib
magamdir.

Todgiqgat obyektlorimiz olan TIGaS: va TlInSe: kristallari birbasa birtemperaturlu metodla
sintez edilmigdir. Vakuumlasdirilmis va oridilorok agzi yapisdirilmis ampula maili vaziyyatdo
sintez sobasina qoyulur vo birlogmonin arims temperaturundan 30-40K yuxari temperatura qodor
qizdirtlir.  Xalkogenin (S vo Se) buxarmmin parsial tozyiqi yiuksok oldugundan ampulanin
partlamasi riskini azaltmaq tgiin xalkogen komponentlori ampulanin bir torofino yigilir vo
ampulanin sobadan konarda olan bu hissasi buzlu su ilo soyudulur. Xalkogen komponenti az-az,
kicik hissalarlo sobanin isti hissasindoki reaksiya zonasina diyirlondirilir.
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Sokil 1. TIGaS; va TlinSe; polikristallarinin difraktoqramlari

Sintez edilmis TIGaS, vo TlinSe; numunalordon stexiometrik nisbatdo gotiilmiis
nimunalari anoloji gaydada kvars ampulada birbasa aridarok sintez etmoklo TI(GaSz)1-x(InSe2)x
bork mohlullarinin polikristallar1 alds edilmisdir.

Istor faza tarazhg diaqrammi  Syronmok (glin, istorso do, bork mohlullarin
monokristallarinin alinmasi prosedurundan ovval sintez olunmus polikristallarin, yani tozvari
nimunoslorin rentgenfaza analizi aparilir. Todqigatin sonraki marhalolorinds fiziki xassalorin
todqigi Ugiin monokristallardan istifads edildiyi tc¢iin rentgen faza analizinin (RFA —nin) Laue,
kegon siialarda elektronoqramma Vo s., monokristal metodlarina istiinlik verilmisdir. Olbatto,
tozvari nimunoalordos RFA tisullart monokristal tisullar1 godor fundamental olmasa da, bununla
belo maksimal Umumi xarakterli tasdiq yolu olub, polikristallik halda olan maddanin texniki
pasportlasdirlmasi {i¢iin cox vacibdir.

Sokil 2-da, ham ilkin tiggat birlosmalor olan TIGaS; vo TlinSez, ham do, TI(GaS2)1-x(INSe2)x
bark mahlullarinin strix-diaqramlar1 gostarilmisdir.

Diferensial-termik (DTA), rentgenfaza (RFA) vo mikrostruktur (MSA) analizlorinin
naticalorinae gora TI(GaS2)1-x(INSe2)x (x=0+0,5) sisteminin hal diagrami qurulmusdur. TlInSe; —
nin TIGaS,-da 55 mol.% -2 gadar hall olmasi tayin edilmisdir. Rentgenfaza analizinin naticalori
Sokil 2 -do g0starilir. Sokildon bir daha gorindr ki, TIGaS2-TlInSe> sisteminds genis hallolma
oblasti movcuddur.
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Sakil 2. TIGaS>-TlInSez sisteminin strix-diagrami: 1- T1GaS»; 2 -90; 3-80; 4 -60
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Sakil 3. TIGaS,-TlInSe> sisteminin hal diagrami (a), mikrobarkliyin
torkibdan asililig1 (b).

Sakil 3-do TI(GaSz)1x(InSe2)x kvazibinar sisteminin hal diagrami va mikroborkliyin torkibdon
astlihi@r verilmisdir. Sokildon gorindiyu kimi mikrobarklik TIGaS>-don baglayaraq TlInSe2-yo
godor xatti olaraq artir.

Beloliklo, TIGaS2 vo TlInSe», kristallarinin, habela onlarin bark mohlullarinin yaranmasi {igiin
fiziki-kimyovi kriterilori miisyyanlosdirmis olduq. Bu kriterilorin nozors alinmasi iso, TIGaS,-
TlInSe> sisteminin lazimi torkiblorinin monokristallarini almaga imkan veracokdir.
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Xilasa

Mogalada TIGaS: - TlInSe; sistemin sintez texnologiyasi aqqinda qisa malumatlar verilmis,
polikristal alma tsulu izah edilmis, diferensial-termik (DTA), rentgenfaza (RFA) va
mikrostruktur (MSA) analizlorinin naticalorino goéro TI(GaS2)1x(InSez)x (x=0+0,5) sisteminin
hal diaqgram1 verilmisdir. Bork mohlullarinin yaranmasi {igiin fiziki-Kimyavi Kriterilori
muoayyanlasdirmisdir.

Pe3rome

B craTtbe mpencrasieHa kpaTkas MH(GoOpManus 0 TEXHOJIOTUM CUHTe3a cuctembl 11GasS: -
TlInSe2, onucan MeTo MOMYYCHHUS MTOJUKPUCTAIIIOB U MPHUBECHA (a30oBas qruarpaMMa CHCTEMBI
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TI(GaS2)1-x(InSe2)x  (x=0+0,5) Ha ocHOBe pe3ynbraToB AU((HEPEHIUATBHOTO TEPMUUECKOTO
anaimza (TA), penrrenodazoporo ananuza (P®C) u mukpoctpykrypHoro anamusza (MCA).
Ormpezienensl PU3NKO-XMMHYECKHE KPUTEPUH 00pa3oBaHUs TBEPBIX PACTBOPOB.

Summary

The article provides brief information on the synthesis technology of the TIGaS2 - TlInSe2
system, explains the method of obtaining polycrystals, and provides a phase diagram of the
TI(GaS2)1-x(InSe2)x (x=0+0,5) system based on the results of differential thermal (DTA), X-ray
phase (XRF) and microstructural (MSA) analyses. It determines the physicochemical criteria for
the formation of solid solutions.

LAYLI QUQULUSLU Ga-Se MONOKRISTALININ SOTH MORFOIOGIYASINA
RADIASIYA DEFEKTLORININ TOSIRININ AGM METODU iLO TODQIQi

Moadatov' R.S., Saforzadat D.9., Verdiyeva N.D., Mommadzada' O.11.
IMilli Aviasiya Akademiyasi, Baki ;
2Ganca Déviat Universiteti-Ganca

Acar sozlor: layl kristal,soth morfologiyai, defekt, atom giic mikroskopu , radiasiya
stialar1, vakansiya.

KiroueBble ¢JI0Ba: CIOHUCTHIM KPUCTAUI, MOP(OJIOTUS TTOBEPXHOCTH, NEPEKT, aTOMHO-
CHJIOBOW MHKPOCKOII, ITy4KH U3Ty4YCHHUs, BAKAHCHSI.

Keywords: layered crystal, surface morphology, defect, atomic force microscope, radiation
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Giris

Son zamanlar fiziki xassolorin yiiksok anizotrpoiyasina malik kristal maddolora diqqoet
getdikco artmaqgdadir. Uzun illor boyu layl kristallarin xiisusiyyatlori bork cisimlor fizikasinda
osas todqiqat sahosini toskil etmisdir.Son illordo A% B® yarimkegirici birlosmolorinin yiiksok
fotohassassiga malik olmasit bdyiikk maraq yarandir. Homin birlosmalorin  maraql
niimayandalarindon biri do layli qurulusa malik GaSe —dir. GaSe xalsogenid dord tobagali layli
bir birlosmadir vo bu materiala olan maraq yalniz asas xassolori ilo deyil, ham¢inin miimkiin
praktik totbiqi ilo stimullasdirilir. Ga-Se li¢lin faza diaqraminin tosviri vo biitiin bork fazalarin
struktur tadqiqatlart bir gox miislliflor torafindon verilmisdir [1-3]. GaSe-ds aparilan aragsdirmalar
bu birlosmanin maraqli yarimkegirici xiisusiyyatlors malik oldugunu gostarir.

Layli qurulusa malik kristallar tobogolor daxilindoki giiclii (kovalent) rabito vo tobagolor
arasi zaif (ehtimal ki,Van-der-Vaals ) rabito ilo xarakterizo olunur.Hoar bir(individual) tobagonin
qurulusu kristaldan kristala forqlonir. AsBs qrupunun GaS, GaSe vo InSe yarimkegiricilori daha
miirokkob,4 qatli tobogo qurlusuna malikdirlor. GaS-in kristal qurulusu va optik x{isusiyyatlori ilo
bagli bir ne¢a isin aparildigi bildirilmisdir [4,5].

Elmi odobiyyatda layl kristallarin, xiisuson GaSe kristalinin soth morfologiyasina radiasiya
stialarinin tosiri haqqinda molumat yoxdur. Bu hadisonmin Oyronilmasi soth defektlorinin
paylanmasini idaro etmoklo , spektrin uoltra bondvsoyi vo goriinon oblastlarinda fotohassasligin
artirllmasina imkan veragokdir.

2. Tacriiba texnikasi1 vo marhalalar
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GaSe monokristallart Bricmen- Stokbergerin istigamotlonmis kristallasma {isulu ilo
alimmigdir. Kristallasma zonasinda temperatur gradienti 20-30 K/sm,yetisdirilma surati iss 0,13
mm/saat olmusdur. Alinmis monokristallar p-tip kegiriciliya malik olmus vo otaq temperaturunda
onlarin xiisusi miigavimati (p) iso (10’-10%) Om'sm olmusdur. Kristalin alinmas1 zamani yarana
yaranan vakansiyasinin konsentrasiyasini azaltmaq moqsadi ilo kiikiird elementinin artiqhigt
Nozars alinmisdir. Kristall oxuna nozerean anizatropluq deracesi ~102 olmusdur. . Alinmus kristalin
analizi rentgen vo DTA vasitosilo hoyata kegirilir vo alinan kristal- parlaq sar1 rongds - GaSe
olmas1 miioyyan edilmisdir. GaSe monokristalinin sothi, horizontal goriintii imkan1 50 nm olan
NanoEducator zond skanetmo mikroskopundan istifado edorok tomas rejimindo atom giic
mikroskopu (AGM) il tadqiq edilmisdir . AGM vasitasilo oldo edilon tosvirlor gostorir ki, biitiin
niimunalar ti¢lin GaSe kristalinin sathi monokristallik qurulusa malikdir.
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Sokil 2. GaSe monokristalinda siialanmadan sonra (50 krad) soth effektlori
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a b C
Sokil 3. GaSe monokristalinda siialanmadan sonra (100 krad) soth effektlori

Sokil 1-do 2 D va 3D for formatlarinda GaSe kristalinin sith morfologiyasi vo histoqgramma
verilmisdir. Sakil 1 a-dan goriiniir ki, kristalin sothin geyri hamarliq mévcuddur va bu periodik
olaraq tokrarlanir. Miisahids olunan gabariq vo ¢okiik hissalor Ga vo Se atomlarinin paylanmasi
naticasinda almir. Sakil 1b-ds ise- 3D formatinda qeyd olunan qeyri hamarliq daha kaskin
miisahido olunur. Sokil 1 ¢- do verilon histogqram oyirisindon sothdo miisahido olunan geyri hamar
hissonin Ol¢iisiinlin ~ 2.5-4 mkm oldugu goriiniir.

Sokil 2-do GaSe monokristalinda siialanmadan sonra (50 krad) sothin tosviri verilir.Sakil 1a
va b-don goriiniir ki, siialanmadan sonra kristalin sathi hamarlasir vo periodik tokrarlanan geyri
hamarliq todqicon itir. Bu iso, kristalin sothindo olan defektlorin siialanma noticosindo
nizamlandigimi gostorir.Histoqgrammadan goriiniir ki, daha iri defekt toplusu parcalanaraq kicik
Olgiilii defektlora ¢evrilir.

Saokil 3-da iso GaSe monokristalinda siialanmada 100 krad doada siialanmadan sonra sathin
tosviri gostarilir. Sakildon goriiniir ki, yliksok dozalarda defektlorin miqrasiyasi noticosinds geyri
hmarliq artir vo defektlorin uygun morkozlor otrafinda toplanmasi miisahido olunur.Homin
hissalorin 6l¢iilori histoqgramdan miioyyoan olunmus vo uygun olaraq ~ 20 vo ~40 mkm
borabardir.

Beloliklo, GaSe monokristalinda sothinin morfologiyasinin tadqiqi naticesinde miisyyen
edilmisdir ki, gamma kvantlarin tosiri naticasinds layli GaSe monokristalinin sothinds defektlorin
nizamlanma prosesi bas verir vo bu nizamlanma siialanma dozasinin qiymotindon asilidir.
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Summary

As a result of studying the surface morphology of a GaSe single crystal, it was determined
that, as a result of the action of gamma quanta, a process of ordering defects occurs on the surface
of a layered GaSe single crystal, and this ordering depends on the value of the radiation dose.

Pe3rome

B pe3yjIbTaTC HN3YUCHUSA MOp(I)OJ'IOl“I/II/I IMOBCPXHOCTU MOHOKpUCTAJLJIA GaSe 0ObuIO
YCTAHOBJICHO, YTO ITIOQ HeﬁCTBHeM raMMa-KBaHTOB Ha MMOBEPXHOCTHU CIIOUCTOrO MOHOKpHCTaJlJIa
GaSe MMPOUCXOAUT NPOUECC YIMOPSAAOYCHHUA ,Z[G(I)CKTOB, Npu4iceM 3TO YHOPAAOUCHUC 3aBHUCHUT OT
BCIIMYHUHBI 103561 06nyquH$[.
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GaSe/GeS HETEROJUNCTION ViA MELT-ASSISTED THIN FILM FABRICATIiON

Guliyeva S. S.2%, Balayeva L. A%, Guseinov A. G.2
aDepartment of Semiconductor physics, Baku State University, 23 Academic Zahid Khalilov
Street, Baku AZ1148, Azerbaijan.
“E-mail: gsevinc52@gmail.com

Keywords: GaSe; GeS; heterojunction; layered chalcogenide semiconductors; thin film
fabrication.

Layered chalcogenide semiconductors such as GaSe and GeS have attracted significant
attention due to their unique anisotropic structure, strong light—matter interaction, and tunable
electronic properties. GaSe, a IlI-VI layered semiconductor, exhibits a quasi-direct band gap
(~1.9-2.0 eV), high photosensitivity, and fast carrier dynamics, making it highly suitable for
photodetector and optoelectronic applications [1,2]. On the other hand, GeS, belonging to 1V-VI
compounds, is characterized by a suitable band gap (~1.6-1.7 eV), high absorption coefficient,
and good environmental stability. Its layered orthorhombic structure enables efficient charge
transport and strong optical response in the visible range[3,4]. The integration of GaSe and GeS
into a heterojunction structure is particularly promising, as it enables band alignment engineering,
improved charge separation, and enhanced photoresponse. Such heterostructures can significantly
improve the performance of optoelectronic devices, especially in broadband photodetection and
high-speed optical signal conversion. Therefore, the fabrication and investigation of GaSe/GeS
heterojunctions represent an important step toward next-generation layered semiconductor
devices.

The GaSe/GeS heterojunction was fabricated in a vacuum chamber at a residual pressure of
0.013 Pa by melting GeS powder onto a GaSe wafer with a thickness of approximately 200 pm.
Both GaSe and GeS single crystals were grown using the Bridgman-Stockbarger method. GaSe
wafers with two mutually parallel planar surfaces were mechanically prepared from bulk ingots.
The wafer was placed on a horizontal metal plate, and GeS powder was uniformly distributed
over a selected area on its upper surface. A thermocouple was mounted on the metal plate to
enable precise monitoring and control of the temperature during the process.After achieving the
required vacuum level, the temperature of the heater was gradually increased to approximately
670 °C. Using a dedicated mechanical positioning system, the metal plate was carefully moved
toward the heater until the GeS powder reached its melting point and formed a molten
phase.Subsequently, a controlled cooling process was initiated. By applying a sufficiently low
cooling rate, the molten GeS crystallized and formed a continuous thin layer on the GaSe
substrate, resulting in the formation of a GaSe/GeS heterojunction (Fig. 1a).Preliminary structural
characterization using optical microscopy confirmed the formation of the heterointerface. The
images reveal a distinct boundary between GaSe and GeS, indicating that GeS was successfully
melted and recrystallized as a thin layer on the GaSe surface (Fig. 1b).

From an application perspective, the GaSe/GeS heterojunction is expected to exhibit
enhanced charge separation and improved photoresponse due to favorable band alignment
between the two materials. This makes the structure particularly promising for optoelectronic
devices such as broadband photodetectors, optical sensors, and high-frequency signal converters.
Future work will focus on detailed electrical and photoelectrical characterization of the
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heterojunction, including current—voltage behavior, spectral responsivity, and carrier dynamics.
In addition, optimization of layer thickness, interface quality, and doping levels may further
improve device performance. The presented approach can also be extended to other layered
semiconductor combinations, providing a versatile platform for the development of next-
generation heterostructure-based optoelectronic devices.

m GeS

“ Metal althig

Fig.1.(a) Schematic illustration of the GaSe/GeS heterojunction formation process,
showing the melting of GeS on the GaSe substrate under controlled thermal conditions. (b)
Optical microscopy image of the fabricated GaSe/GeS heterojunction, highlighting the interface
region between the GeS layer and GaSe substrate.
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Abstract

In this work, a GaSe/GeS heterojunction was fabricated under vacuum conditions by
melting GeS powder onto a GaSe substrate. The process involved controlled heating and cooling,
resulting in the formation of a thin GeS layer on the GaSe surface. Optical microscopy confirmed
the presence of a well-defined heterointerface. The obtained heterostructure is considered
promising for optoelectronic applications.

Xulasa

Bu isdo GaSe altliq iizorindo GeS tozunun aridilmasi yolu ilo GaSe/GeS heterokegidi
vakuum soraitindo hazirlanmigdir. Alinma prosesi noazaratli qizdirma vo soyutma marhalalori
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vasitosilo hoyata Kkegirilmis, noticodo GaSe sothindo nazik GeS tobogesi formalasdirilmisdir.
Optik mikroskop naticalori heterosorhodin aydin sokildo yarandigimi tosdiq edir. Alinmis
heterostruktur optoelektron tatbiglor tiguin perspektivli hesab olunur.

AHHOTANUA

B nannoit pabote rereponepexon GaSe/GeS Obl1 moiyueH B BaKyyMHBIX YCIIOBHSAX
MeTOJI0oM IuaBiieHus nopouika GeS Ha nosioxkke GaSe. [Iponecc BIto4an KOHTPOJIUPYEMbIE
JTambl HarpeBa W OXJIAXKICHHUS, B pe3yibrare 4ero Ha moBepxHocTtu GaSe chopmupoaics
ToHkui cior GeS. OnTuyeckas MHUKPOCKONMS TMOJATBEPAMJIA HAJIUYUE YETKO BbIPaKECHHOU
reTepOrpaHMIlbI. [Tonyuyennass  rerepocTpykTypa  SIBISIETCS MEePCIEKTUBHOMN JUTSt
OITORJIEKTPOHHBIX TPUMEHEHUH.

OOTOIJNEKTPUYECKHUE CBOI‘/'ICTBAQ JANOJ0OB HA OCHOBE GaSe ITOCJIE
OBJIYYEHUSA HEUTPOHAMM

Abacosa A.3., I'acanosa JI.I'., Mazomeooe A.3., /[rcaxanzupoea C.A.,
bakunckuii 'ocyoapcmeennwtii Ynueepcumem, AZI1148 baky, A3epoaiioncan
e-mail: ludmilahasanova@mail.ru

KiroueBsbie cJI0Ba: HEHUTPOHHOE o0ryuenwue, JMO/THbIE CTPYKTYpBHI,
dborouyBcTBUTENBHOCTE, GaSe.

Kpucramner GaSe 0061aiaroT CIOUCTOH CTPYKTYpOH M BHYTPU KaKIOTO CJIOSI aTOMBI, B
CBOIO Ouepe/lb, TAKKE 00pa3yroT ciiou. [Ipu 3ToM BHEIIHUE CIIoM 00pa30BaHbl ATOMAMHU CEJICHA,
YTO W ompenenser Ooinee cmadyio cBsi3b B pemerke. PocT umcia BakaHCHIl celeHa IpH

JIETUPOBAaHHMH, MOKET OBITH CBA3aH M C pacnajgoM OmBakaHcuil Vg, V., TOCKOIBKY BBEICHHAs

npumech B GaSe, 3anumaet y3ibl Ga.

Bcectoponnee wuccnemoBanne (GaSe, mpepckasano BO3MOXHOCTh OOpa3oOBaHHS HAa HX
OCHOBE DPA3JIMYHOM MOJYNPOBOJHUKOBONH TeXHMKH. OIHOW M3 OCHOBHBIX IMpPOOJEM, SBISETCS
MOJydeHWE  PaJMallMOHHO-YCTOHYMBBIX  DJIEKTPOHHBIX  mpubopoB. Ilo  coBpeMeHHBIM
NPECTAaBICHUAM paJualMOHHBIA 3¢ (eKT B MOJYNPOBOAHMKAX W MpHOOpax Ha HUX OCHOBE,
OCHOBAH Ha SIBIICHUH MOHM3ALMU aTOMa, TIPOU3BOJMMOIN HOHH3UPYIOIINM U3ITyYSHHEM.

BeIsiBiIeHO, 4TO paiMalliOHHOCTOMKOCTh MOTYIPOBOJHUKOBBIX TPUOOPOB TECHBIM 00pa3oM
CBSI3aHBI CO CTPYKTYPHBIM COBEPIICHCTBOM KPHCTAJUIOB, KOHIICHTPALMEH W THUIIOM Je(pEeKTOB
BO3HHUKAOIIUX B MPOIIECcCe POCTa U MOcleayomieil 00paboTKu.

[pu meiirpornom obmyuenun (102 — 10 meitrp/cm?) muommbix ctpyktyp u3 GaSe,
Ha0J101aJ710Ch yBeTHUeHHE (POTOUYBCTBUTEIBLHOCTH KaK U MpU raMmma-oonyueHud. [Tpu 6oabmumx
dmrosrcax (10 HeliTp/cM?), UYBCTBUTETHFHOCTh YMEHBIIANACH HMKE MCXOMHOH BEIMYHHBI Ha
30-40 % [1]. CnekTpaipHble XapaKTEPUCTHKU JUOAHBIX CTPYKTYp pa3IMUHBIX cepui, mo dopme
IUTATO ¥ KPAacCHOW TpaHUIe YyBCTBHUTEIHHOCTH, OBUTH pa3W4HBIC, YTO CIEIYeT CBS3BIBAThH C
0COOEHHOCTSIMH TEXHOJIOTUM M3TOTOBJICHUS M C YACIbHBIMH CONPOTUBICHUSIMU HCXOJHOTO
marepuana GaSe [1-4].

M3MeHeHne 4yBCTBUTENBHOCTH psja CTpYKTyp u3 GaSe Bo Bpems o0imydeHus: HeTpoHaMu
npu npusiokenuu npsimoro cMmenieHus (Uew=10 B), mpuBenensl Ha pucynkax 1, 2 u 3. Takue
CTPYKTYpBI 00J1a1a10T (HOTOUYBCTBUTEIBHOCTBIO B oOsactu crekrpa 0,55-1,1 MKM ¢ OCHOBHBIM
makcumymoM ipu 0,58-0,61 Mk (S-1r0IbI) TP KOMHATHOW TeMIIEpaType.

VY GoabIIMHCTBA (POTOUYBCTBUTENBHBIX CTPYKTYp u3 GaSe, mocie o0iydeHHs TOTOKOM
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10" meiiTp/cM?, ayBcTBHTENBHOCTH BospacTana Ha 20-40 %, Bo Bceil Mcciemyemoil obmacTu
crekrpa. C pocToM (mosHca HeiTpoHoB 10 10%* Heiitp/cM? GoTOUYBCTBHTENBHOCTH B 0ONACTH
COOCTBEHHOTO TMOTJIONIEHUsT YMeHbInanach Ha 20-40 %, a B jymHHOBONMHOBOM oOmactu (0,65-1,1
MKM) — He Oonee uyem Ha 15-20 % (puc. 1), y oOpa3uoB ¢ MIUPUHON CHEKTpaIbHOU
XapaKTEePUCTUKOH ¢ MakcumyMmoM 1ipu 0,65 MkM (puc. 2), mocie Bosaeiicteus Heiitponos (1013
HeiTp/cM?), HAOMIONATOCh YMEHbIIeHHE (OTOUYBCTBHTEILHOCTH BO BCEM JMANa30HE CIEKTpA.
JlanbHeiinee ysenuuenne (aodsHCOB HeHTpoHOB 10 104 HeliTp/cM?, IPUBOAMIO K MOHOTOHHOMY
YMEHbILIEHUIO (DOTOUYBCTBUTEIBLHOCTH.

Ha pucynke 3 mnpuBeneHbl TeMIlepaTypHbIE 3aBHCHUMOCTH (OTOTOKA JO M IOCTe
BO3JICHCTBUS PA3IUYHBIX (IIFOOHCOB HEUTPOHOB AJisi (POTOIUOHBIX CTPYKTYp Ha ocHoBe GaSe.
Kak BugHO, 1715 qaHHBIX 00pa3ioB B obnactu T>280 K, HaOmroganock TeMrepaTypHoe raiieHue
doroToka. TemmepaTypHbIi XOJ 3aBUCUMOCTH (OTOTOKA [UIsi 00pa3loB, OOJy4EHHBIX
HelTpoHamu, octaBaiicsi 0e3 m3meneHus. C moHmxkeHueMm Temmeparypbl 1o 150 K, dbotorox
najan, 9YTo o0yCJIOBICHO HaM4YheM TyOoKux ypoBHel npununanus B GaSe. JlelicTBuTenbHO, B
aTOl obsactu TemnepaTtyp B crnektpe TCII HeoOiydeHHBIX KpUCTaIOB, HAOIIOJAIUCh YPOBHU
npununanus ¢ rioyouHou 3aneranus 0,2-0,3 3B. Ilpu HU3KUX TeMiieparypax, mocie o0IydeHus
Heiitponamu ¢mosacom 1,12-10* meitrp/cm?, HOTOUYBCTBUTETLHOCTh 0OPAXIOB MPAKTUYECKH
He u3MmeHsuiack. C pocrom Temneparypbl T>260 K, 4yBCTBUTENBHOCTh OOTyUYEHHBIX 0Opa3loB
Bozpactaia u npu T=260-280 K, cranoBmwiace makcumaibHOW. B obmactu T>280 K
3aBHCUMOCTh (JOTOTOKA OMpeEeNsaeTCss HAIMYMeM TEPMHUYECKOro ramieHus: (poTompoBOIUMOCTU

[5].

120 120 1 - j10 o6yueHHs
2 - 10" wlem?
o 100 F 1 — 1o oGnydyenus . 100} 3-5-10" wlem?
) 2 2-10% g/cm2 , ) 410" wlew?
£ 80F 3-5-10" nw/em ' L
§ 410" n/em® % 80
s
Z 60 = oor
S S
%40t = 40t
= =
201 20t *
0 " " " 1 0 " 1 1 1 1
0,5 0,6 0,7 0,8 0,9 1,0 0,5 0,6 0,7 0,8 0,9 1,0
A, MKM A, MKM

Puc. 1. 3aBUCMMOCTb UyBCTBUTEIBHOCTH CTPYKTYp  Puc. 2. 3aBUCHUMOCTb 4yBCTBUTEIBHOCTH CTPYKTYP
GaSe mocie 00Iy4eHUsT HEUTPOHAMHU. GaSe mocme oOmydeHWs ~ HEHTpOHaMU  TIpH
npuinoxenuu npsmoro cMenieHus (Uqy=10 B).

Ha pucynke 4 npuBeneHbI CIIEKTpaIbHbIE XapaKTEPUCTHKH (OTOINO0B Ha ocHOBe GaSe

IpU pa3IMyHbIX (IIF0IHCAX HEHTPOHOB M Temmeparypax. [Ipy HU3KUX TeMiepaTypax oOaydeHue
HE MPUBOIIIIO K N3MEHEHHIO YyBCTBUTEIILHOCTH B 00J1aCTH COOCTBEHHOTO ToriommeHus GasSe.
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Puc. 3. TemnepaTypHast 3aBUCUMOCTbH (POTOTOKA JI0 U Puc. 4. CnekrpanbHble XapaKTepPUCTHKH
I0CJIE BO3AECHCTBHS Pa3INIHBIX (IFOIHCOB ¢oroaronos Ha ocHOBe GaSe MpH Pa3INIHBIX
HEHTPOHOB [T GOTONNOTHBIX CTPYKTYp GaSe. (roHCaX HEUTPOHOB U TeMmepaTypax: T=295 K (1

— no; 2 —4,3-10% meiitp/em?; 3 - 1,12.10%
HeHTp/cM?), T=330 K (4 — n0; 5 — 4,3-10%3
Heitrp/cm?; 6 — 1,12-10™ meiirp/cm?).

ITpu sTomM mpumecHas (OTOUYBCTBUTEIBHOCTh C POCTOM TeMIIEpaTypbl 10 KOMHATHOM,
yMEHbIlIaJach JO HCXOJHOM BENWYMHBI, a JaJIbHEWIIUN pOCT TEMIEpaTypbl MNPUBOAMI K
YBEIMYEHUIO €€ BO Bceil wuccienyemoir oOnactu cmekrpa BmioTe g0 1,1 mxm. Pocr
YYBCTBUTEJIBPHOCTH B JIaHHBIX oOpa3nax oOOyCIIOBJIEH YBEIMYEHHUEM BpPEMEHHU JKU3HH
HEpaBHOBECHBIX JAbIpOK B (GaSe B pe3yibTare NepecTporkH Je(EeKTOB U M3MEHEHHs CTENeHH
JBIPOYHOTO 3aIlOJIHEHUSI OYYBCTBJSIONIMX LEHTPOB. OO0 STOM CBHUAETEILCTBYET MOSBICHHE
MEJIKUX YPOBHEH MPUIIUIAHUs s IBIPOK MpH 001ydeHud [5].
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Xiilaso

Mogqalodo neytron slialanmasinin  GaSe monokristal osasinda diod strukturlarinin
fotokegiriciliyino vo fotohossasligina tosiri arasdirilir. Miioyyon edilmisdir, ki fotohossasligin
artmasi GaSe kristallarinda geyri-tarazligli desiklorin yagsama miiddstinin artmasi ilo slagodardir.

Annomayusn

B pabore wuccnenyercs HEHCTBUE HEHTPOHHOrO oONMydeHHs Ha (OTOHPOBOJUMOCTD
JMOJIHBIX CTPYKTYp Ha OCHOBe KpuctaiwioB (GaSe. PaccMOTpeHO BiHMSHUE HEHTPOHHOTO
oOyiydeHHsT Ha (POTOUYBCTBUTEIBHOCTh IHOJHBIX CTPYKTYp Ha OCHOBe KpuctamioB GaSe.
VCTaHOBJIEHO, POCT YYBCTBUTEIBHOCTH OOYCJIOBIICH YBEIIMUCHHEM BPEMEHH O KU3HH
HEPaBHOBECHBIX JIBIPOK B KpucTaiuiax GaSe.

Abstract

This paper examines the effect of neutron irradiation on the photoconductivity of GaSe
crystal-based diode structures. The effect of neutron irradiation on the photosensitivity of GaSe
crystal-based diode structures is examined. It is established that the increase in sensitivity is due
to an increase in the lifetime of nonequilibrium holes in GaSe crystals.

INTERKALYASIYA QURGUSU VO OLCMO UCUN NUMUNONIN HAZIRLANMASI

Rustamov V.C., Namazov Y.B., Dadash C.T.
Ganca Dovlat Universiteti
yahya.namazov@qgdu.edu.az

Acar sozlar: Brijmen Usulu, kristallagdirma,interkalyasiya, tenzohassasliq, tenzohassasliq
omsalini, foto vo tenzorezistorlar.

KuarwueBble ciioBa: meto bpukMena, KpucTaiin3anst, THTEPKATALMA,
,I[e(l)OpMaI_lI/IOHHaSI YYBCTBUTCIIbHOCTD, KOS(i)(I)I/H_II/ICHT ,Z[eq)OpMaI_[I/IOHHoﬁ YYBCTBUTCIIbHOCTH,
($hOTO- ¥ TEH30JaTYHKH.

Keywords: Bridgeman method, crystallization, intercalation, strain sensitivity, strain
sensitivity coefficient, photo and strain gauges.

T/InSe, monokristalinin fiziki xassolorini todqiq etmak tigiin tomiz vo cilalanmis kristallar

lazzimdir. Belo kristallar1 almaq tiglin miixtalif iisullardan istifado edilmisdir:sabit temperatur
gradiyenti ilo yavas soyutma prinsipi osasinda, Brijmen tisulu vo zona kristallasma tisulu.

Kristallar1 tomiz vo effektli almagq iiglin zona kristallasdirma tisulu daha olverisli olmusdur.
Bu disulun olveisli olmast onunla slagodardir ki,birlogmonin orimo noqtssinde (ampulanin
daxilindo)yaranan buxarin elastikliyi az olur vo miisbat amsalli istidon genislonma oamals goldiyi
{iciin birlosma orta temperaturunda (1051°K) oriyir.Kristalin gdyardilmesi agz1 bagh kvars
ampulanin igorisindo toxminon 10%mm.civa siit. tozyiq soraitindo aparilir. Ampuladaki
birlosmonin orimis zolagi (uzunlugu 5-15 mm) pe¢in daxili ilo harokat etdirilmisdir.

Ufuqi istigamatda kristallagsdirmaqda (95mm/saat siiratlo) bu birlosmonin yavas soyutma
(~3dar/saat) naticasindo (~6dar/sm) sabit temperatur gradientindo basga ndv orientasiya
musahids edilmisdir. Kristallografin «S» oxu ampuladaki laylar istigamatinds yonsldilmis, ancaq
yuxarida gostorilon kristallasmanin iki miistovisi oldugu kimi saxlanilariq 6z tifuqi vaziyystindo
qalmigdir. Bununla da yuxarida gostorilon ii¢ kristallagdirma varianti bu birlosmodo laylarin
mustavisi Uzro asagidaki gaydada miisahids edilmisdir.
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Kristallasdirma miistovilorinin normali maksimum temperatur qradientinin istiqgamatindo
yonoalir. Gostarilon se¢cmo tisulunu asagidaki hallarla tosovvir etmok olur. Kristallagdirmanin
baslangicinda ilk kigik 6zok yaranir ki, bunun da xiisusi ¢akisi mahlulun xtsusi ¢akisindan Kigik
olduguna goro asanligla mahlulun sothins qalxir:
kristalin  sonraki  gdyormasi bu  markozdon R,
baslayaraq maksimum temperatur istigamatinds '
tam kristallasir. Ovvalca, Ufuqgi istigamotdo
gotiiriilmils mohlulun {zorindo nazik kristallik e - $
tobago get-gedo gravitasiya sahosinin tasiri ilo :@5
mohlulun icarisine ¢okir. Qeyd etmok lazimdir ki, L -
yuxarida gostorilon kristallagdirma tisullar1 ilo bu 2 = 4

e V4

birlosmadon miixtalif 6lcull kristallar almaq olur. |- —- -~ A

e s
e

Bu tisullarla alinmis tomiz va cilalanmis et Lo | s
/qa 0
7 +

monokristallar, foto va pyezorezistorlari
hazirlamaq ii¢iin keyfiyyatli materialdir. Hondasi 39
formalarinin oxsarligini nozars almasaq bu
kristaldan hazirlanan foto va tenzorezistorlarin
hazirlanma texnoloqiyalar1 miirokkobdir.

Sonayeds buraxilan yarimkegirici foto vo
tenzorezistorlarin hazirlanma texnoloqiyasi boyiik amok talob edir vo ¢ox vaxt aparir. Ona gors
ki, bu kristallarin sathinin tomizlonmoasi, cilalanmasi vo niimunanin hazirlanmasi1 boytk amokla
basa golir.

Litiumla interkalyasiya olunmus TlInSe2 monokristallarinin se¢ilmis momulatlara
kontakt vurulmasi iki {isiilla hoyata kegirilmisdir:

1. Tesirsiz qaz mithitinds oridilmis In-dan istifado etmoklo en kasiyinin sahasi 0.1 mm
olan naqilinden niimunays kontakt yapisdirilmisdir;

2. Tasirsiz qaz miihitindo sec¢ilmis naqilin kondensator bosalmasi vasitasi ilo
nlimunonin sathing lehimlonmasi .

Bizim todqiqat isimizds asason effektiv vo etibarli iisul olan ikinci isuldan istifads
edilmisdir.

Bu qaydada hazirlanmis tenzoelement 45 markali, qalinligi 0.5 +~ 1 mm, uzunlugu 20 +
60 mm olan polad 16vha iizorins yapisdirilmigdir. Altligin sothinin islonilmasi yiliksok
soviyyada olmalidir.

Bu altliq onun {izorine tenzoelementlor yapisdirilana qodor ovvalco sothindaki konar
¢okiintiilorin konarlagdirilmasi maqgsadils toluolla tomizlonir, sonra etil spirti ilo yuyulur.
Bu gaydada tomizlonmis altligin {istii E - 40 eboksid gatraninin mohlulu olan (EP-96)
eboksid krezol laki ilo ortiiliir. Tobaga 10 + 15 mikron olur vobu zaman ¢alisilmalidir ki,
tobagonin qalinligi altligin har yerinds eyni olsun. Altliq 1 + 1.5 saat otagq temperaturunda
saxlanildigdan sonra, yiiksok tempe-raturlu polimerlogma aparilmasi ii¢iin quruducu skafa
yerlogdirilir. Temperaturun todricon 450 K-o godor qaldirilmasi vo altligin bu temperaturda
1+1.5 saat saxlanilmasi polimerlogmonin tam basa ¢atmasini tomin edir.Altligin hamar sothi
lizorino tenzorezistorun dlgiistindon bir
neg¢o dofo boyiik olan ikinci lak
tobogosi ¢okilir. Kontakt vurulmus
kristallar lak toboqasi iizarina
goyularaq yiingiilco sotho dogru sixilir.
Bundan sonra kristal niimunasi lakla

Sokil 1.Interkalyasiya qurgusu.

Sakil 2. Statik rejimds nisbi deformasiyani 6lgmok
Ug¢ln istifads olunan qurgunun sxemi



tamamilo Ortiiliir vo onun avvalcadon altliq tizerinds verilmis voziyyatinin saxlanilmasini
tomin etmok ii¢lin o, eni 1.5 mm olan lentlo altliga sarinir. Bu qaydada hazirlanmis cihazin
qurudulmasi1 290 + 296 K temperatur intervalinda 1 saat saxlanilmaqla vo 460 K - do 1.5+2
saat miiddotindo domlomo aparmaqla hoyata kecirilir. Bu prosesdon sonra hazirlanmis
otiirticiilor todqiqat iigiin hazir voziyyatds olurlar.

Sokil 2-do tosvir olunan sxemo oasason [2] tenzohossasliq omsalini deformasiya

olmadiqda V| gorginlik diisgiisinii vo statik deformasiya olduqda gorginlik diisgiisiinii
6l¢moklos toyin etmak olar.

Ifrat kicik deformasiyalar (107 -10") va kicik tenzohossasliga malik olan kristallar
tigtin (AV,, <<Vy) veyaV, =V, £ AV, , =V,
oldugundan,

Vo€
diistiirundan istifadoe etmok olar .
Tenzohossasliq amsalinin toyini zamani xatanin qiymoti haqqinda miioyyon tosovviirs
malik olmaq t¢in R, vo R
sobabindon, hoqiqoto on yaxin qiymot kimi K - min (1) diisturu ilo ifado olunan

miinasibatini  gotiirmok lazimdir. V2-11 tipli mikrovoltmetlo birlikde N306 tipli
grafik¢okondon istifado edilmasi, 6l¢gmolarin naticolorinin qeyd edilmasini nazare ¢arpacaq

deracads asanlasdirir (sokil 3). Bu zaman qrafikgakenin saquli kanali — Y, V, (hemginin V,

(1)

. - hin miixtalif nisbatlorindo bu vurugun nozoro alinmamasi

) signalinin gqeyd olunmasinda, {ifiiqi — X kanal1 isa tasir edon amillarin: elektrik sahasi (E),
temperatur (T), deformasiya doracasi (&), elektromagnit dalgalarinin uzunlugu (A ), zaman
vo s. miioyyon edilmosinds istifado olunur.
Tobiidir ki, olgiillon komiyyetin temperatur

asililiginin  deformasiya halinda vo yaxud =
deformasiya olmayan halda volt - amper =T

xarak-teristikalarinin ~ yazilisi  zamani ki

koordinatli potensiometr-don istifado rejimi y N3G

alverislidir. o oy «
Biitlin digor hallarda 6lgiilon komiyyatin ° ° ?

zaman asililigr blok rejimi totbiq edilmakle

miioyyon edilir.  AV,, tenzo-signalinin

avtomatik yazilis1 zamani arabacigin manipul-
yatoru sinxron mitharrikin kdmayi ilo harakoato
gotirilir.

Yuxarida tosvir olunan tisulla
iynayabanzar monokristallari olan birlogmolorin tenzometrik xarakteristikalar1 deformasiya
miiddatindon vo deformasiya tortibindan asili olaraq deformasiyanin hom miisbat, hom do
monfi qiymatlorinde diiz vo aks istigamatlords miioyyon edilmisdir. Bu 6lgmalar naticosinda
miioyyan edilir ki, nlimunslarin qurudulmasi va yapisqanin qalinliginin normal seg¢ilmasi
halinda, nisbaton ki¢ik deformasiyada bels eyni tenzoeffekt miisahids edilir.
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Annomauus
N3noxensl 00paboTka o00pasloB, NPUHIMI pabOTHl YCTPOWCTBA WHTEPKAISLUS H
PE3yJIBTAaThl UCCIIEJOBAHHUH MPOLIECCOB PETYIMPOBAHUE UyBCTBUTEIHHOCTH TEH30JATYNKOB

Abstract
The processing of samples, the principle of operation of the intercalation device and the
results of research on the processes of regulation of the sensitivity of strain gauges are described.
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EFFECT OF y-RADIATION ON THE ELECTRICAL CONDUCTIVITY OF p-CuTIS;
SINGLE CRYSTAL

Madatov R S.12, Mamishova R. M. 12, Khaligzadeh A. Sh. '3, Farajova U.F..2
Hnstitute of Physics PLE, Ministry of Science and Education of the Republic of
Azerbaijan, H.Javid ave 131, AZ 1143, Baku, Azerbaijan
2National Aviation Academy, Department of Applied and General Physics,
Bina, 25th km, AZ - 1045, Baku, Azerbaijan
3Baku State University, Z.Khalilov 23, AZ 1148, Baku, Azerbaijan

Keywords: CuTIS; single crystal, gamma radiation, electrical conductivity, defect states,
current transport mechanisms

Bu igdo p-tip CuTIS,; monokristalinda y-siialanmanin elektrik kegiriciliyino tasiri todqiq
edilmisdir. Miioyyon edilmisdir ki, siialanma coroyan-gorginlik xarakteristikasini doyisir vo
defektlorin tipindon asili olaraq kegiriciliyin azalmasi vo ya artmasina sobab olur. Asagi dozada
donor, ylksok dozada iso akseptor tipli defektlor Gstunliik toskil edir. Temperatur asililigi termo-
sahs ionlagmas1 mexanizmini gostorir. Noticads y-siilalanma materialin ylikdasima mexanizmini
va elektrofiziki parametrlorini shamiyyatli doracads doyisir.

B pabore wuccnenoBaHo BIUSHUE Y-U3IYyYEHUS Ha DJIEKTPUYECKYIO IPOBOJUMOCTH
MoHOkpucTtaiuta  p-CuTIS,. TlokazaHo, 4dro oOOJydeHHE M3MEHSET  BOJBT-AMIICPHBIC
XapaKTepUCTUKU M MEXaHU3M IepeHoca 3apsjaa. [lpu manbix mo3ax mpeobiiafaroT JOHOPHBIC
,I[e(beKTLI U IIPOBOAUMOCTb YMCHLIIACTCH, IIPU OO0JIBIINX A03ax AJOMHUHHUPYIOT aKICUITOPHBIC
neQeKThl, 4YTO TPUBOAUT K POCTY TPOBOJUMOCTH. TemmepaTypHble 3aBUCHMOCTH
CBUACTCIILCTBYOT O TepMO-HOHeBOﬁ HOHU3aluu. ’Y-O6J’Iy‘IeHI/Ie CYHICCTBCHHO HU3MCHACT
Ne(EeKTHYIO CTPYKTYPY U 3JIEKTPOPU3MUECKIE CBOMCTBA MaTepHasia

In this work, the effect of y-radiation on the current transport mechanism in a p-type
CuTIS; single crystal, which is one of the narrow-bandgap semiconductor materials, has been
investigated experimentally and theoretically. The studies were carried out in the temperature
range of 100-300 K and in the electric field range of 10-10* V/cm. The samples were grown by
the Bridgman-Stockbarger method, and their electrical conductivity and current-voltage
characteristics were analyzed at different radiation doses.

It was established that in unirradiated crystals the current-voltage dependence follows the
law I~U". Ohmic behavior is observed at low voltages, quadratic dependence at intermediate
fields, and a sharp increase at high fields due to trap filling. Under the influence of y-radiation,
the nature of these dependences changes, and depending on the radiation dose both the current
value and transition voltages are modified.

At low radiation doses, donor-type defects dominate in the crystal, which leads to a
decrease in the concentration of free charge carriers and, consequently, to a reduction in
conductivity. At high irradiation doses, acceptor-type defects become dominant, resulting in an
increase in conductivity. This process is explained by the formation of cation vacancies and
defect clusters in the crystal lattice.

\ Parameters HBefore radiationHIn low doses (<500 krad)HHigh doses (>1 Mrad)\
Mean free bath (X), cm 6 x10°° 6.2x10°° 23x10°°
|Potential barrier height, cm [[2.3 x 107 2.5 x 107 7.3 x 1077 |
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| Parameters | Before radiation|In low doses (<500 krad)||High doses (>1 Mrad)|
Dielektric constant (&) 115 =15 200 |
Activation energy (6V)  ||~0.025 (low T) ||junchanged |~0.08 (high T) |
(Carriers consentration (cm™3)[7 x 1016 12 x 101 lIncreases |
Trap consentration (cm3)  [3.2 x 101 1.2 x 10%° Increases |

Temperature dependences show that at low temperatures the current changes weakly,
whereas at high temperatures a sharp increase occurs due to thermo-field ionization. The
activation energy was determined to be approximately 0.025 eV at low temperatures and 0.08 eV
at high temperatures. Calculations made it possible to determine the dependence of parameters
such as mean free path, potential barrier height, and dielectric constant on radiation dose.

The impedance spectroscopy results indicate that the dielectric function changes depending
on temperature and frequency and that relaxation processes are present. Thus, the performed
studies show that y-radiation significantly modifies the defect structure and charge transport
mechanisms in the CuTIS, single crystal, and these changes directly affect the electrophysical
properties of the material.
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Abstract

The effect of y-radiation on the electrical conductivity of p-CuTIS, single crystals has been
investigated. The current-voltage characteristics follow the I~U" law and change significantly
after irradiation. Low radiation doses introduce donor-type defects reducing conductivity, while
high doses create acceptor-type defects leading to conductivity enhancement. Temperature
dependences indicate thermo-field ionization mechanisms. y-radiation strongly modifies the
defect structure and charge transport processes in CuTIS, single crystals.

YARIMKECIRICI INJEKSIYA LAZERLORINDO iSTIFADO OLUNAN B9ZI OPTIK
REZONATOR SIiSTEMLORI

Caforova S.Q., Xolilova A.M.%, Mommadzads A.M.
Ganca Ddvlat Universiteti
Azarbaycan Dovlat Agrar Universiteti?

Acar sozlar: rezonator,optik doldurma,lazerlor, oks rabitoli lazer, injeksiya lazeri.
KiroueBnle ciioBa: PE30HATOpP, OITUYCCKOEC 3alIOJIHCHUC, JIA3€PhI, JIAa3CPhI C O6paTHOI71
CBsA3bI0, MHXXCKIIMOHHBIC JIa3CPHhI.
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Rezonatorlar oksetdirici, sindirici, fokuslayici dispersiya vo digor optik elementlor
sistemlordon ibarat olan qurgudur. Fozada bu elementlor arasanda optik diapazonlu elektromaqnit
sahosinin, moxsusi rogslor vo ya razonatorun modalar adlanan miioyyon ndv rogslor
hayacanlagdirila bilarlor. Biitiin ndv lazerlords genis totbiq olunan, an sads rezonator, bir-birinden
| mosafodo yerlosdirilmis iki miistovi paralel 16vholordon ibarst miistovi rezonatorudur.
Aragdirmalar naticasindo molum olmusdur ki,yarimkegirici injeksiya lazerlorinds gostarilon tip
rezonator sistemlarindan istifads olunur.

1. Fabri-Pero (FP-lazer), Fabrn-

Perot (FP-lazer) Lazerin bu ndvinds [ ]

. . . kontakt
rezonatorlarin funksiyasini yerina yetiran
iki mistavi glizgudon istifads edilir. O,
iki giialanma rejimindo isoyo bilar:
birmodullu va ikimodullu

Bu lazerlor verilonlorin 6tiirtilma )
slirati 2,5Qbit/s-don ¢ox olmayan rabito
sistemlorindo totbig olunur. Bu halda [ N i
lazer diodlarmin dinamik xassalari, /
stialanma giiciiniin birbasa modullasiyasi
zamani  spektral  xarakteristikasinin
otirilmo sirstindon asililigi sayasinda
acilir. Modulyasiya kortikloama
corayaninin doyismasi yolu ilo bas verir.
Bu nov  lazerin  bir  modullu
konstruksiyada verilonlorin 6tlrilma siratinin artmast moda tarkibinin doyismosi ilo miisayat
olunur. Moda torkibinin doyismoasi 1-2HS torkibli tezliklo modulyasiya zamani spektrin 10nm-
dok genislonmosindon ibaratdir.
2.Paylanmig oks rabitoli lazer (POR-rezonator), Diskributed feedback lazer (DFB lazer)
1550 nm dalga uzunlugu is¢i hesab edilir.
CWDM standartt ilo 1310 nm-doan
1610 nm-dok dalga uzunlugu
diapazonunda 20 nm addimla islays bilor.
Bu nov lazer, siilanmanin yayilmasi
soraitinda birbasa  tasir gostoran qurulus
parametrlorinin dovri foza modulyasiyasi
ilo olagodar yaranir. Bu nov lazer
verilanlarin 6tirdlma sirati 2,5Qbit/s-dan
¢ox olan sistemlardo tatbiq olunur.
3. Saquli hacmli rezonatorlu lazerlor
(VCSEL lazer), Vertical Cavity Surface
Emitting lazer (VCSEL lazer). Bu név

lazer Ugiin is¢i dalga uzunlugu 850 nm  s5kil 2. Paylanmis aks rabitali lazer
hesab edilir.

Sakil 1.Fabri-Pero rezonatorlu lazer

‘ kontakt l

Aktivzona

y ‘ Breqgq gafasi ]
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Sakil 3. Saquli hacmli rezonatorlu lazerlor.

( Aktivzona ]
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Abstract
Resonators and their application in semiconductor lasers were studied, Fabrn-Perot (FP-
laser), Diskributed feedback laser (DFB laser), Vertical Cavity Surface Emitting laser (VCSEL
laser) were studied.

GaAs OSASLI YARIMKECIRICI LAZERLORDO OPTIK DOLDURMANIN
XUSUSIYYOTLORININ ARASDIRILMASI

Namazov Y.B,, Mommadova S.O. , Mammoadzadas A.M.
Ganca Dovlat Universiteti

Acar sOzlar:optik doldurma,lazerlor, birfotonlu vo ikifotonlu hoyacanlagmalar, enino vo
uzununa hasiletmo, injeksiya lazeri.

KiroueBble cioBa: 1a3eppl ONTHYECKOTO 3allOJIHEHUS, WHXEKIMOHHBIE Ja3ephl,
norepevHas U nIpojoJbHas reHepanus, 01HOGOTOHHAs U 1BYX(OTOHHAS BO30YXKIACHHUS.

Keywords: optical filling lasers, injection lasers, transverse and longitudinal generation,
one-photon and two-photon excitation.
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Yarimkegirici lazerlor tiglin birlosmalorin ~ alinmasinda  manokristallarin vo nazik
tobogolorin  gdyordilmasi vo asqarlanmasinin yiiksok tokmillosdirilmis texnologiyasi, omik
kontaktlarin isaralonmaosi vo digor miirokkob omaliyatlarin yerina yetirilmasi tolob olunur. Bir ¢ox
genis zonali p-n kegidlorindo  kristallarin elektrik kegiriciliyinin monotip olduguna goro
yarimkecirici lazer almaq olmur. Keyfiyyatli vo davamli heteroquruluslarin géyardilmasi ii¢ilin iso
kristal gofasin sabit komponentlorinin uygunlugu lazimdir ki, bu da homiso reallagmur.[ 1]

Optik doldurma zamani xiisusi qurulusun yaradilmasi tolob olunmur. Giiclii vo ya zoif
asgarlanmis p-n tip bircins niimunolordon vo ya yarimkegiricilordon istifado etmok olar. Qeyd
etmoak lazimdir ki, galocokds inversiya moskunlagsmasinin yaradilmasinin universal iisulu olacaq
optik doldurma heteroquruluslart vo kvant 6l¢iilii tobagolori hoyocanlandirmaga imkan verir.
Bununla eyni zamanda, ogor injeksiya lazerlorindo elektrik corayani enerjisinin birbaga
stialanmaya ¢evrilmasi bas verirso, onda optik doldurma halinda enerjinin ikimorhaloli ¢evrilmasi
reallagir. ©Ovvalco, xarici stalanmanin enerjisi kristalin miixtolif hoyacanlagsmis hallarinin
enerjising ¢evrilir, sonra isa onun bir hissasi yenidon spontan vo ya stimullasdirilmis siialanmaya
gqayidir. Bu proseslorin effektivliyi, hom isigin xarakteristikalart (onun spektral torkibi,
polyarlagmasi, intensivliyi, koherentlik doracasi vo yayilma istigamati), hom do yarimkegiricilorin
xassalori vo birinci ndvbado onun zona qurulusu ilo toyin edilir. Yarimkegiricilordo isigin
udulmast vo buraxilmasi proseslorino xarici gorait: temperatur, mexaniki tozyiq, elektrik vo
magqnit sahalori shomiyyatli, bazon iss hoalledici tosir gostarir.

Optik doldurmanin enerji kosiyi, halo onun kristalda udulmasindan ovval baslayir.
Yarimkegirici, dielektrik sabitinin boylik qiymeti ilo xarakterizo olundugundan, siialanmanin
kristalin sathins perpendikulyar yonolmis xeyli hissasi (toxminan 30%), ondan oks olunur. ©gor,
ovvalki kimi k(v) — udulma omsali, d-niimunanin qalinhig1 k(v)d>>1sorti 6domirso, onda
hayacanlasdirict siialanmanin bir hissasi kristalin arxa hissasindon ¢ixir. Yekun naticods kristalda
udulan enerji, slialanma vo istilik hasil edon fotoliiminesensiyaya cevrilir.

Optik doldurma lazerlordo hor seydon ovval birfotonlu vo ikifotonlu hoyocanlagmalari
farglondirmok lazimdir. Birfotonlu hoyocanlasmada k(v) bdyiik giymotos malik olur, (10%...10°
sm™), ona goro do inversiya maskunlagmasi, galinlig1 toxminen 1/k(vy) olan satha yaxin tobaqado
yaranir. Hasil olunan siialanma, hoyacanlasdiric isi@in yayilma istiqgamotine perpendikulyar
yayildig1 vaxt, adoton enino doldurma variant: reallasir. Foal maddonin dar zolagini almaq tigiin
hoyacanlasdirici is1q silindrik linzalarla fokuslasir.

Ikifotonlu hayacanlasma zamani hv, > E /2, udulma smsalinin gqiymoti o qader do béyiik

olmur vo inversiya moaskunlagmasi niimunanin sothindon xeyli derindo yarana bilor. Ona goroe do

a 2

VeV
hayacanlagdirici 15181 rezonatorun oxuna hom paralel, hom ds perpendtkulyar yonalds bilar. (sokil

1)

Saokil 1. Optik hoyacanlagma hasiletmonin enins (a) vo uzununa variantlari

Yarimkeciricilorin optik doldurma monbaoyi kimi daha tez-tez borkcisimli lazerlor tatbiq
olunur. O ciimlodon GaAs — qalium arsenidin birfotonlu hayacanlasdirilmasi ti¢lin ya bilavasito
yaqut lazerinin siialanmasnin, ya da bu slialanmanin maye azotda mocburi kombinasiyali
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sopilmosinin stoks komponentindon istifado edilir. GaAs ikifotonlu hoyacanlagmasi iigiin
neodium lazerinin siialanmasi uygun golir. Bu yolla, otaq temperaturunda fasilosiz hasiletmo
alimusdir. [2]

Neodium lazerinin siialanmasinin ikinci qatinin ikifotonlu udulmasi, genis zonali ZnS
yarimkegiricisini hoyacanlasdirmaga vo spektrin ultrabondvsoyi oblastinda Ar1=0,33 mkm
hasiliyyat almaga imkan verdi. GdSxSe1x qarisiq kristallarinin yaqut lazerinin stialanmasi ilo iki
fotonlu hoyacanlagdirilmasi zamani A=510...555 nm intervalinda hasiliyyat alinmisdir. Az giico
malik hlium-neon qaz lazerinin fokuslagdirilmis stialanmasmin sixhig, SdSe, GaAsP
monokristallarinda vo digor yarimkegiricilords hasiliyyatin hoyacanlasdirilmasi ticiin kifaystdir.

GaAs osasinda injeksiya lazerindon InSb, InAs vo InP —do hasiletmonin
hoyocanlasdirilmasi tigiin stifado edilmisdi. Injeksiya lazerinin slialanmas1 boyiik ayrilma bucagi
ilo xarakterizo olundugundan, doldurmanin sixligim1 artirmaq {iigiin, hayacanlagdirilan 16vhoni
lazer diodunun rezonatorunun giizgiisiine barkidilir.

Hasiletmonin optik hoyocanlasdirilmasi {i¢iin yarimkegiricilords, uzvi rongloayicilorin vo
digor birlogsmolorin mohlullarinda siialanma tezliyi doyisdirilo bilon lazerlor totbiq olunur. Bu
lazerlor spektrin yaxin ultrabondvsoyi oblastindan yaxin infraqirmizi oblasta godor dalga
uzunlugunda kristallarin giiclii doldurulmasini hoyata kecirmays imkan verir.

Optik doldurulmali yarimkegirici lazerlorin foal miihitinin hocmi vo hasiletmo giicli
injeksiya lazerlori ilo miiqayisado iki-li¢ tortib boylikdiir. Qalium-arsenidlo GaAs, birfotonlu
hoyacanlasma zamani impuls rejimindo 40 kVt-dan ¢ox gilic alinir. Doldurulma giiciiniin
sixliginin yuxart haddi maddenin dagilma hiidudu ilo mohdudlasir.

Zona-zona, zona-asqar vo asqar-asqar optik kecidlorindo hasiletmoa injeksiya lazerlori
nazariyyoesinda otrafli dyronilmisdir. Oradan alinmis naticalori oprtik doldurulmali lazerlorin
Oyronilmosi ticlin istifads etmok olar. Lakin, nozere almaq lazimdir ki, hayacanlagma siiratinin
injeksiya coroyani ilo diiz miitonasib oldugu injeksiya lazerlorindon forqli olaraq, optik doldurma
zamani foal miihitin udulma omsali hoyacanlasdirict is1gin sixliginin funksiyasidir. Birfotonlu
hayacanlasma zamani udulmanin doymas: bas vera bilor, ikifotonlu hoyacanlagma zamani iso
udulma amsal1 diison selin giiciino miitonasib olaraq artir.

Ona goro do optik dodldurmali lazerlorin Oyronilmosine hoyocanlasdirict siialanmanin

udulmas1 mexanizmlorine baxmaqla baglamagq tobiidir.
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Abstract
The results of studying the absorption of light in lasers with optical charging, and some
features of semiconductor lasers based on gallium arsenide are presented.
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BiPOLYAR VO UNIiPOLYAR TRANZISTORLARIN QURULUSU, iS PRENSIiPi VO
TOTBIQI
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Ganca Dovlat Universiteti
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Acar sozlar : ¢ixis kegiriciliyi, baza corayani, diod modeli, aritms tsulu

KioueBble cj10Ba: BBIXOIHAs MPOBOJUMOCTH, 0a30BBIA TOK, MOJAETb AHOAA, METOX
TUTABIICHHS

Key words: output conductance, base current, diode model, melting method

GIRIS

Tranzistorlar muasir elektronikanin asas elementlorindon biridir. Onlar elektrik signallarini
guclondirmak, yaratmaq va idars etmoak Ggun istifads olunur. 1948-ci ilds U. Bratteyn, C. Bardin
Vo V. Sokli tarofindon ixtira edilmis tranzistor yarimkegirici fizikanin inkisafinda miihiim donts
nogtesi olmusdur. Bu isdo tranzistorlarin iki asas sinfi — bipolyar (BJT) va unipolyar (FET)
tranzistorlar — miqayisali sokilds todqiq edilir.

Tranzistor (ing — translstor) - elektrik signallarini giiclondirmak, idaro etmok vo generasiya
etmok (c¢lin Ttgelektrodlu yarimkegirici cihazdir. Tranzistor giris, bosaltma vo manbo
hissalorindon ibarotdir: bunlar adoton emitter, kollektor vo baza adlanir. Tranzistorlar BJT
(bipolar junction transistor) va FET (field effect transistor) olmagla iki néve ayrilir. 1948-ci ildos
uc fizikin - Ualter Houzer Bratteyn, Con Bardin vo Vilyam Soklinin faaliyyati naticasinds
tranzistor kosf olunmusdur.

1956-c1 ilde Ualter Bretteyn "Yarimkegiricilorin tadgigine va tranzistor effektinin koasfino
gora" fizika lizro Nobel miikafatina layiq goriilmiisdiir.

OSAS HiSSO

Tranzistorlar  iki ndva bolUndrlor:  bipolyar vo unipolyar tranzistorlar. Bipolyar
tranzistorlarda coarayan kegirilmasinds har iki nov yiikdasiyici: elektronlar va desiklor istirak edir.
Unipolyar tranzistorlarda iss yalniz bir nov yiikdastyici ya elektronlar, ya da desiklor istirak edir.

Bipolyar tranzistorlarda ¢ixis kegiriciliyi onun girisindaki carayanla idara olunur. Unipolyar
tranzistorlarda iso idars edilmo girisdoki signalin garginliyi ila - saha ilo yerino yetirilir. Ona goro
dos ¢ox vaxt bu tranzistorlar1 saho tranzistorlar1 adlandirirlar.

Muxtolif toyinatli bipolyar tranzistorun is prinsipi elektron-desik kegidin xassaloring
osaslanmigdir. Strukturuna gora bipolyar tranzistorlar iki tip olurlar: p-n-p vo n-p-n. 9sas farglori
ondan ibaratdir Ki, p-n-p tranzistorlarda kegiricilik desiklorlo, n-p-n - tip tranzistorlarda iso
elektronlarla toyin olunur. Is prinsipi hor iki tip tranzistorlarda eynidir.

Bipolyar tranzistor on universal cihaz olub, istismarinin oslverisliliyino goro daha genis
totbiq tapmisdir. Bu tranzistorlar {i¢ yarimkegirici tobagoadan, iki elektron - desik (p-n) kegidindon
va 3 elektroddan ibarat olan cihazlardir.

n-p-n - vo p-n-p - tipli tranzistorlarin sxematik, sadolosdirilmis tosviri vo qgrafiki isarolori
uygun olaraq sok.1,a vo 1,b-do verilmisdir. Tranzistorda oxun istigamoti onun emitterindon axan
Coroyanin istigamatini gostorir. Bipolyar tranzistorun asas xiisusiyysti onun emitter, baza vo
kollektor oblastlarinda asas yiik dastyicilarinin konsentrasiyasinin geyri barabar paylanmasidir.
Belo ki, emitterdo yuklorin konsentrasiyast maksimaldir. Kollektorda emitterds oldugundan bir
godor azdir. Bazada isa emitterds va kollektorda oldugundan dofslorls azdir.

Beloliklo, araliq oblasti desik kegiriciliyino, iki konar oblastlar1 iso elektron kegiriciliyino
malik olan tranzistora n-p-n tip; araiq oblast1 elektron, iki konar oblastlar1 iso desik kegiriciliyina

84


mailto:rasim.huseynov.2021@mail.ru

malik olan tranzistora p-n-p tip tranzistor deyilir. Emitterlo baza arasinda omala galan birinci p-n
kegid emitter kegidi adlanir vo Xarici €.h.q. manbayins diiz istigamotds qosulur. Baza ilo kollektor
arasinda yaranan ikinci p-n kegid iso kollektor kegidi adlanir vo monbays oks istigamotdo
qosulur, p-n-p tipli tranzistorlarda coroyanin dasinmasinda osas rol oynayan desiklar, n-p-n
tranzistorunda iso elektronlardir. Bu tranzistorlarda kegciricilik hor iki név yiikdasiyicilarin -
elektron va desiklorin hesabina yarandigindan bels tranzistorlar bipolyar tranzistorlar adlanir.

fz_“”f’"l—kiipnpl—k

Ts T,

e k e k
ib b
a) b)

Sakil 1. Bipolyar tranzistor. a) n-p-n —tip tranzistorun strukturu vo grafiki tosviri b) p-n-p —tip
tranzistorun strukturu vo grafiki tosviri
Normal halda tranzistorun kecidlorindan biri diiz, o biri iss aks istiqamatds qosulur. Diiz
istigamatda qosulan kegid emitter kegidi, uygun konar hissa va ora birlogdirilon ¢ixis (elektrod)
emitter adlanir. Oks istiqgamatda qosulan kegid kollektor kegidi, uygun kanar hisss vo onun ¢ixis1
kollektor adlanir.

F l N
1 LA

1_.;"' N
J_J l
J l:' B I"

a) b) c)
Sokil 2. Tranzistorlarin diod modeli (a), aritma tranzistoru (b) ve
onun sxematik qurulusu (c); 1-kristal tutqaci, 2-yarimkegirici lovha

Belo ki, n-p-n- tipli tranzistorda emitter vo kollektor caroyanlari (Ie Vo Ik) elektronlar, baza
carayani (Ib) isa desiklor hesabina yaranir; p-n-p- tipli tranzistorda oksinadir.

n-p-n- vo p-n-p- tipli bipolyar tranzistorlarin diod modeli sokil 2,a - da g0Ostorilmisdir.
Tranzistorlarda elektron-desik kegiriciliyini miixtolif tsullarla alirlar. Asagi vo orta tezlikli
tranzistorlar1 oritma Usulu ilo alirlar. Masalon, n - tip kegiriciliyo malik olan nazik germanium
I6vhanin hor iki torofdon sothino oritmoklo indium (akseptor asqgar) hopdururlar. Oritmo
sorhadlorinds E - emitter vo K - kollektor funksiyalarini yerino yetiron iki desik keciriciliyi omalo
golir (sok.2). Lovho 6zl baza rolunu oynayir vo 1 - kristal tutqacinda borkidilorak korpusda
(silindrik, yaxud basqa formada) yerlosdirilir. Tranzistor ¢ixiglar1 vasitasilo sxema qosulur. P —n
kecidino verilon gorginliyin isarasindon (polyarligindan) asili olaraq tranzistorun asagidaki is
rejimlori movcuddur.

Aktiv (normal) rejim - emitter kegidinoa diiziina, kollektor kegidina oksina gorginlik verilir.
Tranzistor ancaq bu rejimdo effektiv idaro oluna bilir vo emitter coroyanimin boyiik giiclonmo
omsalini toamin edir.
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Doyma rejimi (ikigat injeksiya) - har iki kegid agiqdir, yani har iki kegid diiziina gorginlik
altinda olur vo tranzistordan bdyuk kollektor carayani axir.

Kasma rejimi (bagh rejim) - hor iki ke¢id baghdir vo tranzistordan ancaq kicik istilik
Caroyant axir.

Invers rejim - kollektor kecidino diiziine, emitter kecidina iso oksino gerginlik verilir. Bu
rejim emitter coroyaninin giiclonms omsalinin ¢ox kigik xarakterizo olunur vo bu sabobdon
tocriibads nadir hallarda istifado edilir.

NOTICO
Bipolyar tranzistorlar universal cihazlar olub, xususilo aktiv rejimds corayan giclonmasini
effektiv tomin edir. n-p-n tipli tranzistorlar yiikdasiyicilarin (elektronlar) yiiksok harakatliliyi
sobobindon daha yuksak tezlik xiisusiyystlorine malikdir. Oritma texnologiyast sads Vo etibarli
tranzistorlarin istehsalina imkan verir. Tranzistorlarin is rejimlorinin diizglin secgilmasi elektron
sxemlarin somoraliliyini artirir.
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Pe3ztome

bouin  uccrnenoBaHbl  CTPYKTYpa, GYHKIUU, TUOBI W TEXHOJOTHS M3TOTOBIICHUS
TPaH3UCTOPOB. YCTaHOBJEHO, YTO IOJBUXXHOCTb JJIEKTPOHOB, SBISIOLIUXCA pabouuMu
HOCHUTEJISIMU 3apslia, B Nh-P-n TpaH3UcCTOpe B 2-3 pasza BhIIE, Ye€M MOABMXHOCTH pabOYMX
HOCUTEJIEH 3aps/ia B p-N-p TpaH3UCTOPE.

Summary
The structure, functions, types, and manufacturing technology of transistors were studied. It
was found that the mobility of electrons, which are the working charge carriers, in an n-p-n
transistor is 2-3 times higher than the mobility of working charge carriers in a p-n-p transistor.
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Introduction

In [1-5], a theory of current oscillations in semiconductors with deep traps, and with two types of
charge carriers, was constructed.

dlIn dln
In these works constants BI =2 Vi [

mdﬁyﬁizzdm@@
However, we will show below that ﬁf_r‘ depending on the nature of scattering charge carriers can
be negative value and SYremain positive. In this theoretical work, we construct a theory of
current oscillations in semiconductors with specific deep traps and with two types of charge
carriers in strong electric v, > S and magnetic p H, > C fields at g} < 0.

Vg = p+Ep,
vq IS the drift velocity of charge carriers, .. are the mobilities of holes and electrons, E, is the
intensity of a constant external electric field, H,- is the intensity of an external magnetic field,
and S is sound velocity in the crystal.
For ﬁl we have obtained analytical expansions as a function of the electric field, magnetic field,
the current frequency oscillations.

were taken as positive constants.

Semiconductor model and basic equations of the problem.

At availability of an electric field electronic (and also holes) receive from electric field energy of
the order eE,l. (an e - positive elementary charge, [ -length of free run of electron). Therefore at
availability of an electric field electrons can overcome Coulomb barrier of unitary infected center
and to be grasped (i.e. to recombine with this center). In addition, due to thermal junction,
electrons can be generated from impurity centers (from deep traps) in the conduction band. The
capture process decreases, and the transfer process increases the number of electrons in the
conduction band. As for the holes, their number increases due to the capture of electrons by deep
traps from the valence band and decreases due to the capture of electrons from deep traps by
holes. Above the probability of generation and recombination lead to a change in carrier
concentrations in the crystal. We will further mean a semiconductor with carriers of both signs,
i.e. electrons and holes with concentrationsn_ and n, respectively. In addition, in the
semiconductor there are negatively charged deep traps with a concentration of N,,.

Of these, part N is the concentration of once negatively charged traps, and N _is the
concentration of double negatively charged traps,

Ny = N.N_ 1)

The continuity equation for electrons in a semiconductor with higher trap types will be:
aait_ +divj_ =y_(0)ny N—y —En— N = dn — dtrek 2
Herein and further, j, is flux densities of electrons and holes, j_.) is electron emission
coefficient of doubly charged traps in the absence of an electric field. It can be called the thermal
generation coefficient. y_(E) electron capture coefficient of negatively charged traps once for the

presence of an electric field. At E=0, y_(E) = y_(0). In (2) the unknown constant n, having
the dimensionality of concentration is defined as follows. In the absence of an electric field and

87



stationary and equilibrium conditions. i.e. at (%_)rek =0 uy_(E)=y_(0) from (2) we will
get:
n°N,
nl_ = NO
The electron flux density in the presence of electric and magnetic fields is determined by the
expression

7= = —nu(E, H)E +nu,_(E, H)[Eﬁ] — nu,(E,H)R(ER) — D_Vn + Dl_[VnE] — D,h(Vn_h)
@)

Here h is a unitary vector by the magnetic field, u (E, H) is the ohmic, u; (E,H) is Hall’s,
u,(E,H) is the focusing mobility of electrons, D_,D, ,D, ohmic, Hall, focusing diffusion

coefficients of electrons, respectively. To simplify cumbersome calculations, we consider the
case where the carriers have an effective temperature. Then the diffusion coefficient

T T CE
D, = %lb_ﬂ Terr = g(ﬁ)z [6]

C -is light speed in a crystal; T - is the temperature in Erg. In addition, we will consider crystals,
which dimensions satisfy the ratios.

Ly KLe, L;<Ly

The continuity equation for holes will be
. on_
% + divj, = )/+(E)n1+N+ — v+ (O)n, N_ = (= ;t Vrek (4)

Jr = nyu, (E,H)E + nyuy, (E,H)[ER] - n+ﬂ2(E H)h(ER) — D, Vn, + D, [Vnh] —
D,, h(Vn h) atE =0, y; =v,4(0), ng,

_+
Ng

Owing to a recombination and oscillation in non-stationary conditions the number twice and
single-passly negatively charged traps changes (of course, at the same time there is invariable the
general concentration of traps). Change of twice negatively charged traps defines over time
change of single-passly negatively charged traps. The equation defining of change of traps has
an appearance over time:

aN_ 0 on_
at - ( n+)rek ( :t )rek (5)

The external electric field is directed on an axis X, and a magnetic field on axis Z.
ny( ) =nd +An, (77 1), N_(t) = N + AN_(F 1), Et) = Eg + AE(7, 1) (6)

The deviation of a magnetic field from an equilibrium value is equal to zero as we considers
longitudinal vibrations. We will ignore the badge (0) meaning an equilibrium value of the
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corresponding values further. We linearize the equations (2,4) taking into account (6) and we
enter the following characteristic frequencies

v_ = y_(Eg)Ny, vy =y, (0)N2, vi =y, (E))Ny, Vo =y_(Eo)n+y_(v)n;_

vy =y, (0)ny + vy, (Eo)ny,, we will designate numerical constants defined by dependences on
an electric field

y _ o diny+(Ey) . Hu _ o dinps(Ep)
Be= 2%t Pe = 2 aman )

BY is dimensionless parameter, depending on scattering of charge carriers BY can have the
negative sign, i.e. BY < 0. In work [7] it is shown that when scattering on optical and acoustic
(the mixed scattering) photons Y = —0,8. In further we will consider ¥ < 0 in theoretical
calculations.

In the absence of a recombination and oscillation of carriers, the condition of quasi neutrality
means that the number of changes of electrons is equal number of changes of holes i.e. An =
An, . In the presence of a recombination and oscillation of charge carriers the condition of quasi-
neutrality means that the total current doesn't depend on coordinates, but depends on time.

div »= ediv (—) - ): 0 (8)
I Jxi_

After a mineralization of the equations (2,4,8) we will receive the equation for an electric field of
the following look:

AE = a,A] + G;An_ + azhn, 9)

Where, a,,a,,a; are the stationary values depending on an oscillation frequency, the
characteristic frequencies from equilibrium values of concentration of charge carriers, electric
and magnetic fields, numerical multipliers 8¥, B'. Owing to bulkiness of coefficients a;, a,, as
we will be limited to the indication of the scheme of the decision

Divide functional An. (7, t),AN_(7,t), AE(%,t) on the parts proportional to oscillatory current
A] in an external circuit.

Ang(#t) = Anﬁ_rei(w“"t) + Anlle~twt (10)

We will do similar divisions for AN_,AE. After simple algebraic calculations from (2, 4, 7, 8) and
taking (9) we will receive two sets of equations

{d’_’An’_’ + d}An] = d4] (11)
b An" + b An!} = bA]

d_An' +d\An, =0

{b’_An’ + AN, = 0 (12)

From the decision (10) we define An”’u Anl/.
To we find wave vectors from the dispersive equation
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d_b, +bld}, =0 (13)
Write (10) in the following form
Ani(F, t) = 24 A] i(kj=17) + An” —lwt (14)

(where k; are roots of the dispersive equation (13)).
Constants A’i are defined from the following boundary conditions.

Any(0) = 8941, Any (L) = 8741 (15) [8]

Then it is possible to calculate a variable — a potential difference on the ends of a crystal and
impedance

AV 1 Ly _
VA _E_Zfo E(x,t)dx = ReZ + ImZ (16)
ReZ v_
—=x3{1+¢|(cosa—1) + — sina| + ¢ (cosa) —
Zo wpy
b .

— X () sina — (1+ ) [t + g sinal, ) (17)
Imz _ % v (14 0h) 4 &8 (1)
7 = [Bn+v+u+,8+ (1 + ) Bn_v_u_pY (1 + wz) +— (M_) cosa ] (18)

Here, § = 62 + 6° + Six + 6t v = (u_+u)Ey, Zy = Lx g =e(nip_ +nu), S -

UoS
transverse section of sample.

2Lyv_ 2n_v_w3

— E pY —
= o (nvEBY +nv 2 ﬁ)no—n++n_,<p_—n By,
2 + owix, 0
Nokyv4| 1+—1
Y ( ui‘)

2n+v+w 2 2 H+H
T wi = w*(Wz+v w* + V22  x, = 1, k
=Bl ot = 0’2+ D) + ot + ok}, > =

We used the following known expressions of mobility in the stronger magnetic field
pe(H) = (P o5 tue ¥ V25 oy ~ [9]

When fluctuations of current in an external CII’CUIt begin, the current voltage characteristic of
sample becomes non-linear. Real part of an impedance of Rez has negative sign. The imaginary
part of ImZ of an impedance can have any sign. Adding on an ohmic resistance of R from the
solution of the equation

ReZ

—Z+R=0 (19)
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ImzZ | Ry _
2 Tz = 0 (20)
We find an electric field where are happened fluctuations of current in a chain.
From (18) we will express Y via SY.

y _ nov-p  witvi o,
b = nyvfu, w2402 B! (21)
Imz _ evsp* uix, 2
then 0 = 2 (—“ ) cosa (22)
Write (17) in the following form
RZLZ = d, + & sina + d,cosa (23)
0

Define from (23) ¥ and B as following form:

@, = 0,P; = 0, then we will get:

,By — X3 Y — X% (1+Z>_2_2)

i i cari) B =y

_ 2ngviax, py _2nveax, ot (24)
T o ngwbBiu s’ T mewbBip’ T wt

w! = w* + w? (V2 +v3) + v2vi

BY
B
of an oscillation frequency of current in chain.

Equating the relations from (21) and (24) we will get the following equations for definition

3402 B __©
Yt 2y T 0, y (25)

- w-v)1,

The analysis of the decision the equation shows roots the equation (26) (v_- > v,)

From equation “;—Z + % = 0 (the R, is resistance of capacitive or inductive character) we will
0 0

get

cosa = -2 2 ()2 (27)

Zy evd ‘U X4
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Substituting cosa from (27) in the equation of % + };— =0 we will get expressions for an
0

0

electric field in the presence of fluctuation of current in chain.

|Rylu 1 4Ryl p 1 v
Ey(w)=F,=——7—— ,E, = —_— —=F
(@) = E; R|B*| evs '~*  R|BF|u- evsv,

6|R{lu 1 wv_

. 4 5 ® ]
(DI (’OZ ('0“ Flg.l.

Conclusion
In the above semiconductors, waves with frequencies w; < w, < w5 are excited at electric fields
E, < E, < E;. Analytically, expressions for the oscillation frequency of the current and for the
electric field show that the carrier scattering constants B{ have a negative sign. With current
oscillations in the circuit, resistance of a negative nature occurs.
If R =|R,|, ==~ 10, =~10,ev6~10"1
U+ U+
E;~103V/sm, E;~4-103V/sm; E;~6-103V/sm
and these values are in complete agreement with existing experiments (10). With these estimates,
the frequency of oscillation

V5-1 1 V5+1 1
w;~3-107, wy~——-10°—, w;s~ -10° —
sec 2 sec

It means that microwave current oscillations occur i.e. microwave radiation energy from the
above semiconductor. The magnetic field is determined from the inequality u, H > C. To
determine the range of variation of the electric field, and the frequency of oscillation with a
further increase in the electric field, we must construct a nonlinear theory.
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Annomauus

B nonynpoBogHuKax MOTYT BO3HUKATh OIPECIICHHbIE TNIyOOKHE JIOBYIIKH, U 00a THIa
HOCHUTEJICH 3apsjia MOTYT MPOSBIATH NMPU3HAKH SHEPIeTHYECKOTO HM3TydeHus. Bo3moxkHO, Ha
Pa3HBIX YPOBHSAX YACTOTHI M3TYUYEHUS 3aJCHCTBOBaHA SHEPrus. B KaxaoM ciiydae onpeeieHbl
KOHKPETHBIC 3HAYCHHS AJICKTPUYECKOTO IMOJISI TP MAarHUTHOM TIOJIE, TJ€ 3HAYUTEIbHO OOJIbIe
ckopoctu ¢ (u4H > c¢). OnpeneneH 3HaK KOHCTAHTBI, ONMCHIBAIOIICH pacCcesHUE HOCUTEINIeH
3apsina.  OmpeneneHbl AHATMTAYECKHE BBIPAKEHUS MJIsi  [apaMeTpPoOB, YYaCTBYIOIIUX B
pEeKOMOMHAIIMK ¥ TeHEpallui HOCUTENIEH 3apsiaa IBI. [IpencraBnenue o TOM, KaKk U3MEHSETCS TOK,
IIOCTPOCHO C UCIOIB30BAHUEM IIPOCTOTO MPHOIKEHHOT0 MeToAa. OIEHKH YaCTOTHI (W1, Wy, W3)
u 3HadyeHus sjekrpudeckoro mnois (Eq, E,, E,) I0MKHBI TOYHO COOTBETCTBOBATH TEKYIIUM
SKCIIEPUMEHTAIBHBIM JaHHBIM. YKa3aHHbIC TMOJYIPOBOJAHUKM MOKHO HCIIOJb30BaTh IpHU
CO3/IJaHUU CBEPXBBICOKOYACTOTHBIX TEHEPATOPOB U YCHUIIUTEIICH.

Xulasa

Yarimkegiricilorda dorin tololor yarana bilor vo hor iki yiik dasiyicist enerjili siialanma
olamatlori gostara bilor. Enerji mixtalif tezlik saviyyalorinds istirak eds bilor. Har bir halda, stirat
c-don (uH > c) xeyli boylk olan magnit sahasi gln xUsusi elektrik sahosi giymotlori tayin
edilmigsdir. Yiik dasiyicisinin paylanmasini tosvir edon sabitin toyin edilmisdir. Yiik dastyicisinin
rekombinasiyasi vo generasiyasi B)-da istirak edon parametrlor ictin analitik ifadalor tayin
edilmisdir. Sado togribi metoddan istifado edoarok coarayan doyisikliklarinin neco quruldugunu
goOstorilmigdir.  Tezliyin  (wq, w5, w3) Vo  elektrik  sahasinin  glctnin  (E, Ey, Ey)
giymotlondirilmoasi  tocribi molumatlara doqiq uygun olmalhidir. Bu yarimkegiricilordon
mikrodalgali generatorlarin v glclondiricilorin yaradilmasinda istifado etmok olar.

SYNTHESIS AND X-ray DIFFRACTION STUDY OF TIFeS,(Se;) CHALCOGENIDE
COMPOUNDS

Bakhishli S.Z*2, Mamedova A.Ch?@
aDepartment of Semiconductor physics, Baku State University, 23 Academic Zahid Khalilov
Street, Baku AZ1148, Azerbaijan.
“E-mail: amamedova@inbox.ru

Keywords: chalcogenide, polycrystal, X-ray diffraction scattering spectrum

Layered and chain-structured materials, characterized by strong anisotropy of physical
properties along different crystallographic directions, occupy a special place among
semiconductor crystals. As an example of such crystals, one can consider ternary compounds of
the composition TIFeS,(Se;), which belong to the general group of TIMeX,-type semiconductors
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(where Me is a 3d metal and X =S, Se, Te) and exhibit magnetic properties [1,3].

These layered and chain-structured single crystals are promising for the fabrication of
photoelectric converters, spectral analyzers, strain gauges, and X-ray detectors. In addition, these
compounds enable the development of next-generation devices based on nanometer-scale
structures.

High-purity elements T, Fe, and (S)Se (purity 99.9999%) were synthesized in a 1:1:2 ratio
to obtain TIFeS,(Se,) compounds. The synthesis was carried out using a cylindrical furnace
rotating around an axis perpendicular to its longitudinal direction. The choice of the rotating
furnace method was intended to improve the homogeneity of the obtained melt.

The constituent elements of the synthesized composition were weighed in appropriate
amounts using an electronic balance and loaded into quartz ampoules with an inner diameter of
14-16 mm, evacuated to a pressure of 1073 Pa. The synthesis process was carried out at a
temperature of 903-913 K for 7—8 hours using the method described in [2].
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Fig.1. X-ray diffraction spectra of TIFeS, and TIFeSe, crystals at room temperature.

At the end of the synthesis, the alloy was cooled to room temperature in a switched-off
furnace regime. X-ray diffraction analyses of the obtained TIFeS, and TIFeSe, samples were
performed. To analyze the crystal structure of the synthesized material, the X-ray diffraction
scattering spectrum was measured at room temperature (Fig. 1), and the structural parameters
were determined. The X-ray diffraction experiments were conducted using a Bruker ADVANCE
D8 diffractometer.The obtained structural parameters are in good agreement with previously
reported data [4,5].

The analysis of the X-ray diffraction scattering curve showed that the synthesized TIFeS,
polycrystal has lattice parameters a = 11.646(1) A, b = 5.308(2) A, ¢ = 6.831(3) A, B = 116.7°,
while for TIFeSe, the parameters are a = 11.998(1) A, b = 5.498(9) A, ¢ = 7.108(8) A. These
crystals belong to the C2/m space symmetry group and crystallize in the monoclinic system (Fig.
1).
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Abstract

In this study, TIFeS, and TIFeSe, chalcogenide compounds were synthesized from high-
purity elements using the direct melting method in a rotating furnace. The obtained
polycrystalline samples were investigated by X-ray diffraction at room temperature. The results
confirmed that both compounds crystallize in the monoclinic system with C%/m space group. The
calculated lattice parameters are in good agreement with previously reported data. The successful
synthesis and structural characterization indicate the potential applicability of these materials in
optoelectronic and radiation-detection devices.

Xllasa

Bu isdo TIFeS, vo TIFeSe, xalkogenid birlogsmalori yiksok tomizlikli elementlardan
istifado etmaklo firlanan sobada birbasa oridilma Gsulu ilo sintez edilmisdir. Alinmis polikristal
nimunalor otaq temperaturunda rentgen difraksiyasi iisulu ilo todqiq olunmusdur. Noticalor
gOstormisdir ki, hor iki birlosmo monoklinik sistemdo C2?/m simmetriya grupuna malikdir.
Hesablanan qgofas parametrlori odobiyyat molumatlari ilo yaxst uygunluq toskil edir. Ugurlu sintez
Vo struktur analiz bu materiallarin optoelektronika vo radiasiya detektorlarinda totbiq
perspektivini gostarir.

Annomayus

B nannoit pabdote coequnenust TIFeS, u T1FeSe, Obun cuHTE3MpPOBaHBI U3 BHICOKOYHCTHIX
AJIEMEHTOB  METOJIOM TMpsSMOro IJIaBJ€HHMs BO  Bpamlaromedcs neud. IlomyueHHble
HOJMKPUCTAIUTMYECKHE O00pa3llbl HCCIEA0BaHBl METOJOM PEHTT€HOBCKOM TU(PAKLUU IpU
KOMHATHOW TeMmmeparype. YCTaHOBJIEHO, 4YTO 00a COEIMHEHHS KpPUCTAIUIU3YIOTCS B
MOHOKJTMHHOH CHCTEME ¢ MpOCTpaHCTBeHHOH rpymmoii C%m. PaccumTaHHble NapaMeTphl
PEIIETKH XOpOIIO COINIACYIOTCS C JIMTEpaTypHbIMM JaHHBIMU. [lomyueHHBIE pe3ynabTaThl
MOJTBEPXKJIAIOT YCIENIHbI CUHTE3 U YKa3bIBalOT Ha MEPCHEKTUBHOCTH JAHHBIX MaTepUajoB IJis
IIPUMEHEHHUS B ONTONIEKTPOHUKE U PAAUALIMOHHBIX IETEKTOPAX.
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KiroueBble ¢JI0Ba: TEPMOIIEMEHTHI, SKCTPY3HsI, IPUMECH, TBEPABIH pacTBOP,
TepMooOpaboTKa

HeoOxoauMocTh cO3MaHMsI HU3KOTEMIIEPATYPHBIX TEPMODJICKTPUYECKUX —OXJIaUTelNei
TpeOyeT pa3paboTKu TEPMOAIIEKTPUUECKUX MaTepuanoB, 3(¢(eKTUBHO paboTarolux B o01acTu
HU3KHUX TemrepaTyp BIIOTh 10 ~ 120-130 K. Ananu3 nutepaTypHBIX JaHHBIX MOKA3bIBA€T, UTO,
NEPCICKTUBHBIMU MaTEepHajaMy MPH HU3KUX TEMIIEpaTypax SBISIOTCS TBEP/IbIe pacTBOPHI p-Bio.
xSbxTesySey ¢ 3amernenuem aromoB (Sb — Bi) um (Se—>Te) B o00eux mojapemnieTkax.
Bo3HuKaronme mpu 3TOM HMCKKEHUS KPHUCTAUTMYCCKON PEHIeTKH MPHBOIAT K YBEIMYCHUIO
paccestHusl JOHOHOB U CHUKEHHIO TETLJIONPOBOJHOCTH KPUCTAIUTMUECKOM PEIIeTKH, UYTO SBIISAETCS
OJIHOM W3 MPHYUH YBEIWYCHHS] TEPMOIICKTPUUSCKON IPPEKTUBHOCTH B IIMPOKOM HHTEPBAJIC
temneparyp ot 80 go 350 K [1, 2] . B pabore [2] noka3aHO, 4YTO MOHOKPUCTAJLJIbI TBEPJOTO
pactBopa coctaBa p-BirxSbxTesySey (x =1,3; y = 0,07) sSBISrOTCS MEepCHEKTUBHBIMU
MaTepuaiamu Juist Hu3KotemnepaTypHbix (< 220 K) kackas0B 2JIEKTPOHHBIX OXJIAUTENEH.

OpHako wW3-3a CIOMCTOM CTPYKTYphl MPOYHOCTh YKA3aHHOTO MaTepuaja OKa3bIBaeTCs
HU3KOH. [IpruMeHeHrne MeTo/1a SKCTPY3UH IS TIOTYYCHUST TEPMOIIEKTPUIECKUX MaTepHaJIOB Ha
OCHOBE TBEP/IbIX PACTBOPOB TEJLTYPUIOB BUCMYTaA U CYPbMBI, IIIUPOKO MPUMEHSIEMBIX B KQUeCTBE
marepuana Juisi N - U P- BETBEH I TEPMOIJIEKTPUUECKUX TpeoOpa3oBaTelieii, B 4YaCTHOCTH,
DIIEKTPOHHBIX TBEPAOTENBHBIX OXJIaJUTENeH, MNpeJHa3HAYCHHBIX i1 paboThl B HHTEpBale
temneparyp 200+350 K, nmo3BosisieT CyIecTBEHHO MOBBICUTh MX NMPOYHOCTHBIE XapaKTEPUCTHUKH,
COXpaHssi TpPU OTOM TEPMODJEKTPHUUECKHE TMapaMeTpbl ONU3KUMH K TaKOBBIM s
MOHOKPHCTAJTHUECKUX 00pa3ios [3] .

Kak wu3BecTHO, momyueHue 00pa3loB SKCTPYAUPOBAHHOTO MaTepuana CBS3aHO C
MIPOBE/ICHUEM IIEJIOTO psifia TEXHOJIOTUYECKUN OlepaIiii, TAKUX KaK CHHTE3 TBEPAOTO pacTBOpa
U3 UCXOJHBIX KOMIIOHEHTOB; pa3MelbueHUEe CUHTE3UPOBAHHOIO CIIJIaBa JI0 COCTOSIHUSI TTOPOIIIKA;
M3TOTOBJICHHE U3 MOJIyYEHHOTO MOpOIIKa METOJOM XOJIOAHOTO IPECCOBAaHUSA OpPHUKETOB;
AKCTPY3UU OPUKETOB (BBIAABINBAHNE OPUKETOB, HATPETHIX JI0 MJIACTHUYECKOTO COCTOSIHUS, Yepe3
OTBEPCTHE TUAMETPOM 6 MM).

DOKCHEepUMEHTAIBHO ~ YCTAaHOBIIEHO, YTO HAa TEPMODJICKTPHUECKHE XapaKTePUCTHKH
MaTepuasoB JJsl TEPMOAIEKTPUUYECKUX Mpeodpa3zoBaTesiell SHEPTUU CYIIECTBEHHO BIMSIOT TaKue
dakTopbl, KaKk JaBJICHHE W TeMIiepaTypa SKCTPY3HH, pa3Mep YacTUI[ HCXOJHOTO IOPOIIKa,
TEMIIepaTypa W BpeMsl OTXKHra MOIYyYEeHHOTO TEPMOAICKTPHUECKOro Marepuana. Iloatomy,
ONTUMM3AIMEH  TEXHOJIOTMYECKHUX  MPOLECCOB €  y4eToM  (UBUKO-XUMHYECKHX  H
TEXHOJIOTHYECKAX  OCOOEHHOCTEH AKCTPYJMPOBAHHBIX MAaTEPHUAIOB, MOXXHO YBEIHYHUTH
3G (HEKTUBHOCTh  AKCTPYAUPOBAHHBIX TEPMODJIEMEHTOB U TMOBBICUTH CTA0MIIBHOCTh HX
MapaMeTpoB Kak B MPOIIECCE€ W3TOTOBIEHUS TEPMODJIEMEHTOB, TaK M B MPOIECCE AKCILTyaTalluu
npubopoB Ha Ux ocHoBe. OAHUM W3 MyTeW MOBBIIICHHUS TEPMOIIEKTPUUECKUX XAPaAKTEPUCTHK
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TEPMODJICKTPUUECKUX MATEPHAIOB JJII KOHKPETHBIX MHTEPBAJIOB TEMIIEPATYP, SIBJISICTCS TAKKE
JIETUPOBAHUE MPUMECSIMHU, KOTOPbIE MOTYT MPUBOJAUTH K 3aMETHOMY YBEIMUYEHUIO (IIYKTyalun
TEPMODJICKTPUUECKUX CBOMCTB, CBA3AaHHBIX CO CTATUCTUYECKHM XapaKTEepOM pacIpeiesieHus
IPUMECHBIX aTOMOB B pelieTke MaTpuisl [ 3].

B nacrosmeil paboTe NpeACTaBICHBI PE3yNbTaThl HKCHEPUMEHTAIBHOIO HCCIEIOBAHUS
uHtepBaige Ttemmeparyp 80-300 K  TemmonmpoBOIHOCTH  SKCTPYAMPOBAHHBIX  00pasIoB
Bio,7Sb1,3T€2,03S€0,07, JIErMpOBaHHBIX aTOMaMH PEAKO3EMEIBHOIO MeTalla JUCIPO3Hs. B
konudectBe 1o 0,02 at. %.

Jns monmydenuss oOpa3noB ObUIM MCHOIB30BaHBI Tewnyp mapku "TB-Y", Bucmyr - "Bu-
0000", cypema - "Cy-0000", cemen - "CBUY-1", ramomuumii -"T'mM-1". Peaknus cunTe3a
NPOBOJMIACH B OTKAYAHHOM OOBEME C OCTATOUHBIM jaBieHmeM ~ 1072 Tla. KommoHeHTHI
TBEPABIX pacTBOpoB U P3D, B3sATbIE B pacyeTHbIX COOTHOLICHUSX, CIUIABSUIUCH IIpU
temneparype 1300 K B oTkauaHHBIX KBaplEBbIX ammynax. TemmepaTypa B oObeme meuu
noBsImanack co ckopocthio 100 K/u ¢ mpomexyrounbimu Beiep:kkamu mpu 700 K u 900 K B
teueHue mnonydaca. [Ipu nmoctmxenun 1300 K poct Temmeparypsl mpekpamiajics U amiryia
BBIIEP>KUBAJIACh B TEIJIOBOM I10JIE B T€UEeHHE 6 4, IPU HEMPEPHIBHOM IEpeMEINBaHIH BEIIECTBA
B HEMl KAYaHHUEM.

TemnonpoBoAHOCTH 00pa3lioB U3Mepsuiu B nHTepBaje temmneparyp 80-300 K.

7 1 % VU(smK) 08 W, smK/Vt

0,7
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Puc.1. 3aBucumocTb K03(hHUIMEHTA TETUIONPOBOI- Puc.2. 3aBucuMocTb PEIETOYHOTO TEMIOBOIO
HocTH 06pa3ioB Big7Sb1sTez,03Se€007 € conpoTuBieHus 00pasiioB Big7Sb1sTer,esSeq 07
PazINYHBIM COIEPIKaHUEM JMCIIPO3HSI: C PA3IMYHBIM COZEp’KaHUEM AMCIPO3HSI.
1-0;2-0,01; 3-0,005; 4 -0,01; O0603HaYeHUs TE e, YTO ¥ Ha puc 1.

5-0,02 at.% Dy.

Ha puc. 1 mnpexacraBieHsl TemmepaTypHble 3aBHCHUMOCTH Kod(dduineHta Ternso-
IPOBOIHOCTH ¥, Ist 00pa3moB Bio7Sb13Te2,03S5€0,07, Kak HelerMpOBaHHBIX, TAK U JIETHPOBAHHBIX
aToMaMu aucrposus. B komudectBe 10 0,02 at. %. BuaHo, 9TO B HCCIIEAOBAHHBIX TBEPIBIX
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pacTBopax K03(h(HUIIMEHT TEIUIONPOBOAHOCTH B MHTEpBaiie Temreparyp 80-300 K ymenbmaercs
C POCTOM TeMIepaTyphl Kak 7 ~ T (3akon DiikeHa).

JUis BBIACHEHMsI BIUSHMA Ha MEXaHMU3M TEIUIONPOBOAHOCTH OOpa3lloB TEMIEpPaTyphl U
coCTaBa HaMM ObUIM BBIYMCIIEHBl PEIIETOYHBIE Yq M DJJIEKTPOHHBIE  Ye COCTABIISAIOLIME
K03 pHIIMEeHTa TETTONMPOBOAHOCTH U OLICHEHBI UX BKJIABI B OOIIYIO TETIONPOBOAHOCTb.

ITpu 3TOM OBIIIO UCTIONIB30BAHO BBIPAKEHUE

x.=LoT :A(K)O'T
e L

IJIe G - yIeNbHAs JJICKTPONPOBOAHOCTh oOpasma, T — abcomorHas Temmeparypa, L- gmcio
Jlopenna, K — mocrostuaas bonbiMana, € — 3apsi/ JIEKTpoHA. 3HaueHHe A ObLIO OIPEACIICHO U3
Teoperrueckoit 3aBucumoctn A=f(ot) [4, 5] C ucnonbp30BaHUEM KCIIEPUMEHTAIbHBIX 3HAUCHUN
KOd(p(UIMEHTa TEPMO-3JIC 0. U YICIBHON 3JEKTPOIPOBOAHOCTH G. Pe3ynbTaThl BBIYUCICHUN
MOKa3ajiu, JUIsl BCEX HCCIIEeNOBAaHHBIX oOpa3noB B uHTepBaie Ttemmeparyp 80-300 K mons
AIIEKTPOHHOHN COCTaBIstoNIer K03(h(uIimeHTa TerIonpoBOIHOCTH (e He mpeBbimmaer 15 %, u B
HCCJICIOBAHHBIX TBEPBIX PACTBOPAX TEILJIO MEPEHOCUTCS, B OCHOBHOM, KOJICOAQHUSMU PEIICTKU
(ononamm).

Ha puc. 2 nmnokazana TtemmepaTypHass 3aBUCHMOCTb PEIIETOYHOTO  TEIUIOBOTO
conpotusienust Wy =1/, , BHIYHCICHHOTO M3 BBIPOKCHHUS

Xp = A~ Xe

BuaHo, 4TO ¢ MOBBIIIEHHEM TeMIIepaTyphl PelIeTOUHOE TeIrIoBoe conpotuBieHus W,

pacTeT 1o 3aKOHYy
W, = const -T,

T.. B HUCCIIEJJOBaHHBIX CcOCTaBaXx B wuntepsane Temmneparyp 80-300 K TtemmompoBogHOCTH
OTIpEeIeTISIeTCsI, B OCHOBHOM, TPEX(OHOHHBIMHU ITPOIIECCAMU.

OTpe3ku, OTCeKaeMble Ha OCH OpPAMHAT TpPHU AKCTpamossiuuu 3aBucumocteit W, ~T
K 3HaueHW0 T=0 COOTBETCTBYIOT JOMOJHUTEILHOMY TEIUIOBOMY  CONPOTHUBIIEHUIO,
BO3HHUKAIOIIIEMY 32 CUET CTPYKTYPHBIX J1e(PEKTOB B KaKIOM COCTAaBeE.
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Hauboiee 3¢ deKTHBHBIM TepPMO3JIEKTPHYECKIM MaTEPHAIOM CPEIU TBEPIBIX pacTBOPOB Bi1go-xShx
sBISIETCsE coctaB BigsSh15. DKCriepuMeHTaIbHO YCTAHOBJICHO, YTO ONTHMAIBHBIM PEKUMOM OTKHTA IS
9TUX TBEPBIX PACTBOPOB SIBJICTCS OTXKUT, IPOBEICHHBIN Tpu Temreparype ~503K B TeueHuu 5 yacos.
[Toatomy nipezicTaBisier OOJBIION HHTEPEC UCCIISOBAHMS TEMITSPATYPHOM 3aBHCHMOCTH KOA((hHUIIMEHTOB
TEpPMO3IC (0L), AIEKTPOIPOBOIHOCTH (G) 1 XO0JUIa C LEIBI0 YCTAHOBJICHHSI MEXaHM3MA BIMSTHUS OT)KUTa Ha
TEPMODJIEKTPUUECKUE CBOHCTBA.

BbIsICHEHO, YTO TIOCIIEAKCTPY3UOHHBIH OTXKUT HE M3MEHSIET X0 TeMIIePaTypPHOM 3aBHCHMOCTH, HO
NpUBOIHT K pocTy mpu ~77K Kak Kod(PUIMEHTOB TepMOdC M XOJUIa, TaK M SJIEKTPOIPOBOIHOCTH (
puc.1-3).

Ha puc.1. npuBenena TemriepatypHas 3aBucuMocTh o(T) 00pa3inoB 0e3 omKura v MpOIISIIINX
omxur oT 5 MuHyT 70 10 yacoB. B Tedenune nepBbIx 15 MUHYT OT)KHUTra 37€KTpONPOBOAHOCTE pacTeT bosiee
YeM B 2 pasa, a 3aTeM 3TOT POCT HECKOJIBKO 3aMeisieTcs. POCT AlIeKTporpoOBOIHOCTH MPOIOIDKACTCS B
TEUEHUH 2 4acoB OTKHra. OTKUT MPUBEACHHBIN OT 2 10 10 4yacoB HE MPUBOAUT K 3aMETHOMY M3MEHEHUIO
G.

Bce kpuBble TemriepaTypHOM 3aBUCHMOCTH G MMEET MAaKCHMYM, YTO HaOIoaeTcs TakokKe s
MOHOKpHUCTA/UTMYECKHX 00pastioB  cucteM Bi-Sb [1]. Tlocne makcumyma 3aBucumocts o(T) ot
TIOJTYTIPOBOTHUKOBOM TIepexoauT K Metarummyeckoil. Ha temmeparypy mepexofa (Tvac,) CyIIECTBEHHOE
BIIMSIHAE OKa3bIBaeT BpeMsi Okura. C pocToM BpeMEHH OTKUra Temrneparypa Ty, COOTBETCTBYIOMIAS
MakCUMyMy Ha KpruBo# 3aBucuMocT 6(T) cMeriaeTcst B 00s1acTh 00s1ee HU3KUX TEMITEparyp.

a F
,E -
N
o 2
S .
2 [ 1
A
2
Q B ' L L
5 1 1
1000/T.
Puc.1 TemnepatypHas 3aBUCUMOCTh

ATEKTNOTINOROITHOCTYA  0ONARMOR TRENTOTO  HacTRONA
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Puc. 2. TemmeparypHas 3aBUCHMOCTb TEPMOJ/IC
06pasioB TBEP0ro pacTBopa BigsShis .

ITpu 3toM yron HakitoHa kpuBbIX Igo ot (1/T) B 00JacTH MOMYIIPOBOIHUKOBOM 3aBUCUMOCTH, C POCTOM
BPEMEHHU OT)KHT'a, OTHOCUTEIIBHO OCH abcImce ymeHblnaercst. [1ogo0Has TemiieparypHast 3aBUCUMOCTb JUIS
p(T) oOHapyxkeHa UIsi SKCTPYIUPOBAaHHBIX 00pasiioB BiogsSbo12 [2]. [annble mo wu3MeHEHHIO
koo duimpenta XoJia TMOKa3bIBAlOT, YTOo y4acTok of(T), XapakTepu3yromuii HU3KOTEMIIEpaTypHYIO
00J1aCTh, CBSI3aH POCTOM KOHIICHTPAIIMK HOCHUTEJICH 3apsifia ¢ TeMmIieparypoil. B BeicokoTeMIieparypHoOi
00J1aCTH G OTIPEIEIISIeTCs, B OCHOBHOM, TEMITEPATYPHOM 3aBHCHMOCTBIO TTO/IBFKHOCTH HOCHTEIIEH 3apsiyia.

Pacuer sHeprim akTHBAIMK SIEKTPOMPOBOJHOCTH B 0OJACTH TMOMYIPOBOAHUKOBOM 3aBUCUMOCTH
MOKa3bIBaeT, uto oHa ¢ omkuroM Meusiercs ot 0,024 no 0,016 3B cooTBeTCTBEHHO, OT HEOTOKEHHOIO
00pasiia k 00pasily ¢ ONTUMATBHBIM OTXKUTOM.

N3oTepMuteckuii OT)KUT IPUBOUT K POCTY MOJBIKHOCTH HOCHTENIEH 3apsisia. ITO MOTBEPKIAACTCS
KaK U3MEPCHUSIMHU 0L ¥ G, Takke U m3MepeHmsiMi koddduirenta Xomma (R x ) .

Ha  puc. 3 IpHMBEIEHA  3aBUCHMOCTh lg(R, T312) or (1/T). Ha
3asucumoct Ig(R, T31?) or (1/T) kak HEOTOXEHHBIX, TAK M OTONOKEHHBIX 00PA3IIOB HAGIFOAKOTCS JBA
y4acTKa. DHEprus aKTHBAIMM HU3KOTEMIIEPATYPHBIX YJaCTKOB ISl BceX OOpaslioB OJMHAKOBA U paBHA
0,015 »B. Tlocne m3ruba sHeprusi akTuBaMK pacteT. Kpome Toro, mpu omxure 3HadueHus Ry Bo BceM
UHTEpBAJIC TEMITEPaTyp pacteT (puMepHo B ~ 1,5 pasa ). MOKHO MPEOI0kKUTh, YTO OTKUT IPUBOIUT K
HEKOTOPOMY YMEHBIIICHHIO KOHIICHTPAIK HOCUTENIEH 3apsijia B o0pasiax. CrenoBaTenbHO, CHITBHBIA POCT
HJIEKTPOIPOBOAHOCTH OOpAa3IoB CO BPEMEHEM OTXKWTa OOYCIIOBJIEH POCTOM IOABMXKHOCTH HOCHTENEH
3apsiia.

CrereHb 3aBUCHMOCTH x~T" MBMEHSICTCS! [IPU MEPEXOJIe OT HEOTOMOKSHHOIO 00pasiia K 00pasiry ¢
ONTUMATBHBIM OTKHUIOM OT - 2,5 10-3,0. To ecTh, ¢ pOCTOM TeMIiepaTypbl MOABUAKHOCTh OTOXOKEHHBIX
00pazoB MeHseTCsl cuilbHee, 4eM y oOpa3ioB 0e3 omkura [3]. C Apyroil CTOPOHBI, TOABMKHOCTH Y
OTOMOKEHHBIX 00pa3IioB OOJIBIIIE YeM Y 00pa3IioB 03 OTXKHTA.

Ha ocHOBe BbIIIeNepeYNCICHHBIX JaHHBIX MOXKHO TPEATONOKUTh CICAYIOIIMA MEXaHU3M
MPOBOJIMMOCTH B 9THX oOpasuax. [Ipemronaraercs, 4to B SKCTPYAMPOBAHHBIX O0pAa3lax CYIIECTBYIOT
HanpsDKeHHBbIE o0nacTy (nedopMaIlMoHHbIE 1e(DEKThI), SIBISIONIHECS MOTEHIMATBHBIMU OapbhepaMul Tpu
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JBIDKCHUM HOCHUTENEH 3apsia, a TAKKe CO3JAOIIMECS JIOKAIBHBIE YPOBHM B 3alIPEILCHHOM 30HE.
OJeKTpoHaM NEepeOpOLIEHHBIM 3a CYET TEIUIOBOM SHEPIUM M3 BAJIEHTHOM 30HBI WIM M3 JIOKAIBHBIX
YPOBHEH B 30HY

Ny
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Puc.3. TemmepaTypHas 3aBUCHUMOCTh KOd(uIMEHTa XoJuia 00pa3loB TBEPIOrO pacTBOpa
BigsShis. 1 - 6e3 omkura, 2 — npu oTKHre 2 yaca.

MPOBOAMMOCTH, YTOOBI Y4acTBOBATh B IPOBOAMMOCTH, HEOOXOIUMO IPEOJIONEBATh 3TH MOTEHINAIBHBIC
Oapbepbl. [loaToMy 3HEprusi akTHBAIMM HEOTOMXOKEHHEro oOpaslia MMEET HauOOoJIblliee 3HAYeHHWE, U
00JIbI1Ie YEM KaK OT IIMPUHBI 3aIpelEHHON 30HbI JaHHOTO cocTaBa (~20 M3B), Tak 1 SHEpruM aKTUBALU
BbIumcIeRHoro m3 3apucnvoctd Ig(R,T312) or (I/T). Tlo Mepe yBeNMUEHMS BpEMEHH OTXKHIA,
HanpsHKEHHBIE 00J1aCTH TOCTENIEHHO CHIDKACTCS, BBICOTA MEXK3EPEHHBIX MOTEHIMAIBHBIX OapbhepoB
YMEHBIIIACTCS, BCJIEICTBUE YEr0 OSHEPIWsl AKTHBAIMM AJIEKTPOIPOBOAHOCTH YMEHBIIACTCS. YCT-
paHEeHHe HaIpPsDKEHHBIX 00J1acTeil CONpOBOXKIACTCS TAKKEe YMEHBIIEHMEM KOHLIEHTPALMU MPHUMECHBIX
HOCHUTeJIeN TOKa, YTO MPUBOJUT K HEKOTOPOMY pOCTy o ¥ Rx 00pa3IioB ¢ oTxurom.

KpoMe Toro, HaGITO/IeHNe JIBYX JIMHEHHBIX ydacTKoB Ha 3aBucuMoctsX Ig(R,T312)m or (1/T) u
3HAYEHUS SHEPTUM aKTUBAIIMK BBIYMCIICHHBIE M3 9TUX YYACTKOB, JAIOT OCHOBAHMS MPEATIoNaraTh 4To B
00JIaCTH HUBKHUX TEMITEPATyp, SJIEKTPOHBI BO30OYKIAIOTCS M3 TITyOOKOJISKAIMX JIOHOPHBIX YPOBHEH, a B
0071aCTH BBICOKHX TEMIIEPATyp — U3 BaJIEHTHOM 30HBI 3 30HY IPOBOIMMOCTH.

[penmnonaraercsi Takxke, YTO pa3HHIA MEXIy 3HAUCHUSIMH DHEPIUM akTMBAIMM G U Rx B
HEOTONOKEHHBIX oOpasiax, kotopasi cocraBisier ~ 0,009 3B cooTBeTCTByeT BBICOTE MOTEHIMAIBHOTO
Oapbepa, coznaBaemoro nedopmarpionHpMU edektamu. Takum, 00pa3oM, HM30TEPMHUYECKUN OTKUAT
NPUBOJIUT K 3aMETHOMY HMCYE3HOBEHMIO CTPYKTYPHBIX J1e(heKTOB, 0Opa30BaBIIMXCS MPH IIACTUUECKON
nedopmMaryu, KOTOpbId TPUBOUT K POCTY MOJBHKHOCTH HOCHUTEEH 3apsia.
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TERMOELEKTRIK SOMOROLILIK VO ONUN ARTIRILMASI YOLLARI

Cavadov E.M., Mommadov E.M., Seyidova ILA.
Goanca Doviat Universiteti

Acar sozlar: termoelektrik materiallar, termoelektrik samaralilik, elektrik kegiriciliyi,
istilik kegiriciliyi,

KiaroueBble cJ10Ba: TCPMOIJICKTPHUIYCCKHEC MaTCpHralbl, TCPMOIJICKTPHUUCCKAA
3¢ (HEeKTHBHOCTE, STEKTPHUECKAsT TPOBOAMMOCTD, TETLIOMPOBOIHOCTD,

Key words: Termoelectric materials, thermoelectric efficiency,electrical conductivity,
thermal conductivity,

Enerjinin oldo edilmasi vo ¢evrilmasi miiasir sivilizasiyanin faaliyyatinin on miihiim
istigamatlorindon biridir vo onun mévcudlugunun osasini togkil edir. Praktiki totbiglor iigiin on
olverisli vo universal enerji formasi elektrik enerjisi oldugundan, onun oldo edilmosinin on
somarali tisullarin islonib hazirlanmasi xiisusi shomiyyat kasb edir vo bu istiqgamotdo axtarislar
he¢ vaxt dayanmamusdir. Istilik enerjisinin elektrik enerjisino cevrilmosinin samoraliliyinin
artirtlmas1 mosolosi xtisusilo koskin xarakter almigdir. Bu, hazirda faydali qazintt mongali
yanacaq novlarinin ¢atismazligiin hiss olunmasi, homginin istilik elektrik stansiyalar1 torofindon
atmosfera buraxilan vo istixana effekting, eloco da gqlobal iqlim dayisikliklarina sobab olan bdyiik
hacmds qaz emissiyalari ilo baghdir [1].

Bu baximdan baork cisimli termoelektrik ceviricilara boyiik digqgat yetirilmisdir. Sonuncular
ononavi elektrik generatorlart ilo miiqayisedo bir sira istiinliikloro malikdir: konstruksiyanin
sadaliy1, harokatli hissalorin olmamasi, sassiz isloma, yiiksak etibarliliq, ham¢inin somaraliliyin
itirilmodon miniatiirlosdirilmo imkani. Onlar homginin ekoloji cohotdon tomiz soyuducu
qurgularda istifado olunur, cilinki bu cihazlar vasitasilo enerjinin ¢evrilmosi har iki istigamotds
miimkiindiir. Lakin hazirda termoelektrik qurgularin tomin etdiyi ¢evrilmo somaraliliyi anonavi
quruluslu elektrik generatorlar1 vo ya soyuducularla miiqayisado daha asagidir vo buna goro do
sonayedo genis yayillmamisdir. Eyni zamanda, onlarin stiinliiklorinin ¢atigsmazliglar: iistolodiyi
bir sira totbiq sahalori movcuddur. Onlar kosmik aparatlarda va qol saatlarinda elektrik enerjisi
monbayi kimi istifade olunur, moisotde portativ soyuducu qurgularda, elektron, tibbi vo elmi
avadanlhiqlarda totbiq edilir. Xiisusils, infraqirmizi gobuledicilorin vo optoelektron qurgularin
soyudulmasinda, eloco do yiiksok sinif avtomobillordo oturacaqlarin kondisionerlogdirilmasinds
istifado olunur. Lakin termoelektrik enerji ceviricilorinin haqigaton genis sonaye totbiqi ii¢lin
onlarin somaraliliyinin shomiyyatli deracads artirilmasi zaruridir [2].

Termoelektrik materialin  osas xarakteristikasi, onun osasinda hazirlanmis enerji
ceviricilorinin funksional yararliligini vo somoraliliyini miioyyon edon gostorici onun
dobrotlugudur (termoelektrik somorolilik), hansi ki, temperaturun tors Olcilisiino malikdir vo
yalniz ¢evirici materialin fiziki xassalorindon asilidir:

T=02c/e
Burada: o — termoelektrik harakot qlivvasi; o — elektrik kegiriciliyi; & — istilik kegiriciliyi.
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Termoelektrik somoralilik artdiqca cihazlarin enerji gostaricilori yaxsilasir. a, ¢ vo & parametrlori
0z ndvbasinds maddanin asas fiziki parametrlorindon—qofas istilik kegiriciliyindon, dasiyicilarin
harakatliliyindon va yiik dastyicilarinin effektiv kiitlodon asilidir.

Termoelektrik materiallarin optimallasdirilmasinin asas prinsiplori bunlardir:

e Materialin elektrik kegiriciliyinin artirtlmas1  (yliik dasiyicilarinin  harakatliliyinin
artirtlmasi);

e Materialda Zeebek omsalinin artirilmast (Fermi saviyyasino yaxin hallarin sixliginin
artirilmasi);

e Materialin istilik kegiriciliyinin azalmasi, zarraciklorin  sorhadlorinds fononlarin
sopalonmasi hesabina.

Termoelektrik effektliyin maksimum qiymoti miioyyan yiik dasiyicilarin konsentrasiyasina
uygun golir ki, bu da asqarlarin daxil edilmosi vo ya materialin torkibinin stexiometrik nisbotdon
konara ¢ixmasi yolu ilo oldo edilo bilor. Belsliklo, BizTes asash yiiksok effektiv termoelektrik
materiallarin hazirlanmasi onlarin fiziki-kimyavi xassolorinin Oyronilmasi, olave olunmus
qarisiglarin legirlomo tosirinin miioyyon edilmasi, dasima proseslorinin vo enerji zonalarinin
strukturlariin tadqiqi, hamginin texnoloji sortlorin struktur vo xassolora tosirinin dyronilmasi ilo
baglidir. (1) diisturuna ossason, yliksok keyfiyyotli termoelektrik material eyni zamanda yiiksok
elektrik kegiriciliyino, boylik termoelektrik gorginliysa vo asagi istilik kegiriciliyino malik
olmalidir. Termoelektrik gorginlik  vo elektrik kegiriciliyi yalmiz materialin  elektron
xtisusiyyetlori ilo miisyyon olunur, halbuki istilik kegiriciliyi elektron qatqi ilo yanast kristal
gofasin istilik keciriciliyinin comini togkil edir. Elektron qazinin istilik kegiriciliyi oksino ogor
kristal qofaslo garsiligh tasir yoxdursa, elektron qazi na gador enerji alirsa, o qadards 6tiiriir. Cox
giiclii qarsiliglt tesir zamani iso elektron enerjini alir, lakin faktiki olaraq onu Otlirmiir.
Videmann-Frans ganununa goro, elektrik kegiricilik birbasa elektron istilik kegiriciliyi ilo
miitonasibdir. Kegciriciliyin artmasi yalniz elektron istilik kegiriciliyinin artimi ilo deyil, eyni
zamanda termoelektrik gorginliyin azalmasi ilo miisayiot olunur, buna goéro do ZT -nin
optimallagdirilmas: asan deyil. Tobiotdo eyni zamanda hom yiiksok termoelektrik gorginlikyo
hom do asag: istilik miigavimatina malik olan materiallar yoxdur. Ziddiyyot ondadir ki, yiiksok
elektrik keciriciliyi elektronlar torofindon kristal qofss ilo zaif qarsiliglt tosir naticasinda tomin
olunur, lakin eyni zamanda elektronlar torafindon dasinan istilik pay1 da ¢ox ohomiyyatlidir. Buna
gora do yiiksok termoelektrik effektivliyo malik materialin yaradilmasi masaloasi aktualliq kasb
edir, yoni termoelektrik gorginliys, istilik kegiriciliyi vo elektrik kegiriciliyi iizro optimal
parametrlora malik materiallarin hazirlanmasi talab olunur [3].

Son onilliklordo, kristal qafosin anizotropiyasindan istifade edilmokls vertikal zona oritmo
metodu ilo alde edilmis materiallarda yiiksok termoelektrik effektivlik qiymaotina, yoni

Z = 3,2:1073 K™ nail olunmusdur (p-tipli o elektrik kegiriciliyi Gglin 2+3, n-tipli o elektrik
kegiriciliyi liglin 4+6). Qeyd etmok lazimdir ki, n-tipli materialin termoelektrik parametrlori
timumilikdo homiso p-tipli materialin gostoricilorindon asagidir. Lakin zonlu arimo metodu ilo
olds edilmis materialin kristallarinin lehim miistavilori boyunca yarilmasi sobabindon mexaniki
xassoalari ¢ox asagidir; bu miistovilor arasinda Van-der-Vaals qiivvalari Gstiinliik toskil edir ki, bu
da mexaniki emal zamani material itkilorino sobab olur. Buna goéro do, ¢ox colbedici vo
perspektivli yanagma olaraq isti ekstruziya metodu gqalir. Bu metod wvasitosilo istonilon
konfiqurasiyada termoelektrik material ¢ubuglart aldo etmok miimkiindiir vo n-tipli kegiricilik
tiglin Z > 2,8-1073 K™, p-tipli kegiricilik {i¢iin iso Z > (3,0-3,2)-1073 K™ doyarlorins nail olmaq
olar. Mexaniki xassolor baximindan ekstrud edilmis material zonlu arimo metodundan sonra alda
olunan materialdan 2—3 dofs giicliidiir.
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Hazirda hocmi nanostrukturlasdirilmis termoelektrik materiallarin istehsali vo dyronilmasi
genis viisot almisdir. Nanostrukturlagdirilmis termoelektriklordo termoelektrik effektivliyin
artmast osason kristal qofasin istilik keciriciliyinin azalmas1 ilo baghdir ki, bu da
nanohissociklorin sorhodlorindo vo hissociklor daxilindoki struktur qiisurlarinda fononlarin
sopalonmasinin artmasi noticosindo bas verir [4].
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Xiilasa
Mogqalado termoelektrik enerji geviricilorin somoraliliyi, osas fiziki parametrlori vo
optimallagdirma yollar1 arasdirilir. Elektrik kegiriciliyinin artirilmasi, Zeebeck omsalinin
yiiksaldilmaesi va istilik kegiriciliyinin azaldilmasi iisullart izah edilir. Bi; Tes osasli materiallar,
zonlu orimo vo isti ekstruziya metodlari, homg¢inin nanostrukturlagsdirma vasitosilo yliksok
termoelektrik effektivlik aldo etmok miimkiindiir.

Annomauus
B crathe uccnenyercs 3ppeKTUBHOCTD TEPMOAIIEKTPUUECKUX MpeoOpazoBareseil s3Hepruy,
UX OCHOBHbIE (U3MUecKHe mnapaMeTpbl M IyTH ONTHMHU3ALMU. PaccMmaTpuBaioTcs METOIbI
MOBBIIIEHUS 3JIEKTPUUYECKON MPOBOAMMOCTH, yBeIuueHHUs Kodpdunuenta 3eedexa U CHUKEHUS
TeruionpoBoAgHocT. [TokazaHo, uTo Ha ocHOBe MaTepuaioB Bi, Tes, ¢ HCIOIb30BaHUEM 30HHOTO
IUTABJICHUS, METOJIa TOpsiYel JKCTPY3HM, a TaKK€ HAaHOCTPYKTYPHUPOBAHUS, MOXKHO JOCTUIATh
BBICOKOH TEPMODJIEKTPUUECKON AP (HEKTUBHOCTH.

Abstract
The article investigates the efficiency of thermoelectric energy converters, their
fundamental physical parameters, and optimization strategies. Methods for enhancing electrical
conductivity, increasing the Seebeck coefficient, and reducing thermal conductivity are
discussed. It is demonstrated that high thermoelectric performance can be achieved using Bi, Tes-
based materials through zone melting, hot extrusion techniques, and nanostructuring.
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TlIn1xAux Se2 -TISe HETEROKECIDLORININ FOTOELEKTRIK XASSOLORINO
QAMMA KVANTLARIN TOSIRI

Riistamov V.C., Namazov Y.B., Osadova H.X., Omiraslanov I. F,
Goanca Doviat Universiteti
yahya.namazov@gdu.edu.az

Acar sozlar: heterokecid, radiasiya effektlori, termik sonmo, fotohassasliq.
KiroueBble cji0Ba: reTepornepexo/l, paauanroHHbie 3 (HeKThl, TepPMUUECKOE ralleHHe,

(OTOUYBCTBUTEILHOCTD.
Keywords: heterostructure, radiation effects, thermal quenching, photosensitivity

TlIn1xAux Sez -TISe asasinda alinmis heterostrukturlarda bas veran radiasiya effektlorinin
kristalin vo TISe tobogosinin fordi xiisusiyystlorindon asililigini miioyyon etmok mogsadi ilo

fotoelektrik xassalaring y- kvantlarin tosiri tadqiq edilmisdir.
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Sokil 1. Muxtalif stialanma dozalarinda TlInixAux Se; -TISe heterokegidlorindo kvant
effektivliyinin nisbi spektral xarakteristikasi (p- TlIinixAux Se> -TISe - torofdon isiglanma
zamam):l. ®=0; 2. ®=10°; 3.d =1-107 rad. Sokil Ustii:l. A1 = 0,80 mkm va 2. A2 =1.70 mkm
uygun fotocorayanin siialanma dozasindan asilihig.
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Sokil 2. Mixtalif stialanma dozalarinda TlInixAux Se; -TISe heterokegidlorindo kvant
effektivliyinin nisbi spektral xarakteristikasi (T1Se - torofdon isiglanma zamani):1. ® =0 ;2. ® =
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10% 3. ®=1-10" rad.

Sokil Gsti:l Az = 0,80 mkm vo 2. A2 =1.70 mkm  uygun fotocarayanin siialanma
dozasindan asililig1.

Alinmis tocriibi  naticalorin  tohlili  gostorir Ki, stialanma dozasindan asili olaraq
rekombinasiya morkazlorinin  konsentrasiyasinin  doyismosi termik  sénmo  hadisasinin
zoiflomasina sabob olur. Bu iso elmi oadobiyyatda binar sistemlor tciin alinmis naticalarlo uzlasir
va méveud nazariyyalarls izah olunur.

TlinixAux Sez -TISe heterokecidlorinin spektral xarakteristikalarinin todgiqi siialanmadan
vo sonra aparilmisdir. Sokil 1-do muxtalif siialanma dozalarinda  TlInixAux Sex -TISe
heterokecidlorinds kvant effektivliyinin nisbi spectral xarakteristikas: verilmisdir. Bu zaman
ndmunonin isiglandiriimas: TISe sothi torafdon aparimigdir. Sokil 1-don gorunur ki, spektrin Az
= 0,80 mkm vo 2. A2 =1.70 mkm hissalorindo maksimumlar miisahids olunur. A1 =0,95 mkm
TlinzxAux Se2 -TISe monokristalinin, A2 - 1,70 mkm isa TISe tebagesinin udulma oblastina
uygun golir. Maksimumlarin giymati nazoro almagla optik kegidlorin eneijisi miayyan
edilmisdir. Hesablama noticasindo miayan edilmisdir ki, kegidlara uygun enerji ¢op kegidlora
uygundur vo enerjilorin giymoti materiallarin gadagan olunmus zonasina uygun golir vo
odobiyyatda olan molumatlara uygundur.

Sokil  2-do mixtalif stialanma dozalarinda TlInixAux Se> -TISe heterokegidlorinds kvant
effektivliyinin nisbi spektral xarakteristikas: verilmisdir, isiqlanma TlInixAux Se> -TISe sathi
torofdon apaillmisdir. Alinmis spektrdon gorinir ki, spektral xarakteristika iki maksimumdan
ibarotdir vo dalga uzunlugunun A1 = 0,80 mkm vo 2. A2 =1.70 mkm giymatlorinds fotocarayanin
maksimal giymotlori miisahido olunur. Sokil 1 vo 2 -nin migayisasi gostorir ki, TISe sathini
isiglandirdigda A2 =1.70 mkm maksimumunun amplitud giymati, A1 = 0,80 mkm misahida
olunan maksimuma nazaran daha yiksak olur. Miisahids etdiyimiz fakt gostorir ki, enli gadagan
olunmus zonaya malik komponent torofdon isiglandirdigda fotohossaslhigin spektrindo iki
maksimumun miisahids edilmosi heterokegidlorin xarakterik xususiyyati ilo baghdir. Dar zolagh
sath isiglandirildiqda fotohassashigin kaskin doyismasi isa, materialin udma gabiliyyatinin kaskin
dayismasini gostoarir.
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Annomauus
HccnenoBaHo BIMSIHHME Y-KBAHTOB Ha (POTOIIEKTPUUYECKHE CBOWCTBA TE€TEPOCTPYKTYp Ha
ocHoBe TlInixAux Sex -TISe. HccienoBanue CrieKTpaIbHBIX XapaKTEPUCTHK MPOBOIMIOCH 10 U
nocie oOmydeHus. B pesynbraTe pacdera YCTaHOBJIEHO, YTO HHEPIUs, COOTBETCTBYHOILAS
nepexoaaM, COOTBETCTBYET HAKJIOHHBIM IE€pexojiaM, a 3HAaYeHHe HHEPrHid COOTBETCTBYET
3aIpeneHHON 30He MaTepraos.
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Summary

The effect of y-quantums on the photoelectric properties of heterostructures based on TlIn;.
xAux Se> -TISe was studied. The study of spectral characteristics was carried out before and after
irradiation. As a result of the calculation, it was determined that the energy corresponding to the
transitions corresponds to the oblique transitions and the value of the energies corresponds to the
forbidden band of the materials.

TLIN1xAux Se; -TLSE HETEROKECIDLORININ MUXTOLIF SUALANMA
DOZALARINDA VOLT-FARAD (VFX) XARAKTERISTIKALARI

Riistomov V.C., Namazov Y.B., Omiraslanov L F., Osadova H.X.
Ganca Doviat Universiteti

yahya.namazov@qgdu.edu.az

Keywords: Single crystal, heterojunctions, microprobe X-ray spectroscopy, capacitance of
heterojunctions, radiation defects

KuarwueBble ciaoBa: MOHOKpUCTAII, TETEPONEPEXOJbl, MHUKPO30HIOBAas PEHTTEHOBCKas
CIIEKTPOCKOIIHSI, EMKOCTh TeTEPOIEPEX0/I0B, PaAHAIMOHHBIC 1e(DEKThI

TlInSe2 monokristallarmin rentgenstruktur[1,2,3], elektrik [5,6,7,8], fotoelektrik [4] vo
optik xassalorinin todqiqi 9sasinda hesablanmis parametrlorin tohlili sayasinds akseptor vo donor
tipli asqarlarin konsentrasiyasi, kristal gofosin parametrlori vo onlarin temperatur asililiglar
miioyyon edilmisdir. Yarimkecirici materiallar osasinda heterokegidlorin  hazirlanma
texnologiyasina uygun olaraq [3], TlInixAux Se> monokristallar1 kristal qofasine uygun material
kimi, eyni struktur qurulusuna malik vo kristallik parametrlori ¢ox yaxin olan TISe kristal
secilmisdir. T1Se kristalinin torkibi mikrozondlu rentgen spektroskopiya iisulu ils tayin edilmis vo
alinan naticolora gora tobaqe atomlarin paylanmasi TISe birlogmonin kimyavi formulasina uygun
olmus vo tobagonin sothi boyunca tokrarlanmisdir. Oldo olunmus noticolor qeyd olunan
materiallar asasinda heterokegidlorin yaradilmasi {iglin bizo imkan vermisdir. Bu mogsadla TlIns-
xAUx Sez monokristallarinin tomiz sathi iizorine termik buxarlandirma tisulu ils qalinligr 5 + 10
mkm olan teboqo ¢okdiiriiliir vo 200°C temperaturunda 30-50 doqiqe miiddotindo domlonir.
Alinmis struktura indiumun vo ya giimiis pastasinin kdmaoyi ilo omik kontakt qoyulmusdur.

Almmmis heterokecidlordo asqar atomlarmin  hocmi yiiklor oblastinda paylanma
qanunauygunlugu vo parametrlori toyin edilmisdir. Hazirlanmis heterokecgidlorin volt-farad
xarakteristikalar1 E7-8 cihazi osasmda hazirlanmis qurgrunun komoyi ilo 6l¢iilmiisdiir. C2 ~ f(U)
asililiginin 6l¢lilmasi zamani korpii sxemindan istifads edilmis vo faza detektorunun kémayi ilo
kompensasiya edilmisdir. Korpiiniin qidalandirilmasi I'3 - 49A-tipli generator ilo aparilmigdir vo
alinmis signalin amplitudu 250 mV olmusdur.

Heterokegidin ¢opar tutumu C = €g,S/d ifadasini vo tutum ii¢iin Puasson tonliyini nozoro
almagqgla tutumun formulasini bels ifado elomok olar:

1
C = egyS[qa/deey(U + Uy)|n Q)
Bu tonlikde miisyyon cevrilmalor aparsaq, alinan ifado kontakt potensiallar forqini hesablamaga
imkan verar:
(Co/C)" =1 =U/U, 2)
burada: Co - gorginlik olmadan p-n keg¢idin tutumudur.
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Asqar atomlarinin paylanma funksiyasini asagidaki
kimi molumdur:

N(x)=-C?/q-£,5°(AV / AC) 3)
Almmis Ifads hocmi yiikler oblastinda siialanmadan
ovval agqarlarin paylanma
ganunauygunlugunu gostorir. n=3 olmasit 1iso
paylanmanin xotti qanuna tabe olmasini siibut edir.
Tocriibi noticolor gostorir ki, slialanmadan sonra
asqar atomlarinin hacmi yiiklor oblastinda paylanma
ganunu doyiso bildiyindon tutum asagida gostorilon
ifads ilo hesablana bilor:

C = SqnuVD/VKT  (4)
burada: S- hocmi yiuklor oblastinm sahasi, ¢ - ) : _ . ; 3
elementar yUk, ni - moxsusi konsentrasiya, p- Sokil 1. TlIn1xAux Sez -TISe heterokegidlorinin
yiikdasiyicilarin yiirtikliyii, D- diffuziya omsali, 7 -  mixtlif siialanma dozalarinda volt-farad
yiikdastyicinin yasama miiddoti, K- silalanma zamam  xarakteristikalari gostorilmisdir (T=300K ) : 1-5
p-n kecidin zods alma smsalidir. 0;2-100; 3-150 ; 4- 200 ; 5- 250; 6- 500 krad
Sokil 1-don  gériiniir ki, C?*~f(U) asilihginda,
sialanmadan  sonra  ilkin  miisahido  olunan
ganunauygunluq saxlanilir, ancaq heterokecidlorin tutumu eksponensial ganunla azilir. Alinmis
oyrilorin gorginlik oxuna nozoron ekstropolyarizasiyasindan toyin olunan tutumun kosigsmo
gorginliyinin azalmasi miisahido olunur. Uo —gorginliyinin ki¢ik gorginliklora torof siirlismasi
hocmi yiiklor oblastinin siialanmanin tesiri naticosinds genislonmasi ola bilor. Hocmi yiiklor
oblastinin tutumu K- zodolonmo omsalinin kvadrat kokii ilo tors miitonasibdir. Sokil 1-don
goriiniir ki, stialanma dozasinin artmasi ilo tutum xotti azalir. Buna sobab iso siialanma zamani
strukturanin baza oblastinda yaranan radiasiya defektlori hesabina p-n kegidin eninin
genislonmosidir.
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Annomayusn
CraThsi TOCBSINEHA W3MEPCHUIO BOJIBT-(PapaJHbIX XapaKTEPUCTUK TE€TEPOIEPEX0/IoB,
NOJYYEHHBIX TEPMUYCCKUM HCIIAPEHHEM Ha YHCTOM MOBEPXHOCTH MOHOKpHCTALIOB T lIN1-xAux
Se2. YcraHoBIIeHO, YTO NEpBOHAYANILHO HaOMIOAaeMas 3aKOHOMEpHOCTh B 3aBucuMocTH C~f(U)
coXpaHsieTcs mociie  OOJy4eHHus, OJHAKO EMKOCTb TeTepONepexXO/0B  yMEHBINACTCS
9KCIOHEHITHAIBHO.

Abstract
The article is devoted to the measurement of the volt-farad characteristics of
heterojunctions obtained by thermal evaporation on the clean surface of TlInixAux Se» single
crystals. It was found that the initially observed regularity in the dependence of C2~f(U) after
irradiation is preserved, but the capacitance of the heterojunctions decreases exponentially.

CHUHTE3, BBIPAIIUBAHUE U UCCIENJOBAHUE ITAPAMETPOB
CBETOJATYUKOB HA OCHOBE TBEPJBIX PACTBOPOB Tl1-xCuxInSez

Pycmamoes B. /I., I'yvnues M.C.,Moecymoea U.M., Amupacnanoe U.®.
I'anoscunckuii I'ocyoapcmeennviit Ynueepcumem
vagifrustemov75@gmail.com

Acar sozlar: yenidon kristallasma, hallolma, monokristal, birfazali, fotohoassasliq,
fotosensor, detektor.

KiaroudeBble ciioBa: HNCPCKpUCTAIIM3aludg, PaCTBOPUMOCTb, MOHOKPHUCTAJIII, O,I[HO(I)a3HBII71,
(OTOUYBCTBUTENEHOCTD, POTOJATUHK, IETEKTOP.

Key words: recrystallization, solubility, single crystal, single-phase, photosensitivity,
photosensor, detector.

W3BecTHO, uTO AJid peructpaunu Buaumoro u OmkHero MK m3myuenuit ncnonb3yroTces
(oTOUyBCTBUTENIbHBIE MaTEPHAJIbl HA OCHOBE KPEMHUS, FepMaHMs U Apyrue.

[Tpombinnenssiit potopesuctop P@C-K2 xapakrepu3yroTcst ClEIyIOIUMU MapaMeTpaMu:
Eg=2,49B, pabouee nanpskenue 110-120B, paboyas miomans 4x7Mm? (ocTambHbIE TAPAMETPHI
npuBeqeHbl B Ta0n.1. Paboune momiaau ¢GoTomaTyukoB Ha ocHOBe KpucTauioB TlixCuxInSe;
(0<x<0,025) n3meHsmmCh B mpezienax 2x5+3x7Mm2, a pabodee HaNpsKEHNE cocTapsio ~10B.

VY4yer 0ocoOeHHOCTEH CHEKTPaldbHOTO pacnpeieieHus (OTOUYBCTBUTEIBHOCTH CIOUCTBIX
marepuasioB T1INnSe; w  TBepmplX pacTBOPOB Ha €ro OCHOBE UM CpaBHEHHE HX CO
CBETOUYBCTBUTEIbHOCTHIO (oTopesuctopa OC-JI» moka3plBalOT, YTO TBEPIbIE PACTBOPHI
KaTHOHHOTO 3amenieHusi T1¢» Cu Ha ocHoBe TlINSe, sABISIFOTCS MEPCHIEKTUBHBIMU MaTepHaIiaMu
JUIs CO3/1aHUs (POTOPE3UCTOPOB.

Momnokpuctamiel  TlixCuxInSe2  BeipammBanu ~ metogoM  bpumkmena-Ctokbaprepa.
Temneparypa 30Hbl mnaBieHus coctaBimsia 1060K, temneparypa orxura 960K, B 30He
KpucTaJIM3auu Obul co3faH TemmeparypHblii rpagueHT 30K/cMm. IlomyuyeHHble KpUCTaNLIbI
00J1a1a10T p— TUTIOM MPOBOJANMOCTH.

[Toneuennsle TakuUM O0Opa3oM CIUTKH, corjacHo P®DA, oxkazanuchk o0aHO(a3HBIMHU.
Pentrenorpammbl MOHOKpUCTAIIOB Tl1xCUxINSE2 cOOTBETCTBYIOT MOMy4YeHHBIM B [ 1, 2].
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[Ipu cuHTE3e TBEpPABIX PACTBOPOB C IIEJIBI0 PAaBHOMEPHOIO paCHpeACiCHUS aTOMOB
BBICOKOTEMIIEPATYPHYIO BBIAEPKKY M MPOLECC OXJIAXKACHUS OCYIIECTBISUIM MOJ JAEHCTBHEM
AIIEKTPOBUOpAITUH.

[TomyueHHbIE CIUTKU OKa3aJUCh COBEPUICHHO OAHOPOAHBIMU. OHOPOIHOCTH 00Pa3IIOB 10
JUIMHE TIOATBEPKAAI0TCS JAHHBIMU PEHTTEHOTPaMM pa3IMYHbIX YacTel KpUcTasia.

Momnokpuctamibl Tli«CuxInSe; BeIpamuBaniu MeTOIOM 30HHOH MEPEKPHCTAILUIH3AINHE €€
3P PEKTUBHOCTh 00ECIEUnBaNach TeM, YTO TH KPUCTAJUIBI, TEPMUYECKH JOCTATOYHO CTOMKHE
00yasal0T Majod yNpyrocTbio MapoB B TOYKE IUIABJICHHS, COAEPKAT XOPOILIO PacTBOPUMbIE
OpUMECH B KHUJIKOH (haze, UMEIOT IMOJIOKUTENBHBIA KOA(P(OUIMEHT TEIJIOBOIO PACHIMPEHHS U
IUIaBSTCS MIPU CpelHUX Temmeparypax. Kpucrtamisl 60onblinX pa3MepoB BhIpAIIUBAIU Kak MpU
TOPU30HTAILHOM, TaK MPH BEPTHKAILHOM MEPEMEIIEHUH PacIljiaBIeHHON 30HBI 0€3 3aTpaBKH.
PacrinaBnennbie 30HbI (JTMHOW OT 5 10 15 MM) mepemernanu co CKopocThio 6-20 MM/4. Yucmo
IIPOXOJI0B 30HBI BapuBoBaiu oT 4 10 30.

[TomyueHHble TakMM CHOCOOOM  KPUCTAIBI ~ pacKalblBald MO JBYM B3aUMHO
NEePIEHANKYISIPHBIM 3€PKAIbHBIM IUIOCKOCTSM, B PE3YyJbTaTe YEro OHH MpHOOpeTain (HOpMBI
IOPsIMOYTOJIBHBIX TMapaienenuneaoB. OQHaKo NaNbHEWIINI aHalIW3 IOKa3al, YTO IUIOCKOCTU
BHEIIHEH OrpaHKH YKa3aHHBIX MPSMOYTOJbHBIX MapaJUIeNIeNUIe OB HE COOTBETCTBYIOT
OCHOBHBIM OOKOBBIM IIJIOCKOCTSIM 3MMEHTapHBIX sUY€EK TETPArOHAIbHBIX PEUIETOK JaHHOTO
coequaeHusi. OKa3aloch, YTO KPHCTALIBI TIPU OSTOM CKAJIBIBAIOTCS MO JAHArOHAIBHBIM
IUIOCKOCTSIM ~ TETParoHalbHBIX  DJIEMEHTapHbIX  sdyeek. CrenoBaTesNbHO,  MapaieabHO
pacIoyioKeHHbIE K TeTparoHaibHOM ocu «C» €CTECTBEHHbIE CKOJbI cooTBeTrcTBOBaU [110] m
ABIISTUCH TUIOCKOCTSIMH POCTa, @ OpUEHTalus caMoit ocu «C» B CIIUTKE 3aBUCENIa OT KOHKPETHBIX
YCIIOBHH pOCTa: MPH AKCHAIBHOW CHMMETPUH TEIUIOBOTO TOTOKa 0Ch «C» TIpHHUMAIO
HAlpaBlieHUE  MapajyIeIbHOTO  IEpEeMElIeHUsT 30Hbl IMPH  TOPU3OHTAIBHOM  30HHOU
NEePEeKPUCTAILTU3AIIH U TIEPIICHIUKYIISIPHOTO MTPH BEPTUKAIHLHOM.

OnHako B cily4ae rOpM30HTAIbHO HAIMIPABIECHHON KpUCTAIIN3AMU (CO CKOPOCTHIO 5 MM/4)
coenunenus TlixCuxInSe; meromom MemnenHoro oxnmaxaenus (~3K/4) mpu MOCTOSHHOM
rpaguente  temmepatyp  (~6K/cm)  HaOmopmamack — HECKOJIBKO ~ MHAs  OpHUEHTAIus.
Kpucrannorpapuueckas och «C» Obliia HarpasjieHa [0 AUAMETPy CIMTKA, a OHA U3 YKa3aHHbIX
BBIIIE JABYX ITUIOCKOCTEH CKaJbIBAaHHS COXpaHsIIa CBOE HEM3MEHHOE TOPU30HTAIBHOE MOJIOKEHHE
B JJaHHOM ciiy4yae. TakuMm o0pa3oM, BO BCeX TpeX BapHaHTaX KpUCTAJUIM3ALMHU JaHHBIX (a3 ObLia
3aMeYeHa CIeAyIolas TeHICHIMS B OPHEHTAIMAX IUIOCKOCTEH CKOJla: HOpMallb K OJHOH W3
IUIOCKOCTEH CKallbIBaHUS OKa3ajlaCh HAIPABICHHON MapajuleIbHO CHJIE TSKECTH, a HOpMalb
JPYroil  IJIOCKOCTH — B HANPABJICHUH MaKCHUMAIBHOTO TPaJHeHTa TeMIIepaTyphl.

K yka3zaHHON oOpHEeHTaMM MOXXET NpPUBECTH cleaymomas curyanus. Bugumo, Ha
HAYaJbHOM CTaJAMM KPUCTAJUIM3ALUMM O0Opa3yIoUIUiicsl MepBOHAYaIbHBIA 3apOAbIIl B pacillaBe
BCJIEJICTBUE CPaBHUTEIBHO MEHbIIEH YAEIbHON Macchl Jlerde paciiaBa M MOAHUMAETCS Ha €ro
MOBEPXHOCTh; JAJbHEUIINNA POCT TPOHCXOJUT OT JTOTO HEHTPAa KPUCTAJUIM3ALWHU TIIaBHBIM
o0pa3oM B HalpaBlIeHWH MAaKCHMAaJIBHOTO TpajJueHTa TeMIepaTyp. B pesynprate cHavaia
oOpa3zyeTcs TOHKas KpHCTAIIMUEcKas IUIaCTHHKA, IJIaBalolias Ha MOBEPXHOCTH paciulaBa B
TOPH30OHTAILHOM ~ TIOJIOKCHHWH, KOTOpasi TIOCTETIEHHO  «yrayOyisseTcs» B HEro  Io
rpaBUTallMOHHOMY Tmomo. CreayeT OTMETHTb, YTO MCIIOJIb30BAHHOTO METOJa MO3BOJIHIIO
YIPaBJIATh HANpaBlIeHHEM pocTta. TakuM o00pa3oM, B TIOCIEACTBUU YAAJIOCh BBIPACTUTH
MOHOKPUCTAJIJIBI C JKEJIE3HBIMU TE€OMETPUYECKMMU KOH(MUTYpalUsIMH 33JaHHOTO pa3Mepa.
CoBpeMeHHbIE TOHKHE TUTACTUHKH 3TUX KPUCTALIOB OKA3aJINCh JIOCTaTOYHO THOKUMH [3, 4].
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C nOMOIIIBI0 U3JI0KEHHOW METOAMKH YIAIOCh BHIPACTUTh MOHOKpHCTALIBL T l1xCuxInSez
(0<x<0,025) xoTOpBIC HCHOIB30BANH IS UCCIICIOBAHHS TAPAMETPOB CBETOIATUYUKOB.

C 1enbio0 UCCIeIOBaHKsI MMapaMETPOB CBETOMATYNKOB Ha OCHOBE TBEPIBIX PacTBOPOB T li
xCuxInSez s co3gaHusi OMUYECKUX KOHTAKTOB MCIIONB30BAJIM WHJUM, BINAsSHHBIA B IOTOKE
BOJIopoJia pu Temnepatype S00K.

dotosnekrpuueckue cBoictBa T1INSe; mpoaHanu3upoBaHbl B pabOTax MHOTHX aBTOPOB;
nokazano. Yro (HoTope3rcTophl, M3rOTOBJIEHHBIE HAa OCHOBE MOHOKpHCTAIIOB TlixCuxInSe;
001aaloT HOBBIMH  (DYHKIMOHAIBHBIMH BO3MOXXKHOCTSIMH, MPUTOJHBIMH ISl PELICHHS

Pa3IMYHBIX TPUKIIAIHBIX 3a1a4.
Taomuna 1. [Tapamerpsl cBetoaTunkoB Ha ocHOBE Tl1xCuxInSe;

300K
" O61acTh Makcumym } TemnHoBoe
aTepuan CIEKTPAJILHOM | COIPOTHUBIIE PUPey
CBETOYYBCTBHTE
YYBCTBUTEJIHHO HUE, pu 200K
JHHOCTH, MKM
CTH, MKM pt Om

TlinSe; 0,7-1,12 0,90 2,510° 60
Tlo,99CUo,011nSe2 0,7-1,13 0,91 2,0108 240
Tlo,08Cuo 08INSe2 0,7-1,15 0,92 1,5'108 900
Tlo,975CUo,025INSE?2 0,7-1,16 0,923 1,25108 1400

OC-K2 0,42-0,75 0,52 3,310° 20

MOHOKpHCTAILTBI TBEPABIX PACTBOPOB, MOJYyYCHHBIX Ha ocHOBE T1INSe2 nmeroT Gosiee BbICOKHE
3HAYCHHsI MHTErPAIbHOI YyBCTBUTEILHOCTH 10 CPABHEHHIO CO cTeXxnoMeTpudHbiM T1InSey,
IPUYEM C POCTOM X B KpUCTaiLiax TBepabiX pacTBopoB TlixCuxInSez poTouyBCTBUTEIBHOCTD
BO3pacraet 6osee yeM B 20 pas, a criekTpaibHas (POTOUYBCTBUTEILHOCTh HAXOIUTCS B
untepsane ~0,62+1,15 mxm (puc 1.)
Puc.1. Cnextpsl pOTONpOoBOANMOCTh MOHOKpUCTAILIOB Tl1xCuxINSe;
npu T=293K: 1-x=0; 2-x=0,01; 3-x=0,02; 4-x=0,025
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Xulasa

TlhxCuxInSe2  bark mahlulunun mikammol monokristallarinin sintezi vo yetisdirilmasi
tisulu iglonib hazirlanmigdir. Firlanan ampuliin gismon soyudulmasindan istifado edorok daha
somarali Usul mioyyan edilmisdir. Bundan olave, TlInSe2 asasinda Tl«>Cu -nun kationik
avazlonmasinin bark mohlullari fotorezistorlarin yaradilmasi tigiin perspektivli materiallardir.

Annomayus

Pa3spaboTana MeTOIMKa CHHTE3a W BBIPAIIMBAHUS COBEPIICHHBIX MOHOKPUCTAJIOB
tBepaoro pactBopa TlixCuxInSe;. YcranosieHo, 4to Oosiee 3h(HEKTHBHBIM METOIOM SIBIISICTCS
CHHTE3 C YaCTHYHBIM OXJIAKICHUEM HAKJIOHHO BPAIIAOIICHCS aMITyJIbl U BBISIBUIM YTO TBEP/IbIC
pacTBOphl KaTHOHHOTO 3amemieHus T1<>Cu Ha ocHoBe TIINSe; sBIAIOTCS MEPCHCKTHBHBIM
MaTepHaTaMHu JIIs CO3aHuH (POTOPE3UCTOPOB.

Summary
A technique for the synthesis and cultivation of perfect single crystals of the solid solution
Tl1.xCuxInSe2 has been developed. It was found that a more effective method is the synthesis with
partial cooling of an obliquely rotating ampoule and found that solid solutions of cationic
substitution Tl«<>Cu on the basis of TlInSe2 are promising materials for the creation of
photoresistors.

112



BJIMAHUE JASEPHOI'O OBJIYYEHHA B IPOHECCE OCAXKIEHWSA HA
CBOUCTBA IIVIEHOK CdS

Tacoimnvr C.T. mazucmpanum, Caamanoe B.M. 0.¢p-m.n., Mameooe P.M. 0.¢p.n., Mycmadghaesa
JLII. mazucmpanm
bakunckuii I'ocyoapcmeennwtii Ynueepcumem, AZI1148 baky, A3epoaiioncan
e-mail: vagif_salmanov@yahoo.com

KiroueBbie ci10Ba: jazepHas abusiiust, pOTONPOBOIUMOCTD, (OTOUYBCTBUTEIHLHOCTH, CAS.

Kpucramier  cynmepuna kagmus (CdS) —  3T0 HeopraHumueckoe  COCIMHCHHE,
IpEeICTaBIsIoee COOOH  JKeJNTO-OpaH)KEBble  KPUCTAIbl, CyIIeCcTByoommue B  (opMmax
TFeKCAaroHAIBHOTO BIOpIUTA (TPHHOKHUT) M KyOWYECKOro cdayieputa (XOYJIUUT). DTO BaKHBIH
MOJIYNPOBOJHUK TPSIMOIO THUIA C IIMPOKOW 3aMpelieHHON 30HOW ~2,42 3B, mpuMeHsieMblii B
COJTHEYHBIX MaHesX, (oTopesncropax, cBeroguogax H Jazepax. Tonkume menkn CdS,
U3IOTOBJICHHBIE DPA3IUYHBIMU METOJAaMH, MOIYT CYIIECTBEHHO pa3iuyarbcs [0 CBOEH
KPUCTANTHIECKON CTPYKType, KOJIMYECTBY CTPYKTYPHBIX Je(EKTOB, CTENEHH OpPHCHTAIUH,
pasmepy 3epeH, COJIEpXKaHHUI0 PAa3IMYHbIX NpuMeceidl u apyrum napamerpaM. COOTBETCTBEHHO,
JJIEKTpUUECKUE, (HOTORIEKTPUUYECKHE, JIIOMUHECLIEHTHbIE U JPYrHe CBOWCTBA TOHKHX IUICHOK
CdS B 3HauyMTENHHOHN CTENEHW 3aBUCAT OT METOJOB WX HW3rOTOBIEHHsS. B nmaHHOWH pabote
9KCHEPUMEHTAJIbHO HCCIEAYeTCs BIMAHUME OOIydYeHuss BO Bpemsl Ipolecca pocTa Ha
(doTodNeKTpUUYECKHE, JTFOMHHECIICHTHBIC, ONTUYECKHE M CTPYKTypHBIE CBOiicTBa mieHok CdS,
HOJYYEHHBIH METO0OM XUMHUECKOTO PACHIBUIUTEIBLHOIO TMPOJIU3a.

[Inenkn cympduna wagmust (CdS) ObUTM W3rOTOBIEHBI METOJIOM PACHBUIMTEIHHOTO
IUPOJIN3a, KOTOPBIM 3aKIH04aeTcsi B MEJIKOJUCIIEPCHOM paclbuleHuu BoaHoro pactsopa CdCl,
(0,025M) u TromoueBunbl (NH,),CS (0,025M) Ha Harpetyio nomanoxky (400 °C), Haxoasmyrocs
B MHEpTHOM aTMochepe. OMHUecKHe KOHTAKThl K o0pa3laM HaHOCHUJIMCh METO/0M BaKyyMHOI'O
ucrmapeHus uHAusA. B KkadecTBe HMCTOYHMKA OOJYyYeHMsI HCHOJNb30BATMCH Pa3IUYHBIE
HeNpephIBHBIE J1a3epbl ¢ JyIMHaMU BOJIH A=630 HM, A=480 HM u A = 337 aHm. DoTonpoBOAUMOCTH
U CIEKTPHl NMPOINYCKaHHUsS OOpa3lOB M3MEPSIM CTaHJAPTHBIMH METOJIaMH C HCIIOJIb30BaHUEM
MoHOXpomaTopa SPM-2 U KOMIBIOTEpH3UPOBAHHOTO omnTHYECKOoro komruiekca KSVU-2 mpu
KOMHATHOW Temmneparype. @oTonmoMHuHECIIeHIINI0 00pa31oB, BO30YKJaeMyl0 JIa3epoM Ha a30Te
(A = 337um), usmepsanu ¢ nomoinipio cnekrpomerpa JDC-24, a curHanm perucTpupoBalics
CUHXPOHHM3UPOBAHHOH cucteMoil nerexktupoBanus npu /7 K. PeHTreHoBckHe nuppaKkIMOHHbIE
CHeKTpbl TOHKMX MIeHoK CdS cHumanuch ¢ ucnojb3oBaHWeM JMHMKM Ko uCTOYHUKA
PEHTICHOBCKOTO M3JTy4eHHUs Ha OCHOBE Meu[1].

OKCepUMEHTAJIbHBIE PE3YyJIbTaThl IMOKA3bIBAIOT, YTO OOJYyUYEHHS] MOBEPXHOCTU MOJUIOKKHU
Ja3epHBIM U3IYyYEHHEM BO BpEMsI IPOLIECCca OCAKIACHUS TPUBOANUT K 3HAUUTEIbHBIM U3MEHEHUSIM
(OTORIEKTPUYECKUX, JTIOMHUHECIIEHTHBIX, ONTUYECKUX WU CTPYKTYPHBIX CBOMCTB IUIEHOK. OTH
U3MEHEHMs 3aBUCAT OT MHTEHCHBHOCTHM M JUIMHBI BOJIHBI Majaromiero cBera. Ha pucynke 1
MPUBENIECHBI CIIEKTPHI (POTOMPOBOAMMOCTH pa3InyHbIX IIeHOK CdS, monydeHHbIX 0e3 00iyueHus
(xpuBast 1), c o6mydeHneM KpacHbIM cBeToM (A = 630 HM, kpuBas 2), cuHuUM cBeToM (A = 480 HM,
KpuBas 3) u ynbrpaduosneroBeiM cBeToM (A = 337 uM, kpuBas 4). BunHo, uyTo ¢ yBenuueHuem
SHEPIuu nagarmux GoToHOB (GOTONPOBOAMMOCTh B 00JIaCTH cOOCTBEHHON abcopOuuu (A < 520
HM) Bo3pactaer. MOTOOTKIMK B MakcUMyMme crekTpa (oTtonpoBogumoctu 1mieHok CdS,
00JIy4eHHBIX yIbTPa(UOJIETOBBIM CBETOM C BBIXOJHOW MoIHOCThIO 20 MBT/cM?, B maTh pas
BbIIlIe, YeM Yy IUIEHOK 0e3 o0iiyueHus, a WX HHTerpanbHas (OTOUYBCTBUTEIHHOCTh Ha JBa
HOpsi/IKa BBIIIE 110 CPAaBHEHUIO C MOCIETHUMHU. Takas e 3aBUCUMOCTb Ha0JII0JIaeTcs B CIIEKTpax
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doromomunecuennun  mwieHok CdS  (puc. 1,0), r©Ae HWHTEHCHBHOCTh  OKCHUTOHHOMH
JFOMHHECIEHIIMY TUICHOK, OOJyYeHHBIX YJIbTPa(HOIIETOBEIM CBETOM, B JIBa pa3a BbINIC, YEM Yy
wieHoOK 0e3 o0mydeHus. CHeKTp KaTOJOMIOMUHECHEHIIMH IUICHOK 0Oe3 OOJydeHUs COHEepIKUT
HECKOJIbKO XapaKTEePHBIX JIMHUK JIIOMHHECHCHIMU. Pe3kas JMHHS C MakCUMyMOM TIpU
A =490 HM 00ycroBlIeHa aHHUTHIISAIMEH 3KcuTOHOB. [1Inpokas muus B quanazone 550-800 Hm
SBJISICTCS] HAJlO)KeHueM opaHxeBoi (A=600 Hm) u kpacHo# (A= 720 HM) TUHUHN JTIOMUHECIICHIIHH,
BBI3BAHHBIX CTPYKTYpHbIMH Jedektamu B 1ieHkax CdS, KoTopbie MNpeacTaBisioT coOoi
komruiekesl tuna [Vsh + Cd*]* u [V + V2], coorBeTcTBEHHO.

CrekTpbl TPOMyCKaHWS W PEHTreHOBCKOW nudpakiuu mieHok CdS, ocakIeHHBIX B
TEMHOTE M C OOJIyYCHHEM KPAaCHBIM, CHHUM M YJIbTPA(pHOICTOBBIM CBETOM, MOKA3bIBAET, YTO
o0JlydeHHE IUICHOK B MPOIECCEe OCAXKIEHUS NPUBOIUT K 3HAUUTEILHOMY YBEJIWYCHHUIO HX
NPO3pavyHOCTH B 00JACTH OINTHYECKOTO MPONYCKaHUs, a TaKkKe K MPearnOYTUTEIbHON
OpUEHTAINH 3epeH BAob ocu [1011].
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Puc.1. a-Cnektpel ¢otonpoBoaumoctu 1mieHOK CdS, H3roToBIEHHBIX METOI0M
XMMHUYECKOTO pacrbuleHUs] B TeMHOTe (KpuBas 1) u mon obmydeHueM kpacHbIM (A = 630 HM,
KpuBas 2), cuHuM (A = 480 HM, kpuBas 3) u ynapTpaduoneToBbiM (A = 337 HM, KpuBas 4) CBETOM,
T = 300 K, 6 - Cnexrpsl (oromomuHecueHun MmieHoK CdS, M3roToBIEHHBIX METOJ0M
xuMuueckoro pacnsuieHus npu T =77 K.

N3yuenne oOpa3noB, OONyUYEHHBIX CHHHUM Ja3epOM IPH ABYX IUIOTHOCTSX MOITHOCTH
(oxoso 100 mBt/cm? u 200 mMBT1/cM?), moKka3ano, 4TO yBeIMYEHHE MHTEHCHBHOCTU OOIyYeHMS
TaKXe MPHUBOJUT K BBIMICYIOMSIHYTBIM 3P QeKTaM, XOTS OHU 3HAYMTEILHO MEHEE BBIPAKCHEI,
yeM oHeprus wu3nydeHus. [lagaromee wu3nydyeHMe YBEIMUYMBACT MUTIpAIMIO aTOMOB Ha
MOBEPXHOCTH, HUMEs aKTHBAIMOHHYIO JHepruto okoio 1,00B. OOnyuenue, mpoBeICHHBIN
aproHoBbsIM JazepoM (A ~0,46-0,52 mxM) B mporecce ocaxaeHus reHok TiN meronom
MarHeTPOHHOTO PACTBUICHUSI TOKa3allo, YTO JIa3epHOE OOJIydeHHE B TIPOIECCE OCAKICHHS
cTUMYIIUpyeT GpopMupoBaHue MIeHOK e-TiN, 4TO CBA3aHO C MOBBILICHUEM MOJBIKHOCTH aTOMOB
Ti u N Ha nNOBEpXHOCTM MOJ JACHCTBHEM H3IY4YeHHs. OHEPruu JIa3epHOrO H3IIY4EHUS,
UCMOJb30BaHHbIe B Hammx skcnepumentax (E ~ 2,0-3,7 5B), BnoaHe noctatodHo uis
aKTUBAIMHA TIOJBM)KHOCTH TTOBEPXHOCTH W WOHHM3AIlMM aTOMOB KaJMHUSl M CEepbl. Pe3ynbTarhl,
NPE/CTAaBICHHbIE BBIIIE, OTHOCUTENHHO BO3ACUCTBHUS OOJIyUYEHHs B IPOLIECCE OCAXKACHUS Ha
cBoiictBa mineHok CdS, Moryr OBbITh OOBSICHEHBI MPEINOJIOKEHUEM O JOMOJIHUTEIHHOM
doronmuTHUECKOM (HETEPMUYECKOM) DAa3JIOKEHUM MCXOIHBIX KOMIIOHEHTOB pacTBOpa, KOI/a
KaIUTH PacTBOpa JIOCTUTAIOT TOUTOKKH, HarpeToi g0 400 °C [2] .
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[Ipoiecc  ¢oromucconuanuy  HCXOJHBIX  KOMIIOHEHTOB  MOXET  CONPOBOXKIATHCS
JanbHeWmeil (oToMoHM3alued W yBETUYEHHEM IMOJBI)KHOCTH aTOMOB KaJMHS U CEpbl Ha
MOBEPXHOCTH IOJT BO3JCHCTBHEM Maaaonmx (GpoToHOB. B pe3ynbraTe 3THX MPOIECCOB IUICHKU
CdS, npurotoBneHHsle mpu 0O0JydeHHH, oOJamgaroT Oojiee BBICOKOW  CTPYKTYPHOM
COBEPILEHHOCTHIO, YeM IIJICHKH, MOJrOTOBICHHBIE 0e3 00myueHus. Takum oOpa3zoM, U3MEHEHHUS
(b OTORNIEKTPUYECKUX, IIOMUHECHEHTHBIX U ONTUYECKUX CBOMCTB IieHOK CdS, ocakIeHHBIX MpU
00TydeHUH, OOBSACHSIOTCS YIYYIICHHEM CTPYKTYpPHOH COBEpIICHCTBA IUICHOK. [loBbIIeHue
MHTEHCUBHOCTU 3KCUTOHHOTO JIIOMUHECIICHIIMM B OOJYYEHHBIX IJICHKAX MOXKET OBITh CBSI3aHO C
YMEHBIICHHEM KOHIEHTpamuu Kommiekcos [V,+Cd:]1° u [V, + V]°. Byayun HeiTpansHbIMuU
IIEHTPAaMH AKIIETNTOpa C BBICOKOH d((eKTUBHOCTHIO 3axBaTa AbIpoK (S =1071° cM?), OHM UrparoT
KOHKYPEHTHYIO POJIb B PAJMAIMOHHON PEKOMOMHALIMHU. YBeTU4YeHUE (OTOUYBCTBUTEIBHOCTU B
o0jacTu OCHOBHOW abcopOuMM MOXKET OBbIThb CBSI3aHO C POCTOM IMOJABMXKHOCTH HOCHUTeENEH
(3IEKTPOHOB), KOTIa KOHIIEHTPAIUS [ICHTPOB paccessHus (BaKaHCHH, HHTEPCTUIIMATIBLHBIX aTOMOB
U UX KOMIUJICKCOB) YMEHbBIIAETCS. YBEJIWYEHUE MPO3PAYHOCTH B OOJACTH ONTHYECKOTO
npomyckanus mwieHoK CdS MokeT OBITh CBSI3aHO KaK C YMEHBIICHHEM KOHIICHTPALUU IICHTPOB

He(l)eKTHOﬁ a6c0p6u1zm, TaK U C IIOBBINICHUECM Hpe,HHO‘ITHTeHLHOﬁ OpUCHTAalIH 3€PCH BAOJIb OCHU
[1011].
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Xulasa

Nazik tobagalorin alinmasi prosesi zamani lazer siialanmasinin kimyoavi plskirtma pirolizi
yolu ilo olds edilon CdS nazik tobagolorinin fotoelekirik, optik va struktur xususiyyatlorino tosiri
eksperimental olaraq 0yronilmisdir. Radiasiya manbolori kimi A = 630 nm, A =480 nm va A = 337
nm dalga uzunluglarina malik miixtalif kasilmaz dalga rejimda isloyon muxtslif lazer siialarindan
istifado edilmisdir. Gostorilmisdir ki, cokma prosesi zamani substrat sathinin lazer stialanmasinin
tosirino moruz qalmasi nazik tobogolorin fotoelektrik, liminessensiya, optik vo struktur
xususiyyatlarinds shamiyyatli dayisikliklarin amoala golmasina sabab olur. Bu dayisikliklar diigon
15181n intensivliyindan va dalga uzunlugundan asilidir.

Annomayus

OKCHepUMEHTAJIbHO MCCIIE0BaHbl BIMSHHUE Ja3epHOro OOJyyeHHs BO BpeMs Ipoliecca
pocTa Ha (pOTORIEKTpHUECKUE, ONTUYECKHE U CTPYKTYpHBIE CBOMcTBa TuieHOK CdS, momyueHHbIX
METOJIOM XHMMMYECKOTO pAaclbUIMTEIBHOTO TMHpoJn3a. B KkauecTBe HCTOYHMKA OOJydyeHUs
UCTIOJIb30BATMCH pa3IMYHbIE HENPEPhIBHBIC JIa3ephl ¢ JUIMHAMU BOJIH A=630 HM, A=480 HM 1 A =
337 um. IlokazaHo, 4yTO O0JIydeHHUsI MMOBEPXHOCTH MOJUIOKKHU JA3E€PHBIM H3ITyYEHHUEM BO BpeEMs
nporecca OCaKICHUS MPUBOAUT K 3HAUUTENBHBIM HW3MEHEHUSM  (OTOIIEKTPHUECKUX,
JIOMUHECIIEHTHBIX, ONTUYECKUX U CTPYKTYPHBIX CBOMCTB IUICHOK. JTH M3MEHEHHS 3aBUCST OT
MHTEHCUBHOCTH U JUIMHBI BOJIHBI [1aJJAI0IIETO CBETA.

Abstract
The effect of laser irradiation during the growth process on the photoelectric, optical, and
structural properties of CdS films obtained by chemical sputter pyrolysis was experimentally
studied. Various continuous-wave lasers with wavelengths of A = 630 nm, A = 480 nm, and A =
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337 nm were used as radiation sources. It was shown that irradiation of the substrate surface with
laser radiation during the deposition process leads to significant changes in the photoelectric,
luminescent, optical, and structural properties of the films. These changes depend on the intensity
and wavelength of the incident light.

HAHOT'ETEPOCTPYKTYPHI InSe/GaS, CHHTE3UPOBAHHBIE JIABEPHOM
ABJIILIMEN

Canmanoe B.M., Mameooeé P.M., Mazomeooe A.3., Mameozaoe H.A., bakmup3oee P.P.
bakunckuii 'ocyoapcmeennwtii Ynueepcumem, AZI1148 baky, A3epoaiioncan
e-mail: vagif_salmanov@yahoo.com

KaroueBble cjioBa: JasepHas aOnsus, KOJUIOMTHBIA pacTBOp, sAPo/00OJIOUKA,
HAHOTETEPOCTPYKTYPHI.

CoBpeMeHHBIN dTam pa3BUTHA (U3WKA TBEPAOTO Tela XapaKTepU3yeTCs TeM, YTO
OCHOBHBIMM OOBEKTaMH MCCIIEJOBaHUS BCE B OOJIbLICH CTENEHU CTAHOBATCS HE MACCHUBHBIE
HOJIYIIPOBOTHUKOBBIE KPUCTAJIbl, @ HAHOYACTULIBI MAJIOr0 pa3Mepa. YHUKaJbHbIE (PU3NYECKHE
CBOWCTBAa HAHOCTPYKTYp IO CPAaBHEHHIO C OOBEMHBIMH MaTepHalaMH, YPE3BBIYAIHO BBICOKOE
OTHOILIEHHE MOBEPXHOCTU K 00BEMy, HAJMUYUE 3aBHCHUMOCTU OINTHYECKUX CBOMCTB OT pazMepa
HAaHOYACTUI] W OOHAPY)KEHUS KBAaHTOBO pa3MepHBIX d((HEeKTOB OTKpbIBaeT OoJbIIme
BO3MOXKHOCTH Ul CO3/IaHUSI Ha UX OCHOBE HOBBIX IOKOJICHHH COJHEUHBIX OaTapeil, ja3epos,
CBETOAMO/OB, JIIOMUHECIEHTHBIX METOK, (OTOKaraam3aropoB M T.1. Jna mnomyueHus
HaHOCTPYKTYPHBIX MAaTepHaJIOB, NPUMEHSAIOTCA pa3IMYHbIE METOJAbl — Tra30JWHAMHUYECKHe,
XUMHYECKHe, TUIa3MEHHBIC, JiydeBble. OHUM U3 Hambolsiee MEepCHEKTHBHBIX METOIOB CHHTE3a
MOJIYIIPOBOTHUKOBBIX HAHOYACTHUI] SIBJISETCS MMITYJIbCHAs Jla3epHas abisuus B kuakoctu [1].
JlazepHasi aOnAIMsI HAHOYACTHII B )KHUJIKOCTH BBI3BIBACT OOJNBIION MHTEpEC M3-3a €€ MPOCTOTHI,
OTCYTCTBUSI HEOOXOAMMOCTH B IMOBEPXHOCTHO-aKTHBHBIX BELIECTBAX M XOPOLIETO0 KOHTPOJIS
pasmMepa W (GOpPMBI CHHTE3UPYEMBIX HaHOYACTUIl. B 3TOM MeTone OCHOBHBIE (DaKTOPHI,
BJIMSIONIME HA IMOJy4aeMble HAaHOYACTHUIIBI, SBJSIIOTCS MapaMeTpsl ja3epa (MOIIHOCTb, JJIUHA
BOJIHBI, JUTUTEIFHOCTh M YacTOTa HMITYJIbCAa), MaTepHaAl U T€OMETPHUECKUE XapaKTEPUCTUKU
MUILIEHU U COCTOSIHUE OKpYXaroleil cpesibl ()KUIKOCTh, Fa30Bast Cpejia, BAKYyM).

Crnouctsie momympoBomauku  A%B®  (InSe, GaS,...) wurpaloT BakHYIO pOIb B
HaHOTexHONMOrud. HaHouactunbl cenenuga uHaus (INSe) - 3TO MEPCHEKTUBHBINA CIOHMCTHIH
MOJIYTIPOBOJIHUKOBBIN MaTepual, 00JaJaomuil y3KoH NpsIMOM 3anperieHHON 30HOW, BBICOKOU
TOJBIKHOCTBIO HocuTeneil 3apsma (~9000 cvM¥B-cek) M YHUKANLHBIMH ONTHYECKHMH U
doTrosnexTpuueckuMu cBoiictBamMu. Hanouactuiel INSe TpUMEHSFOTCS B HAHODJIEKTPOHHKE,
¢doroBobTaNKE (CONHEYHBIE DJIEMEHThI) M CeHcopax Onarojgaps CBOed CIOCOOHOCTH
3 PEKTUBHO TOTIIOMATH CBET. INSe siBisieTcst aHanorom rpadeHa ¢ 3ampenieHHOW 30HOM, YTO
KPUTUYECKH BaXXHO JJIS CO3[JaHMs TPAH3UCTOPOB U KOMIIOHEHTOB ONTORJIEKTPOHHKH.
DddexkTrBHAS TIOMUHECIIEHIIMS ¥ BBICOKOE IIOTJIONICHWE CBETa JENAeT WX MPUTOJHBIMHU IS
CO3/IaHUSI  BBICOKOUYBCTBUTENBHBIX  (DOTOAETEKTOPOB M CBETOM3IYYAIOIIUX  JIMOJIOB.
Hanouactumpl cynspuna raums (GaS) nmpeacTaBistoT coOOH CIIOUCTBIH TOTYIPOBOTHUKOBBIM
MaTepHal, IpOSIBIAIONNI YHUKAIbHbIE ONTHUECKUE M AJIEKTPOHHBIE CBOMCTBA M3-3a 3((HEKTOB
KBaHTOBOTO OrpaHn4eHus. OHM 00NaIaf0T YHUKAIBHBIMH (POTOIIEKTPHUECKUMH CBOWCTBAMH,
HIMPOKOH 3amperieHHoi 30H0# (~ 3.0 3B), BbICOKOH (OTOUYBCTBHUTENHEHOCTBIO U CITIOCOOHOCTHIO
K 9((}eKTHBHOMY H3JIy4EHHIO CBETa, YTO JAeNaeT WX HICATbHBIMU JUIS HWCIOJh30BAHUS B
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doToneTeKTOpax, CBETOANOAaX U KOMIOHEHTAX (POTOBOIBTANKH.

Panee HamMum MerosoM Ja3epHOW aOJSIMM  TBEPIOM MUIIEHH B KUAKOCTH ObUIM
CHHTE3MPOBAaHbl HAHOYACTUIBI CIOUCTHIX moxynpoBogHukoB INSe u GaS. [lpu mnomoum
TUGPaKIIMOHHOTO aHalM3a PEHTTEHOBCKUX JIy4el, CKaHUPYIOIIETO 3JIEKTPOHHOIO MHKPOCKOIA,
aTOMHOT'O CHJIOBOTO MHKPOCKOIIA ¥ CIIEKTPOCKOIUH AUCTIEPCHON SHEPTHU PEHTICHOBCKUX JTy4yel
ObLIM TPOBEJCHBI HCCIENIOBAHUS BHYTPEHHEIO CTPOCHHUS M CTPYKTYpPhl MOJYyYEHHBIX
Ha"ovactuil. [Tokazano, yto HaHodacTubl INSe n GaS coxpaHsIOT KPUCTATITUIECKYIO CTPYKTYPY
HCXOJIHOTO MaTepHrayia U umeroT pazMepsl (4—20) am. [llupuHa 3anpeieHHON 30HbI HAHOYACTHI]
InSe u GaS, onpeaeneHHBIX U3 CIIEKTPOB MOTJIOMICHUS 0Ka3aIuCh paBHBIMU E¢g=2,15 3B u E¢g=4,0
3B, coorBercTBeHHO. OTH BenuumHbl Ha ~0,9 3B Oojble MUPUHBI 3aNpEIICHHOW 30HBI
yKa3aHHBIX KpuctayuioB. IIpencraBisier OonbIION MHTEpEC CO3JaHHE HAHOTETEPOCTPYKTYP Ha
ocHoBe HaHouacTul] InSe u GaS. B 3ToMm ciyyae HaHOYACTUIIA COCTOUT U3 ABYX Pa3HOPOIHBIX
MIOJTYIIPOBOTHMKOBBIX YacTei, KaK MPaBHJIO, SMUTAKCHAIBHO COCIMHEHHBIX IO ONpEACICHHBIM
KpUCTAIIOrpapuueckoM IUIOCKOCTSIM. [IpuMepoM MOTyT CIOyKUTh IIMPOKO H3BECTHBIC
MOJTYIIPOBOTHUKOBBIE HAHOYACTHIIBI, TOCTPOCHHBIE 110 TUITY SAPO/000I0YKa, B KOTOPBIX SIPO U3
Y3KO30HHOTO  MOJIYIPOBOJHUKA, TMOKPHITO  O0O0JNIOYKOW U3  0Oojee  HIMPOKO30HHOTO
NOJynpoBogHUKA. [Ipy TakoM cTpoeHuu yBenmumBaeTcs 3()(HEKTHBHOCTh JIOMHHECICHIINU 32
CUYeT I[acCHBAllMM TMOBEPXHOCTHBIX JedekToB. JlanHas paboTa MOCBSIIEHA MOTYyYEHUIO
HaHoreTeperniepexona InSe/GaS meromom na3zepHOW aOSIMM M UCCICIOBAHHS WX CIICKTPOB
MOTJIOUICHUS U TIOMUHECIICHITHH.

[Tpouiecc abnsuu npoBoaunu Nd:YAG - naszepom ¢ amuHOW BOdHBL 1064 HM,
qnutenbHocThio 10 He, sHepruedt B ummnynbce 135 m/x u vacroroil moropenus 10 I'm. B
Ka4yecTBE HMCXOJHOTO MaTepuajia ObUTHM HCIIOJIb30BaHBI CIIOMCThIe Kpuctamiel INSe m Gas,
BbIpallleHHBIE MEeTOOM bBpumkmena. J[ins dopMupoBaHus HaHOreTepoCTpyKTypsl INSe/GaS B
Havase OBbLIM CHHTE3MPOBaHBI HaHouyacTUIBl INSe, manee B koiomaHoM pactBope INSe mpu
WHTCHCHUBHOM TEpPEMEIINBAHUA MAarHUTHOW MEIIaNKOW, ObUIM CHHTE3MPOBAHBI HAHOYACTHIIBI
GasS (puc.1,a).

Mirror GaS

Laser beam TiSe A,

lens < @ » = -=-=--I-
4,0 5B
215 heo (310 um)
distilled water . AN
GT6ma1 | 3760
InSe/Gas
X kb4 AR
y (_/ 'k EEERER
a 0

Puc.1. a- Cxema 3KcriepuMEeHTAILHON YCTaHOBKH JIst abmsiinu HaHovactun InSe/Gas; 6-
30HHas TUarpaMmma HaHOTeTepoCTpYKTyphI INSe/GaS.
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ChoexkTpsl JFOMUHECLEHIMU HaHoretepocTpykTyp InSe/GaS, Bo3Oyxmaemoit 2-oi
rapmonnkoit (how =2,341 3B) Nd:YAG-nnazepa umeeT MakCUMyM Ha JUTMHE BOJIHBI 576 HM. Ilo
HAlllEMy MHEHHUIO, B KOJUIOMJHOM pacTBope HaHodactull INSe/GaS, mosyueHHOW J1a3epHOit
abmsrueii, oOpasyercss  TrHOpHAHAsS HAHOCTPYKTypa Tuma sapo/obosiouka [2]. Ilpu stom
KpUCTaJNIM4ecKasl pemerka HaHouactury GaS 0e3 HapylleHHE NEPUOJUYHOCTH IMEPEXOJUT B
pemerky HaHovacTull INSe. OCHOBHBIM JIOKa3aTEILCTBOM MOJYYCHHE HAHOTETEPOCTPYKTYPHI
Apo/000I0UKa, SBISETCS CWIBHOE YBEIWYCHHE WHTCHCUBHOCTH JIFOMHUHECIICHIINM HA JUJTHHE
BOJIHBI 576 HM M OTCYTCTBHE IHKa JIFOMUHECIIEHITMN HaHouyacTull GasS B obmactu (300-400) HM.
®DoToreHeprUpoOBaHHBIC MO/ JIEHCTBUEM JIA3EPHOTO M3TYYCHHS DJIEKTPOH — JBIPOYHBIC IMaphl B
GaS moxaBepraeTcss 4YaCTMYHOMY pa3/ICJICHUI0O HOCUTENCH 3apsiia Ha AJIEKTPOHBI U JBIPKH.
DJEeKTPOHBI, U3HAYATFHO HAXOISIIUECS B 30HE MPoBoAUMOCTH GaS mpu penakcaiiu, nepexosT
B 30HY IpoBoauMOCTH INSe, a npIpku Haxojmsimuecss B BaJIeHTHOH 30He GaS mepexoisT B
BAJICHTHYIO 30HY INSe. B pe3ynbTare u3iydaTenbHOW peKOMOWHAIIMN 3JIEKTPOH-IBIPOYHBIX T1ap,
B INSe Habnro1aeTcs MIOMUHECHIEHIIUS C MAKCUMYMOM 576 HM.

Jumepamypa

1. N.G. Semaltianos. Solid State and Material Science 2010, T. 35, c. 105-124.
2. P. b.Bacunnwes, JI.H. Tupun, A.M. I'ackkoB. Ycnexu Xumuu 2011, 1.80 (12), ¢.1190-1210.

Xiilasa.

Mayedos lazer ablasiya iisulu ilo sintez edilmis InSe/GaS nanoterostrukturunun udma vo
liminesans spektrlori eksperimental olaraq Gyronilmisdir. Gostorilmisdir ki, hibrid niive/0rtik
nanoterostrukturlari, niivosi dar zolagli InSe nanohissociyi, Ortlyl iso genis zolaglt GaS
nanohissaciyi oldugu InSe/GaS nanohissaciklorinin kolloid mohlulunda omolo golir. Nd:YAG
lazerinin Gglinct harmonikfs: (hmw=3.51 eV) ilo hoyacanlanan InSe/GaS nanoterostrukturlarinin
liminesans spektri 576 nm dalga uzunlugunda effektiv liminessensiyaya malikdir.

Annomayus

OKCIIEpUMEHTAIHO ~ WCCIENOBAINCH  CIIEKTPHl  TOTJIOMIEHHE W JIIOMHUHECIICHIIUH
HaHorerepocTpykTrypbl InSe/GaS, cuHTe3upoBaHHON na3epHON abnsAUMed B IKUAKOCTH.
[ToxazaHo, 4To B KOJJIOMJIHOM pacTBope HaHouacTtull InSe/GaS o0Opasyercss rudpuaHble
HaHOT'€TEPOCTPYKTYpPhl THUIA SAp0/000J0YKa, TA€ B KadyecTBE sApa y4yacTBYeT Y3KO30HHAs
HaHouacThla InSe, a oOosoukol sBiIgeTCSs LIMPOKO30HHAss HaHowactuna GaS. Chektp
JIOMUHECIIEHIINN HaHoreTepocTpykTyp InSe/GaS, Bo3Oyxmaemoii 3-eii rapmonukoit (ho =3,51
5B) Nd:Y AG-na3epa nokassiBaeT 3peKTUBHYIO JIIOMUHECIICHIINIO Ha JJIMHE BOJIHBI 576 HM.

Abstract
The absorption and luminescence spectra of an InSe/GaS nanoheterostructure synthesized
by laser ablation in liquid were experimentally studied. It was shown that hybrid core/shell
nanoheterostructures are formed in a colloidal solution of InSe/GaS nanoparticles, where the core
IS a narrow-bandgap InSe nanoparticle and the shell is a wide-bandgap GaS nanoparticle. The
luminescence spectrum of InSe/GaS nanoheterostructures excited by the third harmonic of an
Nd:YAG laser has an effective luminescence wavelength of 576 nm.
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I'ETEPOCTPYKTYPBI n-GaAs/p-GaAs, BBIPAIIEHHOU METOJ10OM
MOJIEKYJIIPHO-JIYUEBOM SIIUTAKCUH
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KuroueBble ¢j10Ba: MOJICKYJSIPHO-TYy4YeBast SMUTAKCHS, TeTEPOCTPYKTypa, n-GaAs/p-GaAs.

I'erepoctpykTypel n-GaAs/p-GaAs ObITM UW3TOTOBJICHBI C HCIIOJIB30BAaHUEM METOJA
MoOJIEKYJIsIpHO-TyueBoll snutakcun (MJID) B ycnoBusax cBepxBbicokoro Bakyyma (CBB).
DIEKTPUYECKUE U ONTOICKTPOHHBIC CBOWCTBA U3TOTOBICHHBIX IeTepoCTpyKTyp n-GaAs/p-GaAs
HCCJIEJIOBAJIUCH C MOMOUIbI0 KOMOMHAIIMU M3MEPEHHUM BOJBT-aMIIEpHBIX XapakTepuctuk (BAX),
aHanM3a CIEKTPAIbHOTO OTKJIHMKA U (oToNuMUHECHEHTHON criekTpockonuu (DJI). DnexkTpoHHbIe
CBOMCTBa TeTepOCTPYKTYphl n-GaAs/p-GaAs MOXHO TOHSITh Ha OCHOBE 30HHOW CTPYKTYPBI
GaAs, xoTopasi XapakTepusyeTcsl MpsMOil 3ampenieHHoW 30HOoM mpubiausutensHo 1,42 3B npu
KOMHaTHOW Temrmeparype [1]. Boabr-amnephbie xapakrepuctuku (I-V) rerepoctpykrypsl n-GaAs/p-
GaAs [EeMOHCTPUPYIOT BBIPRKEHHOE BBINIPSAMIIIONIEE IOBEIEHHE, IOATBEPXKIAIoIIee 0o0pa3oBaHHUE
(GyHKIHOHABHOTO p—n-Tiepexofa. KoapduimenT BHIIpSIMICHUS MPH NPWIOKEHHOM HampspkeHun 1 B
COCTaBIISCT NPUOMU3UTENILHO 1,75, 4TO yKa3biBaeT Ha HewJieajdbHOE MOBeAcHHUE auoaa. [Ipu ocBerieHun
CTPYKTypa IEMOHCTPUPYET POTOIEKTPUIECKUN OTKIUK C TOKOM KOPOTKOTO 3aMbIKaHHUS PUOIH3UTEILHO
Isc = 180 MKA 1 HampspKeHHEM XOIIOCTOro Xofa Voc = 15 MB, a Takxke K03 PUIIEHTOM 3a0IHEHUS ff ~
51% . OOmiast 3¢(HeKTUBHOCTh MPEoOpa3OBaHUS SHEPrUU OLEHUBAeTCI B 1N = 5,44%, 4TOo sABISIETCA
YMEPEHHBIM IMOKa3aTesieM JUIsl TeTePOCTPYKTYp Ha ocHoBe GaAs M yKa3pIBaeT Ha HAJIHMYMEC MEXaHU3MOB
oTepb BHYTpU YycTpoiictBa. HecMoTpss Ha npucymue (GaAs npeuMyniecTBa, TaKHE KaK BBICOKas
MOJIBMYKHOCTh  31eKTpOHOB (~8500 cM?*B-C) W OTHOCHUTENBHO BBICOKAas TOABHKHOCTH ABIPOK (~400
cM?/Bec), a Tarkke onTHUMaJbHAas NIMPHHA 3alpelieHHOH 30HBI (~1,42 3B) i1 ONTO3MEKTPOHHBIX
HpHMeHeHHﬁ, Ha6J'IIO,I[aeMBIe QJICKTPUYCCKUC XaAPAKTCPUCTHUKU YKAa3bIBAKOT Ha TO, YTO YCTpOﬁCTBO
pa60TaeT B YCJIOBHAX, OTPAHUYCHHBIX peKOM6HHaHH€fI. CDopMa BOJIBT-aMIICPHBIX XAPAKTCPUCTUK KaK B
npsaMOM, TaK U B O6paTHOM HalpaBJICHUU CMCUICHHA IIpeAIrojaract, 4To I[OMI/IHI/IpyIOHII/Iﬁ MEXaHHU3M
IepeHoca TOKa CBS3aH C CHJIBHOW pekoMOMHanmedl B 00JacTH MPOCTPAHCTBEHHOIO 3apsiia. Takoe
MMOBCACHUEC OAPA3yMEBACT, UTO peKOM6I/IHaI_II/I$I HOcHTEJIeH 3apsaaa B o0beMe MaTepuraia, a HE nACaJIbHasA
auddysus, ompemensier mpomecc mnepeHoca 3apsima. CHeKTpaibHas 3aBUCUMOCTh (DOTOTOKA st
reTepocTpykTypel n-GaAs/p-GaAs mnpezacrtaBieHa kak (yHKuus sHepruu (ortona (Av), Kak
noka3aHo Ha puc. 1l,a. [lo mepe yBemuuenus sHepruu ¢orona mpumepHo c¢ 1,1 3B dororox
oCTaeTcs MpeHeOPEKMUMO MaJIbIM JI0 T€X MOp, MOKa He HAOIIOIaeTCsl OTYSTAUBBIN MUK BOIU3U AV
~ 1,4-1,45 5B, uTo 01M3KO COOTBETCTBYET (PyHAAMEHTAIBLHON IIMPUHE 3alipelieHHOM 30HbI GaAs.
OTO MOATBEP)KIAeT, 4YTO TeHepalus (POTOTOKA B OCHOBHOM OIPENENSeTCs MEeX30HHBIMU
AJIEKTPOHHBIMHU TIEPEXO/IaMd W3 BaJIEHTHON 30HBI B 30HY TpoBoauMoOCTH. [lpm panpHEimem
YBEJIMYEHUH dHEpruu (HoToHa (POTOTOK PE3KO BO3PACTAET M JIOCTUTAaeT MaKCUMyMa MpPUMEPHO
npu hv = 1,7-1,8 3B. DTOT MUK MOXXHO OTHECTH K YCHUJIEHHOMY ONTHYECKOMY MOIVIOLIEHUIO U
G dEeKTUBHOI TeHepaluu 3ICKTPOHHO-IBIPOYHBIX Tap B 3TOM DJHEPreTUYECKOM JHara3zoHe.
VYBenuuenue (oToTOKa 3a MpelelaMH SHEPruM 3alpelieHHON 30HbI yKa3bIBaeT Ha TO, YTO
¢doToHbl c Oonee BBICOKOH 3Heprueil OGosee 3PPEKTUBHO CHOCOOCTBYIOT BO30OYXKIECHHIO U
nepeHocy HocuTenen 3apsna [2]. B momonmHeHWe K OCHOBHOMY Kpar0 TOIVIOIICHMSI, HATUYUE
BBIPAXKEHHOTO TIMKa BBIIIE 3alpelIeHHON 30HbI MPEIOoJIaraeT Y4YacTHE JIOMOJIHUTEIbHBIX
ANIEKTPOHHBIX MepexoA0B. K HUM MOTyT OTHOCHUTBCS MEPEXOAbl C y4acTUEeM COCTOSHUU ¢ Oonee
BBICOKOM dHEprueil B 30HE MPOBOJUMOCTH, a TaK)Ke BKJIAA OT ACPEKTHBIX WU JTOKAIU30BAHHBIX

119



COCTOSTHUI B 30HHO# cTpykType. [Ipu Gonee Bbicokux sHeprusx (horoHos (Av > 2,0 3B) dhoTtoTok
MOCTETIEHHO YMEHbIIAeTcs. Takoe MOoBeIeHHEe MOXKHO OOBSCHUTH YBEIMUYECHUEM PEKOMOMHALIUU
HOCHUTEJIEH 3apsijia U BOZMOXXHBIMH TIOTEPSIMH, CBI3aHHBIMH C MIOBEPXHOCTHIO MM UHTEep(eiicom.
BricokosHepreTnyeckue HOCHTENH, TeHepupyemble IpHU JSTHUX SHEPrusix (POTOHOB, MOTYT
UCTIBITHIBATh OBICTPYIO pPEJaKCAallii0 M PEeKOMOWHAIMIO, TPEXIE YeM BHECTH CBOW BKJIAJ B
u3MepuMbiid poToTok. B 11e5mom, criekTpanbHbI OTKIIMK IEMOHCTPUPYET CHIIbHYIO KOPPEISIHUIO C
CcOOCTBEHHOM 30HHOM CTPYKTypoil GaAs M MpeAoCTaBisIeT YETKHE JOKa3aTelIbCTBAa TOTO, UTO
MeXaHU3M TeHepaluu (HOTOTOKa ONMpeAeseTCS MEXK30HHBIMU MEPEXOolaMu C JOMOJIHUTEIbHBIM
BKJIQJIOM OT COCTOSIHUH ¢ OoJiee BBICOKOM dHEeprue 1 1e(eKTHBIX COCTOSHUM.
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Puc.1. a - CriekrpanbHas 3aBUCUMOCTD (DOTOTOKA I TeTepocTpyKTyphl n-GaAs/p-GaAs.

0- Penakcanust poToToka, BO3HUKAIONIUI MpU BO30YKIEHHE TeTepoCTpyKTYphl n-GaAs/p-GaAs
BTOpO¥ rapMoHuKo# (i@ = 2,343B)Nd:YAG na3zepa.

KpuBast penakcanuu (OTOTOKa COCTOUT U3 JIBYX KOMIIOHEHTOB, OBICTpBIM C BpeMeHeM
penakcanuu 7~ 4-107 cex n MeaeHusli 7~ 2-10° cek. ITo HameMy MHEHHIO GBICTpHINA KaHAI
pekoMOuHaIMU 00yCIOBJIEH MEX30HHOM peKoMOMHanued, a MeAJICHHbIN KaHaJl peKOMOMHAIUH
CBSI3aH C IPUMECHBIMH YPOBHSIMH UJIH J1e(heKTaMU, PacloIOKEHHbIE BHYTPHU 3aMIPEIIEHHOMN 30HBI.

Crexktp (oTomoMUHECHEHIIMN  TeTepocTpyKTypbl n-GaAs/p-GaAs J1€MOHCTPUPYIOT
HECKOJIbKO OTYETIMBBIX OCOOCHHOCTEH H3IydeHHs B BHJIMMON M OmbkHeH HH(ppakpacHOU
obmactsax cnektpa. Haubonee 3ameTHas monoca usinyueHus HaOmomaercs BOmu3u A ~ 870-880
HM, YTO COOTBETCTBYET SHEPruu npuoOmm3uTensHo 1,42 3B, 4To HaXOAUTCS B OTJIMYHOM COIVIaCHH
¢ (yHAaMEHTaIbHOM MUPHUHOMN 3anpenieHHoH 3061 GaAs. D10 n3nydeHue oObsICHIETCS MPSIMOit
MEX30HHON paJuallMOHHON peKoMOMHaIuel 3MeKTPOHOB U AbIpoK B I'-Touke. B pomonnenue k
U3Y4YEHUIO Ha Kparo 30HBI HaOmrofaercs Oosee LIMpOKas MOJoca U3IY4YEHUs B JTUANa3oHe A =
650-680 um (1,8-1,9 »B). D10 M3nyueHue ¢ OGojee BHICOKOW PHEPrUEH MOXKET OBITh CBSI3aHO C
nepexofamMy, BKIIOYAIOIIMMU BO30YKICHHBIE COCTOSIHMS HJIM OCOOEHHOCTH, CBSI3aHHBIE CO
CTPYKTYpOil 30HBI, a TakXe C BO3MOXHBIM BKJIAJOM JIOKAJIM30BAaHHBIX COCTOSIHUA,
NOABEP)KEHHBIX ~ BIUSHMIO  CTPYKTypHOro  Oecmopsiiaka. Kpome Toro, Habmonaercs
JIOTIOTHUTEIBHAS TI0JIOca U3IydeHus1 B oonactu A = 520-550 am (2,3-2,4 5B). D10 u3nyyenue,
CKOpee BCEro, CBs3aHO C IIyOOKMMH JAe(eKTaMu WM TNPUMECHBIMU COCTOSHUSIMH BHYTPH
3anpenieHHo 30Hb1. Takue nedekTHpie mepexoapl 00bIYHO HaOmonaTcs B GaAs U yKa3bIBalOT
Ha HEWJEaJbHOE KayecTBO KpHCTasla MM Je(eKThl, CBs3aHHbIE C HUHTEepdeicoMm.
CocymiecTBoBaHHE MEX30HHOTO M Je(PEKTHOTO M3IY4YeHHs yKa3bIBaeT Ha TO, YTO B CTPYKType
aKTUBHBI KaK paJdalliOHHbIE, TAaK M HEpaJHallMOHHbIE MpoIecchl pekoMOnHamu. B yacTHOCTH,
HaJIM4ue [IyOOKMX  COCTOSHHUN  TMOATBEPKAAET  HHTEPHIpPETalui0  PEeKOMOMHAIIMOHHO-
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JOMMHHUPYIOILLErO TPAHCIIOPTA, IOJIYYCHHYIO M3 BOJIBT-aMIIEPHBIX XapakTepuCTHK. boree Ttoro,
KOppemslus MeXAYy NUKaMU (POTOIIOMUHECIIEHTHOTO M3JIyYeHHs] U CIEKTPaJbHBIM OTKIMKOM
(OTOTOKA NMPEAIIOIIATACT, YTO TE JKE EKTPOHHBIE COCTOSHHSI, KOTOPbIE OTBEYAIOT 3@ ONTHUYECKOE
U3JIy4YeHUe, TaKXKe BIMAIOT Ha (POTOreHepalMio M PEeKOMOMHAIMIO HOcUTeNed 3apsajga. ITo
IIOATBEPKAACT, 4YTO  ONTODJICKTPOHHOE  IIOBEIECHHE  TIETEPOCTPYKTYpPHl  OIPEIEIAETCS
B3aUMOJIEHCTBUEM MEXly COOCTBEHHBIMH 30HHBIMU I€pPEX0iaMH U Ae(PEKTHBIMU IIPOLIECCaMU.

Jlumepamypa
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129.

Xiilasa

Molekulyar siia epitaksiyast lsulu ilo yetisdirilon n-GaAs/p-GaAs heterostrukturlarinin
optoelektronik  xiisusiyyatlori  elektrik, spektral vo  fotoliiminessensiya  analizinin
kombinasiyasindan istifado edilorok arasdirilmisdir. Strukturlar p-n kecidinin omolo golmasini
tasdigloyan diizoldici corayan-gorginlik xiisusiyyatlori niimayis etdirmisdir. Fotocoryanin spektral
asililigindan qadagan olunmus zolagin eninin 1,42 eV-a borabar oldugu miioyyan edilmisdir vo
yiikdasiyicilarin - generasiyasinin  zona-zona kecidlori ilo olagadar oldugu gdostorilmisdir.
Fotoliiminesans spektrlorindo (870—880nm) dalga uzunlugu diapazonunda effektiv siialanma
askar edilmisdir. Gostorilmisdir ki, spektrin goriinon oblastinda (520—-680 nm) miisahido olunan
stialanma zolaqlar struktur defektlori ilo slagadardir.

Annomayusn
OnTosneKTpoHHbIE CBOWCTBA reTepocTpykTyp n-GaAs/p-GaAs, BBIPAIllEHHBIX METOJOM
MOJIEKYJISIPHO-JIyUE€BOM 3MUTAKCUU OBLIM HCCIEOBaHbl C IOMOIIBI0 KOMOWHHUPOBAHHOTO
ANEKTPUYECKOTO,  CHEKTPAIbHOTO M (OTONIOMHUHECHEHTHOro  aHanmu3a.  CTpyKTypsl
JEMOHCTPUPOBAIM  BBIIPSMIISIIOIIME BOJIBT-aMIEPHbIE XAPAKTEPUCTUKH, IOATBEPKIAIOLINE
oOpa3zoBanue p—n-nepexoaa. CriekTpaabHbI (OTOTOK BBIIBIII YETKUN Kpail MOIVIOIIEHUSI OKOJIO
1,42 5B, cooTBeTCTBYIOIIMI NpsIMOW IIMpPUHE 3anpernieHHoil 30Hbl (GaAs, MoATBep)KIasi, YTO
reHepanusi HOCHUTENEH 3apsiia  ONpefensercs MeX30HHbIMH  nepexozaMu.  CHekTpsl
(OTOMOMUHECHIEHIIMN TIOKAa3aJIM CUJIBbHBIA MUK H3IydeHusl B auanazoHe ~870-880 um (=1,42
5B), a Takke MJOMONHUTENbHBIE TMOJOCH B BuUAuUMON obmactu (520-680 HM), KoTOpbIe

IPUIHCHIBAIOTCS COCTOSIHUSIM, CBS3aHHBIM C JIe(DeKTaMHU.

Abstract

The optoelectronic properties of n-GaAs/p-GaAs heterostructures grown by molecular
beam epitaxy were investigated using combined electrical, spectral, and photoluminescence
analysis. The structures exhibited rectifying current-voltage characteristics, confirming the
formation of a p—n junction. The spectral photocurrent revealed a distinct absorption edge at
~1.42 eV, corresponding to the direct band gap of GaAs, confirming that charge carrier
generation is determined by interband transitions. The photoluminescence spectra revealed a
strong emission peak in the range of ~870-880 nm (=1.42 eV), as well as additional bands in the
visible region (520—-680 nm), which are attributed to defect-related states.
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Rogomsal tohliikasizlik vo texnoloji inkisaf sahasindo hoyata kegirilon ardicil siyasstin
torkib hissosi kimi Azorbaycan Respublikasmnin Prezidenti ilham Oliyevin 19 mart 2025-ci il
tarixli Seroncamu ilo “Azorbaycan Respublikasmin 2025-2028-ci illor iigiin Siini Intellektin
Inkisafina dair Strategiya” tosdiq edilib. Bu strateji sonodda siini intellekt texnologiyalarinin
dovlat idarsgiliyindon tutmus iqtisadiyyata, sosial hoyata vo xiisuson do tohsilo kimi hoyatin
biitiin sahalorina genis tosir imkanlar1 vurgulanir. Strategiyanin asas istigamatlorindon biri do
tohsil sistemindo innovasiyalarin va ragomsal transformasiyanin genislondirilmasi ilo baglidir. Bu
kontekstdo miisllimlorin pesokar inkisafi vo siini intellekt texnologiyalarina adaptasiyasi xiisusi
ohomiyyet dasiyir. Miiasir tohsil miihiti artiq miisllimlorin yalniz bilik otiiriiclisii kimi deyil, hom
do rogomsal todris miihitinin formalasdiri- cis1 vo texnoloji lideri kimi ¢ix1s etmasini tolob edir.
[1]

Siini intellekt (SI) — insanm intellektual gabiliyyatlorini tolob edon tapsiriglari yerino
yetirmoys qadir proqramlar vo sistemlor yaratmaqla mosgul olan kompiiter elmlori sahasidir. Bu
tapsiriqlara 6yronmo, molumatlarin tohlili, problemlorin holli, nlimunalorin taninmasi, tobii dilin
emali vo qgorar gobul etmo aiddir. SI is prinsipi masin Syronmosi alqoritmloring, neyron
sabokoloro vo molumatlarin emali tisullarina asaslanir. Bu giin o, tibb, elm, iqtisadiyyat, sonaye
va digar saholords foal totbiq edilir.

Fizikanin todrisindo siini intellektdon (SI) istifado todris prosesinin tokmillosdirilmasi,
tolobalorin colb olunmasiin artirilmast vo tolimin fordilogdirilmasi iiclin yeni imkanlar acir.
Asagida Si-nin tohsil prosesing inteqrasiyasi yollarmin tam icmali verilmisdir.

Fardilosdirilmis talim
SI tolobalorin hazirliq saviyyasini tohlil edo va onlarin biliklarinden asili olaraq fordi tapsiriglar
toklif eda bilor.
 Adaptiv tolim sistemlari (mosalon, Smart Sparrow, Squirrel Al) tapsiriqlarin ¢otinliyini
tolobanin saviyyasine uygunlasdirir. Hor bir talobenin bilik saviyyasine uygunlasan Si
platformalarindan istifads olunur. Masalon, Knewton va ya Smart Sparrow kimi sistemlor
talobanin gedisatindan asili olaraq fordi tapsiriqlar vo materiallar toklif edo bilor.

* Chat-botlar va virtual kdmakeilar tolobaslarin suallarina 7/24 rejiminds cavab vers bilor.

« Si-analitikas1 bilik bosluglarin1 askar etmoys vo onlarin aradan qaldirilmas: {igiin
tovsiyalor vermoyo komok edir. [2]

e Virtual eksperimentlor: Toloboalorin parametrlori doyiso vo naticolori real vaxt rejimindo
miisahido edo bilocayi virtual eksperimentlor aparmaq {iciin Si-simulyasiyalarindan istifado
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olunur. Masalon, PhET Interactive Simulations platformalari fiziki proseslori modellosdirmaya
imkan verir.

o Tovsiya sistemlori: SI tolobalorin ugurlarini tohlil edo vo mévzunu derinden basa diismok
{iciin mogalolar, videolar va ya tapsiriglar kimi olavo materiallar tovsiya eda bilor. SI tolobalors
laboratoriya islori zamani aldo edilmis molumatlart tohlil etmokdo vo natico ¢ixarmaqda komok
eds bilor.

Interaktiv komokgilor vo chat-botlar. Chat-botlar: Fizika kursu iizro tolobalerin suallarma
cavab vero, miirokkob anlayislar1 izah edo vo ya mosololorin hoallindo kémok edo bilon chat-
botlarin totbiqi. Masalon, GPT asasl1 botlar nazariyyani izah etmak tigiin faydali ola bilar. [3,4]

« Tapsiriglarin vo laboratoriya islorinin yoxlanilmasi: SI, xiisusilo cavablarin ododi vo ya
analitik ifado oluna bilocoyi hallarda, masololorin hallini avtomatik yoxlaya bilor. Masalon,
Gradescore kimi sistemlor toloba islorini qiymatlondirmok iigiin Si-don istifado edir.

« Oks olaqo: SI tolobalors ani oks alage togdim edo, sohvlari gdstora vo onlarn diizoldilmasi
yollarini toklif eds bilor.

« Akademik gostaricilorin  tohlili: SI tolobolorin  akademik gdstaricilori haqqinda
molumatlari tohlil eds vo kimin ¢atinlikls iizlogs bilocayini prognozlasdira bilsr. Bu, miiollimlora
vaxtinda miidaxilo etmaya va slave yardim toklif etmoys imkan veracok.

o Erkon xobordarliq: SI asasli sistemlor gerido qalan tolobolors bildirislor gondors vo onlarmn
anlayisini yaxsilagdirmagq tligiin olava resurslar toklif eds bilar.

e Tapsiriglarin avtomatik yaradilmasi: Si tolobolorin hazirliq soviyyasini vo kursun cari
movzularint nazars alaraq onlar {igiin tapsiriglar vo niimunalor yarada bilar.

« Konspektlorin va toqdimatlarin hazirlanmasi: SI miiollimlore miihazira konspektlori,
togdimatlar vo digor materiallar1 hazirlamaqda, molumati avtomatik strukturlagsdirmaqda kdmok
edo bilor.

e Todqiqatlarda molumatlarin tohlili: Tolobolor 6z elmi layihalorinds, masalon, tocriiba
naticalorinin emali vo ya fiziki proseslorin modellagdirilmasi zaman1 bdyiik hocmli malumatlar
tohlil etmok iiciin SI-don istifado eda bilorlor.

o Eksperimentlorin optimallasdirilmasi: SI on yaxs1 noticolors nail olmaq iigiin optimal
parametrlor toklif edarak tacriibalorin planlagdirilmasinda komak eds bilar.

e Oyunlar vasitosilo tolim: Tolobalorin virtual diinyalarda fizika qanunlarini totbiq edo
bilocoyi oyun ssenarilori yaratmaq ii¢iin Si-don istifado olunur. Bu, tolimi daha maraqli vo
haveslondirici edir.

Naticalor

Stini intellekt texnologiyalarinin fizika todrisino inteqrasiyast miiasir tohsil sisteminin
garsisinda duran on aktual vo perspektivli istigamatlordon biridir. Todqigat gdstorir ki, SI tokca
todris prosesinin avtomatlasdirilmasi vasitosi deyil, hom do tolimin fordilosdirilmasi, tolobalorin
idrak faalliginin artirilmasi vo miistoqil todqiqat bacariglarmin formalasdirilmasi baximindan
miihiim rol oynayir.

Xiisusilo adaptiv tolim sistemlori, virtual eksperimentlor, chat-botlar vo Si osasli analitika
alatlori fizikanin todrisindo bilik bosluglarinin vaxtinda askar edilmasino, hor bir toloboya fordi
yanagsmanin tomin edilmasine vo todris resurslarmin optimallasdirilmasina imkan yaradir.
Bununla yanasi, SI miiollimlorin pesokar faaliyyatini dostokloyarak onlarm yaradiciliq vo analitik
potensialini artirir.

Azorbaycan Respublikasinim 2025-2028-ci illor iiciin Siini Intellekt Strategiyasinda tohsilin
rogomsal transformasiyasinin prioritet istiqgamot kimi miioyyon edilmasi 6lkomizds bu sahado
aparilan elmi-pedaqoji todgiqatlarin ohomiyyatini daha da artirir. Bununla belo, Si-nin todriso tam
inteqrasiyast li¢iin misllimlorin roqomsal kompetensiyalarinin inkisafi, etik vo tohliikosizlik
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mosololorinin tonzimlonmaosi, habels yerli dildo SI osasli todris platformalarinin yaradilmasi
zoruridir. [2]

Golocok todgiqatlarda Si-nin fizika todrisinde uzunmiiddatli tosirinin empirik todqiqi,
miixtolif tohsil soviyyolorindo (limumtohsil moktobi, ali moktob) pilot layihoslorin hoyata
kecirilmoasi va beynolxalq tocriibonin Azarbaycan realligina adaptasiyas: mogsodouygundur.
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Annotasiya

Bu moqalado siini intellekt texnologiyalarinin fizika todrisina tosiri nozordon kegirilir.
Tohsil prosesindo siini intellektin totbiqino miiasir yanasmalar, o ciimlodon adaptiv tolim
sistemlori, intellektual komokgilor va fiziki proseslorin modellogdirilmasi tohlil edilir. Tolimin
fordilosdirilmosi, todrisin  somaoraliliyinin  artirilmast  vo  tolobolordo  miistoqil  todqiqat
bacariqlarinin inkisafi {igiin siini intellektdon istifads perspektivlori miizakirs olunur

Annomauus

B naHHOi cTaThe pacCMaTpPUBAETCS BIMSAHUE TEXHOJIOTMHM MCKYCCTBEHHOI'O MHTEIICKTA Ha
npenofaBaHue  (GU3MKU.  AHAJIM3UPYIOTCS  COBPEMEHHBIE  TOAXOJAbl K  IPUMEHEHUIO
UCKYCCTBEHHOI'O MHTEJJIEKTa B 00pa30BaTEeIbHOM IIpollecce, BKIIIOYas aJalTHBHBIE CHCTEMBI
00y4YeHHUsl, WHTEIJICKTyaJbHbIX IOMOUIHMKOB M MOJEIUPOBaHHE (U3MUYECKUX IPOIIECCOB.
OO6cyxaaroTcs MepereKTUBbI UCIOIB30BaHUs UCKYCCTBEHHOI'O MHTEIUIEKTa IS IePCOHATN3AIMN
oOydeHHUsl, TMOBBbIIIEHUS J(PGEKTUBHOCTH MpernojaBaHUsl M PA3BUTHS HCCIEI0BATEIbCKUX
HAaBBIKOB CTYZCHTOB.

Abstract

This article examines the impact of artificial intelligence technologies on physics teaching.
Modern approaches to the application of artificial intelligence in the educational process are
analyzed, including adaptive learning systems, intelligent assistants, and modeling of physical
processes. The prospects for using artificial intelligence to personalize learning, increase teaching
effectiveness, and develop students' research skills are discussed.
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BBEJEHHUE.

WuterpupoBaHHoe o00ydeHue (B caMOM IIMPOKOM II0JI€ PAcCMOTPEHMs) SIBIISETCS
CaMOCTOSITENIbHON 00pa30BaTENbHOM CHCTEMOH, IZle B €IUHOE B3aUMOJOIOJIHAEMOE LIEJI0e
00BbeIMHEHb! KOHCOJIMAMPOBAHHBIE MaTepUaslbl y4eOHBIX MPEAMETOB WM YU4EOHBIX TUCIMILIMH
Ha OCHOBE IPHUHIMIIOB MEXIPEIMEIMETHOCTH, MEXAUCHUIUIMHAPHOCTH. Eciau ToBOpHUTH
HETOCPEACTBEHHO O TOJXO0/JaX K PAaCCMOTPEHHUIO HHTETPHUPOBAHHOTO OOydYeHHs, HEOOXOIUMO
CIPaBEAJIMBO OTMETHUTh, YTO OHO OCHOBBIBACTCS HA KATETOPHH UHTETPALIUH, I03TOMY MHOKECTBO
HAYYHBIX, METOJIOJIOTHYECKUX M HAYYHO-METOJUYECKUX PAaOOT MOCBSIIEHO pa30opy W aHAIH3Y
MHTETPUPOBAHHOIO 00yUYeHHsI uepe3 3TO MoHATHE. VIHTerpalus anpuopy NpearnoiaraeT Halmyue
CHUHTE3a MHOrooOpasusi, 4TO IO3BOJIAET JOCTHYb MAKCHUMAaJbHO LEJIOCTHOTO BOCHPHATHUS U
HepeoCMBbICIeHUs 00yUYarOIIUMUCS SIBIICHUH U MPOLIECCOB OKPYKAIOLIEH e CTBUTEIIBHOCTH.

B coBpemeHHOE BpeMsi TOTYKOM K BHEIPEHHUIO MHTETPUPOBAHHOTO OOYYEHHS IOCITYKUI
YaCTUYHBIA MEepexoj] Ha AUCTaHIMOHHbIE (opmaTtel B cBsizu ¢ mangemueir COVID-19 u ee
nocyencTBusiMU. OCOOEHHO MHTEHCUBHO 3TO MPOUCXOIUIIO 3a pyoexkom: Tak, M. B. Hukomnaesoit
CHUCTEMaTH3UPOBAaH OMNBIT BY30B BO BHEJIPEHHWU Pa3HOOOpPA3HBIX (OPM HHTETPUPOBAHHOTO
oOyuenus popmax B 'epmanun, CILIA, Benukobpuranuu, Uuauu [14, c. 153].

Leab HacTOSALIEr0o MCCIAEJOBAHUSI 3aKII0YaTach B TEOPETUUYECKOM OOOCHOBAHUH,
OCHOBAaHHOM Ha pe3yJIbTaTax HCCIEIOBAaHUM, OCYHIECTBIEHHBIX B KOHTEKCTE TEMbI HACTOSILEH
paboThl, aHanu3, 00OOIIEHHe, CHUCTeMaTH3alMs U HHTEpIpeTaluss HAKOIUIEHHOTO B Hay4HOM
cdepe marepuana JUisi KOHCOJIUAALNWN UMEIOLIUXCS MPEACTaBICHUN U BBISBICHUS TEHICHUUN B
COBEpPILIEHCTBOBAHUH NE€ArOrMUECKON MPAKTUKH.

IIpakTHyeckass 3HAYMMOCTDH UCCJIEJOBAHMS 3aK/II0YAETCH B CO3JaHUM TEOPETHUYECKOIO
(byHaaMeHTa COBEPLICHCTBOBaHUSA NPOGECCHOHAIBLHOIO O0pa30BaHMs, CHOCOOHOW CIIy)XKUTh
METO/I0JIOTUYECKOM OCHOBOII 00pa3oBaTeNbHOM MpakTUKEe MNPO(EeCcCHOHATBLHOW MOJITOTOBKU
CTYACHTOB — OyIyIIUX yuyuTenei no gusmke.

[TonBeneHHbIe pe3yabTaThl SIMIUPUUECKOTO HCCIEA0BaHUSA, KOTOPOE OBbLIO peain30BaHO B
BenukoOpuranun, B MaHuyectepckoM M HOTTHHINeMCKOM YHHMBEpPCHTETaX, IOATBEPKIAIOT
cienyroee. MexnpeameTHas (MeXIUCIUIUIMHAPHAS ) HHTETPALlMsl B ITOJHON Mepe COJAeHCTBYET
MOBBIIIEHUI0 MOTHBALIMM OOYYAIOUIMXCA K M3YYEHUIO KaK OCHOBHBIX, TaK U CMEXKHBIX
JTUCIUIUIMH, €CJIM OHa aJieKBaTHO Yy4yTeHa B MPOEKTHBIX 3ajadax. B 3ToM cliydae Takxke
CHHMAETCs LEJbI psiZi BOIPOCOB OTHOCUTENBHO 3HAHUS MapaurM oOpa3oBaTesbHOW 00JIacTH,
HaNpsSIMYIO He Kacarouleiics Oyayiei npodeccuoHalIbHOMN 1eATeIbHOCTH CTYACHTOB.

WuTerpupoBaHHoe 0OyueHHE HE OrpaHHMYEHO paMKaMHM OTAEIbHO B3SITHIX METOJUK WIIH
MOJIOKEHUN TUIAKTUKU U UMEeT oflieneaarornyeckoe 3HaueHue. PaccMarpuBasi MHTErpaluio B
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CHCTEME «BY3-IIKOJa» B KAdyeCTBE CIIO)KHOTO MHOTrO(aKTOPHOrO Ipolecca, TpeOyoero
METOJIOJIOTUYECKOM  OCHOBBI, B. A. ManuHuH B  HayyHOW myOJMKAalUUd  OMHUCHIBAET
NEarornyecky0 MHTErpalyi0 B TPEX HIOCTacsiX — B KayecTBE IPUHIUIA pPa3BUTUA
NEAArorn4ecKOd HayKH M IPAKTHKH, B KAYECTBE IIPOLIECCa pealu3alud MEXAUCIHUILIMHAPHBIX
cBsizell U (POPMHUPOBAHUS HOBOM CHCTEMBI MPENOJaBaHus, a TAK)KE KaK Pe3yIbTaT B3aUMOCBS3H
JIBYX U 0oJiee 00pa3oBaTeIbHBIX dJIEMEHTOB [12, c. 73].

['oBops 00  wuHTerpaumm B OOYyYEHHHM,  3aKOHOMEPHO  BCTAaeT  BOMIPOC
MEXIUCLHUIUIMHAPHOCTH, MEXKIIPEAMETHBIX CBA3€H KaK JKBUBAJICHTA B3aUMOACUCTBUS MEXIY
pasHBIMU HAyKaMHU U 00pa30BaTeIbHBIMU 00JACTIMUA. MEXIUCIUITMHAPHBIE (MEXIIPEIMETHBIC)
CBSI3U JAlOT BO3MOYKHOCTh OOYYAIOIIUMCSI pacCMOTPETh M3ydaeMble TeMbl WM MPOOJIEMBI ¢
pa3HbIX CTOPOH, 3TO IMJAKTHUYECKUNH HHCTPYMEHT HHTerpauuu. MHTerpanus mnpenanoaraet
pean3alMio B3aMMOCBSA3€H IUCLUUIUIMH HAa BBICOKOM YPOBHE, IPUYEM YpPOBEHb B3aUMOCBS3U
JVCIUATUTAH / TIPEAMETOB OTPEAEISAeTCS MOCTABICHHBIMU TIEIaroroM TUAAKTHYECKIMHI 33 Ja9aMH.
Ilenp mnpenojaBarenst B 3TOW CBSI3U — OOECHEUUTh MEPEX0J]] OT BHYTPUIPEAMETHBIX /
BHYTPHUIUCIHIIMHAPHBIX CBSA3EH K MEXITPEIMETHBIM / MEKIUCIUTUTMHAPHBIM.

JI. JI. baroBa (okycupyeT BHUMAaHHE Ha MEXIIPEIMETHBIX CBA3SIX: METO0JIOIMYECKOH,
00pa3oBaTeNbHON, pPa3BUBAIOIICH, BOCHMUTHIBAIONIECH, KOHCTPYKTHBHOHN [1, c. 58]. Baxknocts
OCBOCHMS MEXJIUCHMIIJIMHAPHBIX / MEXIPEIMETHBIX CBs3€il 00ycloBlieHAa MNOTPEOHOCTHIO B
(OpPMHUPOBAHUH Y COBPEMEHHBIX CIIELUAIMCTOB LIEJIOCTHOTO BOCHPUATUS KapTUHBI MHpA,
Ka4yeCTB OTBETCTBEHHOW M CaMOCTOSITEIbHOM JMYHOCTH, CIIOCOOHOM MPUHHUMATh B3BELICHHBIC
peLIeHNs U TBOPUYECKHU MOJXOUTh K PELICHUIO BOSHUKAIOUINX IIPOOJIEM.

Pazymeercs, oOyuaronyecs He BCerja MOTYT BBLACIMTbh HAJIWYME B3aUMOCBSA3M MEXITY
pasHBIMH 00pa30BaTEIbHBIMH OOJACTAMHU, YTO 3aTPYIHSET MPOIECC MO3HAHUS M OCBOCHHUS
npodeccuoHanbHbIX KommereHIM. JI. A. Xamyna oTmeyaer, 4TO MHTErpaunus IO3BOJISET
chopMUpOBaTh y OOYYAIOIIMXCS WHTEPAKTHBHBIA CIIOCOO MBINUICHUS, CIIOCOOHOCTh K
pPacCMOTPEHHUI0O MHOTOACHEKTHBIX OOBEKTOB, SBJSIOIIMXCS IPEIMETOM H3Yy4YeHHs pa3HbIX
JUCLIUIUINH, Pa3BUTh YMEHUE aHalIM3a U CHUHTE3a MOJy4yaeMbIX 3HAHUHM, UX MEpeHoca U3 OJHOU
oOpa3oBaTenbHON o0nacTH B apyryio [18, c. 42].

dopmamMu  peaid3alli  MOXKET CIY)KMTh KaK CIEUUalIbHO CO3JaHHBIM Kypc ¢
NPUHIUINAIBHO HOBBIM COJIEP’KAaHMEM, BHEIPEHHBIH KypC C HECKOJIbKO OOHOBJIECHHBIM
COJIep’)KaHUEM, HMHTETPUPOBAHHBIM Kypc C OOBEIUHEHHEM MaTepuaja HECKOJbKHUX Y4eOHBIX
IIPEIMETOB UJIU TUCLUIUINH, UHTETPUPOBAHHOE 3aHSTHE.

WuTerpanuss  3aTparuBaeT caMble  pa3Hble  AacleKThl —  B3aUMOINPOHHKHOBEHHE,
B3alMOJIOTIOJIHEHNE, B3alMOCOYETaHHE, B3aMMO3aBUCUMOCTD, B3alMO3aMEHSIEMOCTb.
N. T. Xaiipynnua u O. B. MimomnH  onucelBaloT Tpu INpU3HaKa MHTerpauuu. Tak, B Xxone
UHTETpaluy HaOJoJaeTcs B3auMHAs UMHTErpalus CHHTE3UPYEMBIX 4acTed, IPOUCXOIUT
ACCUMMWJISIIAA MOI0OHBIX YacTed LENbIM — Y4eOHBIM KYypCOM, HMOSBISIOTCS KaUeCTBEHHO HOBBIE
IpHpalieHus B yaeOHOM Matepuale, KOTOpblii 00beANHSETCS U CTaBUTCS LIEJIOCTHBIM B MpoIiecce
uHTerpanuu [17, c¢. 193]. MHTerpanus npeactaer B IByX 3HAYCHMAX: Kak Ieb (HarpaBlIeHHOCTb
Ha (opMUpOBaHHE y 00yUaIOIIUXCSl LIETIOCTHOTO MPEACTaBIEHUS 00 OKpY’KaIoIleM MHUPE) U Kak
CpeACTBO (cTaHOBIEHUE Oa3bl, INIATHOPMBI AJIST ONITUMAIEHOTO BOCCOEIMHEHHSI HAYUYHBIX 3HAaHUN
0 TpeaMeTe).

WuTterpanus B 00y4eHUN MOXET MPOMUCXOJUTh, KaK yIpaBlsieMo, Tak M CTUXHUiHO. Eciu
NEepBBIA  CiIydal WJUTIOCTpUpPYET B KauecTBE MpUMepa NpeaMeT pacCMOTPEHUs JaHHOIO
UCCJIEJOBAHMsI, KOTJa IPENoJaBaTellb MCIONb3yeT MHTErPAldI0 B KAayeCTBE IUAAKTHYECKOIO
MHCTPYMEHTA U CTaBUT BO TJIaBYy yria MEXAUCLUUIIMHAPHBIE, MEXKIIPEIMETHBIE CBSI3H, TO MPH
CTUXUIHON MHTErpanuu oO0yYaroIIUiCs CaMOCTOSTEIbHO, B paMKaxX pa3pelieHus: MpoOsIeMbl,
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yueOHOU cHTyali TpoOyeT NPHUMEHATHh 3HAHUS, YMEHHUS, HAaBBIKA, KOTOpbIe OBUIN
chopmupoBanbl WU (GOPMHUPYIOTCS TPU H3YYEHUH JPYroro ydeOHOTO TIpeaAMeTa WU
JUCLIUIUINHBL, O€3 YIpaBIISIIOIIETr0 BO3IEHCTBUS IIearora.

IO. B. Unuko gemaer BBIBOA O TOM, 4YTO CTUXHHHAs WHTErpanus (aKTHUYeCKH
COIIPOBOKIAET MPOIIECC OCBOCHUS OOydarommumces 00 yueOHoi nucuumiussl [19, c. 127].
[Ipu 3TOM ympaBisgemas HHTETpallds MOKET ObITh peaJu30BaHa B JIBYX HampasiieHusx. [lepsoe,
TPaIWLIMOHHOE, TMpPENINoiaraeT, YTO TMENaror paccMaTPUBACT B OINPEICICHHBIE MEPHOIbI
00y4eHUs1, BOSHUKAIOIINE B3aUMOCBSI3U JIBYX U 0oJiee MPeAMETOB WIH JUCIUIUIMH, BRITCKAIOIINE
U3 COJEpIKaTeIbHOW COCTaBISIONICH ydeOHOro Mmarepuana. Bo BTOpoMm ciydae B KadecTBe
OCHOBBI MHTETPAIIMN BBIOUPAETCS KOMILUIEKC MH(POPMAIIUU, 3HAHUI, KOTOPBIE HE YKJIaJIbIBAFOTCS
B PAMKH OJTHOTO Y4€OHOTO MPEeAMETa WM YIeOHOW TUCIUTUINHEI.

CTOUT yOMSIHYTb, YTO JIEMEHT CTUXUHHOCTH COXPAHSIETCS U B YIPABIIEMOM HHTETPAIUH,
MOCKOJIbKY OOYYarOIIMICSI YYUTCSA TEPEHOCHTHh CIOCOOBI JCHCTBHS C OJHOTO MpeaMeTa Ha
Ipyroi. 3to dopMupyeT MaTpUIly AJs MPHUPALICHUS MPUHIIUIHAILHO HOBOTO 3HAHUS, Pa3BUBAET
MPEJICTABICHHE O IIEJIOCTHOCTH MHpa W oOJjerdaer mporecc oOydeHWs B IeJoM Oiaromaps
NepepacTaHuio B YCTOWYUBYIO y4eOHO-TIO3HABATENbHYIO, TBOPUECKYIO IS TEIbHOCTD.

[TonsiTHO, 4YTO WHTErpamus — oOpaTHOE sBIeHUE aU(PEpeHITHAN TIPEIMETOB U
muciuminH. HecmoTpst Ha To uTo, uHTerpauus u nuddepeHnuanus B 0Oy4eHUU BBICTYMAIOT
MPOTUBOMOJIOKHBIMA ~ CTOPOHAMH, HWHTETPUPOBAHHOE  OOydYeHHE  MO3BOJSICT  JIOCTHYb
OTPENICJICHHON CTENEHW WX JUAJCKTHYECKOrOo €JIMHCTBA, IIO3BOJISAS  JIaTh  IICJIOCTHOE
npelncTaBicHrne 00 W3y4aeMoM TIpeaMeTe M IOCTHYh €ro XapaKTepHBIE OCOOEHHOCTH,
3aKOHOMEPHOCTH, HIOAHCHL. VIHTerpupoBaHHBIE TMOAXOABI B OOYYEHMH HE HCKIIOYAIOT
uMeronieics: auddepeHnuanuy, HanpoTuB, auddQepeHmanus W WHTETPalds BBICTYIAIOT
OJIHOBPEMEHHO B3aMMO3aBUCUMBIMH U TTPOTHBOIIOJIOKHBIMU IporieccaMu. MHTerpamnus Takke He
OTPHUIIAET 3HAYMMOCTH CJIOKUBIICHCS TPEIMETHOW CHCTEMbI, MHTCTPHPOBAHHBIC ITOAXOMBI B
0o0y4eHUU — JIUIIb MYTh €€ COBEPIICHCTBOBAHUS, YIY4IICHHUS, HUBEIUPOBAHUS HEIOCTATKOB,
YIIyOIeHHS] MeKIIPEIMETHBIX ¥ MEKIUCIIMILTHHAPHBIX B3aHMOCBSI3CH.

B cBsi3u ¢ BhIlIECKa3aHHBIM, HY)KHO YKa3aTh Ha CHHKPETHU3M KOMIIOHEHTOB MHTETpAIlUH, a
He (QopMaabHOE COCIMHEHHE dYacTel, OoObeaWHEHHE Yero-mudo B MPOIECcCe WHTETpalluu.
MexnpeaMmeTHble (MEKIUCIUILUIMHAPHBIE) CBS3W B PAacCMaTpPUBAEMOM KOHTEKCTE SIBIISIOTCA
CBOCOOpPA3HBIM T'€HEPATOPOM WHTETparuu. [Ipu 3TOM MOCIeqHss BBICTYIAET BBICIIUM YPOBHEM
peanu3anuyu MeXIPeIMETHBIX (MEXIUCIUTUTMHAPHBIX ) CBSI3EH.

Enunas, oOTHOCWTENHHO  OOIICTIPU3HAHHAS  TCOPETHKO-METOJIOJIOTHYECKass  OCHOBA
WHTETPUPOBAHHOTO OO0Yy4YeHHs OTCyTcTByeT. Kak mpaBmiio, B HAyYHO-METOJIUYECKUX
MyOIUKAIUSAX PACKPBIBAIOTCA METOJIbI, TEXHOJIOTUHU, (JopMaThl UHTETPAILIMHU, JETaeTCsl CTaBKa Ha
METOJMYECCKHEe W TPHKIATHBIC HIOAHCH. B paMkax KOMITApaTHBHOTO aHajHM3a IeJaroraMu
OIICHMBAETCS OIBIT OpPraHMU3alMi HHTETPUPOBAHHOTO OOY4YEHHS B pa3HBIX BapHallUiX, B
00pa30BaTeNbHBIX MPOTrpaMMax Ha Pa3IMYHBIX YPOBHSIX OOYYCHHS — OT IIKOJBI JI0 BY3a,
BKIIIOUAsi CUCTEMY JIOMOJIHUTEIBHOTO 00Pa30BaHMUS.

['oBOpsT 0 METOAMYECKHX AacleKTaX, MpeIaraloTcs ajirOpUTMbl H  PEKOMEHJIAINN
MOCTpOCHUs HMHTerpupoBaHHOoro oOyudeHus. Hampumep, HO. C. 3arpaiickas omucheiBaeT Takoi
QITOPUTM JCHCTBHH MpEIoaBaTeisl B pacCMaTPUBAEMOM KOHTEKCTE: OIpPENCICHHE OOIINX st
pa3HbIX JUCHUIUIMH TOHATUN, CPAaBHEHHE MPOTPAaMM U Y4eOHBIX MaTepUaNOB ISl TPAHCISIIHH
00YJaOIUMUCS OJHUX M TeX )K€ TOHATHUH CKBO3b MPU3MYy MHTCTPUPOBAHHBIX 00JIACTCH 3HAHUS,
CO3/1aHME UHTETPUPOBAHHOTO 00yUYeHHsI Ha Oa3e OOIIMX COCTaBIAIONINX [7, C. 46].

CTouT TaKke yKa3aTh, YTO 3a4acTyi0 I0J] MHTETPHPOBAHHBIM OOYYCHHEM IOHHMACTCS
NPUHIMIIAATIBPHO HMHOE SBJICHHE — IMOAXOA K OpTraHu3ali OOydYeHUs JHI C pPa3IuYHBIMU
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HApYILICHUAMH >KU3HEICATEILHOCTH, OIPAaHUYEHHBIMU BO3MOXKHOCTSIMH M WHBAIUIHOCTHIO. K
npuMmepy, B HayuHou pabore H. A. BepHep paccMaTpuBaeT OTeueCTBEHHBIE M 3apyOeKHBIE
MOJIXO/IbI K MHTETPUPOBAHHOMY U WHKIIIO3UBHOMY OOYUYEHUIO B 00pa30BaTEIbHBIX OPTaHU3AIIHSIX
[4], W.H.Epoxuna, A.A.TopramoBa ONUCHIBAIOT OIBIT, NPOOJIEMbI M TIEPCIICKTUBBI
opraHu3anui  00pa30BaTENbHOW JAEATENBHOCTH JUIS OOy4arolluXcs C OTPaHUYCHHBIMU
BO3MOXKHOCTSIMU 3710pOBbsl [6]. OOoraiieHre couuaibHOro OMbITa B paMKaxX MHTETPHUPOBAHHOTO
o0y4yeHHs JieTell ¢ 0COOBIMH MOTPEOHOCTAMHU U 0€3 OTpaHUYCHUN Pa3BUTHUSI PACCMATPUBACTCS U
IpYyrMMH aBTOpaMu. Takke B MYyOJNUKAlMSIX MOXHO BCTPETUTh IOHATHUE <«UHTETPaTHUBHOE
oOydeHuey», KoTopoe (pakTHIeCKH UIESHTHUYHO 110 3HAYCHUIO HHTETPUPOBAHHOMY OOYYCHHUIO.

O. B. bopiuieBa onuchiBaeT CTPYKTYpPy HMHTEIPATHUBHOTO IMOJAXO0Ja, KOTOPYIO COCTAaBISIOT
COJIepXKaTENbHBIM, OpPraHU3alMOHHO-IEATEIbHOCTHBIM U METOAUYECKUN KOMIIOHEHTHI [2, c. 7].
CopepxaTenpHblii KOMIIOHEHT O3HadyaeT OTO0Op y4eOHOro MaTepuana COTJacHO 3aJaHHBIM
TpeOOBAaHUSIM HMHTETPALMU, COJCUCTBYIOIIMKA JOCTHKCHHIO C(HOPMYIHPOBAHHBIX  IEJICH.
Oprann3alluOHHO-/IEATEIbHOCTHBIM ~ KOMIIOHEHT MPEIINOoJaraeT Haludyhe B apceHane y
IpenoaaBaresis caMblX pa3HbIX opM ydeOHOH U BHEY4eOHOH NeATeNbHOCTH AJI MAaKCUMaIbHO
HIMPOKOTO HCIOJIb30BaHUS CaMOCTOATENbHOM MOJArOTOBKH, MOTEHIMANla TBOPYECKUX 3aJaHMM.
Meroanveckuii KOMIIOHEHT 3aKJIIOYaeTCs B TPaMOTHOM 3aWMCTBOBAHMHM MaTEPUATIOB IPYTUX
y4eOHBIX MPEIMETOB / IUCIMILIAH, U3MEHEHHH METOJIOB M TEXHOJOTHUH OOy4YeHUs C LEJbI0
o0ecrieueHrs COOTBETCTBUS 3aJa4aM.

B cucreme cpennero mnpodeccuoHanbHOTO 00pa3oBaHUs M BBICHIETO 00pa3oBaHUS,
HECMOTpSl Ha HAKOIUJICHHBIH ONBIT pealu3all HHTETPUPOBAHHOIO 0Opa3oBaHUs C LEJbIO
MOBBILICHHUS] KAa4eCTBa IOATOTOBKH CIIELUAINCTOB, €ro BHEApPEHHE TpeOyeT peuieHus psaa
Ba)XHBIX BOIPOCOB. B X 4KC0 BXOIAT 0COOEHHOCTH B YaCTH OpraHM3aluy y4yeOHOro mporiecca,
MOJArOTOBKA U 00yueHHe mpernoaaBarenieit, GopmupoBanue TpedyemMont HHPACTPYKTYPHI.

O. B. Owenkosa u 0. B. braros [15, c. 165] onuceiBatoT 4eThlpe BapuaHTa peaau3aluu
MOJIXOJIOB K MHTEIrPUPOBAHHOMY 00yUeHHI0. B mepBoM ciydae, 3T0 onTUManbHasi KOHCOIHAALUS
OTHOCHUTEJIbHO aBTOHOMHBIX W CaMOCTOSITENIBHO (DYHKIIMOHHPYIOUIUX YYEOHBIX TUCHUILIUH B
WHTETpaTHBHBIE Kypchl. Bo BTOpoM ciydae, 5TO oOpraHu3amus OOy4eHHS TMOCPEICTBOM
«MHTETpallid IO METONy» — B TBOPYECKM pa3BUBarouledl napagurme. B Tperbem ciydae
MpEANojaraeTcsl «HMHTErpanuss IO TEXHOJIOTMH», 4YTO O3HA4aeT BCEMEPHYI0 ONOpYy Ha
HCIIOJIb30BaHNE B 00pa30BaTEeNbHOM Ipoliecce KOMIbIOTEpoB. B ueTBepToM ciiydyae oOydeHue
B3aUMOCBSI3aHO C TPaMOTHBIM IOCTPOEHUEM IMpolLecca KOMMYHHMKAllMM, Ha OCHOBE 3aKOHOB
T€PMEHEBTHUKH.

Hcnonb3oBaHue B XOJ€ JIGKUMH M TMPAKTHUECKUX 3aHATUSAX METOJOB AKTUBHOIO H
MPAKTUYECKOTO 00y4eHHs, T/Ie OCOOBIN CTaTyC UMEIOT UMHUTALMOHHOE MOJICTHUPOBAHUE, KEHCHI,
IPOEKTHOE O0O0y4YeHHe, JaeT CTYIAEHTaM peaJlbHyl0 BO3MOXHOCTh NPUMEpPKH Ha celd
(GYHKIIMOHATIBHBIX POJIEH MHXKEHEpa B pPa3NUYHBIX MPO(ECCHOHATBHBIX CUTYAIUAX, KaK MPABUIIO
— BO3pacTaromei caoxkHoCTH. MHTerpupoBanHoe 00ydeHHE MO3UTHBHBIM 00pa3oM CKa3bIBaeTCs
Ha YIOBIETBOPEHHOCTU CTYJEHTOB OT 00pa30oBaTENBLHOTO MpoIlecca, MUCIUIUTMHAPHBIC 3HAHUS
MOAKPEIUIIOTC ~ MPOo(EeCCUOHATBPHON  WHXKEHEPHOW  MPAKTUKOW, JIMYHBIE  JOCTHXKECHUS
00y4JaromnXCsi COACHCTBYIOT KOHCOJIUIAIUN UX BEPBI B CBOU CHITBI

A. A. Sraiikuna [20, c. 487] mpenaraet moaxo K CTPyKTypUPOBAHUIO HHTETPUPOBAHHOTO
oOydeHUsT 1O YpOBHSAM (CTYNEHSM) WHTErPAllid, BBIAEISAS TEMATHUYECKYI0 MHTErpalIlrio,
MpOOJEMHYIO HHTETPAIUIO, KOHIIENTYaJbHYI0 HMHTETPAIUI0O M TEOPETUUYECKYI0 HMHTETPAIHUIO.
Temartuueckass HHTErpaIys UMEET MECTO B TOM Cliydae, KOTJa HECKOJIbKO yUEOHBIX MPEIMETOB
pacKphIBalOT OJHY o0mIyro Temy. I[IpoOGnemHas wHTErpanus HaOJIOJaeTcsl TOTaa, Korja OJHa
Kakasg-mubo mpobiema paspemaeTcss MOCPEACTBOM NPHUMEHEHHUS PECypCoB  Pa3IMUHBIX
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npenMeroB. KoHuenTtyanpHas UMHTErpanus O3HA4aeT, 4YTO paccMaTpuBaeMas KOHLENLUS
MPEIOMIIIETCS. CKBO3b MPU3MY Pa3IMYHBIX yUeOHBIX MPEJAMETOB, B TOM 4YHCIe, U Omaromaps
COBOKYITHOCTH HCIIOJIb30BaHUSI BCEX BO3MOJKHBIX CPEICTB, METOJOB, IIpHUeMOB. Teopernueckas
MHTETpalys, Korjaa npucyTCTBYeT B3aUMOIIPOHUKHOBEHUE PA3IMYHbIX TEOpHil Ha (ritocodhckoM
YPOBHE, UMEET MECTO B CIy4yae CHHTE3a KOHKYPHUPYIOIIMX TEOPETHMUECKUX KOHLENUUH, Ipu
pacrnpoCTpaHEHHOM MPUMEHEHHH KOMIIOHEHT IMOHSTHITHO-KAaTeropualbHOIO amnmapara ApPYrux
oOnacteil 3HaHMUSL.

T. IO. [TaBenseBa OTMEYaeT, YTO HWHTETpalys JOMYCTUMa M BO3MOXKHA KaK M3 OJHOU
oOpa3oBaTenbHONW OOJNACTH, TaK M W3 PAa3HbIX, NPH HAIMYUHM EAUHOTO OCHOBaHHMA K UX
obbenuuenuro [16, c. 87]. MHTErpamus OCyIIECTBISETCS 3a CYET MPUMEHEHHS CaMbIX Pa3HBIX
Ccroco0oB neATenbHOCTH, cpeau kotopbix E. C. MeaBenkoBa oTMe4aeT aHalu3, CHHTES,
AITOPUTMU3ALINIO, CUCTEMAaTU3allMI0, KOHKpETH3aluio, abcTparupoBaHue, MOJEINPOBAaHUE,
00001IeHre, YTO TO3BOJISIET OOECTIEYUTh JUCKYPCUBHOCTD, KOHIIEHTPUPOBAHHOCTb, YIIJIOTHEHHE
yueOHOro MaTepuala BKyIe ¢ ONTUMAaIbHBIM clIocoOoM moaauu uHdopmamuu [13, c. 124].

Boigenum  Tpu  moaxoma K pacCMOTPEHHUIO  HMHTEIPUPOBAHHOTO  OOy4YeHUS:
BHYTPUAUCHMIUTMHAPHBIN / BHYTPUIIPEIMETHBIA, MEXKIUCIUIUIMHAPHBIA / MEXIpPEeIMETHBIH,
TPaHCAMCUUIUIMHAPHBINA / TpaHCIpEAMETHBINA. be3ycaoBHO, Takoe JelieHie BeCbMa yCIOBHO, HO
9TO TMOHUMaHHE HMHTETPUPOBAHHOTO OOYUEHHUs TMO3BOJUT HaM Jlajee JeTalIbHO pPACKPHITH
BO3MOXXKHOCTH  MHTerpauvd  (U3MKM W MHPOPMATHUKM B  IOBBIIIEHMM  KauecTBa
pohecCHoHaNBEHOr0 00YUYEeHHSI CTY/ICHTOB MeIarorH4ecKOro HarpaBlIeHUsI.

OO0mmM y KaXAOro M3 MPEICTABICHHBIX IMOIXOAOB K HHTEIPUPOBAHHOMY OOYYCHHUIO
ABIIETCS TO, YTO 3a CYET HCIOJB30BAHUS HWHTETPAllMM MPOUCXOAUT AKTUBH3AIMUS Y4eOHO-
MIO3HABATEIBHOM JIEATENHHOCTH oOydarommxcsi. B mo0oM M3 TOaXomoB 00pa3oBaTENbHBINA
MPOLIECC CTAaHOBUTCS ILENBHBIM U B3aMMOCBS3aHHBIM C COJEPIKATEIbHBIX M IPOILECCYaTbHBIX
NO3ULMI, NpPEeanojaraercs YCWICHHE MEXKIUCUUIUIMHAPHBIX (MEXIIPEIMETHBIX) CBS3€EHl,
HaOJIr01aeTCsl MOBBILIEHUE TEOPETUUECKOTr0 YPOBHS OCBAaMBAEMBIX MPEAMETOB U AMCLUIUIMH U
JOCTUKEHHE  LEJIOCTHOCTU  IEeJIarorH4ecKoro  BO3JCHCTBHS, MPOUCXOJUT  paclIUpeHHe
nojy4aeMol B xoje oOyueHHs HMH(OpMAIMM, pa3BUTHE Yy OOYyYarOIIUXCS CHUCTEMHOTO H
KPUTHYECKOTO MBIIIJICHHS, TOBBIIIEHHE MOTHUBALIUM, HWHTECHCHU(PHUKALUSA, ONTUMHU3ALUA U
cucTeMaTH3anus AeITeIbHOCTH 00yJaroIuXcsl.

[TOHATHO, YTO ATH MOJIOKUTEIbHBIE CTOPOHBI PACKPBIBAIOTCS TOJBKO IMpPH TI'PaMOTHOM
OpraHu3allii UHTETPalliK, B TOM Cilydae MHTEIPUPOBAHHOE 00ydeHHUE pacioyaraeT 0oiIbIIUMU
TE€XHOJIOTMYECKMMH BO3MOXKHOCTSIMH, XOTS W alpuOpU O3HAYAeT IOBBIIIEHUE KOTHUTHUBHOU
Harpy3kM Ha YYEHUKOB WM CTYJIEHTOB. lIpu 3TOM HHTErpupoBaHHOE OOYy4YEHHE SIBIISETCS
MHCTPYMEHTOM IIPEOAOJIECHNS] KOTHUTUBHBIX M3EPKEK.

ObecnieueHne AUIAKTUYECKOTO CHHTE3a Ha YPOBHE METOJIOB, IIPUEMOB, CPEACTB, GOpM U
TEXHOJIOTUH  OOy4eHHs  MPOUCXOAUT  dYepe3  pealu3alMio  BHYTPUIUCLUIUIMHAPHOTO
(BHYTpHUIIpEAMETHOI0) ToaXona. Jpyrumu ciioBaMu, HMPOUCXOAMT HHTErpanus HHGOpMaluy,
MOHITHUI, 3HAHWW, YMEHUW W HABBIKOB BHYTPH OTIEIBHO B3SATHIX Y4YEOHBIX MPEIMETOB WU
TUCHUIUIMH. Takas MHTerpanys BO3MOXKHA 3a CUET BKJIIOYEHHS B MpEeIMET WU JUCIHUILIUHY
HOBOTO COJIEpXKAaTeJIbHOr0 MaTepuayja M3 JApPYyroro mpeaMera / JUCHMIUIMHBI, KOTOPBIHA
M3HAYaJIbHO HE BXOJUT B COJIEpKaHuE Kypca.

BuytpunpeamerHast (BHYTpUIUCUMIUIMHAPHAS) HMHTErpalMs COJCHCTBYET YKPEIUICHUIO
MOHMMAaHHUS OTAENIbHBIX TEM U pa3J/ielioB B paMKax y4eOHOro MpeaMera Wid AUCHMUILIUHBI, YTO
MO3BOJISIET YCKOPHUTh, ONTHUMHU3MPOBATh OCBOCHHME MaTepualla U CjAejaTh Ipolecc O0y4YeHHus
Oosiee MHTEPECHBIM U pe3ylbTaTUBHBIM. Kak mpaBuio, 3/1ech pedb HJET MPEeUMYIIECTBEHHO 00
MHTETPUPOBAHHBIX 3aHATHUSX.
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Huter PUPOBAHHBIC 3aHATUA OTIMYAKOTCA OT «TPaJUIIHMOHHBIX HpGI[GJIbHOﬁ YCTKOCThIO U
KOMITAKTHOCTBIO M3Y4aeMOro MaTepualla, B3aUMOCBA3aHHOCTBIO U MH(MOPMATUBHONW €MKOCTBIO
MaTepuaa, JIOTHYECKON B3auMOOOYCIIOBIEHHOCTRI0. Ha MHTErpupoBaHHbBIX 3aHATUSAX U3Yy4aeTCs
MaTepHual, TeMaTHKa KOTOpOro HaXOAMTCS Ha IEepeceYeHuu Wi nepudepuu AByX U Oonee
yueOHbIX mnpeameTroB win aucuuiuiMH. Ilo Mmuenuio B. C. Bakynenko ¢ coaBTOopamu, B
COBPEMEHHOM IIKOJE€ B KOHTEKCTE BHYTPUIUCLMIUIMHAPHBIX M  MEXIUCLUIUIMHAPHBIX
B3aUMO/ICHCTBUH, B IIKOJE€ MHTETPUPOBAHHBIM MOXKET OBITh YPOK MPAKTHYECKH JIOOOTO THMA,

npudyeM OH Oyner oOnajgaTh ONpEdeNCHHBIMH NpPEHMYILIeCTBAMH — OoJyiee THIATeNBbHON
IpopabOTKOM TeMBbI, IPOYHBIM YCBOEHUEM ILIKOJIbHUKAMU U3ydyaeMoro marepuaina [3, c. 145].
3akio4enue.

MeXIUCIUIUTMHAPHBIA  (MEXKIIPEAMETHBIN) MOAXO0M K HWHTETPUPOBAHHOMY OOyUYEHUIO
MoJIpa3yMeBaeT 1oj co0oif 0o0beIlMHEeHNnEe HAyYHOTO arnrapaTa, METOI0JI0T MU, KOHIICTIUN BYX U
Oonee OUCHUIUIMH WIA CHHTE3 IPENOJIaBaHUs CaMOCTOSITENbHBIX (B IMPUBBIUHBIX YCIOBUSIX
TPaJAULMOHHOTO O0y4YeHHs) yueOHbIX mpeaMeToB / quciuiuiiH. CTaHOBIEHHE y O0y4aroumxcs
MpoeCCHOHAIbHO-3HAYMMBIX 3HAaHUH, YMEHUM, HABBIKOB, IPUMEHEHHUE TOJIYYCHHBIX B paMKax
yueOHBIX MPEeIMETOB W JUCIHHUIUIMH HWH(GOPMAlMK BBICTYMAIOT pe3yJlbTaTaMu peallu3aluu
JTAHHOTO MOAX0/1a.

MexnucuuruinHapHas — (MEXIpeIMeTHasl) HMHTerpamnus MpeArnojaraeT pacuiupeHue
BO3MOXKHOCTEH OOydYeHHUs 3a CYeT CTPOWHOM KOMOMHALMU 3HAHWA, MaTtepHuaia, WH()OpMAIHH,
OJIOKOB U 3JIEMEHTOB CaMbIX Pa3HbIX YY€OHBIX MMPEAMETOB U HucHUILIUH. [Ipu 3TOM comepikanue
KypCOB JaJieK0 He BCerJa KaxeTcs ONM3KUM NpHU TEepBOM NpUOMMKEeHHUH. B sToM cimydae
TpeOyeTcs OnpeIeIeHHbII «MHTErpaTop», CHCTEMOOOPa3yOIIU JIeMeHT [5, ¢. 9].

MexnucuurnianHapHas (MeXIIpeIMETHas ) HUHTErpals BO3MOKHA TOJIBKO IPU COONI0OACHUN
psaa ycnoBuit u TpedoBanuii. O. B. Omenkosa u FO. B. biaros B uX 4uClio OTHOCST cleaylomiee:
1) 0OBEKTHI M3y4eHHS PA3HBIX MPEAMETOB / AUCIUILINH JTOJDKHBI OBITh MAKCUMAIbHO OJIM3KU U
COBMAJIaTh TOJHOCTHIO WM YaCTHYHO; 2) B HHTErPUPOBAHHBIX Y4YEOHBIX TMpeaAMeTax u
JUCIUIUINHAX CJEeAyeT MPUMEHSATh OJMHAKOBBIE WM OJIM3KUE JpYyr Jpyry MeTonbl, 3)
UHTETPUpYEMble Yy4eOHbIE MpeAMeThl W JUCHUIUIMHBI JIOJDKHBI 0a3MpoBaThCS Ha OOMIMX
TEOPETHUECKUX KOHIIETIIUAX U 3aKOHOMEPHOCTAX [15, c. 169].
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Xllasa
Mogalods pedaqoji praktikada bu giine godar interpretasiyasi vo totbiqi baximindan aktual
olaraq qalan fonlorarasi inteqrasiya mosalolori aragdirilir. Tadqgigatin moagsadi movzu Uzra
aparilmis arasdirmalarin naticalorine osaslanaraq noazori ossaslandirma vermok, elmi sahads
toplanmis materiallar1 tohlil etmok, Umumilasdirmok, sistemlosdirmok vo interpretasiya edorok
moveud yanasmalart  konsolidasiya etmok Vo pedaqoji  praktikanin  tokmillosdirilmasi
istigamatlorini muoyyan etmokdan ibaratdir.

Abstract
The article discusses current issues of interdisciplinary integration, which remain
problematic for interpretation and implementation in the framework of pedagogical practice to
the present. The purpose of the work was to provide a theoretical justification based on the
results of research carried out in the context of the topic of this work, to analyze, summarize,
systematize and interpret the material accumulated in the scientific field in order to consolidate
existing ideas and identify trends in improving pedagogical practice

ORTA MOKTOBDO FiZIKANIN TODRISINDO VIRTUAL LABORATORIYALARDAN
ISTIFADO TEXNOLOGIYASI

Haciev T. M.
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Acar soOzlar: fizika, tohsil, texnologiya, interaktiv tohsil, virtual laboratoriya, nimayis,
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Giris
Miuasir dovrdo tohsil sisteminds rogomsal texnologiyalarin tatbigi suratlo genislanir.
Xususils, virtual laboratoriyalardan fizika fonninin mévzularinin tadrisinds va praktik islarinin
icrasinda istifada sagirdlorin mévzunu daha dorindon anlamasi {i¢iin miithiim rol oynayr. Lakin
anonavi laboratoriyalarin qurulmasi, avadanliglarin tomin edilmasi va tohlikasizlik masalalori
bozan ¢otinlik yaradir. Bu baximdan virtual laboratoriyalar fizika dorslorinds effektiv, alternativ
Vo ya tamamlayici vasito kimi ¢ixis edir [1; 2].

Fizika darslorinda virtual laboratoriyalarin iistiinliiklori

Informasiya-kommunikasiya texnologiyalarmin (IKT) inkisafi tohsil sistemindo kokli
doyisikliklora sobab olmusdur. Xiisusils, fizika kimi eksperimental fonlarin tadrisinds virtual
laboratoriyalar yeni imkanlar agir. Bu baximdan virtual laboratoriyalar fizika darslarinin
keyfiyyatini artiran innivativ vasitalordon biri kimi genis istifado olunur [3].

Onanavi laboratoriyalar maddi—texniki baza talob etdiyi halda, virtual laboratoriyalarda isa
bu mohdudiyatlor aradan qaldirilir.
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Virtual laboratoriyalarin mahiyyati va tatbiqi

Virtual laboratoriyalar — real laboratoriya soraitini kompiiter proqramlari vo ya onlayn
platformalar vasitosilo modellosdirir. Onlar sagirdloro muxtalif fiziki proseslori tohlikasiz,
interaktiv va ayani sokilds 6yronmok imkani yaradir.

Todris prosesinds sagirdlor muxtalif fiziki hadisalori miisahido edir, tacriibalor aparir,
parametrlori doyisirir vo naticalori analiz eds bilirlor. Yani, real laboratoriyada oldugu kimi
cihazlar “idara edir”, 6lgmolar aparir va naticalori tahlil edirlar.

Bu texnologiya vasitesilo mexanika, dinamika, optika, elektrik, magnetizm vo s. kimi
fizikanin miixtalif bolmalarina aid tacriibalari tohllikasiz va rahat sokildo hayata kegirmok
mUimkunddr [4].

Masalon, “Mexanika” bolmasinda cisimlorin harokoati, “Elektrik” bolmoasinda dovralarin
qurulmasi, “Optika” bélmasinds iss is1gin sinmasi vo aks olunmasi kimi mévzular virtual sokilds
modellasdirils bilar.

Fizika darslarinda virtual laboratoriyalarin tatbiqi

Fizika dorslorindo virtual laboratoriyalar muxtalif formalarda totbiq oluna bilor:
1. Yeni movzunun izah1 zamani — miallim movzunu izah edarken virtual niimayislordon istifads
edorak, fiziki anlayislari vizuallasdirir.

2. Praktik moggalalords — sagirdlar fordi va ya qrup soklinds virtual tacriibalardan istifads
edorak, tapsiriglari yerina yetirirlor.

3. Mohkamlandirma marhalasinds — sagirdlor fardi va ya qrup soklinds virtual niimayis vo
tocrubalor hoyata kegcirirlor.

4. Qiymatlondirma marhalasinds — virtual testlor vo laboratoriya tapsiriqlart vasitaSilo
biliklor yoxlanilir.

5. Evdo mistaqil 6yronmo zamani — sagirdlar dorsdon konar vaxtda da virtual tocriibslori
tokrar etmok imkani1 aldo edirlar.

Fizikanin todrisinds virtual niimayis vo tocribalordon istiafdo, dorsin interaktivliyini artirir
va sagirdlorin foalligini yiiksaldir [4-5].

Virtual laboratoriyalarin iistiinliiklari

1.Tahlukasizlik:

Real fizika laboratoriyalarinda bazi tacriibalorin aparilmasi tohllikali oldugundan (masalon,
yiksak gorginlik, kimyovi reaksiyalar, niiva reaksiyalar1 vo s.) mexaniki risklor movcud olur.
Virtual mihitds isa bu risklor aradan qalxir. Sagirdlor tohllikosiz soraitds tocriibs aparir,
hadisalari tohlil edarak dyranirlar.

2. Maddi resurslara ganaat:

Ononavi laboratoriya avadanliglart bahali ola bilor. Bu avadanliglarin alinmasi vo onlarin
saxlanmasi olava xarc tolob edir. Virtual laboratoriyalar iso bu xarclori minimuma endirir. Eyni
zamanda cihazlarin siradan ¢ixmast problemi aradan qalxir. Virtual laboratoriyalar bir dofalik
program tominati ilo goxsayli tacriibalori hoyata kegirmays imkan verir.

3. Tacrubalarin takrar olunmast imkani:

Real laboratoriyada bozi tocriibslori tokrar etmok ¢otin vo ya vaxt aparan olur. Virtual
laboratoriyada iso sagirdlar istadiyi godar tocriiboni tokrar eds, miixtalif parametrlori doyisorok
naticalari migayiss eds bilor. Bu, onlarin mévzunu daha yaxst manimsamasina komoak edir.

4. Vizual va interaktiv yranmo:

Virtual laboratoriyalar animasiya vo grafiklor vasitasilo murokkab fiziki proseslori daha
aydin gostarir. Xususilo, abstrakt anlayislarin (masalon, elektrik sahasi, elektrik carayani, magnit
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sahasi, dalga proseslori, niva reaksiyalari va s.) 6yranilmasinda boyuk Ustlnliklori gérmak olur.
Qrafiklor vo animasiyalar mévzunun dyronmoni asanlasdirir.

5. Fardilasdirilmis tahsil imkanau:

Hor bir sagird 6z oyronma siratino uygun sokildo calisa bilir. Virtual mihitdo fordi
yanasma daha asan totbiq olunur. Dars daha effektiv kecirilir. Bu da zaif sagirdlarin do mévzunu
yaxs1 manimsamasina kdmok edir.

6. Zaman va makan mahdudiyyatlorinin aradan qalxmasi:

Real laboratoriyada qurgu hazirh@ina vo tomizliya ¢ox vaxt sorf olunur. Virtual
laboratoriyadan istifado zamani qurgu hazirligina vo tomizliys vaxt sorf olunmur.  Virtual
laboratoriyalar internet vasitasilo istonilon yerdon istifads oluna bilir. Bu iss masafadan tohsil
zamani xiisusilo shomiyyatlidir.

7. Interaktivlik va motivasiya:

Sagirdlor darsdo daha aktiv istirak edirlor. Dars prosesinds interaktiv tolim iisullarindan
istifado sagirdlorde maragi daha da artirir.

8. Analitik diisiinconin inkisafi:

Sagirdlor miuxtalif parametrlori doyisorok noticalori mugayiso edir vo sobab-natico
olagolorini daha yaxsi anlayirlar. Bu iso onlarin tongidi va analitik diisiinmo bacariglarini inkisaf
etdirir.

9. Catinliklar va mahdudiyyatlar:

Virtual laboratoriyalarin bir sira tstiinliiklori olsa da, bazi mahdudiyystlor do mévcuddur:

e Real avadanligla islomo bacariglarinin zaif inkisafi;\

e Texniki vasitoloro (komputer, internet, program tominati vo S.) ehtiyac;

e Bozi hallarda program tominatinin miirakkabliyi, yani tocriibslorin tam real tosirini oks
etdirmamosi.

Bu sobobdon virtual laboratoriyalar ononovi laboratoriyalart tam avoz etmomoli, onlari
tamamlayan vasitoa kimi istifads olunmalidir.

Tadrisda tévsiyya olunan virtual laboratoriyalar

1. PhET interaktiv simulyasiyalar — PhET interactive Simulations

¢ PhET interaktiv simulyasiyalar — tadrisds an ¢ox istifads olunan platformalardan biridir
Vo Odonissizdir.

e Mexanika, molekulyar kinetik nazariyys, termodinamika, sado mexanizmlar, elektrik,
optika va digar bélmalarin mévzularina aid ¢oxlu simulyasiyalar var.

e Azarbaycan dili do oldugundan istifadasi ¢ox sadadir.

2. Algodoo fizika simulyatoru — Algodoo physics simulation

¢ Algodoo fizika simulyatoru — platformasinda lisenziya vo 0donis yoxdur. Moktablar tigiin
daha ¢ox faydalidir.

¢ 2D muhitds fizika qanunlarini interaktiv sokildo modellogdirmoak mimkinddr.

e Komplterdo isloyir, lakin telefonda islomir.

e XUsusilo mexanika bélmasinin movzulari ti¢iin idealdir.

3. Crocodile Fizika laboratoriyasi — Crocodile Physics virtual laboratory

e Crocodile Fizika laboratoriyasi — fizika darslori U¢iin nazards tutulmus proqramdir.

e Kompliter vo uygun program tominati talob edir.

e Fiziki proseslori — harokat, quvva, elektrik vo elektronika tocriibalari Ugun ¢ox uygundur.

¢ Sado interfeyso malikdir. Vizual sxemlor qurmag mumukunddr.

4. Labster virtual laboratoriya platformasi — Labster virtual lab platform
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e Labster virtual laboratoriya platformasi — muasir tadris alsti olub, daha ¢ox biologiya va
kimya tglin mohsur olsa da, fizika modullar1 da mévcuddur.

e Real laboratoriya 3D muiihitinds islayir vo 6Odoanislidir. Tam istifado Uglin abuna talab
olunur.

e Cotin movzulularin izahimi asanlasdirir (masalon, molekulun qurulusu vo s). Vizual
sokildo g6starildiyi liglin mévzu daha yaxsi basa disiilir.

e Sagirdlarin va talobalarin naticalari izlanils bilir.

e Bu daha ¢ox maktablar va universitetlaor tiglin ¢ox faydalidir.

5. Falstad elektron dovra simulyatoru — Falstad Circuit simulyator

e Falstad elektron ddvra simulyatoru — elektrik dovralari ticlin ¢ox uygun sada vasitadir.

e Brauzer lzarindon isloyir. Kompiiter, planset vo telefonda agilir.

e Parametrlori doyisonda natico homin anda doyisir.

e Bu, xususils talabalar tiglin ¢ox rahatdir.

6. GeoGebra riyaziyyat proqram — GeoGebra mathematics software

e GeoGebra riyaziyyat programi — 6danissizdir vo ham kompdterds, ham plansetds, ham do
telefonda iglayir.

e Riyaziyyat va fizika grafiklorinin qurulmasi ii¢iin nozards tutulmusdur.

o Muollimlor dorslori daha maraqli vo effektiv toskil edo bilirlor—tagdimatlar, animasiyalar
Vo tapsiriglar yaratmagqla, mévzunu daha maraqli izah edo bilor.

7. Yenka fizika laboratoriyas1 — Yenka Physics laboratory

e Yenka fizika laboratoriyast — fizika tocriibalorini komputerds simulyasiya etmoya imkan
veran proqramdir.

e Tam versiya Ucln 6danis tolob olunur.

e Fiziki proseslor (qlivva, enerji, horokst vo s.) animasiyalar vasitosilo daha aydin basa
distiliir.

e Eyni tocruibani istonilon gadoar tokrar etmok va parametrlori doyismak olur.

¢ Evdo vo ya moktabdon konarda da istifads edils bilir.

e Bozi mirokkab fiziki proseslor tam dogigliklo modellosdirilmays bilor.

8. Physlet Physics interaktiv fizika simulyasiyalar1 — Physlet Physics interactive
simulations

e Physlet Physics interaktiv programi — brauzer Uzorindon igladiyi U¢lin olava programa
ehtiyac olmur.

o Muollimlar dors zamani niimayis vo tapsiriglar {i¢lin rahat istifado edo bilir.

e Mexanika, optika, elektrik va s. bolmalari ohats edir.

e Cotin m@vzular (mosslon, dalgalar, elektrik sahasi vo S.) daha aydin goriiniir.

o Sagirdlor fiziki hadisslori miisahids edib, doyisdirs bilir.

e Azorbaycan dil se¢imi yoxdur, asasan ingilis dilindadir.

e Planset vo telefonda istifads etmak olmur.

Notica

Fizika dorslorinds virtual laboratoriyalarin tatbigi todrisin keyfiyyatini artiran miiasir va
effektiv, maraqli vo olgatan edir. Bu yeni texnologiya sagirdlorin mdvzunu daha yaxsi monimsos-
masing, tocriba bacariglarini inkisaf etdirmosino vo elmo maraginin artmasina sorait yaradir.
Mdasir tohsil sisteminds virtual laboratoriyalarin rolu getdikco artir vo diizgun istifadasi tohsilin
keyfiyyatino misbat tosir gostorir. Galacokds ragomsal texnologiyalarin daha da inkisafi ilo
virtual laboratoriyalarin tohsil sisteminds rolu daha da genislonacokdir.
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Belalikls, tadrisda optimal natica alds etmok Uglin ananavi v virtual laboratoriyalarin birga
istifadasi on diizgiin yanasma hesab olunur.
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Xulasa

Mogaloda orta moktobds fizika dorslorinds virtual laboratoriyalarin totbiginin shamiyyati
vo effektivliyi arasdrilmisdir. Miiasir informasiya texnologiyalarinin tahsil sahasina integrasiyasi
naticasinds virtual laboratoriyalar sagirdlora mirokkob fiziki proseslori tohlikssiz va vizual
sokildo Oyronmok imkani yaradir. Bu yanasma real laboratoriya avadanliglarinin c¢atismazligi
problemini aradan qaldirir, hom da tocriibalorin tokrar-tokrar aparilmasina sorait yaradir.

Toadgigatlardan malum oldu ki, orta moktabds fizikanin tadrisinds virtual laboratoriyalardan
istifado, sagirdlorin dorso maragini artirir, onlarin analitik vo tonqidi diisiinmo bacariglarini
inkisaf etdirir. Eyni zamanda miollimlor Ucgun doarsin daha interaktiv vo somarali toskili
baximindan genis imkanlar agir. Notico olaraq, virtual laboratoriyalarin fizika fanninin tadrisinds
tatbiqi tohsilin keyfiyyatinin yiiksaldilmasine muhum tévha verir.

Annomauus

B cratee wuccinenyercss BaXHOCTh M 3(Q(EKTHUBHOCTh HCIOJIb30BAHUS BHUPTYaJIbHBIX
nabopaTopuil Ha ypokax (pU3MKHM B CpeHUX LIKOJax. B pe3ynprare MHTErpanuy COBPEMEHHbIX
MH(OPMALIMOHHBIX ~ TEXHOJOTUMH B  cdepy oOpa3oBaHMsl BHUpPTyajbHblE Jaboparopuu
HPEJOCTABIISAIOT yYaIlUMCsl BO3MOKHOCTb 0€3011acHO U HArJISIIHO U3Yy4YaTh CIIOKHBIE (PU3NYECKHE
nporeccel. Takoll moaxox ycTpaHseT mpoOleMy OTCYTCTBHS pPEaIbHOIO J1abOpaTOpHOro
000pyI0BaHUs, a TAKXKE CO3/1aeT YCIOBHS JUIs TOBTOPEHUS 3KCIIEPHUMEHTOB.

HccnenoBanue mokasajo, 4TO HCIHOJIb30BAaHUE BUPTYAIbHBIX Jlabopatopuil B
IpernoiaBaHuM (PU3HMKU B CPEAHUX IIKOJIAX MOBBIIIAET HHTEPEC YUALIUXCS K YPOKY, Pa3BUBAET UX
QHAINTUYECKOE M KpUTHUECKOoe MblluieHHe. OJIHOBPEMEHHO 3TO OTKPBIBAE€T UIMPOKHE
BO3MOYKHOCTH JUIsl yduTeslel B IUlaHe Oojiee MHTEPAaKTUBHOW M 3(PQPEKTHUBHON OpraHu3aluu
ypoka. B pe3ynbpTaTe npuMeHeHne BUPTYyaIbHBIX JabopaTopuil B mpenogaBaHuM (GU3UKH BHOCHUT
CYIIECTBEHHBIN BKJIa]] B MOBBILIEHUE KaueCTBa 00pa30BaHMUs.

Abstract

This article investigates the significance and effectiveness of implementing virtual
laboratories in physics lessons at the secondary school level. As a result of the integration of
modern information technologies into the field of education, virtual laboratories provide students
with the opportunity to study complex physical processes in a safe and visually engaging manner.
This approach not only addresses the problem of insufficient real laboratory equipment but also
enables experiments to be conducted repeatedly.

The findings indicate that the use of virtual laboratories in teaching physics at secondary
schools increases students’ interest in the subject and enhances their analytical and critical
thinking skills. At the same time, it offers teachers broader opportunities to organize lessons in a
more interactive and efficient way. In conclusion, the application of virtual laboratories in
physics education makes a significant contribution to improving the quality of education
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MUASIR TODRISDO ISTIFADOSI

Musayeva G. O.
Azarbaycan Doviat Pedaqoji Universiteti
gulsen.musayeva75@mail.ru
https://orcid.org/0000-0002-7605-465X

Acar sozlor: Nosiroddin Tusi, Maraga rosodxanasi, Tusi lemmasi, fizika todrisi,
astronomiya, kinematika, STEAM.

Keywords: Nasiraddin Tusi, Maragha Observatory, Tusi lemma, physics education,
astronomy, kinematics, STEAM.

Giris:

Bu moévzu hom milli elmi irsimizin qorunmasi, hom do miasir fizika vo astronomiya
darslorinin sagirdlor iigiin daha maraqli vo dogma olmasi baximindan olduqca shomiyyatlidir.
Miiasir fizika vo astronomiya kurikulumlarinda elmi inkisafin xronoloji ardicilligla vo milli
kontekstlo verilmasi sagirdlords elmi diinyagoriisiin formalagmasi {igiin halledici rol oynayir [1].
XIII osr Azorbaycan elminin zirvoesi olan Nasiraddin Tusi, yalniz astronomiya deyil, hom do
mexanika, optika va riyazi fizika saholorindo fundamental tohfolor vermisdir. Onun "Zic-Elxani”,
"Tohrir al-Macisti" vo "Tozkirs fi-ilm al-heyya" kimi asarlori miiasir STEAM tohsili liglin zongin
bir monbadir.

1. Kinematik modellora "Tusi Lemmasi" vo “Nisbi horokot” aiddir. Tusinin mexanika
sahosindoki an genis xidmoti "Tusi Lemmasi" adlanan hondssi-fiziki modeldir. Bu model iki
cevranin daxili harokati vasitasilo dairovi harokatin diizxatli rogsi harokats ¢evrilmasini izah edir.

Fiziki mahiyyati ondan ibaratdir ki, radiusu R olan bdyik gevranin daxilinds radiusu r =

golan kigik cevro siirlismodon firlanirsa, kicik cevro i{izorindoki hor hansi bir ndqto boytik

cevranin diametri boyunca harmonik rogsi haroket edir [2].

Tadrisds tatbiqi is9, bu model 9-cu sinif "Mexaniki harokat" vo 11-ci sinif "Raqgsi harokat"
movzularinda nisbi horakotin izahi liglin mitkommaoldir. Sagirdlora bu model vasitasilo miirokkob
trayektoriyalarin sada harakatlorin comi kimi gdstarilmasi (superpozisiya prinsipi) asilanir.

2. Tusi torofindon yaradilan Maraga rosodxanasi: Maraga rosodxanast (1259) sadoco
ulduzlar1 izlomok tigiin deyil, hom do 6l¢ii cihazlarinin layihalondirilmasi {i¢iin bir laboratoriya
rolunu oynamisdir [4].

Olgmo metodlar: Tusi vo komandasi torofindon tokmillosdirilmis “Siids” (altiliq) vo
“Riibu” (dordliik) kimi alstlor bucaq 6lgmolorinda daqiqliyi saniyalora qodor artirmisdi.

Laboratoriya isi olaraq ise, fizika dorslorindo "Olgmo xotalar1 vo cihazin doqigliyi"
movzusunda Maraga rosadxanasinin cihazlarinin is prinsipi ilo miasir teodolit vo sekstantlarin
miiqayisali tohlili verilo bilor. Sagirdlors tapsiriq olaraq sado bir "astrolab" hazirlatdirib yerli
meridianin tayini tapsirila bilar.
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3. Tusinin optika sahasinds 151q hadisalorinin analizi ilo slagali 6nomli fikirlori olmusdur.
Optika sahosindo Ibn ol-Heysomin ononolorini davam etdirarok isigin tobioti hagqinda onomli
fikirlor sdylomisdir. O, gérma prosesini goziin slia buraxmasi ils deyil, obyektlorden golon isi1gin
gozdo yaratdifr tosir kimi izah etmisdir. Is1§m smmasi vo qayitmasi ilo bagh fikirlori oks
olunmusdur.Tusi sferik aynalarda tosvirin qurulmasi veo isigin miihitlorin sorhadinde sinmasi
movzusunda riyazi hesablamalar aparmisdir [§8].

Tadrisdo tatbigine golinca isa, 8-ci sinif "Isiq hadisalori" bolmasindo sferik aynalarda fokus
mosafosinin hesablanmasi zamani Tusinin hondssi optika metodlarindan misallar gotirmok dorsin
elmi dorinliyini artirir.

Tusi irsi fizikan1 digor fonlorlo baglamaq {i¢iin unikal imkan yaradir:

1. Fizika + Riyaziyyat: Sferik trigonometriya vasitosilo gdy cisimlorinin koordinatlarinin
tapilmasi.

2. Fizika + Tarix: Orta asrlordo Sorq elminin renessanst vo Avropa elmino (mosalon,
Kopernika) tosiri.

3. Fizika + Miihondislik: Rosodxanada istifado olunan mexanizmlorin (digli ¢arxlar vo
linglor) modellosdirilmasi.

Notica:

Nosiraddin Tusinin elmi irsini miasir todriso daxil etmok, sagirdlords fizikanin "cansiz
diisturlar toplusu" deyil, minilliklor boyu inkisaf edon canli bir modoniyyst oldugu tosovviiriinii
yaradir. Bu yanasma hom do Azorbaycanin diinya elmins verdiyi tohfolorin dork edilmosi
vasitasilo milli kimliyin dorkini giiclondirir.
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Xiilasa

Todqgigatin asas moagsadi dahi Azorbaycan alimi Nosiroddin Tusinin XIII asrds irali siirdiiyti
elmi nozoriyyolorin miiasir fizika vo astronomiya kurikulumuna inteqrasiya imkanlarini
aragdirmaqdir. Xiisusilo “Tusi lemmas1” modeli, sferik trigonometriya vo optik baxislarin orta
maktob darsliklorindoki miivafiq mévzularla slagslondirilmasi hadoflonir. Todqgiqat zamani tarixi-
miiqayisali tohlil vo fonlorarast (STEAM) inteqrasiya metodlarindan istifado olunmusdur. Tusinin
“Zic-lIxani” vo “Tozkiro” osorlorindoki kinematik modellor miiasir mexanika ganunlari ilo
miigayisa edilmis, onlarin laboratoriya islori va layiha asasli 6yronma (PBL) cor¢ivasinds totbiqi
yollar1 islonmisdir. Miioyyon edilmisdir ki, Tusinin elmi irsinin todriso daxil edilmasi sagirdlords
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miicorrad fiziki anlayislarin (nisbi horokot, trayektoriya, isigin sinmasi) dork olunmasini
asanlagdirir. Eyni zamanda, bu yanasma gonc nosildo milli elmi irso hérmat vo elmi todgigata
maraq oyadir.

Abstract

The main goal of the research is to explore the possibilities of integrating the scientific
theories put forward by the great Azerbaijani scholar Nasiraddin Tusi in the 13th century into the
modern physics and astronomy curriculum. It specifically targets linking the "Tusi Lemma"
model, spherical trigonometry, and optical views with relevant topics in secondary school
textbooks.

Historical-comparative analysis and interdisciplinary (STEAM) integration methods were
used during the research. The kinematic models in Tusi's works, such as “Zij-i Ilkhani” and
“Tadhkira” were compared with modern laws of mechanics, and ways of their application within
laboratory work and project-based learning (PBL) were developed. It was determined that the
inclusion of Tusi's scientific heritage in teaching facilitates students' understanding of abstract
physical concepts (relative motion, trajectory, refraction of light). At the same time, this approach
inspires the younger generation to respect the national scientific heritage and awakens an interest
in scientific research.

FiZiKANIN TODRISINDO ANALOGIYALAR VO MODELLORDON
ISTIFADO METODIKASI

Imanov R.M., Mommadova S.0., Hacryeva L.R., Avazova F.R, Arzumanova A.A.
Ganca Dovlat Universiteti
rizvan.imanov@agdu.edu.az

Acar sozlar: model, analogiya, madds, saho, kristallasma, gaynama, fiziki obyekt

KiamoueBnle cioBa: MOJCJIb, aHaJlorugd, MaTrcpus, II0JIC, KpPUCTAJUIN3aluA, KHUIICHUC,
bu3ndecKuil 00bEKT

Key words: model, analogy, substance, field, crystallization, boiling, physical object

Fizikada modellordon vo analogiyalardan genis istifado olunmasi, onlardan orta vo ali
moktoblords tadris prosesindo istifads etmoyo imkan verir. Masalon, fizikanin todrisi prosesindo,
maddo, saho, onun struktur elementlori (molekullar, atomlar, elektronlar, fotonlar vo s.)
analayislart ilo qarsilasir vo onlar1 dyronirik. Fiziki obyektlorin bozi xarakteristikalarinin onlarla
birbasa tomasda olmaqla, adi gozlo miisahido edorok Oyronmok olur. Maddolorin orimosi,
kristallagmasi, qaynamasi, buxarlanmasi, kondensasiyasi buna misal ola bilor.[1] Fiziki
obyektlorin belo Oyronilmosi tobii (naturadan) Oyronmo adlanir. Bu tisulun istiinliiklori
asagidakilardir:

1. Tolobado (sagirddo) hagiqgoati 6ziindo birbasa oks etdiron hissiyyat suratlori yaranir ki, bu
da onlarin 6yronmaosinin zoruri sortidir.

2. Naturadan dyronmo zamani aldo edilon bilik on etibarli hesab olunur, ¢linki bu halda
tolobo (sagird) 6yrondiyi obyektlo birbaga tomasda olur.

Tadris modeli dedikds, qurulusu vo funksiyasi ilo orijinalin biitiin element vo strukturlarini
0zlnds oks etdiron model basa diisiilmalidir. Modelin miixtalif xarakteristikalar1 orijinala nazaron
invariant olur. Bu halda tolobs (sagird) qurulmus modella islomali olur. Belo dyronmo model
O0yronms adlanir.[2]
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Miisllimin rohbarliyi ilo tolobo (sagird) modells olagali sokildo dyronilon obyekt barado
biliys yiyelonir. Bu iisulu forglondiron xiisusiyyast tolobanin aldig1 biliyin model vasitssilo birbasa
obyektin 6zii ilo tutusdurulmasidir.

Fiziki obyektlorin todris modellori bir sira miisbot didaktik xassoyo malikdir vo onlarin
tadris metodikasinda istifadesi agagidakilara imkan verir:

- Oyronilon predmetin asas elementlorinin se¢ilmasi;

- tolabalors gapali vo goriinmoyon diiyiinlorin toqdim olunmast;

- proseslorin kinematikasinin yavasidilmis vo ya siirotlondirilmis hallarda miisahido
edilmosi vo onlarin lazim olan goador niimayis etdirilmosi;

- moktob soraitindo gdstorilmosi miimkiin olmayan hadisonin dyradilmo obyekti kimi
secilmosi;

- modellarin laboratoriya islorinds paylanilan didaktik material kimi, miihaziralords iso
niimayis qiizglsii kimi istifado edilmasi va s.

Modellorin xtisusiyystindon yerinds istifado edilmasi vo todris metodikasinda onlara istinad
edilmasi todris materialinin daha yaxsi gavranilmasma, talobalarin bilik va bacariglarinin suratlo
formalagsmasina sorait yaradir. Tadrisin mixtalif morhalalarinds istifado olunan modellar ham
Saviyyasina, ham do monimsonilms doaracasine goro forgli olmalidir. Masalon, boazi hallarda
istifado edilon model, prosesin yalniz miiosyyan morhalo vo ya elementlorini xarakterizo edib,
onun daxili mahiyyastini dork etmays imkan vermir. Obyektlo migayisado modelin 6zlinomaxsus
xususiyyatlori tadris prosesinds onun reallagsmasi metodikasina malum toloblor gqoyur. Hor seydon
owal model qurularkon onun hansi fiziki prosesi vo onun hansi toroflorini ohato etdiyi
muoayyanlosdirilmalidir. Sonra orijinalla modelin miigayisasindon Gziinomoxsus xususiyyatlori
aydinlagdirmaq lazimdir. Yalniz bundan sonra hadisonin model vasitasilo tadgigina gorar verilir.
Hadisonin sonraki Oyranilma prosesi modelds c¢atismayan elementlorin vo rabitalorin ovoz
edilmasi ilo davam etdirilir.[3]

Metodik baximdan yalniz bir didaktik masoloni hall edo bilon modellor qurulur. Bels
modelo osaslanaraq, yalniz bir strukturu (daxili yanma miharrikinin kosiyini, kristal qofasin
modelini vo s.) vo yalniz funksiyasini (elektrik dovrosinin hidrodinamik modeli, elektronlarin
otalot ilizro metal daxilindo horokotetmalorini) dyronmok olur. Belo modellor analoq modellor
adlanir. Onlar orijinalla no handasi, na do fiziki oxsarliga malik deyillor. Masaloi1, gapali elektrik
dovroesindo yiiklorin horokot prosesinin mahiyyatini nlimayis etdirmok ii¢lin yivebonzor maili
miistovido kiiraciyin agirliq qiivvesinin tosiri ilo harokatindon istifads edilir. Didaktik toyinatina
goro fiziki obyektlor vo proseslorin rosm vo fotoqrafik modellori mahiyyatca eynidir. Onlar
orijinalla hondasi oxsarlifa malik olub, real obyektlori sorbost ifado edir. Lakin bunun ii¢lin
istifado olunan sokillor coxsayli olmalidir.[4]

Fiziki nozoriyyonin osasimi izah edorkon modellorin vo ya analoglarin rolu xiisusi
ohomiyyat kaosb edir. Qazlarin nozariyyasini izah edarkon, real qazlarin asas xassalorini (yiiksok
axicilig, sixilma va s.) qaz hissaciklori arasinda ¢ox ciizi qarsiliqli tasirin mévcud olmasini xiisusi
geyd etmok lazimdir. Qaz molekullarinin miixtolif konfiqurasiyaya va 6l¢iliye malik olmasi xiisusi
geyd edilmalidir. Qazlarin kamiyyatco nazariyyasini yaratmagq iiglin qaz molekullarmi elastiki
kiiracik kimi tosovviir edib, ona Nyuton mexanikasinin aparatlarini totbiq etmok lazimdir.
Kiiraciklorin 6l¢iilori ¢ox kigik molekullar tortibinds gobul edilmalidir.[5]

Mosolon, metallarin klassik elektron nozoriyyssinin yaradilmasinda qazm meonfi yiikli
hissociklordon ibarst olmasi forziyesindon istifado edilmosi holledici rol oynayib. Bu
nazariyyonin sonraki tokmillogsmosindon miiasir zona nozoriyyesi yaradilmisdir. Adaten,
ideallagdirilmis modellordon vo analogiyalardan, Oyronilmosi vo ya qavranilasi ¢otin olan
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hadisolorin izah edilmesindo istifado edilir. Miicorrad nozoriyysnin elementlori yalniz bu
elementloro konkret analoq hadisolar tapildiqda basa diisiiliir. Ideallasdirilmis model hadisenin bir
modelini basqasinin {izorindo qurmaga, bir sorhi digori ilo ovoz etmoys imkan verir.

Simvolik (isara) modellor 6yronilon obyektin qurulusunun vo funksiyalarinin sorti isarslorlo
(noqto, xott, rogom, horf, vo s.) gostorilmosidir Bu modellorin 6ziinomoxsuslugu ondadir ki,
burada clementlorin vo onlarin rabitolorinin isaralori sortidir. Elmdo va todrisdo simvolik
modellora boylik tolobat tobiidir.

Simvolik modelin novlerindon biri tosvir modelloridir. Tutaq ki. miisllim sifahi danisiqda
fiziki prosesin xarakterik olamatlorini vo qanunauygunluglarini tosvir edir. Toloba bu tosvirdon
aldig1 informasiyani ¢evirarak 6ziliniin analoji modelini yaradir.

Hom elmi, ham do todris baximindan bir model diger modellorin formalagmasina kdmok
edo bilor. Onlar dyronilon hadisanin Umumilasdirilmasi, onun mucarradlosma daracasinin
artirtlmasi va dinlayicilorin diistinma montiqini inkisaf etdirmok Uglin bir vasitadir. Fiziki, distur
vo tonliklorin Oyradici xarakterini todris prosesindo fiziki hadisonin ganunlari vo Xassalori
haqqinda yeni molumatlar almaq metodu kimi istifads edirlor. Axtarilan komiyyatlor vo konkret
komiyyatlor, mosalon, masalonin sortini yazarkon formalasdirilir. Umumi hoall prosesinda vacib
informasiya dasiyan model qurulur.
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Xiilaso

Hom elmi, hom do todris baximindan bir model digor modellorin formalagmasima komok
edo bilor. Onlar Oyronilon hadisonin Umumilesdirilmosi, onun miicorradlogsma daracasinin
artirtlmasi va dinlayicilorin diistinmo moantiqini inkisaf etdirmok {igiin bir vasitodir. Fiziki, diistur
vo tonliklorin Oyradici xarakterini todris prosesinde fiziki hadisonin qanunlar1 vo xassalori
haqqinda yeni melumatlar almaq metodu kimi istifade edirlor. Axtarilan komiyyatlor vo konkret
komiyyatlor, mosolon, mosalonin sortini yazarken formalagdirilir. Umumi hall prosesindo vacib
informasiya dasiyan model qurulur.

Pe3rome

OnHa Monenb, Kak Hay4Has, Tak M oOpa3oBareibHAas, MOKET MOMOYb C(HOPMHUPOBATH
npyrue monenu. OHU SBISIOTCS HHCTPYMEHTOM OOOOIIEHUSI U3y4aeMOTO COOBITHS, TTOBBIIICHUS
CTETIEHU €ro a0CTpakIMU W pa3BUTHs JIOTMKH MBIIUICHUS ayAUTOpUHU. YUeOHBIH XapakTep
¢buzuku, GopMyn U ypaBHEHUN UCTIOIB3YETCs B y4eOHOM Ipoliecce Kak METO/ MOIYYE€HUS HOBBIX
CBEJICHUI O 3aKOHaX M CBOMCTBAaX (PpU3MUECKUX SBICHUH. VICKOMBIE BETMUMHBI M KOHKPETHBIE
BEJIMYMHBI (OPMUPYIOTCS, HANpUMep, IPU HANMCAHUU YCIOBHs 3afaud. Mojenab ¢ Ba)KHOM
uH(popMalreil cTpouTcs B 00I11eM IPOIIecce peleHus
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Summary

One model, both scientific and educational, can help shape other models. They are a tool
for summarizing the studied event, increasing its degree of abstraction and developing the
audience's thinking logic. The educational nature of physics, formulas and equations is used in
the teaching process as a method of obtaining new information about the laws and properties of
physical phenomena. The quantities sought and the specific quantities are formed, for example,
when writing the condition of the problem. A model with important information is built in the
overall solution process.

MOKTOB FiZIiKA DORSLORINDO PROBLEMLI SITUASIYALARIN YARADILMASI

Quliyev M.S., Quliyev N.I., Mammadov S.M., Mommadova E.A.
Ganca Dovlat Universiteti, Ganca sahari
quliyevniyazi524@gmail.com

Acar sozlar: problemli situasiya, g6zlonilmozlik, miinaqise, tokzib, uygunsuzlug, qeyri —
muoyyanlik

KiroueBble cjioBa: TpoOJieMHasi CUTYaIUs, HCOXKHUIAaHHOCTh, KOH(MINKT, OMPOBEPIKCHUE,
HCCOOTBCTCTBUC, HCOIIPCACICHHOCTDb

Key words: problematic situation, surprise, conflict, refutation, inconsistency, uncertainty

Muasir tohsilin forgli xtisusiyyatlarindan biri odur ki, maosllimin ¢iyinlarinds sagirdlora osas
biliklorin verilmasindan basqa, sagirdlori miasir hoyatin tez doyison realliglariglarina hazirlamaq
vazifasi do diisiir. Tokco materiali bilmak, biliklorini praktikada totbiq etmok azdir, hom dos lazim
oldugu toqdirds yeni alternativ hall iisullar1 tapmagi bacarmaq miistagil gorar gobul etmoak,
catismayan biliklari oldo etmok lazimdir.

Moktobin miiasir savadli, inkisaf etmis soXsiyyst buraxmasi ti¢iin miiallim tokco fizika
dorslorinda deyil, hor yerdo sagirdlorin tofokkiiriiniin, yaradiciliq gqabiliyyatlorinin, montiqi
diigiincalorinin inkisafina tokan vermolidir. Carlz Darvinin dediyi kimi : “On giiclii vo agilli deyil,
bas veran doyisikliklora daha yaxsi uygunlasan sag qalir” [1]. Biz belo hesab edirik ki, bu halda
on yaxsi natico veran sullardan biri problemli tolim metodudur. Burada fizika da sadaco sonsuz
imkanlara malikdir. Misllimin problemli situasiya yaratmasi vasitaSilo sagird (vo ya sagirdlor
grupu) foaliyyat istigamoti alaraq 6z potensialini aktivlesdirir, catigmayan biliklori olda edir,
natico alir vo onun ehtimalint qiymatlondirir. Bu halda tolim daha effektiv bas veracok, bu yolla
olds olunan bilik iss, fordi vo ya qrup halinda is zaman1 miistaqil aldo edildiyindon daha dorin vo
asasli olacaqdir. Miiallim iso sagirdlori mistaqil iso motivasiya edorok tokco situasiya yaratmir,
hom do marhalali nozarat edir, lazim olduqda komok edir.

Problemli situasiyanin yaradilmasinda markazi an o situasiyadir ki, onun asasinda problem
yaranmasina gotirib ¢ixaran ziddiyyst dursun. Bu situasiya elo mosalo  soklindo
formalagdirilmisdir ki, onun halli t¢un olan bilik kifayst deyildir, hazir vasito yoxdur va bu da
yeni biliklor vo onlar1 yerino yetirmo iisullarint monimsomo zoaruroti yaradir. Bu zaman
bilinmanls, bilinmayan arasinda ziddiyyat yaranir ki, bu da problemin meydana ¢ixmasinin
morkozi anidir. Sagirdin belo masalonin hallino qosulmasi ti¢lin bu masalo yaxin inkisaf
zonasinda olmalidir. Problemin hallina basladigdan vo onu doqiq formalasdirdigdan sonra
(malum olan namslum olandan ayrilir), problemli situasiya problemli masaloya cevrilir. Mahz
onun hallinds gatismayan biliklor vo foaliyyat Usullarinin slds olunmasi bas verir.
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Problemli situasiyanin yaradilmasi — standart hslli olmayan axtaris mosoalasidir. O,
problemli talimin bir hissasidir vo 6z névbasinds problemli mosalolor sistemini tosvir edir.
Problemli mosalo kimi hom komiyyat, hom do keyfiyyat masalalori, niimayis vo laboratoriya
tocrubalori, eksperimental vo praktiki tapsiriglar ola bilor ki, onlarin da yerino yetirilmasi G¢ln
sagirdlor mustaqil olaraq yeni biliklar va foaliyyat tisullari olds etmalidirlor.

Fizika dorslorindo problemli situasiyalar yaratmaq G¢in ¢ ndv ziddiyystlordan istifads
etmak olar :

- Elmi biliklorls sagirdlarin hayat tacriibslori arasinda;

- ©vval monimsonilmis vo yeni biliklor arasinda. Onlar ona goro meydana ¢ixir ki,
talimin har bir marhoalasinds fiziki hadisalor va proseslora miiayyan saviyyads baxilir vo
hor bir yeni marhaloda yeni vo avval moanimsanilmis biliklor arasinda uygunsuzluq
yarana bilor

- Real alomin, obyektiv gercakliyin orta moktab fizika kursunda aks olunan ziddiyyatlori

Masalan bels bir sual : “Noya gOro suya atilmig mismar suda batir, lakin agir gomi suda
liziir?” problemli sual olacaq, “Noya g0ro cisimlor {iziir” suali iso malumat xarakterli olacaqdir.
Belo ki, bu sual cavab {iglin yalniz bilik talob edir. Belaliklos, biz belo hesab edirik ki, darslords
problemli situasiyalarin yaradilmasi dorsi daha shomiyyatli edir [2].

Problemli situasiyalarin yaradilmasinin basqa iisullar1 da mévcuddur : eyni bir situasiya vo
ya problemo mixtalif noqteyi — nozorlorin muzakirssi ; todgigat vo qurasdirma xarakterli
tapsiriglardan vo onlarin miixtalif hall Gisullarindan istifads ; artiq vo gatismayan verilonlora malik
moasalalarin halli ; va s. Yeno geyd etmok istordik ki, problemli situasiyanin yaradilmasi {igiin elo
sual vo tapsiriglardan istifado etmok lazimdir ki, onlarin asasinda problemli situasiya yaratmaq
mimkun olsun. Bununla slagadar olaraq tapsirigin formalasdirilmas: boyiik shamiyyato malikdir.
Ona gora ki, mohz o sagirdlorin aktif ogli foaliyysto qosulmalarina imkan verir [3].

Problemli situasiyanin yaradilmasi iisullari sistemino baxaq

1. Gozlonilmazlik situasiyasi sagirdlori toaccib yaradan qgeyri — adi ziddiyyatli goriinon
faktlarla, tocriibalorla, naticalarls tanis edorkon yaranir.

2. Miinaqgiso situasiyasi asason fiziki noazoriyyslorin vo fundamental tocriibolorin
Oyronilmasi zamani istifado edilir. Belo situasiyalar fizikanin inkisafi tarixindo tez — tez
yaranmigdir. Mosolon dalgalarin interferensiyasi Oyronilmasino muollim dalgalarin  suda
niimayisindon baslayir. Sagirdlor ndqtovi vibratordan, sonra iso iki ndqtovi koherent vibratordan
dalga cobhosini miisahido edirlor. Bu zaman miinaqigo yaranir — sagirdlor simmetrik zolaglar
soklinds donmus dalga cobhasini miisahids edirlor. Noya gora dinamik monzars statik manzarays
kecdi vo soklini doyisdi. Bu miinaqisoys baxaraq sagirdlor dalgalarin interferensiyasinin
mahiyyatini basa diisiirlor.

3. Oncodon gorma situasiyast ondan ibaratdir ki, miiollim miloyyan ganunauygunlugun vo
ya hadisonin mévcudlugunun miimkiinliiyli barado hipotez irali slrlr vo sagirdlori todgigat
axtarigina colb edir. Mosoalon misallim bels bir prognoz verir : “Malumdur ki, elektrik coroyani
otrafinda maqnit sahasi yaranir, bas bunun aksi do ola bilormi?” Sagirdlor muzakirs noticasindo
M.Faradeyin elektromaqnit induksiyasi hadisasinin kosfino sobab olan tocriibslorini dyronmoyos
galib ¢ixirlar.

4. Tokzib situasiyasi o vaxt yaranir ki, sagirdlora hor hansi bir ideyanin, layihonin, antielmi
noticonin mévcud olmamasini siibut etmak toklif olunur.

5. Uygunsuzluq situasiyasi ondan ibaratdir ki, sagirdlarin hayat tocriibasi, onlarda yaranan
anlayis vo tosovvirlor elmi naticolorlo ziddiyyot toskil edir. Mosolon : arximed quvvasinin
Oyranilmasi zamani belo sual qoyulur : agzina qodar su ilo doldurulmus iki eyni gab vardir.
Onlarin birinds taxta pargasi iizlir. Qablardan hansi daha agir olar? Onlar ¢akilir va ¢okilarinin
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eyni oldugu moalum olur. Niya? Bu problemin halli cisimlorin Uzmosi ganununun miayyan
edilmasina gatirib ¢ixarir.

6.Qeyri — muoyyanlik situasiyasi o vaxt yaranir ki, problem tapsiriq toklif olunur, lakin,
birmonal1 cavab almaq Ugln verilonlor Kifayat etmir. Masalon, malumdur ki, metal keciricilorin
mugavimati temperatur artdiqca artir. Sonra sual verilir : bas qizdirilma zamani yarimkegiricilarin
(elektrolitlarin) mugavimati neco doyisacok? Problem masalonin halli zamani yarimkegiricilarin
mugavimatinin temperaturdan asililig1 anlayisi formalasir.

Problemli situasiyanin yaradilmasi miiallimdan dorss xiisusi hazirliq talob edir. O forz edir
ki, movzunun elmi — metodik analizi aparilmalidir. Bu zaman todris materialinin xarakterino vo
Xususiyystine onda mozmunun olmasina xiisusi digqgot yetirilmalidir. Clnki, mohz bu sagirdlor
ucun problem ola bilar va fikirlosmak lazimdir ki, problemli situasiyani neco yaratmaqg olar? Bu
zaman tokco ziddiyyoti Uzo ¢ixarmaq lazim deyildir, hom do sagirdlori Oyranilon materialla
maovcud biliklor sistemi arasindaki uygunsuzlugu askar etmays gotirmok lazimdir. Bu miistaqil
olaraq problem formalagdirma, onlari analiz etmo Vo holli dsullarini tapma bacariginin
formalagmasina komok edir. Belaliklo problemli tolim, todris materiallarinin mozmununun
problemli situasiyalarin zanciri soklinds tosvir olunmasini nazards tutur.
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Xiilasa
Aparilmis todgigatlar nsticasinds miisyyan edilmisdir ki, fizika dorslorinds problemli situasiyanin
yaradilmasi1 miiallimdan darss xiisusi hazirliq talab edir. O, forz edir ki, mévzunun elmi — metodik analizi
aparilmali vo bu zaman todris materialinin xarakterina vo Xsusiyyatina, mazmununun olmasina xiisusi
diqget yetirilmalidir. Ciinki sagirdlor Ggiin mehz bu problem ola bilar va fikirlosmak lazimdir ki,
problemli situasiyani neco yaratmag olar? Bu zaman tokcs ziddiyyati iza ¢ixarmaq lazim deyildir, ham do
sagirdlor, Oyronilon materialla mévcud biliklor sistemi arasindaki uygunsuzlugu skar etmoyo gatirmok
lazimdir. Belalikla, problemli tolim, todris materialinin mazmununun, problemli situasiyalarin zanciri
soklinda tasvir olunmasini nozards tutur.
Pe3ziome
B pesynbTare mpoBEACHHBIX HCCIECIOBAHUI YCTAHOBIEHO YTO, JJIi OPraHU3alMU MPOOIEMHOTO
obyueHust TpeOyeTcs crenuanbHas MOATOTOBKA y4YHTedss K ypoky. OHa mpeamonaraetT MpOBEICHHE
HAYYHO — METOJAMYECKOTO aHAIN3a TEMBI, IPH KOTOPOM HAJ0 00paTUTh 0CO00C BHUMAHHUE Ha XapakTep U
0COOCHHOCTH Y4EeOHOTO MaTepuana, HATUYME B HEM COJICPIKAHUS, KOTOPOEe MOXKET OBITh MPOOIIEeMON st
yUaIuXxcs, ¥ Ha TO KaKUM 00pa3oM MOKHO CO3/1aBaTh MpoOaeMHyI0 cuTyarmio. [Ipu 3ToM HE06X0IUMO
HE TOJIbKO BBISIBUTH MPOTHBOPEYHE, 1O M OMPEACIUT KaKHM O00pa3oM IOABECTH YUaIlUXCsS K TOMY,
YTOOBI OHM OOHAPY UK COOTBETCTBHE M3Y4aeMOI0 MaTEepUaNa C UMEIOIUECS CUCTEME 3HAHHU.

Summary

The research found that problem-based learning requires specialized teacher preparation. This
requires a scientific and methodological analysis of the topic, focusing on the nature and specifics of the
learning material, the presence of content that may pose a challenge for students, and how to create
problematic situations. This requires not only identifying the discrepancy but also determining how to
guide students toward discovering the correspondence between the material being studied and their
existing knowledge.
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EKOLOJi TOMiZ HIDROGENININ ISTEHSALI UCUN BORPA OLUNAN ENERJI
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BOJIbI,

“Yasil” vo ya ekoloji tomiz hidrogen dedikds, borpa olunan enerji monbalorindon alinan
hidrogen basa diisiiliir. Hidrogen alinmasinin on genis yayilmis {isulu elektrolizdir. Bu lsulda
hidrogen va oksigen sudan elektrik coroyanimin komayi ilo ayrilir [1].

yasil hidrogen barpa olunan enerji 5

elektroliz

Sakil

Yasil hidrogen CO; tullantisin1 azaltmaga vo enerjinin saxlanilmasi tizro yanacaq, istilik,
energetik sistemlori tomin edorok, muxtolif sahslords karbon yanacagindan imtina etmays
imkan verir. Onun bir sira saholords sonaye totbiqlori asagidakilardir: 1)uzunmasafali, doniz va
aviasiya dasimalart; 2)¢uqun vo polad istehsali kimi yiiksok temperatur tolob edon sonaye
proseslori; 3)neft kimyasi; 4)giibro; 5)sonaye xammali; 6)elektrik enerjisi istehsali; 7)enerjinin
uzun middat saxlanilmasi. Enerji monbayi kimi hidrogen, akkumlyatorlarla (0,15-0,25
kVt-saat/kq — litium batareyalari {iglin) miigayisodo Yyuksok enerji sixligina (39,6kVt-saat/kq)
malikdir. Hidrogen, bitiin anonovi yanacaq novlorindon kitloys goro on yiiksok enerji sixligina
malikdir:

barpa olunan enerji barpa olunan hidrogen

Codval 1.
Hidrogen, odun, kémdr, benzin va dizel yanacaginin xiisusi ¢aKisi
Yanacaq H; daha H daha asag1 | 1 kg benzin 1 kq dizel 1kq kémir 1 kq odun
yiksok istilik - yanacagl
istilikyaratma | yaratma
gabiliyyati qgabiliyyati
Enerji 39,4 33,3 13,1 12,6 6,6 4,5
sixlig1
kVt-S/kq

Suyun elektrolizi — ekoloji tomiz

hidrogen almaq Uglin elektrikin kdmayi ilo suyun
elektrokimyavi par¢alanmasi texnologiyasidir. Elektrolizin asas reaksiyasi asagidaki kimidir:

H,O +elektrik(237,2kC - mol ™) + istilik (48,6kC-mol™) - H, + %OZ
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Su molekulunun pargalanmasi naticasindo oksigenlo migayisads iki dofo ¢ox hidrogen
alimir. Elektrolizin effektivliyi ondan ibaratdir ki, 500 ml sudan, 4 kVt/saat elektrikenerjisi sorf
etmoklo toxminan hor iki qazdan bir kubmetr miqdarda qaz alinir [2].

Yuxarida gostarilon reaksiya tonliyinds otaq temperaturunda suyun hidrogen vo oksigena
pargalanmasi ti¢lin oyuqda nazori olaraq 1,23 V termodinamik gorginlik talob olunur. Lakin,
tocribays uygun olaraq, suyun effektiv pargalanmasi ti¢iin oyuqda lazim olan goarginlik 1,48V
toskil etmoalidir.

Elektrolitlorin névindon vo istismar soraitindon asili olaraq suyun elektrokimyovi
elektrolizini Ug asas ndva bolmok olar:

Dgolavili suyun elektrolizi (QSE) — maye qgolovi elektrodlitds isloyan iki elektroddan
ibarotdir. Bu elektrodlar, gazabonzor mohsullar ayiran Vo bir elektroddan digorino hidroksil —

ionlarin (OH ) dastyan diaframa ilo ayrilir. O, adaton 30°C-90°C temperatur intervalinda isloyir.

2)Bork oksid elektrolizer — bu, bork oksid vo ya saxsi elektrolitdon istifado etmoklo
gazaboanzar hidrogen vo oksigen almaq tcun suyun elektrolizini hayata kecirmok Gcun barpa
rejiminds isloyan elektrolizerdir. Bark oksid elektrolizer yiiksak temperaturlu elektrolizi hayata
kecirmayo imkan veron temperaturlarda - adoton 500°C-don 850°C-dok temperatur oblastinda
islayir.

3)Protonmibadilo membrani (PMM) — bu adaton ionometrlordon hazirlanmis vo protonlari
buraxmaq Uc¢ln noazordo tutulan yarimkegirici membrandir (YKM). YKM daha kigik
temperaturlarda vo tozyiglorde isloya bilor (50°C vo 100°S). YKM ilo suyun elektrolizi
texnologiyast General Electric kompaniyasi torofindon islonmisdir vo artiq 60 ildir ki,
movcuddur.

Sonaye kompaniyalar1 arasinda Simens Energy, Elyzer P-300 kimi moaghur olan mohsullar
ailosini — ekoloji tomiz hidrogenin effektiv istehsalin1 hayata kegirmoys imkan veran innovativ
texnologiya toklif edir. YKM metodu ilo elektrolizerdo suyun elektrolizi zamani, ekoloji tomiz
hidrogen almaq Uc¢lin kilok va giinos enerjisindon istifado edilir. YKM metodu ilo islayan
elektrolizerlor yiiksak keyfiyyatli gaz mohsullarin alinmasini tomin edir.

Air Products vo AES korporasiyasi elan etmislor ki, ekoloji tomiz hidrogen istehsali
zavodunun tikintisino vo istismarina ABS-nin Texas statinda 4 milyard sarmays qoymuslar.
Borpa olunan manbalardan enerjinin hidrogena c¢evrilmasi Uzro bu layihays, kiilok vo glinosin
toxminan 1,4 QVt enerjisinin istehsali vo elaca doa glindalik 200 ton ekoloji hidrogenin istehsal
gucu daxildir [3].

Kommersiya istismart 2027-Ci ilo planlagdirilan bu zavod, nagliyyat vasitolori bazari,
eloco do digor sonaye bazarlar tiglin sifir karbon tutumlu yanacaga artan tolobati 6doyacokdir.
GoOzlonilir ki, layihonin reallagdirilmasi miiddoati orzindo atmosfero 50 milyon ton CO:
tullantisinin qarsist alinacaqdir ki, bu da 19 milyard ton dizel yanacag: tullantilarinin atmosfera
atilmasinin qarsisinin alinmasina ekvivalentdir.
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Xiilasa

Yasil hidrogen CO> tullantisin1 azaltmaga vo enerjinin saxlanmasi iizro yanacag, istilik va

energetik sistemlari tomin edarok, muxtslif sahalords karbon yanacagindan imtina etmays imkan
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verir. Hazirda Air Products vo AES karporasiyasi 4 milyard doyarinds hidrogen istehsali
zavodu insa etdirirlor. GOzlanilir ki, zavod istismara verildikdoan sonra atmocfers 50 milyon ton,
CO: tullantisinin qarsist alinacaqdir ki, bu da 19 milyard ton dizel yanacagi tullantilarinin
atmosfers atilmasinin garsisinin alinmasina ekvivalentdir.

Pezrome

3eneHblid BOJIOPOA MOXKET COKpaTtuth BeIOpockl CO2 u oOecneuuTh XpaHEHHE DHEPIUH,
CUCTEMBI OTOIUICHUS W DJICKTPOCHAOKEHUS, YTO MO3BOJIUT TOJHOCTHIO HCKIIOYUTH BBIOPOCHI
yriepojia B pa3lIMYHbIX oOTpacisx mpombinuieHHocTH. Kommanmm Air Products m AES
Corporation B HacTofllee BpeMsi CTPOSAT 3aBOJ IO MPOM3BOJICTBY BOAOPOJAa CTOMMOCTHIO 4
MuMapaa noiiapoB. Oxupaercs, 4YTO IOCJI€ BBOJAa 3aBoJa B JKCIUTyaTanuioo Oyner
npenoTBpaiieHo nomnaganue B atmochepy 50 mwmwmmmonoB ToHH CO2, YTO SKBHBAJICHTHO
MpeoTBpalIeHUIO BIOpoca 19 MIIIIHap10B TOHH AU3€IbHOTO TOIUIMBA.

Summary
Green hydrogen can reduce CO, emissions and provide energy storage, heating, and power
systems, enabling carbon neutralization across various industries. Air Products and AES
Corporation are currently constructing a $4 billion hydrogen production plant. Once operational,
the plant is expected to prevent 50 million tons of CO2 from entering the atmosphere, equivalent
to avoiding the emission of 19 billion tons of diesel fuel.

HIiDROGEN iSTEHSALINDA SUNi FOTOSINTEZDON iSTiFADONIN YENi
TEXNOLOGIYALARI

Quliyev M.S., Quliyev N.I., Tahirova T.T.
Ganca Dovlat Universiteti, Ganca sahari
quliyevniyazi524@gmail.com

Acar sozlar: fotosintez, giinas enerjisi, biohidrogen, hidrogen istehsali

KiaoueBnie ciioBa: (I)OTOCI/IHTGS, COJIHCYHAd OSHEpru:d, 6I/IOBO,Z[0p0I[, MMPpONU3BOACTBA
BOOOpOaa
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Hazirda nanotexnologiyalardan vo nanokompozitlordon istifado etmoklo giinos enerjisindo
hidrogen istehsalinin yeni texnologiyasi ugurla hazirlanmigdir [1]. Bu is, tabii fotosintezin
ustinliklorini gunas enerjisinin emalinin siini sistemi (stini fotosintez) ilo birlogdirilmasini
nozords tutan iizvi biohidrogen istehsalinin dayaniqli sisteminin iglonmasina yonolmisdir.

Todgigatlarda fluoresent ronglayicilorin 6z — 0ziina yayilmasimin vo optik xassalarinin,
homginin elektron Oturilmosi mexanizmlarinin idaro olunmasi {igiin metal — polimer oasash
nanosothli tanin (asilayici) tursusunun adsorbsiya xassalorindon istifado olunmusdur. (Asinma
tursusu — kofe, cay Kimi tullantilardan asanligla alina bilon vo fotokatalitik proseslords vo
cirklonmalarin konarlagdirilmasinda genis totbiq olunan ekoloji tomiz materialdir). Bu naticalor,
torkibinds hidrogenaz fermenti olan bakteriyalarin istiraki ilo biohidrogen istehsalinin giinog
sistemini iglomaya imkan verdi [2].

Gunos enerjisinin xlorofil torofindon udulmasi vo onun Kkimyavi enerjiya c¢evrilmasi ilo
bas veron tobii fotosintez siini fotosintezin islonmasinin asasini togkil edir. Bu proses, tabii
fotosintetik aktivliyi toglid edir (banzayir) vo giinas enerjisindon istifado edarok hidrogen kimi

147


mailto:quliyevniyazi524@gmail.com

giymatli enerji monbayini sintez etmoys imkan verir. Xlorofil kimi, elektronlarin 6tiiriilmasinin
tobii mexanizmini toglid edon submolekulyar fotokatalizator yaradilmisdir. (Fotohoyacanlasma:
maddods elektronlarin  isiq enerjisinin tasiri altinda (fotonlarin) daha yiiksok enerji
saviyyasinodok hoyacanlagsmasi prosesidir). Todgiqat¢ilar fluoresent ronglayici madds olan
rodamini tokmillasdirarok ona amfofil xassa (hom hidrofil, hom do hidrofob) verarok, onun
stabilliyini vo uzunémiirliilitylinii yaxsilasdirmislar. Naticads, todqiqatgilar hidrogen istehsalinin
mohsuldarligini spektrin goriinon hissasinds bir gram katalizatora toxminan 18,4 mmol/saata
catdira bilmislor. Bu iss, lyuminoforla aparilan avvalki tadqigatlarin gostaricilorindan 5,6 dofa
coxdur.

Sonraki todgiqatlar corgivasinds yaradilmis submolekulyar rongi Shewomell oneidensis
bakteriyalar1 ilo birlogdirmislor [3]. Bu bakteriyalar, glinos siialarmin vasitasilo askorbin
tursusundan (C vitamini) hidrogen istehsal edon biokompozit sistem yaratmagq iigiin elektronlari
dasimaga qadirdirlor. Bu sistem Kifayat godar uzun miiddat orzinds stabil islomis vo fasilasiz
hidrogen istehsalin1 hoyata kegirmays qadir oldugunu géstormisdir. (Shewomella oneidensis
MR-1: tobiotdo metallar1 vo mineralalr1 pargalanma qabiliyyati ilo mashur olan bakteriyadir,
hidrogen istehsali kimi ekoloji tomiz enerji todqiqatlarinda istifads olunur). Bu todgiqgatlar Gzvi
ronglayicilor vo suni fotosintezin is mexanizminin basa disiilmoisindo mithiim addimdir.
Sonraki todgigatlarda funksional ~mikroorganizmlorli yeni materiallar1 inteqrasiya edorok
submolekulyar kimya asasinda yeni sistemlori yaradilmasi nazarda tutulur.
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Xiilasa
Aparilmis todgigatlar tobii fotosintezin Gstunliklorini glines enerjisi emalinin siini sistem
(stini fotosintez) ilo birlogdirilmasini nazords tutan iizvi biohidrogen istehsalinin dayaniql
sisteminin islonmasina hasr olunmusdur. Toadgiqgatlarda fluoresent ranglayicilorin 6z — 6ziina
yigilmasinin vo optik  xassalorinin, hamginin elektron o6tirdlmasi mexanizmlorinin idaro
olunmasi ti¢iin metal — polimer osasli  nanosothli asilayict tanin tursusunun adsorbsiya
xassalorindon istifads olunmusdur.
Pe3ztome

[IpoBeneHHble HCCIEOBaHMUS IMOCBSIIIEHa Ha pa3pabOTKy YCTOWYMBYIO CHCTEMY
MPOM3BOJICTBA OPTaHMYECKOr0 OMOBOAOPO/A, KOTOpasi COYETAET MPEUMYIIECTBA E€CTECTBEHHBIX
poueccoB (OTOCHMHTE3a C UCKYCCTBEHHOW cHUCTEMOM mepepalOTKu COJIHEYHOW sHepruu. B
UCCIICIOBAaHUSIX ~ HCIOJIb30BaHAa  aJCOPOLMOHHBIE CBOMCTBA HAHOIOBEPXHOCTHON IyOMIIBHOM
KHUCJIOTBI Ha OCHOBE METaJUIONOJUMEPOB JJIsi KOHTPOJII CaMOCOOPKHM M ONTHYECKHX CBOWCTB
(i1yopecleHTHBIX KpacuTelnei, a Takke MEXaHU3MOB IIepeHoca 3JIEKTPOHOB.

Summary
The research focuses on developing a sustainable organic biohydrogen production system
that combines the benefits of natural photosynthesis with an artificial solar energy harvesting
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system. The study utilized the adsorption properties of nanoscale tannic acid based on
metallopolymers to control the self-assembly and optical properties of fluorescent dyes, as well
as electron transfer mechanisms.

FiZiKA DORSLORINDO PROBLEMLI SITUASIYANIN YARADILMASI
PROBLEMLI TOLIMIN MUHUM MORHOLOSI KiMi

Quliyev M.S., Quliyev N.I., Imanov R.M., Mammadov S.M.
Ganca Dovlat Universiteti, Ganca sahari
quliyevniyazi524@gmail.com

Acar sozlar: problemli tolim, problemli situasiya, problemli eksperimnet, problemli
masalo

KiloueBbie ciaoBa: mpoOinemHoe oOydeHue, MpoOJeMHas  CUTyalus, MNpoOIeMHBIN
IKCIIEPUMEHT, MPOOJIeMHas 3aj1a4a

Key words: problem-based learning, problem-based situation, problem-based experiment,
problem-based task

Bu giinkil pedagogika, fonn misallimindan tokca fizikani yiiksok saviyyads bilmayi yox,
hom do yiiksak saviyyads metodiki hazirliq talob edir. Bu taloblorin reallagdiriimasi ayrilmaz,
vahid sokilda hoyata kecirilmalidir. Magsado neco ¢atmagi, bu vo ya digor problemlarin halli
ticlin  lazim olan molumati axtarmagi vo tapmagi bacaran moazun, hayatini yaxsi vo asan
guracag, ona amoak bazarinda homiso tolobat olacaqdir [1].

Bunun asasinda darso talabat artir. ©vvallor oldugu kimi, dars sagirdlorin elmi — nozori
hazirhiginin ciddi problemlorinin hallina yonaldilmalidir. Ona goro do  mdiollim isinin 2sas
vazifasi, biliklorin sagirdlar tarafindon yaxsi monimsanilmasing, yaxsi oqli inkisafa tokan veran
on effektiv metodlarindan istifado hesab olunur. Alman pedaqoqu, 18 asrin liberal siyasotgisi
Adolf Disterverq demisdir. “Pis miiallim hogigst barodo molumat verir, yaxsi miollim onu
tapmag oyradir”. Yaxs1 miiollim olmaq Ugln, zehni foaliyyatin aktivlosdirilmasi metodlarindan
biri kimi fizika dorslorinds problemli situasiyanin yaradilmasini totbiq etmok lazimdir. Problemli
tolim ideyasi yeni deyildir. O, sagirdlorin idrak foaliyyatinin inkisafi vo mistoqilliyi ilo six
alagadardir vo hayatda bir nega dofa irali siiriilmiisdiir [2].

Problemli situasiyanin yaradilmasi problemli talimin muhim va masuliyyatli morhalasidir
[3].

Aydmdir ki, problemli talimin nazori middosalarini reallagdiran tocrubali muosllim tgun,
tolimin bu metodlarindan istifado planinda isi kifayat godor ¢ox olur. Praktikada problem —
axtarig tolim metodunu reallagdirmaq tgiin asagidaki istiqgamatlordo foaliyyat — gOstormok
lazimdir [4].

1. Fonlorarast mazmunlu suallar da daxil olmagla problemli suallar;

2. Fonlorarast mozmunlu mosalalor do daxil olmagla problemli suallar;

3. Problemli eksperiment

Problemli suallarin holli zamani (hesablamalarsiz), bu vo ya digor fiziki hadisoni izah
etmok vo ya muoyyan soraitlordo onun neca bas vera bilocayini avvolcadon s@ylomak talob
olunur.

Bir gayda olaraqg, belo masalalordo odadi verilonlor olmur. Hesablamalarin olmamasi,
sagirdlorin diggotini hadisonin fiziki mahiyystino yonoltmoys imkan verir. Problemli sualalrin
holli sagirdlordo diggotliliyin, miisahidagiliyin tarbiys olunmasina vo qrafik savadin inkisafina
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tokan verir. Problemin ugurlu qoyulusu ii¢iin, onda dorketmok ¢atinliyi, malum va namslumun
gorinan sorhadlori olmali, aldo olunan yeni molumatla namslumun mugayisasi teaccliib  va
moveud bilik, bacariq vo vardislordon momuniyyatsizlik hisslori yaratmalidir. Problemli sualda
informasiya  zidiyyati olmali, naticolori miqayiss, milahizo, analiz etmok, onlar
Umumilosdirmok, yoni ganunauygunluq axtarmaq istoyi yaratmalidir. Belo ki, masalon “niya
mismar suda batir, agir gomi iSs suda tiziir” suali problemli olacaq, “niya cisimlor iiziir?” suali
ISo cavab Tigilin yalniz bilik tolob etdiyindon informasiyali olacaqdir. Ogor “Birlogsmis qablar”
maovzusu Uzra “Noys gOro qaynar ¢ayniki qizdiricinin tstiindon ehtiyatla gotirmoak lazimdir”
problemli sual verilorss vo ya “Elektromaqnit dalgalart” mdvzusunun Oyronilmesi zamani
sorusularsa ki, “Noya gOro yatan zaman telefonu balincin altina qoymaq olmaz”, onda usaqlarin
diistincalori, musllimin planlagdirdigt mévzuya yaxinlasmaga komok eds bilocok fizika ganun
Vo anlayislarindan tamamils uzaq olacaqdir. Problemli talimin, tadris probleminin qoyulusundan
baslandigin1 hesab etmok diizgiin deyil. Bu texnologiyanin nazari asasi ondan ibaratdir Ki, talim
todris probleminin formalasdirilmasindan  deyil, problemli situasiyanin  yaradilmasindan
baslamalidir.

“Molekullarin harakati. Diffuziya”

Problemli suallar:

1. Noyo goro relslor arasinda araliq qoyurlar?
Osaslandirmaga ehtiyaci olan hayati dalil.

2. Dormanin tosirini stratlondirmak Gglin, onu isti, yoxsa soyuq su ilo igmak yaxsidir?
Niya?

Isti su ilo igmok yaxsidir. Ona goro ki, onun molekullar: siirotlo horokat edirlor vo
diffuziya suratlonir.

3. Terapiyada mazlarin, yodun vo digor xarici dorman formalarinin totbiqi hansi fiziki
hadisays asaslanmigdir?

(dari vasitasilo diffuziya hadisasine). Bu suallar iss tibbls baglidir.

“Cisimlarin qarsihqh tasiri. Otalat.”

Problemli sual:

1. Atlantik vo Hind okeanlarinin tropik zonalarinda tez — tez doniz yirticilarindan xilas
olarag 5-7 metr hiindirlikds 200-300m masafays ugan baliglar miisahids olunur. Bunu
baliq neco edir? Baliq quyruq tizgaclorinin siiratli vo giiclii ragslori hesabina havaya
qalxir. O avvalca suyun sathi boyunca harokat edir, sonra quyrugunun giiclii zarbasi ilo
havaya qalxir, dos tizgaclorinin hesabina havada qalir. (Baliq otalot Gzra horokot edir).

Belo misallar, sagirdloro  Oyrondiklori materialin vacibliyini, eloco do bozon fizika

ganunlarinin tamamils g6zlonilmaz situasiyalarda tasirini vo avvalco milommali gériinan hadisani
izah etmok Ugiin 0z biliklarini mistaqil tatbiq etmays hazir olmalarinin vacibliyini gostarir.

Problemli aylancali masalaKiitlesi60 kq vo boyu 160sm, badon sothinin sahesi 1,6m? olan

insanin badoninag, atmosfer tazyiqi ilo sortlonon 160000N qlivva tasir edir. Organizm bels boyuk
yuklanmays neco tab gatirir?

Problemli eksperiment.

1. Sabunu kosok vo kosik torofini suya salaraq calxalayaraq, sonra iso kigik saxsi
bosqabin dibina giiclii sixaq. Sabundan tutaraq bosqabi masanin {izarindon qaldiraq.
Bosgab niys diismiir?.(sabunla bosqabin sothi arasinda caziba qlvvasi —
molekullararas1 cazibo quvvasi yaranir).

2. Kopuk stingacin Uzarins agir ¢oki dast qoyulur. Das ovval slingari sixir. Sonra sixilma
dayanir va kasilir.(Boyiik sixilma va ya molekullarin yaxinlasmasi zamani, onlar bir —
birini italoyir.).
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Problemli sual — masalaHalo godim zamanlardan su, tabistin baxs edilon an boyuk nemati
hesab edilirdi. Bizim ocdadlarimiz bol sulu ¢aylarin, gollarin sahillorindo maskunlasaraq su
baximindan, ¢atinlik ¢okmomislor. Ssaharlor bdyldukes, istehsal inkisaf etdikca suyun alda
olunmasi vo tomizlonmasi bdyik problems g¢evrilmisdir. Sual yaranir: Su ehtiyatini tiikkonmoz
hesab etmok olarm1? Miixtalif cavablara qulaq asdigdan sonra, miiallim xabar verir ki, 6lkamizds
icmoali su ehtiyati olsa da, onun sorfiyyati da, xiisusilo kond tosorriifatinda ¢oxdur. Miiallim
sagirdlara icmali suya gonast olunmasi barado misallar asasinda fikirlorini séylomoayi toklif edir.
Moasalon, agar nasaz su borusundan su yalniz damcilayirsa, onda bir giinds su itkisi taxminan 60
litr toskil edacaokdir.

Problemli masala taklif olunur: Saniya6l¢on va stokandan (hacmi -0,251 ) istifads etmakls,
ogor krandan su kibrit galinliginda sirnaqla axarsa, onda bir sutka arzinds su sizmasini toyin
edin. (masalanin halli naticasinds aliriq: taxminan 40 saniys arzinds bir sutkada su itkisi 540 litr
toskil edacak).

Belaliklos, todris faaliyyatinin bitin ndévlerinds problemli talim elementlorinin sistematik
totbigi vo istifadosi, sagirdlorin todris motivasiyasini yiiksoltmoya imkan verir. Digor istonilon
basqa todris metodu Kimi, problemli tolim universal deyildir, lakin fizikanin G&yronilmasinin
muxtalif morhalalarinds, onun basqa metodlarla optimal uzlasdirilmasi yaxsi naticalor almaga vo
demali pedaqoji fealiyystdon momnun olmaga imkan verir.
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Xiilasa
Belsliklo, todris foaliyystinin biitin noévlerindo problemli talim elementlorinin sistematik vo
istifadosi sagirdlorin todris motivasiyasini yiiksaltmoya imkan verir. Diger istonilon basga todris
metodu kimi problemli talim universal deyildir, lakin fizikanin 6yranilmasinin miixtalif marhalalarinds
onun basqa metodlarla uzlagdirilmasi yaxsi1 naticolor almaga vo demoli pedaqoji foaliyystdon momnun
olmaga imkan verir.

Peztome

TakuMm, 00pa3oM cHCTeMaTHYeCKOe IPUMEHEHHE W HCIOJIB30BAHUE JIIEMEHTOB MPOOJIEMHOTO
o6yqu1/15{ BO BCEX BHIAX yqe6H0f/’1 ACATCIIBHOCTH ITIO3BOJISICT IMOBLIIIATH ypOBeHI) y‘IeGHOﬁ MOTHBAIINU
00yJaronmxcs.

[IpoGiemMHoe oOydeHue, Kak ® JIOOOW Jpyroil  MeToJ  MpemnojaBaHUs HE SBISETCS
YHHUBEPCAITBHBIM, HO ONTHMAaIbHOE COUETAHHE €T0 C IPYTMMH METOIaMHU Ha Pa3JIMYHBIX 3Tarax u3ydeHHS
(U3UKU TIO3BOJISIET TIONYYUTh XOPOIIMK Pe3yJIbTaT, a 3HAYUT W YJOBJIETBOPEHHE OT IEJarornuecKoi
JIEeSITENHLHOCTH.

Summary
Thus, the systematic application and use of problem-based learning elements in all types of learning
activities helps increase students' motivation. Problem-based learning, like any other teaching method, is
not universal, but its optimal combination with other methods at various stages of physics learning allows
for good results, and therefore, satisfaction with teaching.
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FiZiKA MOSGOLOLORINDO iNTERAKTIV TOLIM METODLARI

Quliyev M.S., Quliyev N.I., Mammadova E.A.,Ismayilov E.X.
Ganca Dovlat Universiteti, Ganca sahari
quliyevniyazi524@gmail.com

Acar sozlar: fizika, interaktiv tolim, interaktiv metod, interaktiv tolim dsullari, fizika
mosgalasi

KiarmoueBble cioBa: (bl/ISI/IKa, HHTCPAKTUBHOC o6yquHe, HHTCPAKTUBHBIE MCTOMBI,
UHTEPAKTHBHBIC MpPUEMBbl 00yUYeHHUS, 3aHATHA 10 QU3HKE

Key words: physics, interactive learning, interactive methods, interactive teaching
techniques, physics lessons

Muasir fiziki ali tahsilin moagsadi, har seydon avval onun har bir tolobonin formalagmasi vo
inkisafi prosesina gostordiyi tosirde mioyyan edilir. Ona goro do ali moktob didaktikasi1 galacok
muoallimlorinds totbiqi bacariglarin: soxsiyyst — yaradici, kommunikativlik, sosiallagdirma,
intelektual — informasiya bacariglarinin yaradilmasma yonaldilmalidir. Magsadin  bu sokilds
izahi ali todris muassisasinds prosesinin texnoloji torafini guclondirir.

Elmi todqgiqatlarin [1] analizi gostarir Ki, ali moktabds tohsil cadvalinin doyismasi, tadris
prosesinin har bir istirak¢isinin soXsiyyatinin inkisafina vo 6z — 0zUns inkisaf yonaldilmis yeni
tolim texnologiyalarina keciddon ibaratdir.

Bu gun talim prosesi talobadan gargin aqli is vo onun 6zunun bu prosesds foal istirakini
tolob edir. Mohz bu moagsad talimin innovasiya névini — interaktiv talimi togib edir [2].

Belo hesab edilir ki, interaktiv o tolim metodudur ki, bu metod talobslorin aktiv garsiligh
tosiri ilo hoyata kegirilir [3]. Bu metod, masgalonin gedisindo har bir istirak¢ini yeni biliklor
olmasina va kollektiv faaliyysti toskil etmoys imkan verir.

Interaktiv metoddan istifado edorkon, asagidaki sortlori nozoro almaq lazimdir: konkret
todris moggoloasinds interaktiv Gsullardan istifadonin moagsodouygunlugunu miiayyan etmok; bir
mosgaloda ikidan ¢ox interaktiv tolimdon istifado etmomok, interaktiv qarsiligh tosir Ggiin todris
materailin1 diqqgotlo segmok; qruplarin isinin effektivliyini qiymotlondirmoyin meyarint islomok;
mimkun ola bilon cavab variantlarini islomok.

Termodinamikanin birinci qanununun izoproseslora tothigi mdévzusu Uzro bir parcaya
baxaq. Sualin nozori hissosinobaxarag mdiollim materiali adiabatik proses misalinda fiziki
tocriibolorls izah edir.

Tixacla baglanmis siiso gaba hava vurulur. Tozyiqin mioyyan giymatinds tixac gabin
agzindan konara atilir. Tixac konara atildigdan sonra gabin igorisindo duman amalo galir.
Talobalors, dumanin niys amalo goldiyini izah etmok toklif olunur. Daha bir misal: agor qalin
divarli gaba kibrit ¢opiiniin basligini1 ovxalayib tpksak vo porsenlo hacmi kaskin azaltsag, onda
qabin igarisinds partlayis bvas verar. Tolobaloro miisahido olunan hadisoni izah etmok toklif
olunur.

Biz bu Usuldan demok olar ki, hor bir mosgalods istifado etmisik. Toassuflor olsun ki,
verrilon suallarin miizakirasinds istirak edon toalobalorin say1, mithazirads istirak edonlorin Umumi
saymnin 7 -10% istirak etmisdir.

Utmumi fizikaU (Mexanika. Termodinamika vo molekulyar fizika) kursu tzro praktiki
mosgalalorin kegirilmasi zamani, interaktiv metodlarin totbiginin effektivliyininanalizi tzro
pedaqoji eksperiment paralel qruplarda aparilmisdir.

Tolabalorin isinin naticasi, praktiki masgalalarin yerina eytirilmasi Gglin nozori biliklorin
oldo olunmasidir. Elmi adobiyyatla islomak, elmi todqigat aparmaq, elmi materiali iglomok vo
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sustemlosdirmok Vvordislorina yiyalonilir. Digor natics, talobalorin elmi — praktiki todgigat
aparmag, elmi texnikji masalalarin hoallinin asas Usul vo metodlarina yiyalonmoak va tacriibanin
naticalarini islomok vardislarini oldo etmokdon ibaratdir. Bu todgiqgatlarda tacriibs vo nozarat
gruplarinin miiqayisasi asagidaki parametrlor Uzro aparilmisdir. Birincisi: verilmis movzu iizro
toklif olunan tadris adobiyyatinin, miithazirs materailinin, eloca do alava odobiyyatin Gyranilmasi,
yoni materialin, eloco do olave odobiyyatin Oyronilmasi, yoni materialin monimsanilmasi
giymatlondirilmisdir. Ikincisi: Van — Der-Vaalsin riyazi modelino osason real gazlar tigin béhran
parametrlorinin cadval giymatlori ilo migayisasinin naticalori giymatlondirilmisdir. Tocriiba
yekunlasdigdan sonra, bu todris foaliyystti novinds on yiksok natico tocriibs grupunda
miisahgido olunmusdur. Nozarat grupu ilo migayisads tacriibs grupunda 6yranilon materail daha
tez, darin vo basa diisiilorok manimsanilir.

Tocrlibonin reallagdirilmasinin  gedisinda, tocriibs vo nozarst qruplarinda interaktiv
metodlarin tatbiginin effektivliyini giymatlondirmak Gglin praktiki masgalo, yekun yoxlamaislori
Kimi nozarot formalar1 aparilmisdr.

Nozarot qrupundan fargli olaraq, tocriibo grupu tzvlarinin 95%-i isdo musbat emosiya hiss
etmislor vo qrupla islomok onlarin xosuna golmisdir. Onlar hor hanst bir miistoqil is yerino
yetirorkon manfi emosiya hiss etmomislar.

Beloliklo, tocriibo vo nozarot qruplarmmin miiqayisasi goOstordi ki, interaktiv talim
metodlarindan istifado todris materialinin monimsonilmasi planina yalniz talbalorin yliksok
motivasiyasi zamani1 miisbot oshomiyyato malik olur.

Interaktiv texnologiyanin miihiim elementlori asagidaki interaktiv tolim vasitoloridir:
interaktiv modellor, interaktiv laboratoriya islori, interaktiv —sorgular vo testlor, interaktiv
modellosdirma mihiti. Onlar misllim va talobalara, fiziki situasiyan1t modellosdirmays Vo garsiya
goyulan masalalori hall etmays kdmok edirlor. Fizikadan mosgalolords “Virtual laboratoriya
islor”(Fizika), “Virtual laboratoriya” (“Algodoo”), “Interakrtive Physics” (“Canli fizika”) miihiti
Kimi interaktiv programlardan istifado tolobolorin biliklorini  dorinlogdirir vo tolimin
muvaffaqiyyatinas tokan verir.

Bltovlikds, fizika masgalolorinds  interaktiv tolim  metodlarindan istifado yalniz
motivasiya olunmus talobalords kognitiv (dorketmo) proseslaring tokan verir, onlarin yaradiciliq
gabiliyyatlorini, real soraito yaxin soraitlords peso - istiqgamotlonma bacariglarini inkisaf etdirir.
Interaktiv tolim metodlarinin totbigi ilo fizika mosgololorindoki todris isi, talimin subyektlori
kimi toloba vo miollim arasinda yaradiciliq qarsiligl tasirinin vo omokdashigin inkisafina tokan
verir. Onlardan har biri doyarli amokdasliq kollektiv miivaffaqiyyat tocriibasi qazanirlar ki, bu da
molumatin intensiv daxil olmasi vo slratlo yenilonmosi soraitlorinds ¢ox lazimdir.
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Xiilaso

Mogalods interaktiv metodlara vo ali moktobds onlarin totbigi tacribssine, metodlardan
istifado problemlarina vo onlara qoyulan toloblora baxilmisdir. Aparilmis tocriibi tedgigatlar
osasinda interaktiv tolim metodlarindan istifadonin effektivliyinin - birmonali olmadig:
gOstorilmisdir. Belo bir natico gixarilmisdir ki, interaktiv talim sistemlarinin ananavi sistemlarlo
inteqrasiyast vo onlarin harmonik uzlagsmasi tolim prosesinin qurulusunu yaxsilasdirir vo
tolobalarin mivaffagiyyat gostaricilorini doyisdira bilarlar.

Pezrome

B crartbe paccMOTpeHBI MHTEPAKTUBHBIE METOABl U OIBIT MX IMPUMEHEHMs] B BbICIIEH
IKOJIe, MPOOJEeMbl HCIOIB30BaHUS METONOB M IpeabsBiIseMble K HUM TpeOoBaHus. Ha
OCHOBAaHMUU  IIPOBEJIEHHOIO HKCIEPUMEHTAJIbHOIO MCCIEAOBAHUS IIOKa3aHAa HEOJAHO3HAuHas
3¢ (EeKTUBHOCTh UCIOIB30BAHUS UHTEPAKTUBHBIX METOJI0B 00yUYEHHMsI, C/IeaH BbIBOJ O TOM, 4TO
MHTETpalysl UHTEPAKTUBHBIX CHUCTEM OOYYEHHS C YK€ TPAAULMOHHBIMM U HUX TapMOHUYHOE
COYETaHHUE YJIyulIaloT CTPYKTYpY Iporecca 00yueHHs..

Summary

This article examines interactive methods and their application in higher education, as well
as the challenges associated with their use and the requirements placed on them. Based on an
experimental study, the effectiveness of interactive teaching methods is shown to be mixed. It is
concluded that integrating interactive teaching systems with traditional ones and harmoniously
combining them improves the structure of the learning process.

YER BiOSFERININ OYRONILMOSINDO VO QORUNMASINDA FiZiKANIN ROLU

Isgandarova S.P., Ristamov V.C.
Ganca Dovlat Universiteti

Acar sozlar: biosfer, iqlim dayisikliklari, ekosistemekoloji monitoring, spektroskopiya,
radiometriya, uzaqdan zondlama, peyk texnologiyalari, alternativ enerji, ¢irklonma, davaml
inkisaf, nanoteknologiya

KiioueBbie ciaoBa: Ouocdepa, HM3MEHEHHE KIMMaTa, SKOCHCTEMa, HSKOJOTHUECKHUI
MOHUTOPHHT, CICKTPOCKOIIHA, paguOMETpUuA, AUCTAHIIUOHHOC 30HIAUPOBAHHC, CIIYTHHKOBBIC
TCXHOJIOTHH, AJIbTCPHATUBHAA DHCPIUs, 3arpA3HCHUC, yCTOﬁ‘IHBOC Pa3sBUTHUEC, HAHO TCXHOJIOTUH

Keywords: biosphere, climate change, ecosystem, environmental monitoring,
spectroscopy, radiometry, remote sensing, satellite technologies, alternative energy, pollution,
sustainable development, nanotechnology.

Fizika Yer biosferinin dyronilmasi vo qorunmasinda miithiim rol oynayir, ¢linki o, tobii
miihitds bas veran fiziki proseslorin vo onlarin bioloji sistemlors tasirinin dork olunmasi liciin
osas alot vo metodlart tomin edir. Bu moqgalodo fizikanin Yer biosferinin todqiqino vo
miihafizasing tosiri nozordon kegirilir.

Fizikanin miihiim totbiq sahslorindon biri iqlim doyisikliklorinin vo biosferds rolunun an
mithiim istigamatlarinin dyronilmasi onlarin naticalarinin anlagilmasidir. Fiziki qanunlar vo analiz
metodlar1 alimlora iglim doyisikliklorini modellosdirmoys vo prognozlasdirmaga, istixana
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gazlarmin emissiyasi kimi antropogen amillorin iglimo tosirini aragdirmaga, homginin bu
doyisiklikloro uygunlagsma strategiyalarmi hazirlamaga imkan verir. Fizika otraf miihitin
Oyronilmasi vo monitoringindo do asas rol oynayir. Spektroskopiya vo radiometriya kimi fiziki
metodlarin totbiqi atmosferin, su ehtiyatlarinin vo torpagin torkibinin tohlilino imkan yaradir. Bu
iso ¢irklonmonin nazarstdo saxlanilmasi vo ekoloji voziyyatin qiymotlondirilmasi iiglin zoruridir..
Fiziki modellogdirmo vo analitik metodlar vasitosilo alimlor temperaturun artmasi, doniz
soviyyesinin yliksolmosi, atmosfer proseslorindo doyisikliklor vo digor iglim amillorinin canli
organizmlorin miixtolifliyino, ndvlorin yayilmasimna vo ekosistemlorin sabitliyino tosirini
gqiymatlondirirlor.  Bu  yanagmalar  qlobal  iglim  dayisikliklorinin =~ naticolorinin
prognozlasdirilmasina vo uygunlasma strategiyalarinin hazirlanmasina elmi osas yaradir.

Bagqa bir miihiim aspekt fizikanin ekoloji cohatdon tomiz texnologiya ve metodlarin
hazirlanmasinda istifadosidir. Fiziki prinsiplor su vo havanin tomizlonmosi ii¢lin qurgularin
yaradilmasinda, eloco do tullantilarin emali vo utilizasiyasi metodlarinin iglonib hazirlanmasinda
genis totbiq olunur. Bu texnologiyalar insan foaliyyotinin tobisto monfi tosirini minimuma
endirmoys xidmot edir va otraf miihitin davamli qorunmasina imkan yaradir.Bundan slava, fizika
bioloji miixtolifliyin qorunmasinda da miihiim rol oynayir. Cografi informasiya sistemlori (CIS)
va peyk texnologiyalari kimi fiziki metod vo vasitalorin totbiqi ilo alimlor ekosistemlords bag
veran doyisikliklori operativ sokilds izloys, tohlil eds vo tobii resurslarin daha somorali idars
olunmasim1 tomin edo bilirlor. Bu yanasma ekosistemlorin dinamikasinin daha doaqiq
giymotlondirilmasine vo biomiixtolifliyin qorunmasi strategiyalarinin hazirlanmasina sorait
yaradir.

Beloliklo, fizika Yer biosferinin dyronilmasi vo miihafizesindo ayrilmaz elmi baza kimi
¢ix1s edir. Onun metod vo alatlori tobii proseslorin mahiyyatini daha derindon anlamaga, ekoloji
cohotdon tohliikesiz texnologiyalar hazirlamaga vo otraf miihitin golocok nosillor iigilin
gorunmasina yonalmis todbirlorin hoyata kegirilmasinoe imkan verir.

Qeyd etmoak olar ki, miiasir fizika sahslori — masalon, nanofizika, kvant texnologiyalari vo
enerji fizikasinin nailiyyatlori — alternativ vo barpa olunan enerji manbalarinin inkisafina, enerji
somaraliliyinin artirilmasina vo karbon emissiyalarmin azaldilmasina miihiim tdhfs verir. Eyni
zamanda, fiziki sensor sistemlori vo monitoring texnologiyalari straf miihitin real vaxt rejiminda
izlonmasina imkan yaradaraq ekoloji tohliikelorin qarsisinin vaxtinda alinmasina sorait yaradir.

Fizika homgcinin biosferin miihafizasi vo barpasi ii¢lin yeni metod vo texnologiyalarin
islonib hazirlanmasina miithiim tohfs verir. Masalon, lazer texnologiyalar1 vo peyk navigasiyasi
kimi fiziki metodlarin totbiqi maskunlagmis orazilorin, o ciimlodon milli parklarin va qoruqglarin
daha daqiq monitoringina vo nazarotine imkan yaradir. Bu iso homin orazilorin ekoloji baximdan
gorunmasina va davamli idars olunmasina xidmat edir.

Bundan olavo, fizika doniz vo okean ekosistemlorinds bioloji miixtalifliyin dyronilmasi vo
gorunmasinda da miihiim rol oynayir. Hidroakustika vo okeanoqrafiya kimi fiziki metodlar
vasitosilo alimlor doniz canlilarmi todqiq eds, baliqeiliq faaliyystino nozarst eds vo okean
miihitinde bas veran doyisikliklorin doniz hoyatina tesirini qiymetlondira bilirlor. Bu yanasma
doniz resurslarinin davamli istifadosine vo biomiixtalifliyin qorunmasina elmi asas yaradir.

Nohayat, fizika biosferin barpasi vo miihafizesi {i¢iin miixtalif vasito vo texnologiyalarin
yaradilmasinda da miihiim rol oynayir. Buna niimuns olaraq lazerlorin vo xiisusi optik sistemlorin
otraf miihitin ¢irklonmasi ilo miibarizads, suyun tomizlonmasindo vo torpagin dezinfeksiyasinda
totbiqini gostormok olar. Bu texnologiyalar cirklonmonin aradan qaldirilmasi vo ekosistemlorin
borpast proseslorinin daha effektiv hoyata keg¢irilmoasino imkan verir.

Beloliklo, miiasir fizika nailiyyatlori osasinda yaradilan uzaqdan zondlama sistemlori,
sensor gobokalori vo avtomatlagdirilmis monitoring texnologiyalar1 biosferin voziyyetinin real
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vaxt rejiminds izlonmosini tomin edir. Eyni zamanda, fotonika vo nanostrukturlu materiallar
sahosindo aldo olunan yeniliklor suyun vo havanin yiiksok daqiqgliklo tomizlonmasi li¢lin yeni
imkanlar agir. Bu isa ekoloji problemlarin hallinds fizikanin rolunu daha da artirir vo davamli
inkisaf strategiyalarinin formalagdirilmasima miihiim elmi baza yaradir.Fizikanin bu istigamatdo
tatbiqi biosferin qorunmasi vo barpasi sahasinde effektiv qorarlarin gqabulunu tomin edir, eyni
zamanda otraf miihitin idaro olunmasinda elmi yanasmanin formalasmasina gorait yaradir. Bu
baximdan fizika yalniz fundamental elm kimi deyil, hom do totbiqi xarakter dasiyan, ekoloji
problemlarin hallindo miihiim rol oynayan asas elmi sahoalordon biri kimi ¢ixis edir.

Fizikanin inkisafi ilo paralel olaraq formalasan yeni texnologiyalar — xiisusilo
modellosdirmo sistemlori, siini intellekto osaslanan analiz tisullar1 vo yiiksok doqiqglikli 6lgmo
cihazlar1 — biosferds bas veron proseslorin daha operativ vo doqiq qiymatlondirilmasine imkan
yaradir. Bu iso qlobal ekoloji problemlorin hallino, davamli inkisaf prinsiplorinin hoyata
kecirilmoasing vo tobii miihitin galocok nasillar {i¢iin qorunmasina miihiim tohfs verir.

Beloliklo, fizika biosferin dyronilmasi vo miihafizesindo fundamental vo avozolunmaz elmi
baza olmaqla, insan comiyyatinin tobistlo harmonik vo davamli qarsiligli olagesinin tomin
olunmasinda asas rol oynayir.

9dabiyyat
1. Saydaliyeva, $. S., Mahmudov, M. H. Fizikanin biologiyada rolu (2024).
2. Vernadski, V. I. Biosfer — Yer kiirasinin global ekosistemi. UNEC nasriyyati. (2019)
3. Bohn, F. J. vo basqalari. (2025). 2024-2025-ci illor Uzra biosfer tadgigatlarina dair cari
perspektivlor. Biogeosciences, Avropa Geosiyasat Birliyi.

Pezrome

B craThe KOMILJIEKCHO paccMaTpUBaeTcs poiib (PM3MKHU B M3YyYCHHH U OXpaHe Omochepsl
3emnu. [lokazaHo, 4To u3MKa MpeacTaBiaseT co00l (yHIaMEHTAIbHYIO HAYy4YHYIO OCHOBY IS
MOHMMaHHUS TPUPOAHBIX TPOIECCOB, a TakXKe Ui MOACITUPOBAHHUS M MPOTHO3UPOBAHHS
KJIMMAaTHYeCKUX M3MEeHeHuH. KpoMe Toro, Takme MeTojbl, KaK CIEKTPOCKOINHS, PaTHOMETPHS,
JTUCTAHIIMOHHOE 30HIUPOBAHWE M CIYTHUKOBBIE TEXHOJOTHWH, TMO3BOJAIOT 3(deKTUBHO
OCYIIECTBIISITh IKOJIOTUYECKAH MOHHTOPHUHT M OIEHKY YPOBHS 3arps3HEHHUS OKpYKalomen
Cpeapbl.

Ou3nka TakKe BHOCUT 3HAYUTEIBHBIH BKJIAN B pa3pabOTKy HKOJOTHYECKH YHCTHIX
TEXHOJIOTUH, BKJIIOYash OYMCTKY BOJBl M BO3AyXa, YTWIM3AIMIO OTXOJIOB M BOCCTAHOBIIEHHUE
6uocoepsl. [Tomrumo 3TOrO, COXpaHeHne OMOJOTHYECKOr0 pa3HOoOO0pas3usi, U3y4eHUEe MOPCKHUX U
OKEaHWYEeCKHX JKOCHCTeM, a Takke 53(QeKTHBHOE YyIpaBlieHHe NPHUPOJHBIMU pecypcamu
CTaHOBSTCS 00Jiee Pe3yIbTaTUBHBIMU OJaroaaps IpUMEHEHNIO (PU3NIECKUX METOJIOB.

Summary

This article provides a comprehensive analysis of the role of physics in the study and
protection of the Earth’s biosphere. It is demonstrated that physics constitutes a fundamental
scientific basis for understanding natural processes, as well as for modeling and predicting
climate change. Moreover, methods such as spectroscopy, radiometry, remote sensing, and
satellite technologies enable effective environmental monitoring and the assessment of pollution
levels.

Physics also makes a significant contribution to the development of environmentally
friendly technologies, including water and air purification, waste management, and biosphere
restoration. Furthermore, the conservation of biodiversity, the study of marine and ocean
ecosystems, and the efficient management of natural resources are enhanced through the
application of physical methods.
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MATEMATHUYECKUE METO/bI ITPU ITPEITIOJABAHUU ®U3UKHU
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ya. 3. Xanunoea 23
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KiroueBble ¢cJ10Ba. MaTeMaTHYECKHUE MCTOIBI, ITPEIIOJaBaHneC (1)H31/IKI/I, MOZACIINPOBAHHUC.

CoBpeMeHHass (u3MKa HEpa3pblBHO CBs3aHA C MAaTEMaTHUKOM, KOTOpas BBICTYNAET He
TOJIBKO KaK SI3bIK ONMCAaHUs NPUPOJHBIX SIBJICHUM, HO U KaK HHCTPYMEHT UX HccieaoBaHus. Tak,
HEBO3MOXXHO M3y4aTb (GU3MKY O0€3 MOHUMAHUS YYallUMHUCA HPOMCXOXKAECHUS M 3HAYECHUS
NOHATUI MaTeMaTUKW M €€ POJM B CHCTEME HayK. MaremaTuka mIpeisiaraeT BechMa ooOIiue
METOAbl M JOCTaTOYHO YETKHE JIOTMYECKHE MOJEIM I H3Y4YEHHs OKpY)Karolleu
JNEHCTBUTENBHOCTU. MaTemMaTuuecKue MOJEIU BEPHO OTPa)KaloT CyTh MCCIEAYEMBIX SIBJICHU,
HO3BOJISIIOT HAXOJUTh HE OOHApy>KEHHbIE paHee 3aKOHOMEPHOCTH, JaBaTh aHAJIU3 YCJIOBUH, a
MaTeMaTUYECKUE METOJbl MO3BOJISIIOT pEIllaTh TEOPETUYECKHE WM MpaKTUYecKue 3anadyu. B
CBSI3U C 3TUM OCOOYI0 aKTyaJbHOCTb INpPHOOpeTaeT BOIpoc 3((PEKTHBHOrO HCHOIB30BaHUS
MaTeMaTHYECKUX METOJIOB IIPY MpEnoJaBaHuy (HU3UKH.

[TpenonaBanue GU3MKKU B By3ax HEIPEPBHIBHO CBS3aHO C MCIIOJIb30BAaHUEM MaTeMaTHUECKUX
METO/IOB, KOTOPBIE CITY>KaT SI3BIKOM JUISI OMMCAaHUs (PU3MUECKUX SBJICHUH, MOCTPOSHUS MOJEIeH
U aHalu3a SKCHEPUMEHTAIbHbBIX JaHHbIX. OO0ydyeHue MareMaTHUECKUM METOAAaM IPOUCXOAUT B
paMKax MpenojaBaHusl MaTeMaTUYeCKUX AUCHMILIMH. CTYIEHTHI, [oJlydaronue o0pa3oBaHue B
bakunckom ['ocynapcTBeHHOM VYHHBEpCUTETE M0 CHEUUAIBHOCTAM ‘YuuTenb  QU3MKU® U
“@usnka”’, MPOXOIAT Psl MAaTEeMaTHYECKHX IUCIMIUIMH Ha HAdalbHBIX Kypcax oOydeHus. B
Kypce ‘“MaremMaTHdeckuii aHainM3® OHU 3HAKOMATCS C IpeAelaMHd, IPOU3BOAHBIMU U
MHTETpalaMi, KOTOpPbIE MCHOJB3YIOTCS JUIsl OMMCAHUS JBM)KEHUS, MOJIEH, TEPMOJIUHAMHUYECKUX
nporeccoB. MartemaTnueckue Metoabl M3 Kypca  “luddepeHunanbHble  ypaBHEHHS
IPUMEHSIIOTCS 111 MOJIEIMPOBaHUS JTUHAMUYECKUX cucteM (ypaBHeHMs HbroTOHa, ypaBHEHUSA
MakcBenia, ypaBHEHUs KBAHTOBOM MEXaHUKM). MeTonbl aHATUTHUECKOW TIeOMEeTpUu U
TEH30PHOT'0 UCUUCIIEHHS] HEOOXOIUMBI JUIsl pabOThl ¢ BEKTOPHBIMH BEJIMYMHAMM, IPU U3YUYEHUU
MEXAHUKHM CIUIOLIHBIX Cpel, DJIEKTPOJUHAMHKHA M TEOPUU OTHOCHUTENBHOCTH. CyIECTBEHHYIO
pOJIb UIrpaeT JMHEWHasd aaredpa M CTaTUCTHKA, YMEHHUE IPaBHIbHO 00paboTarh MHpOpMalHio,
CeNaTh TOCTOBEPHBIN BBIBOJ WIIM ITPOTHO3 HA OCHOBAHNUHU UMEIOIIETOCS MaTepHraa.

OTH MaTeMaTMYeCKWe METOJIbl MPENoJalTCid HE H30JMPOBAHHO, a KaK HHCTPYMEHT,
o0ecreynBaroOIuil KaueCTBEHHOE OCBOEHHE (M3MYECKUX IUCHMIUIMH. 3ajaya NpernojaBares
MaTeMaTUKH pa3BUTh MaT€MaTUYECKOE MBIIUIEHHE W YMEHHUS MPUMEHSTh XOPOLIO
pa3paboTaHHbIEe MaTeMaTHUECKUE TPUEMBI [T OObSICHEHHs 3aKOHOB OKPYKAIOLIEH cpeabl U Juis
pelieHuss pa3nyHbIX TUNOB 3anady ¢usuku. KpailiHe BakHO 11t Oyaymiero ¢u3Mka yMeTb
IPUMEHSTh MaTEMaTHYECKHUH anmnapar Kak MHCTPYMEHT B PELIEHUH NMPAKTUYECKUX 3a/1a4.

Pemenne 3amay 1o ¢Qu3umke ¢ MpUMEHEHHEM MaTeMaTHYEeCKMX METOJI0B MMEET CBOIO
CTPYKTYypy. E€ ycI0BHO MOKHO pa3/ienuTh Ha TpU dTama:

[lepBbiii 3Tam - »sTan (opMaau3aluud — OCYLIECTBISIETCS MEPeXo] OT MPaKTUYECKOU
3a/1a4M, KOTOPYIO MPEACTOUT PELINTh, K IOCTPOEHHUIO €€ MaTEMaTUUYECKONH MOJEIIH.

Bropoii aTamn — pemienre 3aaud BHyTpU MOJIENH, ¢(hOPMYIHPOBAHHON Ha MIEPBOM 3Tarle.

Tperuil stan — 3Tan MHTEPHPETAUU — IOJYYEHHOE PEIICHHE MAaTeMaTH4YeCcKOW 3ajaudn
MEPEBOJUTCS Ha A3BIK UCXOTHON (hH3HUECKOM 3a1a4u.

Ha nepBoM »JTame CTyAE€HTbl [JOJDKHBI BBIJEIWTH OCHOBHBIE B3aMMOCBSI3M MEXKIY
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KOMIIOHEHTaMHU HCCIIEIyeMO MpOoOJIeMbl, aHAJIM3UPOBATH IOJHOTY HMMEIOIIMXCS B YCIOBHHU
3aJaud JaHHBIX, BBIPA3UTh MaTEMaTHUYECKUMU CHUMBOJIAaMU Te€ (PU3UYECKHE IMOJIOKEHHUS U HUX
B3aMMOCBSI3H, KOTOpBIE JTaHBI B YCIIOBHH 33a4H. B pe3ynbraTe 3T0#l pabOThl TOHKHA MOSIBUTHCS
MaTeMaTuyeckas Mojieib (ypaBHEHHUE, CHUCTeMa YpPaBHEHHI), aJleKBaTHO OTpaKarollasi JAaHHYIO
pEaIbHYIO CUTYALUIO.

Ha BTOpOoM 3Tame 3amada pemiaerca “BHYTpH mMaTeMatudeckod mozaenu’. Ha stom stame
CTYICHTBl JOJDKHBI HAy4YUThCS BHIOMpaTh Hamboyiee MOAXOMAIIMN METOA JJsi PEIIeHUs
MOCTaBJICHHOW MaTeMaTU4YeCKOM 3agaud: BbIOMpaTh HpPHUEMbI pelIeHUusi, pa30MBaTh CIOXKHbBIC
3a/1a4M Ha [10/13a/1a4M U T.I1.

Ha Tperbem sTame — UHTEpIpeTaldU, CTYAEHTHl JIOJDKHBI HAYUYUTHCA IMEPEXOAUTh K
UCXOJHON CHUTyalluu, BBIABIATH COOTBETCTBUE IIOJYUYEHHBIX PpE3YyJIbTATOB paccMaTpUBaeMOMN
¢bu3nyecKoil CUTYyalllH, BBIBISATH COOTBETCTBUE MOJIYUYEHHBIX PE3yJIbTAaTOB paccMaTpUBaeMOil
¢u3nYeCKO CUTyaluu.

JlabopaTopHblil MPaKTUKYM MO (PU3HKE TaKKE 3aHMMAeT BaXKHOE MECTO B OOIIEH cucTeme
MOJATOTOBKK yuHTeNned ¢u3uku u QusukoB. Mcnonp3oBaHWEe MaTEMaTHYECKHX METOJOB Ha
71a00paTOpPHOM MPAKTUKyME IO3BOJISIET HCCIIENOBAaTh CBOMCTBAa 00BEKTa M IpeacKa3aTh €ro
MOBEJICHUE B PA3JIMYHBIX YCIOBHSIX.

Takum o0Opazom, d>(QQEeKTUBHOE UCHOIB30BAHUE MATEeMATUYECKUX METOJOB MpHU
npernofaBaHuy (PU3UKKA B BBICIINX YUCOHBIX 3aBEACHHSX SBISETCS HEOOXOJUMBIM YCIOBHEM
MOJATOTOBKU KBaJU(HUIIMPOBAHHBIX crenuaauctoB. OHO obecrieynBaeT IiyOOKOe MOHMMAaHUE
(¢u3MYECKUX MPOLECCOB, PAa3BUTHE AHAIUTUYECKUX IIPOLECCOB U TOTOBHOCTh K PEILIECHUIO
CIOXHBIX HAy4YHBIX 3aJa4y. BakHbIM HampaBlieHHEM JallbHEUIIEro COBEPIICHCTBOBAHUS
00pa30BaTeNbHOTO IIpoLEecca SBISIETCS HMHTErpalys TPAAULMOHHBIX METOJOB OOydYeHus ¢
COBPEMEHHBIMH LU(PPOBBIMU TEXHOIOTHSIMH.
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Annomayus

B crathe paccmarpuBaroTCs 0COOCHHOCTH WCIIOIB30BAHUSI MAaTEMaTHYECKUX METOJIOB MPHU
npenogaBannun (I)I/BI/IKI/I B BBICHINX y‘{e6HBIX 3aBCACHUAX. HOKa3aHO, 4qTo 3(1)(1)CKTI/IBHOC
MpUMEHEHHE MaTEeMaTUYECKOro ammapara CIoCOOCTBYET (GOpPMHUPOBAHHUIO Yy CTYJICEHTOB
FJ'Iy6OKOFO IIOHUMAaHUusA (I)I/ISI/I‘IGCKI/IX ﬂBHeHHﬁ, Pa3BUTHUIO AHAJIUTUYCCKOT'O MBIIIJICHUA U
HAaBBbIKOB MOACTIUPOBAHUA.

Abstract

The article examines the features of using mathematical methods in teaching physics in
higher educational institutions. It is shown that the effective application of the mathematical
apparatus contributes to the development of student’s deep understanding of physical
phenomena, analytical thinking, and modeling skills.

Xulasa
Mogalads ali  tohsil miusssisalorinds fizikanin todrisinds riyazi metodlardan istifadonin
xususiyyatlari nazordan kecirir. Gostarilir ki, riyazi aparatin somarali totbigi talobalords fizikihadisslorin
dorin anlasilmasininformalagsmasina, analitik diistinconin va bacariglarin inkisafina kémok edir.

158



VAHID MOSOLOLORIN HOLLINDO FiZiKA VO EKOLOGIYANIN QARSILIQLI
OLAQOSI

Mammadova S.O.
Ganca Dovlat Universiteti

Acar s0z: ekoloji tarbiys,ekoloji problem,ekoloji bilik,ekoloji mana,ekoloji masala, yasil
enerji

KiarodeBble cj10Ba: 3KOI0rHYeCcKOe BOCIITUTAaHUEC,DKOJOTrNYEeCKas HpO6J'I€Ma,3KOJ'IOFI/I‘IeCKI/Ie
3H8,HI/I$I,3KOJIOI‘I/I‘-I€CKI/Iﬁ CMBICJI,OKOJIOTHUYCCKasd 3a/1aya, 3enéHas OHCPIuia

Key words: environmental education, environmental problem, ecological knowledge,
ecological meaning, ecological issue, green energy.

Fizika tobiotdo bas veran fundamental proseslori vo qanunauygunluqglart dyrondiyi halda,
ekologiya bu proseslorin canli orqanizmlors vo atraf miihits tasirini aragdirir. Bu baximdan, vahid
masalalorin halli zamani fiziki ganunlarin ekoloji problemlorin izahinda vo hallinds totbiqi x{isusi
ohomiyyat kasb edir.

Otraf miihit problemlorinin oksariyyati fiziki proseslorlo birbasa olagolidir. Masalon,
atmosferin cirklonmasi diffuziya, konveksiya vo radiasiya kimi fiziki hadisolor vasitasilo izah
olunur. Sonaye tullantilarinin havada yayilmasi diffuziya qanunlarina uygun bas verir, kiilok
axinlar iso konveksiya proseslori vasitasilo ¢irklondiricilorin genis orazilora daginmasina sabab
olur. Giinos radiasiyasi iso hom iqlim doyisikliklorino, hom do buzlaglarin arimosine tosir edon
osas amillordon biridir.

Eyni zamanda, fiziki yanasma ekoloji problemlorin komiyyotco qiymatlondirilmosine
imkan yaradir. Masolon, enerji balansinin hesablanmasi, istilik Gtiiriilmasi proseslorinin tohlili,
sas dalgalarinin yayilmasi (akustik ¢irklonmo) vo elektromaqnit siialanmanin tosiri kimi masaloalor
fizikanin metodlar1 ilo Oyronilir. Bu yanasma otraf miihitin miihafizesi ii¢lin effektiv
texnologiyalarin hazirlanmasina sorait yaradir.

Vahid masalolorin holli zamani fizika vo ekologiyanin inteqrasiyasi xiisusilo todris
prosesindo miithlim rol oynayir. Fizika dorslorindo ekoloji mozmunlu masaloslorin totbiqi
sagirdlordo hom elmi tofokkiiriin, hom do ekoloji masuliyyatin formalagmasina komoak edir. Belo
mosalalar vasitasilo sagirdlor yalmiz fiziki qanunlart monimsamir, hom ds onlarin real hoyatda
totbiqini va otraf miihits tosirini dork edirlor.

Natico etibarilo, fizika vo ekologiyanin qarsiliqli slagesi vahid masalolorin hallinds
kompleks yanagmanin formalagmasina xidmat edir. [1]

Bosoriyyat fizikanin inkisafi sayssindo aciq kosmosa cixmis, otrafindaki digor planetlori
Oyronmis vo golocokdo yeni agilli hoyat formalarmin agkar olunmasi ehtimalini yaratmigdir.
Lakin on miihiim magam ondan ibarstdir ki, insan mahz bu elm sayasinds mdvcud ola bilir.
Siirtlinma qiivvasi insana yerimoy9, avtomobills harakot etmaya, toyyars ilo ugmaga, hatta oturub
dincolmoya imkan verir.insan 6z planetinin imkanlarindan genis sokilda istifads edo bilir, lakin
eyni zamanda ona qarst moasuliyyatini do dork etmolidir. Avtomobilin yanacaq ¢onini
doldurarkon, istifado olunmamis kagiz voroglorini tullayarkon vo ya mesolords, sohaorotrafi
orazilordo nazaratsiz tullanti sahalori yaradarkon, oslinds Yer kiirasinin ehtiyatlarini tiikotdiyimizi
vo ona ciddi ziyan vurdugumuzu ¢ox vaxt nozora almiriq.

Alimlorin hesablamalaria goro, bir plastik butulkanin tobii soraitde par¢alanmasi toxminan
100 1l ¢akir. Har saniys istehsal olunan va utilizasiya olunmadan atrafa atilan bu ciir tullantilarin
miqdarini nozars alsaq, onlarin torpaga, donizlors vo okeanlara diismasi halinda yaranacaq ekoloji
fosadlarin miqyasi aydin olur.
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Ogor tilistli, karbon qaz1 vo digor zororli maddelorin atmosfera atilmasi azaldilmazsa,
havanin torkibinds arzuolunmaz doyisikliklorin bas vermasi qagilmaz olacaqdir.

Yuxarida geyd olunanlar1 nozors alaraq, insanda 6z evi — Yer planeti ilo bagh sevgi vo
mosuliyyat hissinin formalagdirilmasi vacibdir. Ona izah olunmalidir ki, planetin resurslar
sonsuz deyil va onlarin qorunmasi har bir fordin borcudur.

Insanlar yasadiqlar1 diinyanin qorunmaga ehtiyaci oldugunu dork etdikdon sonra konkret
todbirlor gérmoyo baslamislar. Belo ki, tullanti sularini tomizloyorok igmoys vo moisatds
istifadoyo yararli hala gotiron tomizloyici qurgular insa edilmis, maisot tullantilarinin emalini
hoyata kecgiron zavodlar yaradilmis, homginin ekoloji cohotdon daha tohliikosiz yanacaq
novlorinin totbiqinoe baglanilmigdir.

Miiasir dovrdo usaqglara imumbaosori doyorlorin asilanmasi xiisusi oshomiyyat kosb edir. Bu
proses na gador erkon baglanarsa, onun naticalori bir o qador effektiv vo dayaniqli olar.

Fizika dorslorindo ekoloji torbiyonin toskili sagirdloro otraf miihitin qorunmasinin
vacibliyini daha deorindon anlamaga imkan verir. Bu yanasma vasitosilo onlar otraf miihitin
miixtalif ¢irklonma ndvlori vo onlarla miibarizo tisullart haqqinda sistemli biliklor oaldo edirlor.
Naticado tabiatin qorunmasi galacak nasillorin etibarli sllorinds olur vo onun tobii gézolliyi uzun
illor arzinds saxlanilir. [2

Fizika darslorinds sagirdlorin ekoloji problemlarin hallindos faal istirakini tomin etmok ii¢lin
miixtolif pedaqoji tisul vo metodlardan istifado edilo bilor. Dors vaxtinin mohdudlugu nozors
alinmagqla, ilk n6vbads moktobdaxili ekoloji aksiyalarda istirak togviq olunmalidir. Bu ¢orgivada
divar gozetlorinin hazirlanmasi, viktorinalar, miisabigolor vo digor interaktiv foaliyyatlor toskil
edils bilor. Eyni zamanda dars prosesinds, dyronilon mdévzuya uygun olaraq vo ya tokrar zamant
ekoloji mozmunlu 1-2 mosolonin holli sagirdlorin  diggotini bu problemlors yonoltmok
baximindan effektiv vasito hesab olunur.

v Mesads siiso butulka yangina sobob olub. Ogar 10 dogiqoays 9 agac yanirsa, 2 saatdan
sonra ne¢a agac mohv olacaq?

Cavab: 108 agac.

v' Atmosferin sonaye tullantilari ilo ¢irklonmasi dag buzlaglarinin azalmasina niys sabob
olur? Bunun miimkiin naticalori hansilardir?

Cavab:Sonaye monsoli toz vo aerozol hissaciklori buzlaqlarin sothino ¢okorak onlarmn
albedosunu (asya sothinin Giinos siialarini oks etdirmo qabiliyyatini) azaldir. Naticads buzlaq
sothi daha ¢ox Giinos enerjisini udur vo orimo prosesi siiratlonir.Buzlaqlarin azalmasi asagidaki
naticolors  sobab ola bilor:qlobal vo regional iqlim doyisikliklori,doniz  saviyyasinin
yiiksalmosi,sirin  su ehtiyatlarinin  azalmasi,ekosistemlorin  pozulmast vo biomiixtalifliyin
azalmas.

v' Avtomobil 30 litr benzin sorf edorss, sutka orzindo havaya no qodor islonmis gaz
buraxar?

Cavab:Toxmini hesablamalara géro, 30 litr benzin sorf edon avtomobil sutka orzindo
toxminon 24 Kq islonmis qaz (esason karbon qazi vo digor yanma mohsullari) atmosfers buraxir.

Beloaliklo, fizika dorslorinde mdvzular iizra masalalarin halli zamani onlarin sortina ekoloji
mozmunun daxil edilmasi sagirdlorin digqoetini otraf miihit problemlarins yonoltmak baximindan
mithiim ohomiyyat kosb edir. Bu yanasma insanlarda tobii sorvatlora qarsi siiurlu vo gonaostli
miinasibatin formalagsmasina xidmot edir, onlarin mohdud oldugunu dork etmoys vo geyri-
rasional istifadonin ciddi monfi noticalors gotirib ¢ixara bilocoyini anlamaga sorait yaradir.

Ekoloji cohotdon savadli formalagan gonc nesil insan vo tobist arasindaki qarsiliqh
miinasibatlords 6z masuliyyatini daha dorindon dork edir. Onlar olverissiz ekoloji vaziyyatin
yaranma sobablorini obyektiv sakilds qiymatlondirmayi, ekoloji sshvlorin aradan qaldiriimasi
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liclin zoruri todbirlor gérmoyi vo barpaedici foaliyyotlorin hoyata kegirilmosindo foal istirak
etmoyi bacarirlar. Bu iso uzunmiiddostli perspektivdo planetimizin qorunmasina, ekoloji tarazligin
saxlanmasina v antropogen mongali falakatlorin qarsisinin alinmasia miithiim t6hfs verir. [3]
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Pe3tome

JlanHast cTaThs IMOCBSIICHA OIMMCAHUIO B3aUMOCBSI3U MEXAYy (DM3MKOW M JKOJOTHEH, a
TAK)KE 3HAYEHUIO UX MHTETPALMMA IIPU PEIICHHMM KOMIUIEKCHBIX 3anad. Pdusuka usydaer
(dbyHaaMeHTaIbHbIE 3aKOHBI IPUPOJIBI, TOTAA KaK IKOJIOTUS UCCIIEAYET BIUSHUE 3TUX 3aKOHOB Ha
JKUBBIE OPTraHU3MBbI U OKPYKAIOIILYIO CPELy.

B cratee paccmarpuBaercsi B3aMMOACUCTBHE (M3UKM M OSKOJOTHUH. 3aKOHBI (U3UKU
HO3BOJISIIOT OOBSACHATh U OLCHUBATH MPOLIECCHI, MPOUCXOALIINE B OKpY’Karollel cpene, Takue
KaK 3arpsi3HEHHE, U3MEHEHUE KJIMMAaTa, TasHUE JICTHUKOB U IPYTUE SBIICHMUS.

OnHOBpEMEHHO MCHOJIB30BAaHUE HKOJIOTMUECKH OPUEHTHPOBAHHBIX 33Ja4 Ha YpPOKax
¢u3uku crnocoOcTByeT (HOPMUPOBAHHUIO Yy YYALIUXCA HE TOJBKO IMPEIMETHBIX 3HAHUM, HO U
HKOJIOTMYECKOI OTBETCTBEHHOCTU. B pesynbrare Ha mnepBbli IUIaH BBIXOAUT (OPMHUPOBAHME
60J1ee 0CO3HAHHOTO U PALMOHATIBHOTO OTHOIIEHUS YeJIOBEeKa K IPUPOJIE.

Abstract

This article is devoted to the description of the interrelationship between physics and
ecology, as well as the significance of their integration in solving complex problems. Physics
studies the fundamental laws of nature, whereas ecology investigates the impact of these laws on
living organisms and the environment.

The article examines the interaction between physics and ecology. The laws of physics
make it possible to explain and evaluate processes occurring in the environment, such as
pollution, climate change, glacier melting, and other related phenomena.

At the same time, the use of environmentally oriented tasks in physics lessons contributes
to the formation of not only subject-specific knowledge among students but also environmental
responsibility. As a result, the development of a more conscious and rational attitude towards
nature becomes a priority.
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Giris

Fiziki mosalalor todris prosesinin ayrilmaz halgasidir. Masalalorin halli iradoni torbiye edir,
mantiqi tofokkiirii, hazircavabligi inkisaf etdirir. Masalalor fizika ilo texnika arasinda bir ¢ox
olagolori dork etmoyo komok edir. Masalonin halli digor fonlorlo birlikdo sagirdlorin zehni
foaliyyatinin inkisafina shomiyyatli tohfs verir.

Fizika kursunun 6yronilmasindo masalalarin hallinin miistasna doracads boylik shomiyyati
var. Masolonin holli vo tohlili fizikanin osas qanunlarini vo diisturlarin1 anlamaga vo yadda
saxlamaga, onlarin xarakterik xiisusiyyetlori vo totbiq sorhodlori haqqinda tosovviir yaratmaga
imkan verir. Masalalor maddi diinyanin imumi qanunlarindan praktik vo idraki shamiyyato malik
konkret mosalolorin holli {iclin istifado etmok bacarigini inkisaf etdirir. Masolo holl etmok
bacarig1 proqram materialinin darinliyinin vo onun monimsanilma daracasinin qiymatlondirilmasi
liclin on yaxs1 meyardir.

Fizika iizra moktab masalalorinin xiisusiyyatlori.

Taodris praktikasinda fiziki mosslo adoton montiqi natico ¢ixarma, riyazi amoliyyatlar vo
fizikanin gqanunlar1 vo metodlar1 asasinda eksperiment vasitasilo hall olunan kigik bir problem
adlanir. Oslindo, fizika dorslorindo todris materialinin dyronilmaosi ilo alagodar yaranan hor bir
sual sagirdlor liclin masolodir. Aktiv, magsadyonlii tofokkiir homiso bu s6ziin genis monasinda
masalalorin hallidir. Fiziki masalalarin halli sagirdlorin zehni yaradiciliq gabiliyyatlorinin inkisaf
etdirilmosinin on vacib vasitolorindon biridir. Cox vaxt dorslordo problemli situasiyalar
moasalalorin kdmoayi ilo yaradilir vo bununla da sagirdlorin zehni faaliyyoti aktivlesdirilir.
Maosalalarin dayari, ilk ndvbads, onlarin torkibindaki fiziki informasiya ilo miioyyon edilir. Buna
goro do miiasir fizikanin osasini qoyan klassik fundamental tocriibalori vo kosflori tosvir edon
mosalalor, hom¢inin fizikaya xas olan todqiqat metodlarini gostoron masololor xiisusi diggoto
layiqdir. Tobiot hadisolorinin todqiqinin osas fiziki metodu — 6l¢molor vo fiziki komiyyotlor
arasinda funksional asililigin riyazi todqiqi osasinda eksperiment haqqinda miioyyon tosovviirii
eksperimental masalolorin kdmayi ilo vermok mogsadauygundur.Masalon, yeddinci sinifds artiq
asagidaki masalalor hall edils bilar: "Yay1r doracolondirin vo onun uzanmasinin totbiq olunan
quivvadon asililigimmi diisturla ifado edin". Tarixi mozmunlu masalolor ideyalarin miibarizasini,
alimlorin qarsisinda yaranan ¢atinliklori vo onlarin aradan qaldirilmas: yollarini gdstormoyo
imkan verir. Niimuns olaraq is1g1n siiratinin toyin edilmosi, atomun qurulusunun dyranilmasi va
s. tacriibalore dair masalalori gostormok olar.

Yerli istehsal bazasinda politexnik mozmunlu fiziki masalolorin tortib edilmasi ¢ox
faydalidir: Beynolxalq televiziya rabitosi layiholorinden biri bu mogsadlo Yerin siini peykindon
istifadoni nozordo tutur. Peyk sorq istigamotindo Yerdon horokotsiz goriinmosi liglin ekvator
tizorinds hanst hiindiirlitys buraxilmalidir? Ekvatorun istonilon ndqtasi oan azi bir peyk torafindon
"gbriinsiin" deyo, bu ciir peyklordon minimum ne¢s adod buraxmaq lazimdir? Fizikani canh
tobiatlo olagalondirmak {iciin biofiziki mozmunlu masalolor shomiyyatli maraq dogurur. Istehsal
vo tobiotsiinasliq mozmunlu masololorlo yanasi, moisotdoki fiziki hadisolora dair mosalalor do
tolimin hayatla slagslondirilmasi {igiin boylik shomiyyat kasb edir. Onlar "strafimizdaki" fizikani
gormoyo komok edir, sagirdlords miisahidoagiliyi torbiye edir.

Masalon: elektrik sobasinin, soyuducunun vo ya iitiiniin 2 saat iglomosi zamani sorf etdiyi
elektrik enerjisinin doyarini hesablaym. Politexnik tolim mogsodlori iiclin mosolalor bir sira
praktiki bacariq vo vardislorin formalasdirilmasi vasitasi kimi doa vacibdir.

Mosalalorin halli prosesindo sagirdlor tobiotdo, texnikada vo moisotdo miixtolif fiziki
hadisalori tohlil etmak iiclin 6z biliklorini totbiq etmoak; certyojlar, rasmlar, grafiklor yerino
yetirmok; hesablamalar aparmaq; istinad odobiyyatindan istifado etmok; eksperimental
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masalalarin hallinds cihazlar va alatlari islotmak bacariq ve vardisloring yiyalonirlor. Masalslarin
komoyi ilo sagirdlori yeni miitoraqqi ideyalarin yaranmasi ilo tanig etmok, elm vo texnikanin
nailiyyatlaorins digqat yetirmak olar.

Masalalarin novlari va onlarin xiisusiyyatlari.

Fizika {izro mosalolor mozmununa vo didaktik mogsadlorine goro ¢ox miixtolifdir. Onlari
bir ¢cox olamatlora gora tosnif etmok olar:

v" holl isuluna gors;

v/ mozmununa gora;

v ¢otinlik doracasing gora (sada, miirokkab);

v mogsadli toyinatina gors (tolim, nozarat).

Tosnifatin osasma hall iisulunu qoyaraq, asagidaki mosolo ndvlorini ayirmaq olar:
komiyyat, keyfiyyot vo ya sual-masalalor, eksperimental vo qrafik masalolor.

Sual-masalalor — bunlar elo masalolordir ki, onlarin holli zamani bu vo ya digor fiziki
hadisoni izah etmok va ya verilmis soraitdo onun neco gedacayini qabaqcadan sdylomok tolob
olunur; bu masalalorin mazmununda adadi verilonlor yoxdur.

Masalon: Niya elektrik lampasinin teli qizmar-ag rongds parlayir, halbuki eyni coroyan
kegmosino baxmayaraq, naqillor soyuq qalir? (8-ci sinif). Bu ciir masololor sifahi holl edilir;
verilon suallara cavablandirmanin osaslandirilmast zorurati sagirdlori miilahizo yiirlitmoyo
Oyradir, fiziki qanunlarin mahiyyatini daha dorindon dork etmoyo komok edir.

Komiyyat masalolori — bunlar elo masalolordir ki, verilon suala cavabi hesablamalar
aparmadan oldo etmok miimkiin deyil. Komiyyot maosololorinin hoallinds keyfiyyot tohlili do
zoruridir, lakin o, prosesin bu vo ya digor komiyyat xarakteristikalarinin hesablanmasi ilo
komiyyat tohlili ilo do tamamlanir. Komiyyat masalalori sads (tolim) vo miirokkob masalslara
boliniir. Tolim moasalalari dedikda, sads tohlil vo sado hesablama tolab edon mosalalor nazordo
tutulur. Bu ciir moesololorin  (az miqdarda) holli yalmiz &yradilmis ganunauygunlugu
konkretlogdirmak ii¢lin zoruridir. Onlarin on yiingiillori sifahi holl edilir. Komiyyot mosalosing
niimuna: Uzunlugu 100 m, en kasik sahosi 0,25 mm? olan nixrom moftilin miiqavimatini toyin
edin.

Eksperimental masalalor — bunlar elo masalalardir ki, onlarin halli zamani bu va ya digor
mogsadlo eksperimentdon istifado olunur. Masoalon: Su ilo dolu menzurkanin kdmaoyi ilo taxta
barkin ¢akisini tayin edin.

Qrafik masalalor — bunlar elo masalalordir ki, onlarin halli prosesinds qrafiklordon istifado
olunur. Qrafiklorin masalalorin hallindaki roluna gors onlar1 iki ndve bolmak olar:

v’ sualin cavabinin grafikin qurulmasi noticosinds tapila bilacayi mosalslor;

v sualin  cavabmin  qrafikin  tohlili  vasitosilo  tapila  bilocoyi  mosalolor.
Qrafik mosalalorin halli fiziki kemiyyastlor arasinda funksional asililigi anlamaga, qrafiklorlo
islomok vordislorinin asilanmasina, miqyaslarla islomok bacari@inin inkisafina kdmok edir.
Eksperimental mosalolorin holli (yuxariya bax) miisahidogiliyin inkisafina, homginin cihazlarla
islomak vardislorinin tokmillogsmasina komok edir.

Masaloalorin tosnifatinin asasina onlarin mozmununu qoyaraq, fizika iizro asagidaki mosalo
ndvlerini ayirmagq olar:

v" konkret fiziki mozmunlu mosalalar;
abstrakt mozmunlu masalalar;
texniki mozmunlu masalalar;
tarixi maozmunlu masalalar;

v
v
v
v' ayloncali masalalor.
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Texniki mazmunlu masalalor — fizikanin texnika vo ya istehsalla olagosini oks etdiron
mosalolordir. Mosolon: Niya yiiksoksiirotli reaktiv toyyarslorin tikintisi {iglin  xiisusi
istiliyodavamli orintilordon istifado edirlor? Miiollim belo maosololori 6zii do teortib eds biler,
bunun tiigiin gozet, jurnal, radio va televiziya molumatlarindan istifado edir. Bu cilir mosalolorin
halli zamani sagirdlarin biitiin diggati yeni terminlorin monasini agmaga yonaldilir.

Tarixi mazmunlu masalalar — sortlorindo fizika qanunlarinin kosfi vo ya hor hansi ixtiralar
haqqinda tarixi faktlardan istifads edilon maosololordir. Onlar bdyiik idraki vo torbiyavi
ohomiyyato malikdirlor. Masalon, Arximed qanununu gazlar {igiin dyronarkon, asagidaki massloni
hall etmok olar: Eramizdan ovvol IV asrdo yasamis alim Aristotel hava ilo doldurulmus dori
torbasinin vo havasiz, basilmis eyni torbasinin eyni ¢okiyo malik oldugunu agkar etdi. Bu
tocriiboyo asaslanaraq o, havanin ¢okisi olmadigi kimi sohv naticoyo goldi. Aristotel hansi sohvo
yol verdi?

9ylancali masalalor — mozmunu oyloncali formada verilon masalslordir. Onlar keyfiyyat,
eksperimental vo ya komiyyot ola bilor. Bu ciir masololordo sualin geyri-adi qoyulusu vo
sonradan naticolorin miizakirasi adoton sagirdlords dorin maraq dogurur. Tosssif ki, fizika iizro
masalo macmuolorinda ayloncali xarakterli masalalor azdir. Ona goro do miiollim onlar1 digor
monbolordan se¢malidir. Masalon: Y.1I. Perelman "Oyloncali fizika”. Oyloncoli masala niimunasi:
Niyo badeni irali aymodan stuldan qalxmaq miimkiin deyil? Bunu tacriibado yoxlamaq vo s.

Fizika moktob kursunda maosalolorin holli metodikasinin yuxarida nozordon kegirilmis
mosalalari sagirdin yasindan, onlarin hazirligindan vo dyranilon materialin spesifikasindan asili
olaraq 0z xiisusiyyatlorine malikdir. 7-8-ci siniflorde masalalorin halline 9-cu siniflo miiqayisado
daha az vaxt ayrilir. Bu, vaxt biidcasinin azlig1, miioyyan doracads tosviri xarakter dasiyan kursun
spesifikasi ilo izah olunur. Fizikanin todrisinin birinci pillesinde moktablilor ilkin praktiki
bacariglara yiyolonirlor. Bu siniflordo bir sira masalslorin halli onlarin riyaziyyatdan hazirliginin
geyri-kafi olmasi soboabindon mohdudlasir.

Buna gors do bu siniflords keyfiyyat vo eksperimental masalalore daha ¢ox diqqgst yetirmok
lazimdir ki, onlarin bir sirast ayloncali formada toqdim edils bilar. Lakin 9-cu sinifds hesablama
mosalalorini giymatlondirmomok sohv olardi. Ona goro do ilk vaxtlar masoalolorin hall tisullarin
birlosdirmok, suallar vasitasilo har bir harokatin manasini daqiq miisyyan etmok faydalidir.
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Xiilasa

Bu mogalodo moktab fizika mosololorinin xiisusiyyatlori,masololorin tosnifati, moktob fizika
kursunun niimunesinds masalalorin hallinin tadrisinin effektivliyinin artirilmas: yollar1 izah
edilir.

Pe3ztome

B nanHOW craThe Ha TpuUMepe UIKOJBHOTO Kypca (U3MKH paccMaTpUBAIOTCS
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3¢ (HEeKTUBHOCTH 00YUYEHHSI PEIICHUIO 33/1a4.
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Summary
This article explains the characteristics of school physics problems, the classification of
problems, and ways to increase the effectiveness of teaching problem solving on the example of a
school physics course.
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“Savadliliq” termini ¢ox saxali oldugundan, elm vo texnologiyanin daim inkisaf etmasi
yeni tendensiyalar, cagiriglar vo gozlontilorin ortaya ¢ixmasina sobob olur. “Elmi savadliliq”
termini 6ziindo bir ¢ox zoruri olan kompetansiyalar1 ehtiva edir. Bu termin 1950-ci illorin
sonunda ilk dofo Paul De Hart torafindon islodilmisdir: “Tahsillo bagh ¢ox ciddi problemlardon
biri elmi nailiyyatlorin zanginliyi ilo elmi savadliliq arasindaki bosluglari doldurmagqdir. Elmi
savadlilig elm va texnologiya ti¢iin masuliyyati oziinda aks etdiron qarar gabul etmak va idrak
faaliyyati iigiin intellektual bilik va bacariglara sahib olmaqdir”.

Elmi savadliliga yiyalonmis hor bir tohsilalan elm va texnologiyalarla bagli informasiya-
lar1 6z beyinlorinds siizgocdon kecirib dogru, yalan, qorazli vo ya toxribat xarakteli olmalarina
goro ayird edo bilorlor. Hor hansi elm sahasindoki savadliliq alim, mihandis vo basqa
mutoxasisslorin galocok naslini yetisdirmok, praktiki totbiq ¢ln xisusi elmi vo ya texniki
biliklorin alds edilmasino diggst yetirir. Bir sozlo elm sahosine dair savadliliq xiisusi ixtisaslagma
tolob edir. Bu ixtisaslasmis qrup ohalinin Kigik bir hissasini toskil edir. Qeyd edilonlardon forgli
olaraq, elmi savadliliq praktiki daha genis ahalini hadaflayir. O, elmi metod va diisiinco torzini
Oyrotmokls, insanlari qarsilasa bilocoklori mimkin problemlora analitik vo tongidi noqteyi-
nozordon yanasmaq bacarigimi asilayir. Eyni zamanda bu, yuxari siniflordo tobiot fonlorinin
ayriligda har birinin kurikulumunun tebiot fonn kurikulumunun davami vo inkisafi soklindo
tokmillosdirilmasini zoruri edon osas amillordondir.

Muasir dovr informasiya vo texnologiya dovrii oldugundan savadliliq anlayisi da ¢ox genis-
lonorok miixtolif torkib hissoloro ayrilmisdir. Bunlara riyazi, maliyys, texnoloji, informasiya,
elmi, media savadliligini nlimuna gostormak olar. Tobiot elmlori real hayatla bagli mosalolorls
birbasa olagoli oldugundan sagirdlorin bu fonlorin, xiisusilo aparici tobiot fonni olan fizikanin
tadrisi zaman1 qazandiqlart bilik va bacariglar real hoyati, gqeyri elmi situasiyalarda gorar verma
vo problemlori holletmodo fundamental baza formalagdirir. Tobiot fonnindo biitiin mévzularin, o
climlodon fizika bdlmalaorine aid moévzularin mozmunu todqiqat osasli dyronmeni dostokloyon
tolim modelina osaslandigindan onun tadrisinin diizglin qurulmast vo elmi savadliligin
formalagdirilmasin1 dostokloyon alotlorin totbiqi son deroce Onomlidir. Tebiot fonninin elmi
savadliligin formalasdirilmasindaki roluna dair kigik niimuns vermok olar.
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Umumiyyatlo tobiot fanninin elmi savadliliq seristesinin formalasdirilmasindaki on boyiik
rollarindan biri genis yayilan vo dogru zonn edilon yanlislar1 aradan qaldirmagq, yanlis tosovviir vo
biliklori diizoltmoakdir. Masalon, ¢ox genis istifado olunan, lakin olagoli islonmoayon “c¢oki” va
“kiitlo” anlayislarin1 gotiirok. Giindolik hoyatda islodilon “... ¢okisi no godordir?”, “Sonin ¢okin no
gadordir?” kimi suallarin cavabina kq olaraq qarsiliq verilmasi, insanlarin VII sinif saviyyasindo
bir anlayisdan molumatsiz olmalar1 anlamina golir. Belo ki, kq vahidi ilo ifado edilon anlayisin
¢oki yox, kiitlo olmas1 haqqinda tomal biliklorin zaif olmasi, shomiyyatsiz kimi goriinss do bu
oslindo elmin fundamental doyorlorine garst miinasibati gostorir. Coki vektorial komiyyat olub
qiivvenin bir noviidiir vo onun 6l¢ii vahidi nyutondur (N). Kiitlo iso skalyar kemiyyetdir vo
Beynolxalq vahidlar sisteminds kilogramla (kq) 6l¢tlir. Qeyd etdiyimiz bu komiyyatlorin yanlis
istifadosi, sado elmi biliklorin méhkomlonmadiyinin gdstaricisidir. Bu iki komiyyat vo onlarin
monalar1 VII sinif tobiot fonninin qiivve bolmasindo 6z oksini tapmisdir.

Beloliklo “Elmi savadliliq soristasi miiasir elmo vo texnoloji inkisaflara osaslanan comiy-
yatlords tohsilin zoruri elementlorindon hesab edilir vo tokco elmlo davamli masggul olan va ya
erkon is hoyatina atilanlar {igiin deyil, elmin fundamental sayilan osas anlayis vo faktlarinin biitiin
votondaglara dyradilmasi giiniimiiziin osas vozifasidir”.
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Xiilasa

Elmi savadliliq soristosi miiasir elma vo texnoloji inkisaflara osaslanan comiyyatlordo
tohsilin zaruri elementlorindon hesab edilir vo tokco elmlo davamli masgul olan vo ya erkon is
hoyatina atilanlar iiciin deyil, elmin fundamental sayillan osas anlayis vo faktlarmin biitiin
votondaslara dyradilmasi yollart arasdirilmigdir

Annomayus
HayuHas rpaMOTHOCTH cunTaeTcsi HEOOXOUMBIM JIEMEHTOM 00pa30BaHUs B OOIIECTBAX,
OCHOBAHHBIX Ha COBPEMEHHOM HayKe M TEXHOJOTMYECKOM Ppa3BUTUH, U OBUIM HCCIIEIOBaHBI
CcrocoObl 00y4eHHs OCHOBHBIM TIOHATUSM M (akTaM HayKd, KOTOpPBIE€ CUHTAIOTCS
(byHaaMEHTaIbHBIMHU, BCEX I'Pa)/laH, a HE TOJBKO TE€X, KTO MOCTOSHHO 3aHMMAETCsl HAyKOH WU
HAaxOJIUTCA B HAYaJIe CBOECH Kapbepsl.

Abstract
Scientific literacy is considered a necessary element of education in societies based on
modern science and technological developments, and ways to teach the basic concepts and facts
of science, which are considered fundamental, to all citizens, have been investigated, not only for
those who are constantly engaged in science or who are early in their careers.
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Yaradiciliq prosesini adoaton yeni noticonin alinmasi ilo olagelondirirlor. Ogor sagird
ovvallor tanis olmadigi yeni cihaz qurasdirmisdirsa vo ya maddo sintez etmisdirso, demali o
yaradiciligla moasgul olmusdur. Lakin, yeni cihaz1 daqiq eskiz izro hazirlamag, yeni maddani iss
dagiq metodika lzro almaq olar. Bels ¢ixir ki, yeni natica reproduktiv yolla alinmisdir. Bununla
olagadar olarag, yeni naticoni xarakterizo etmak ti¢iin aydindir ki, yaradiciliq kifayat deyildir.
Yaradiciligin proses kimi bir sira xarakteristikalarini nozare almaq lazimdir.

Fizikanin todrisi zaman1 diqqgati yaradiciliq gabiliyyatinin har hansi bir ayrica gotiiriilmiis
toplananinin  inkisafina deyil, sagirdlordo butovlikds yaradiciliq foaliyysti tocriibasini,
problemlorin Uzs ¢ixarilmasi qabiliyyatini formalasdirmaga yonaltmak magsads uygundur.

Yaradicilig faaliyyati Uc toplanana bolunar :

—yaradici diistinma gabiliyyati;

—omokdasliq qabiliyyati va yaradiciligin asaslandirilmast,

—problemlarin halli Ggtin, maktabda dyranilon fonlarin mixtalif bélmolori Uzrs biliklordan
istifado tocriibosi

Yaradicilig masalalari Ug nov olur;

1. Todgigat xarakterli mosalolor; bu masalolords hipotezlor irali surdlur, naticalor
prognozlagdirilir,sortlor tamamlanir;

2.Ixtira xarakterli mosalolor; bu masalalords ideyalarin, layihalorin prognozlasdiriimasi farz
olunur

3. Miiayyan ideya asasinda nayinss diizaldilmasi, qurulmasi tizro masalalor

Biitiin yaradiciliq masalalori asagidaki suallara cavab verir: No?, Harada?, Neca?, Niya?

Yaradici xarakterli masalalor agagidaki talablora cavab vermalidir:

1) Sortlorin yetorli olmast,

2) Sualin doqigliyi;

3) Ziddiyyatin olmasi;

Yaradict masalo belo bir nadir xassays malikdir

— onu birmanali olaraq yaradici kimi miioyyan etmok olmaz. Eyni bir masalo bir grup
sagirdlor tiglin yaradici oldugu halda, digarlori ti¢iin yaradici olmaya bilar.

Yaradici xarakterli masalalor haradan alinir?

Yaradict mosalani istanilon maraqli faktdan diizoltmok olar.

Yaradict masalalorin tortib olunmasi zamani agagidakilardan istifads etmok lazimdir:

maraqli faktdan, elm tarixindon,glindslik hayatdan, straf muhitdan, elmda sahv naticalardan
Vo axtariglardan, adobiyyatdan, xalq yaradiciligindan;

Yaradici xarakterli maSalanin tortib olunmasina aid niimunalor:

Masala 1. Sinifdo “Qaynama” moévzusunu kecdikdon sonra belo bir sual meydana
cixir “Mayenin qaynama temperaturu nadan asihdir?”
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Bu sual reproduktiv xarakterlidir, maraq kosb etmir. Ogor suali — “Moan suyu otaq
temperaturunda qaynamaga moacbur eds bilorom” soklinds doyissok onda bu sagirdlorde maraq

yaradacaq. Suala belo bir tocriibo olava edok: otag temperaturuna malik suyun % godori

doldurulmus sprisin desiyini baglayaraq, porseni son konar vaziyyatadok kaskin horakot etdirsok
onda soyuqg su gaynayar. Belo bir sual goysaq ki, su niys qaynadi? — bu sual sagirdlor U¢ln
yaradic1 masalo olacaqdir.

Hazir yaradici xarakterli masalalora nimunalar.

Quslara kémok ela. Hamu bilir ki, elektrik naqilina toxunmaq insan tigtin ¢ox tohlukalidir.
Quslarin elektrik naqilinin tizorinds rahat vo he¢ bir manfi tosir olmadan oturduglar faktini na ilo
izah etmak olar?

Nagilin Uzarinds oturan qusun badoni sanki saxolonmis elektrik dévrasinin bir goludur, bu
golun (badanin) migavimati digor qolun (qusun ayaqlari arasindaki qisa hissa) mugavimati ila
mugayisada ¢ox boyikdir. Ona gore do bu qoldaki (qusun badani) caroyan siddoti zararsizdir.
Lakin, agoar qus naqilin iizorinds oturaraq ganadi, quyrugu ilo elektrik dirayino toxunsa va ya
umumiyyatlo har hansi bir sokildo yerlo birlogsso onu carayan ani olaraq 6ldiror, bu halda
ziddiyyot yaranir: qus nagqilin iizorinds otura bilor, lakin, qanadi ilo toxuna bilmoz. Bir gox
Olkalords quslar1 6liimdan qoruyan xususi goruyucu vasitalor tatbiq olunur.

2. Boruda desiyi neca acmah?

Rezin boruda saligali sokildo dairovi desik agmaq lazimdir. Ogor desiyi burgu ilo agsaq,
rezin boru yastilanacaq vo desik dairovi alinmayacaq. Ogor desiyi borunu yandirmagqla agsaq,
onda desiyin konarlart miintozom alinmayacaqdir. Neco etmali?

3. Misir piramidalarimin _asasi. Misir piramidalarmin osast ¢ox ciddi ifiiqi sotho
malikdirlor. Masir texnikaya malik olmayan misirlilor belo Ufligi satho neco malik olmuslar?”

4. Batmms gomilar. Batmis gomilorin okeanin vo donizlorin dibindon galdirilmasinin
molum tisulu vardir. Bu tisula goro gominin anbarlarina hava vurmaq lazimdir. Lakin, bunun
Ugun butlin hava ¢ixa bilon desiklor tutulmalidir. Bunu iso suyun altinda etmok ¢ox ¢atindir va
cox da aziyyat tolob edir. Kip baglama olmadan bu iisuldan batmis goamilari qaldirmaq ti¢iin neco
istifado etmok olar?

Beloliklo onu geyd edo bilarik ki, belo masalalorin fizika dorslorinds yerino yetirilmasi
sagirdlorin yaradiciliq qabiliyyati inkisaf edir vo fonno maraqlar1 artir, masalalor sayassinds
sagirdlor aldiglar1 biliklarin dork edilmasini dyranirlar, yani todris prosesi aktivlosdirilir. Onlar
sinifdo, sagirdlor arasinda diizglin psixoloji vaziyyst yaranmasina komok edir. Sagirdlor yeni
movzulart oldugu kimi Syronib miosllim sorusduqda cavab vermok kimi deyil, bu movzular
praktikada neco totbig edacoklori kimi gabul edib basa diisiirlor: masalon, cihaz qurasdirmagq,
fiziki hadisoni izah etmok. Bels yanasma naticosinds sagirdlords fizika fonnina diizgiin munasibot
—haqigi real maggalolorlo maraq yaranir.

Sagirdlor 0z saylorinin naticalorini izlayirlor, 6z nailiyyatlorini giymatlondirirlor, 6z qiivva
vo biliklorina inam hiss edirlor. Bu isa onlar1 tolimdo daha yiksok naticolor aldo etmays
ruhlandirir.
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Xulasa
Bu moqgalods fizika masalalatinin tolim prosesinds ohamiyyati arasdirilmis, sagirdlords
fonno maragin artiritlmasi prosesinds aldo olunan nozori biliklorin praktikaya totbigi muasir
programin talobi Kimi iroli siiriilmiisdiir. Bacariq vo vardislor sagirdlords soxsiyyatyonumlu
tolimin reallagsmasinda asas vasito oldugu miiayyonlogdirilmisdir.

Pezrome
B nmanHOW craThe paccMarpuBaeTcs 3HaueHHE (UM3WKU B Tporecce OOydeHUs u
MpeiaracTcsl MPUMEHEHHE TEOPETUUYECKHX 3HAHWM, TMOJYYEHHBIX B TPOIECCE ITOBBIIICHUS
WHTEpeca ydyaluxcsi K MPEAMETy, Ha MPaKTUKEe KaKk TpeOOBaHHE COBPEMEHHOH MpPOTPaMMBbI.
YCTaHOBJICHO, YTO HAaBBIKM M TPUBBIYKHA SIBJISIOTCS OCHOBHBIMH CPEICTBAMHU pealM3allin
JTUYHOCTHO-OPUEHTHPOBAHHOTO OOYUCHUS y YUAITUXCS.

Summary
This article examines the importance of physics in the learning process, and proposes the
application of theoretical knowledge gained in the process of increasing students' interest in the
subject to practice as a requirement of the modern program. It is determined that skills and habits
are the main means of realizing personality-oriented learning in students.

FiZIKANIN TODRIiSI METODIKASI: MUASIR YANASMALAR VO EFFEKTIVLIK
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Giris

Fizika tobiot elmlori arasinda aparict mévgeys malik olub, texnoloji inkisafin asasi togkil
edir. Bu sobabdon fizikanin todrisi yalniz nozari biliklorin verilmasi ilo mohdudlagsmamali, hom
do sagirdlordo elmi diinyagoriisii vo diisiinmo bacariqlar1 formalagdirmalidir [1, s. 47]. Miiasir
dovrda tohsil sistemindo bas veron doyisikliklor fizikanin todrisi metodikasinin yenilonmosini
zoruri edir.

Fizikanin todrisi metodikasinin nazari dsaslar

Fizikanin todrisi metodikas1 pedaqogika vo psixologiya elmlorino osaslanir. Tolim
prosesinin diizgiin toskili li¢iin asagidaki komponentlor vacibdir:

e mogsad vo vozifolorin miioyyanlosdirilmasi

e mozmunun se¢ilmoasi

» metod va vasitalarin totbiqi

» naticolorin qiymotlondirilmasi

Bu yanagma sagirdlorin biliklori aktiv sokildo monimsomasina imkan yaradir [3, s. 125].

Miiasir tadris metodlar:

Interaktiv metodlar

Interaktiv metodlar sagirdlorin dors prosesindo faalligini artirir. Qrup isi, debat vo layiha
tisulu kimi metodlar onlarin amokdasliq vo linsiyyst bacariglarini inkisaf etdirir [8, s. 60].
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Problem oasasli tolim

Problem osashi tolimdo sagirdlor real problemlorlo qarsilagir vo onlarin holli yollarini
axtarirlar. Bu proses analitik diisiinma va gorarverma bacariqlarini inkisaf etdirir [5, s. 40].

Eksperiment va laboratoriya islori

Eksperiment fizikanin osas Oyronmo vasitosidir. Tocriibalor vasitosilo sagirdlor nozori
biliklori praktikada yoxlayir vo miisahido bacariglar1 qazanir [6, s. 30].

Raqgamsal texnologiyalar

Miiasir dovrde fizikanin todrisindo rogomsal vasitolor miihiim rol oynayir. Virtual
laboratoriyalar vo simulyasiyalar miirokkob fiziki proseslorin daha aydin basa diistilmesine
komok edir [7, s. 95].

Miisllimin rolu

Miiasir tolimdo miisllim yalniz malumat veran deyil, hom do:

e yonlondirici

o toskilatci

 motivator rolunu yerina yetirir

Miisllim sagirdlorde miistoqil diisiinmo vo todqiqat aparmaq bacariglarin1 inkisaf
etdirmolidir [2, s. 82].

Qiymatlondirms metodlar:

Fizikanin tadrisinds qiymatlondirmo asagidaki formalarda aparilir:

o formativ qiymaotlondirmo

e summativ qiymatlondirma

e layiho vo praktik tapsiriglar

Bu yanasma sagirdlorin bilik vo bacariglarinin obyektiv qiymotlondirilmosino imkan verir
[9, s. 20].

Problemlar va hall yollari

Fizikanin todrisindo garsiya ¢ixan osas ¢atinliklor:

« abstrakt anlayislarin ¢atin qavranilmasi

« praktiki imkanlarin mohdudlugu

e motivasiya problemlori

Bu problemlorin halli {igiin innovativ metodlarin totbiqi vo vizual vasitolorin artirilmasi
vacibdir [4, s. 65].

Natica

Fizikanin todrisi metodikasinin miasirlogdirilmosi tohsilin keyfiyystinin artirilmasinda
miihiim rol oynayir. Interaktiv vo innovativ metodlarin totbiqi sagirdlorin fonno maragimi artirir
vo onlarin elmi diinyagoriisiinii inkisaf etdirir. Effektiv natico {i¢lin anonovi vo miiasir metodlarin
vohdati vacibdir.
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Abstract
This article examines the theoretical and practical foundations of physics teaching
methodology. It analyzes modern approaches, interactive methods, and the role of digital
technologies in education. Special emphasis is placed on developing students’ analytical and
critical thinking skills. The study concludes that student-centered and active learning approaches
significantly enhance physics education.
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Rogomsal tohliikosizlik vo texnoloji inkisaf sahosindo hoyata kecirilon ardicil siyasstin
torkib hissosi kimi Azorbaycan Respublikasinin Prezidenti ilham Oliyevin 19 mart 2025-ci il
tarixli Seroncami ilo “Azorbaycan Respublikasmin 2025-2028-ci illor iigiin Siini Intellektin
Inkisafina dair Strategiya” tosdiq edilib. Bu strateji sonoddo siini intellekt texnologiyalarmin
dovlat idarogiliyindon tutmus iqtisadiyyata, sosial hoyata vo xilisuson do tohsilo kimi hoyatin
biitiin sahalarina genis tosir imkanlar1 vurgulanir.

Strategiyanin osas istiqamatlorindon biri tohsil sisteminds innovasiya vo roqomsal
transformasiyanin genislondirilmosidir. Bu kontekstdo miisllimlorin pesokar inkisafi vo onlarin
stini intellekt texnologiyalarina uygunlagmasi xiisusi shomiyyot kosb edir. Miiasir tohsil miihiti
hazirda miosllimlordon yalmiz bilik sahiblori kimi deyil, hom do rogomsal tshsil miihitinin
formalasdiricilart vo texnoloji liderlori kimi ¢ixis etmolorini tolab edir. [1]

Siini intellekt (SI) — insanm intellektual gabiliyyatlorini tolob edon tapsiriglari yerino
yetirmoys qadir proqramlar va sistemlor yaratmaqla moasgul olan kompiiter elmlori sahasidir. Bu
tapsiriqlara 6yronmo, molumatlarin tohlili, problemlorin holli, nlimunalorin taninmasi, tobii dilin
emali vo qgorar gobul etmo aiddir. SI is prinsipi masin Syronmesi alqoritmlorine, neyron
sobakolora vo malumatlarin emali tisullarina ssaslanir. Bu giin o, tibb, elm, iqtisadiyyat, sonaye
va digar saholords foal tatbiq edilir.

Fizikanin todrisindo siini intellektdon (SI) istifado todris prosesinin tokmillogdirilmasi,
tolobolorin colb olunmasinin artirilmast vo tolimin fordilosdirilmasi iiclin yeni imkanlar acir.
Asagida Si-nin tohsil prosesino inteqrasiyasi, fiziki proseslorin modellosdirilmosi vo virtual
laboratoriyalarda tatbiqi yollarmin tam icmali verilmisdir.

SI miirokkob fiziki hadisolorin interaktiv simulyasiyalarini yaratmaga imkan verir.
* PhET Interactive Simulations (Kolorado Universiteti) — fiziki proseslorin interaktiv modellori.
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* Algodoo — mexanikanin vizual modellosdirilmosi {iglin program tominati.
» Tocriiboalorin tohlili {iciin Darin Oyronma (Deep Learning) — SI avtomatik tohlil edo bilor.

Fiziki proseslorin modellosdirilmasi tobiot hadisolorinin todqiqi vo prognozlagdirilmast
ticlin vacib alotdir. O, fiziki proseslori tosvir edon riyazi vo kompiiter modellorinin yaradilmasini
ohato edir. Bu istigamotin osas aspektlorini nozordon kegirok.

Fiziki proseslorin modellasdirilmasinin novlari

Osas adadi modellasdirma tisullari:

* Analitik modellogsdirmo: Hadisolori tosvir etmok iiclin riyazi tonliklordon (mosalon,
Nyuton ganunlari, Maksvell tonliklori) istifado edir. Sistem doqiq analitik hallo imkan verdikdo
tatbiq edilir.

» Odadi modellogdirma: Tonliklorin toqribi halli li¢iin alqoritmlordon istifado edir. Analitik
halli miimkiin olmayan miirokkab sistemlor {igiin totbiq edilir (masalon, turbulentlik, plazmanin
modellosdirilmasi).

+ Imitasiya modellosdirmosi: Real fiziki sistemin davramsim toqlid eden kompiiter
modelinin qurulmasi (masoalon, niive reaksiyalarinin vo ya iqlim proseslorinin modellosdirilmasi).

* Sonlu forqlor metodu (Finite Difference Method, FDM): Diferensial tonliklorin
diskretlosdirilmasi vo onlarin sobokodo halli. Istilikkecirmods, elektrodinamikada istifade olunur.
* Sonlu elementlor metodu (Finite Element Method, FEM): Sistemin kicik elementlors
boliinmasi, onlarin daxilindo tonliklorin lokal hoalli. Miirokkab hondosalor vo elastik
deformasiyalar {igiin totbiq edilir.

* Monte-Karlo metodu: Tosadiifi proseslordon va statistik {isullardan istifado edir. Tez-tez
kvant mexanikasinda, yiiksok enerji  fizikasinda vo  hissociklorin  yayilmasinin
modellosdirilmasinda tatbiq edilir.

* Molekulyar dinamika: Hissociklorin klassik mexanika ganunlarina asason harokatinin
ododi modellosgdirilmosi. Bork cisim fizikasinda, biofizikada vo materialsiinasligda istifado
olunur.

* Sixliq funksionali nozoriyyasi metodu (DFT): Elektron qurulusunu yronmok {igiin kvant-
mexaniki Gsul. Kondenslasmis maddo fizikasinda tatbiq edilir.

Modellasdirmo moarhoalalori:

1. Masalonin qoyulusu: Fiziki qanunlarin vo baglangic sortlorin formalagdirilmasi.

2. Modelin yaradilmasi: Sistemin sadslogdirilmosi (masalon, fasilosiz miihitin soboko ilo
ovoz edilmasi).

3. Odadi hesablama: Tanliklorin halli ii¢iin alqoritmlardan istifada.

4. Tohlil vo vizuallagdirma: Naticalorin sorhi, adekvatligin yoxlanilmasi.

Fizikadan niimunalar:

» Istilik 6tiiriilmosi: Istilikkegirmo vo konveksiya proseslorinin modellosdirilmosi.

* Elektromaqnetizm: Miirokkob hondosolords sahalorin paylanmasinin hesablanmasi.

* Hidrodinamika: Maye va qaz axinlarinin adodi modellari (CFD).

*Kvant mexanikasi: Materiallarin modellagdirilmosi {i¢iin sixliq funksionali nozoriyyasi
(DFT) metodu.

Miiasir yanasmalar:

* Masin 0yronmasi iisullari: Malumatlar asasinda miirokkab fiziki proseslorin
prognozlasdirilmas ticiin.

» Multifiziki modellogdirma: Bir-biri ilo slagali bir ne¢a prosesin eyni vaxtda
modellosdirilmasi (masalon, termomexanika).

Tapsirlq va totbiq nitmunslari:
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* Plazma fizikasi: Ykl hissociklorin maqnit va elektrik sahslorinde davranisinin
modellosdirilmosi.

* Astrofizika: Qalaktikalarin formalagsmasi, ulduzlarin va qara dsliklorin tokamiiliiniin
simulyasiyalari.

» Kvant mexanikasi: Atom vo molekulyar sistemlorin modellosdirilmasi.

* Bork cisim fizikasi: Materiallarin xassalorinin, faza kegidlorinin vo nanostrukturlarin
Oyronilmaosi.

» Iqlim modellari: iqlim dayisikliklerinin va onlarin naticalorinin prognozlasdiriimas.

Istifads olunan vasitolora niimunalor:

e Wolfram Alpha: Miirokkob fiziki masoalolorin holli vo molumatlarin vizuallagdirilmasi
tcln.

e Google Al Platform: Moalumatlarin tohlili vo modellorin yaradilmasi {igiin.

« IBM Watson: intellektual kdmokgilorin yaradilmasi va matnlorin tohlili iigiin.

Fizikanin todrisindo Si-don istifado tokca todris prosesini asanlasdirmir, hom do onu daha
somoarali edir, tolobolora miirokkob anlayislar1 daha yaxsi basa diismoyo vo onlar praktikada
totbiq etmoys imkan verir.

Noatica

Fizika todrisinds siini intellekt texnologiyalarinin totbiqi, xtiisusilo fiziki proseslorin
modellogdirilmasi  kontekstinds, tohsilin keyfiyyatinin yiiksaldilmasi vo tolobolorin  elmi
diinyagdriistinlin formalagdirilmas1 baximindan miihiim ohamiyyeot dasiyir. Todqiqat gostorir ki,
SI osasli modellogdirmo vasitolori — analitik, odadi, imitasiya, Monte-Karlo, molekulyar
dinamika vo DFT kimi miixtalif iisullar vasitesilo — miirokkob fiziki hadisolorin daha dorin vo
interaktiv sokildo basa diisiilmasine imkan yaradir.

Miiasir tohsil miihitinde PhET, Algodoo, Wolfram Alpha kimi platformalar, hamginin dorin
Oyronma vo magin oyronmasi alqoritmlori tolabalors yalniz nazari biliklori monimsamoys deyil,
hom ds real fiziki sistemlorin davranisint modellosdirmoklo todqiqatgiliq bacariglarmi inkisaf
etdirmoyo sorait yaradir. SI-nin toklif etdiyi adaptiv tolim sistemlori, intellektual kdmokgilor vo
virtual laboratoriyalar todris prosesini fordilosdirir, tolobalorin bilik bosluglarmi aradan
galdirmaga komok edir vo miiollimlorin pesokar foaliyyatini dostokloyir.

Azorbaycan Respublikasiin 2025-2028-ci illar iigiin Siini Intellekt Strategiyasinda tohsilin
ragomsal transformasiyasinin prioritet istiqamot kimi miioyyan edilmosi, 8lkomizdo Si-nin fizika
tadrisine inteqrasiyasi sahosindo aparilan elmi-pedaqoji islorin aktualligini tosdigloyir. Bununla
belo, bu sahodos garsida duran bir sira vozifolor vardir:

o Miidllimlorin rogomsal kompetensiyalarimn inkisafi — SI texnologiyalarindan
somarali istifads li¢iin pedaqoji kadrlarin hazirhigy;
e Yerli todris platformalarimn yaradilmasi — Azorbaycan dilindo SI  osash

modellosdirma vasitalorinin islonib hazirlanmasi;

« Etik vo tahliikasizlik masalalorinin tonzimlonmasi — tohsil prosesindo Si-nin soffaf vo
tohliikasiz totbiqinin tomin edilmasi;

« Empirik tadqiqatlarin aparilmasi — Si-nin fizika todrisino uzunmiiddatli tosirinin
miixtalif tohsil saviyyalarinds (orta maktab, ali tohsil) yoxlanilmasi.

Golocok todqiqatlarda fiziki proseslorin modellosdirilmasi iiglin siini intellektin miixtolif
tisullarinin (fundamental 6yronmo, fiziki modellogdirma) miiqayisali tohlili, homg¢inin beynolxalq
tocriibonin Azorbaycan tohsil sistemino uygunlasdirilmasi tovsiys olunur.
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Annotasiya

Bu moqalads siini intellekt texnologiyalarinin fizika todrisine tosiri nozordon kegirilir.
Tohsil prosesinds siini intellektin totbiqino miiasir yanasmalar, o ciimlodon adaptiv tolim
sistemlori, intellektual komokgilor vo fiziki proseslorin modellosdirilmasi tohlil edilir. Tolimin
fordilosdirilmasi, todrisin  somaorsliliyinin  artirilmast  vo  tolobolords  miistoqil  todqiqat
bacariqlarinin inkisafi tigiin siini intellektdon istifads perspektivlori miizakirs olunur

Annomauus
B nanHo# cTathe paccMaTpuBaeTCs BIUSHUE TEXHOJOTHM MCKYCCTBEHHOTO MHTEIJICKTa Ha

npenofaBaHue  (GU3UKU. AHATU3UPYIOTCSA  COBPEMEHHBIE MOJIXOAbl K  IPUMEHEHUIO
HMCKYCCTBEHHOTO HMHTEJJIEKTa B 00pa30BaTEIBLHOM MpOIEecce, BKIIIOYAsl aJalTHUBHBIE CHCTEMBI
oOy4YeHHUsl, WHTEIJICKTyadbHBIX TOMOIIHMKOB M MOJENUPOBaHUE (U3MUECKUX TMPOIECCOB.
OOcy)1at0TCsl IEPCIIEKTUBBI UCTIOIB30BAHUS UCKYCCTBEHHOT'O MHTEJUICKTA ISl TIEPCOHATU3AINH
oOydeHus, TOBbIMIEHUS J(PGEKTUBHOCTH TMPENoJaBaHUsl M PA3BUTHS HCCIEI0BATENIbCKIX
HAaBBIKOB CTYICHTOB.

Abstract

This article examines the impact of artificial intelligence technologies on physics teaching.
Modern approaches to the application of artificial intelligence in the educational process are
analyzed, including adaptive learning systems, intelligent assistants, and modeling of physical
processes. The prospects for using artificial intelligence to personalize learning, increase teaching
effectiveness, and develop students' research skills are discussed.
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Mdasir comiyyotdo yaxsi tohsil yalniz mozunun anlayislar vo noticalor sistemini yaxsi
monimsomoasindan deyil, ham do elmi axtaris metodologiyasina yiyalonmosindon, yaradiciliq
foaliyyatina vo 6z igino gora masuliyyat dasimaga qadir olmasindan ibaratdir. Sagird otrafda bas
veranlori diizgun giymatlondirmayi, Saristali gorarlar gebul etmayi bacarmalidir, bunun ii¢iin iso
0, proseslorin gedisino tosir edon amillorin bitin kompleksini tohlil etmoyi, farziyyslor irali
sirmoayi vo slbut etmoyi, 6z hoarokatlorinin real vo mimkin noticalorini dork etmoyi
oyronmoalidir.

Fizika moktab fonlori arasinda xiisusi yer tutur. Tadris fonni kimi o, sagirdlords elmi diinya
goriisiiniin - formalagsmasma yonoldilmisdir. Fizika sagirdlorin yaradiciliq qabiliyyatlorini,
diinyagoriisii vo inanclarini formalasdirir, yiiksok axlaqli saxsiyyatin torbiyasine kdmok edir. Bu
asas talim magsadinag yalniz talim prosesinds bilike maraq formalasdiqda nail olmaq miimkiindjir.

Fizikaya marag artirmaq ti¢un effektiv vasito vo metodlardan biri keyfiyyat masalalorinin
hollidir. Keyfiyyst mosalalorinin osas xususiyysti ondan ibarstdir ki, onlarda diggest fiziki
hadisalorin keyfiyyat torafins,cisimlorin, maddonin, proseslorin xassalarina yonoldilir. Bu clr
mosalalorin  hoalli  hadisonin fiziki mahiyyatinin tohlilini, forziyyslorin qurulmasmi va
asaslandirilmasini tolob edir vo mivafiq olarag mentigi vo obrazli tofokkiiriin inkisafina komok
edir.

Keyfiyyat mosalalorinin halli materialin daha doarindon monimsanilmasina kdmok edir,
hazircavabligi, tofokkiirii inkisaf etdirir, fizikaya maraq oyadir. Keyfiyyat masalolori, agor
onlarda moktoblilorin hoyatda rastlagdiqlart tobiot hadisslorinin vo ya faktlarin izahini vermok
toklif olunursa, daha boyiik maraq dogurur. [1]

Keyfiyyat masalolorinin holli prosesindo yalmiz fizika kabinetlorindo deyil, tobiotdo,
maisotda, texnikada fiziki hadisalori miisahido etmok vo onlar1 farglondirmak bacarigi asilanir.
Hazircavabliq, forasat, yaradici toXayyiil inkisaf edir. Keyfiyyat masalalorinin halli metodlarina
yiyalonmok sagirdlora onlari miixtalif masalolorin hallinds yaradiciligla totbiq etmays va 6z bilik
sahasini mistaqil sokilda genislondirmays imkan verocokdir. Mohz bu amil sagirdlarin
intellektual tosobbiiskarliginin vo yaradiciliq faalliginin inkisafina komok edir. Keyfiyyot
mosalalorindon istifado xilsusilo asas moktobds vacibdir, ¢iinki burada materialin boyiik hissasi
keyfiyyat saviyyasinds nozordon kegcirilir. Bundan basqa, keyfiyyst masalalori hom asas, ham do
orta moktab planlarina daxil edilmisdir.

Pedaqoqlar vo metodistlor fizika Gzra butlin masalalari kamiyyat va keyfiyyat masalalarinag
bolirlor. Hanst masalalar keyfiyyat masalaloring aiddir? Keyfiyyat masalalorinin ilk tariflorindon
birini M. E. Tulginski vermisdir: "Nozardon Kegirilon fiziki hadisonin keyfiyyat torsfi ilo bagh
problemlordon birinin holl edilmasi igiin qoyuldugu, fizika qanunlarina osaslanan montiqi
naticalar, rosm ¢okmok vo ya tocriibo aparmaq yolu ila hall olunan, lakin riyazi hesablamalar
totbig edilmadon hall olunan masaloys keyfiyyat masalasi deyilir'.[3]. Keyfiyyat masalasi Gglin
zoruri Vo kafi sort hall prosesindo odadlorlo vo ya harflorlo aparilmasindan asili olmayaragq,
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umumiyystlo hesablamalarin olmamasi tolobidir"[1] Eyni zamanda o qgeyd edir ki, keyfiyyat
mosalalarinin halli prosesinds bazon hesablamalar aparmag, bazi mosalolords iso kicik distur
cixariglar: etmok talab olunur. Buna gors dos biz keyfiyyat mosalasi elo masalo adlandiracagiq ki,
onun halli mantiqi milahizo zanciri qurmagla hayata Kkegirilir vo macburi riyazi ¢ixarislar vo
hesablamalar talob etmir, istifads olunan hesablamalar iss ciddi vo tam mantiqi formal naticalor
sistemi toskil etmir. Biitiin diistur gevrilmoalarindon yalniz keyfiyyat tohlili tgun istifads olunur,
hesablamalar iso kamiyyat giymatlondirmasi tigiin aparilir.

Tacrliba gostorir Ki, keyfiyyat masalalarinin halli gox vaxt bdyuk ¢atinliklor yaradir. Ciinki
keyfiyyat masalolorinds nadir hallarda hor hansi fiziki kemiyyatlorin giymatlori verilir, sual
homiso axtaris mvzusuna birbasa gostarislor vermir: "No etmoali ki...?", "Hans1 soraitds...?" va s.
Ustalik, keyfiyyat masalalori ¢ox vaxt yalniz bir sualdan ibarat olur, miiddoalar isa gizli formada
¢ixis edir. Buna gora do verilonlori va talobi ayird etmok i¢lin adston moasalo motninin yenidan
formalasdirilmasi talab olunur.

Fizikadan keyfiyyat mosoalalorinin hollindo analitik-sintetik metod totbig olunur. Bu
metodun mahiyyati ondan ibaratdir ki, induksiya (bir ¢ox xtsusi nimunalar ssasinda: sinifda
tocriibalar, sagirdlorin hayat tocriibasindon oayani nimunalarin tohlili, laboratoriya islori vo bu
Kimi - verilmis hadisalor {igiin imumi gqanunauygunluq miioyyan edilir, ganun formalasdirilir) vo
deduksiyadan (iimumi fizika ganunlari konkret hala totbiq edilir) istifado edilmoklo fizika
ganunlarma osaslanan mantigi naticalor qurulur. Bu hoall metodunda keyfiyyat masalasinin
mozmununun tahlili yolu ilo ilk névbado sagirdlora bu moévzu Gzro moalum olan Gmumi
ganunauygunluglardan istifads olunur. Bundan sonra mosaloda tosvir olunan hadisanin konkret
neca izah edilmali oldugu aydinlasdirilir. Masalonin cavabi tohlilin tamamlanmasindan natico
kimi alinir. Keyfiyyot mosolalorinds sortlorin tohlili tolob olunan, asaslandirilmis cavabin
alinmasi ilo six baghdir.[2]

Keyfiyyat masalalarinin halli metodikasini tohlil edarak, onlar1 iki qrupa ayiraq. a) Sads
keyfiyyat masololori (bunlar1 sual-mosalalor adlandirirlar) ki, onlarin holli adoton bir fiziki
ganuna osaslanir. b) Bir ne¢o sado masalonin mocmusu vo ya kombinasiyasi kimi togqdim olunan
murokkab keyfiyyat mosalalori. Onlar1 hall edarkon daha mirokkob mulahiza zancirlari qurmag,
bir negs fiziki ganunauygunlugu tohlil etmok lazim galir. [2]

Sads keyfiyyat masalasinin holli bes marhalods hoyata kegirilir.

1. Mosalonin sorti ilo tanigliq. Masalo matninin diggetlo oxunmasi, bilinmayan terminlorin,
konstruksiya detallarmin adlarinin, rosm detallarinin v s. aydinlagdiriimasi. Halli bu mosslonin
hallinin mogsadi olan asas sualin dork edilmasi (ne malumdur? nayi mioayyan etmok talob
olunur? masalads hansi sual asasdir? masalanin hallinin son magsadini neco ayird etmok olar?).

2. Masalonin sartinin dork edilmasi. Masals sartinin tohlili (masalonin sorti nadan ibarstdir?
na verilmisdir? no malumdur?). Masalada tasvir olunan fiziki hadisalarin tahlili (masalads hansi
hadisalor, faktlar, cisimlarin xassalori, sistemin vaziyyati vo s. tosvir edilmisdir? onlar arasinda
hansi alags var?). Masalodo verilmis vo ya onun halli prosesinds qurulmus grafikin, rasmin,
soklin, sxemin va s. otrafli nozordon kegirilmosi. Birmonali cavab almagq {igiin alave dagiqlosdirici
sortlorin daxil edilmasi.

3. Masalonin halli planinin tortib edilmasi. Masalonin sualindan baslayaraq ya onun sartinin
verilonlari, ya da aparilmis tocriibanin naticasi, ya da cadval malumatlari, ya da ganunlarin vo
fiziki komiyyatlorin tariflarinin ifadslari ilo biton analitik milahizs zencirinin qurulmasi.

4. Mosolonin halli planinin hoyata kegirilmoasi. Miivafiq qanunlarn, fiziki kemiyyatlorin
toriflorinin ifadasi ilo, cismin xassalorinin, keyfiyyatlarinin, vaziyyatlarinin tasviri ilo baglayan vo
mosalonin sualina cavabla biton sintetik mulahizs zoncirinin qurulmasi.

5. Cavabin yoxlanilmasi.
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Mirakkob keyfiyyat masalasinin halli do bes morholodo hoyata kegirilir, lakin masalanin
sorti ilo tanisliq zaman1 onun asas sualina, hallinin son magsadins diqgst yetirilir. Masalanin halli
planinin tortib edilmasinds miivafiq qanunlarin ifadasi ilo baslayan v verilmis mosalonin sualina
cavabla biton analitik milahizo zonciri qurulur. Cavabi onu fizikanin imumi prinsiplori
(enerjinin, kitlonin, yikin saxlanmasi ganunlari va S.) ilo mugayiss edoarok yoxlamaq olar.

Masala: Kerosins lizon taxta bloka tasir edon qaldirici qiivvasi dayisacokmi (Vo doyisocoksa
neca), agar blok kerosindan suya kogurilorsa?

1. Mosalonin sarti il tanisliq (masalonin matni oxunur).

2. Masalanin sortinin dork edilmasi. Bu masals situasiyasi hansi fiziki hadisani nazardon
kecirir? (Arximed qlvvasinin mayeys batirilmis cismo tasiri, cisimlorin 1zmosi). Verilmis
situasiyani tosvir edirik. Kerosina (izan taxta blok kerosindon suya kocurdlir.

3. Moasalanin halli planinin tortib edilmasi. Fizikanin hansi bélmasine aid biliklor bu
masalani hall etmays imkan verir? Arximed quivvasi, cisimlorin mayeds Gzmo sortlori. Cisimlorin
mayeda Uzma sartlori aydinlagdirilir.

4. Moasoalonin halli planinin hoyata kegirilmasi. Mayeds (izon cismo tosir edon qaldirma
quvvasi agirhq qiivvesini tarazlayir. Kerosino Uzon taxta blok, suyun sixlig1 kerosinin sixligindan
boyiik oldugu i¢iin suda daha da batmaz. Su vo kerosinds qaldirma qiivvelori eyni agirliq
quvvasini tarazlayir, lakin bu zaman blokun batirilmis hissasinin hacmi doyisir.

5. Cavabm yoxlanilmasi. Qaldirma qiivvasi doyismoyacok. F, = prgVi - Kerosina
batirilmis bloka tosir edon Arximed qlivvesi. F, = psgVs - suya batirilmig bloka tasir edon
Arximed quvvasi. F = mg- agirliq qiivvasi, F, = F- cisimlarin (izmas sorti.

Keyfiyyat mosololorindon yeni materialin izah1 prosesindos, biliklorin  tokrar1  vo
Umumilagdirilmasi zamani, biliklori praktikada totbiq etmok bacariq vo vordislorinin inkisaf
etdirilmasinds, habelo sagirdlorin biliklorinin yoxlanilmasi zamani istifade oluna bilar. Keyfiyyot
mosalalori fizika lGzra mistaqil vo yoxlama islarina, hamg¢inin sagirdlorin ev tapsiriglarina daxil
edilir.
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Xllasa
Fizikanin moqsadi sagirdlords elmi diinyagériisiinii formalasdirmaqdir. Bu, onlarin yaradiciligina,
diinyagoriisiing, ogidasinae tokan verir, yiksok oxlaqgi prinsiplerin formalagmasina sorait yaradir. Tohsil
asas magsadine  yalniz biliys Oyronmays marag: artirdigla nail olmaq miimkiindiir. Fizikaya maragi
artirmagq Uglin effektiv vasito vo sullardan biri keyfiyyot xarakterli mosalalorin hallidir. Problemin bels
halli materiali calbedici vo basadiisiilon edir.

Summary
Physics is aimed at the formation of a scientific worldview in students. It forms the creative
abilities, worldview and beliefs of students, contributes to the upbringing of a highly moral personality.
This main educational goal can be achieved only when interest in knowledge is formed in the learning
process. One of the effective means and methods for increasing interest in physics is the solution of
qualitative problems. Thanks to them, the material becomes interesting, and therefore understandable.
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111 BOLMO
MATERIALSUNASLIQ VO ONUN TOTBIQI

FORQLI BiSIRMO USULLARI ILO ALINMIS OVUNTU ALUMINIUM
KOMPOZISIYALARIN STRUKTUR XUSUSIYYOTLORI VO XASSOLORI

Yaqubov E. K., Hiseynov E. C.
Gonca Doviat Universiteti

Acar sozlar: metal ovuntusu, bisirma, sixlagsdirma, matrisa, qizdirtlma rejimi

KuroueBble ci10Ba: altOMMHUN, METANIMYECKUI TTOPOILOK, CIIEKAHUE, YIUNIOTHEHUE,
MaTpHIa, PeXKUM Harpena.

Keywords: aluminum, metal powder, sintering, compaction, matrix, heating mode.

GIRIiS

Miiasir dovriin texniki vo texnoloji tolablorins uygun olan yiiksok keyfiyyatli konstruksiya
materiallar1 arasinda aliiminium asasli kompozitlor xiisusi shamiyyat kasb edir [1]. Aliiminium
osash arintilordon momulat hazirlanmasinda onlarin sonraki emal va istismar prosesloring oangol
torodo bilocok bir ¢ox qiisurlarin meydana golmosini qabaqlamaq, eloco do kiitlovi istehsal
soraitindo miirokkob komponentli, yekcins mikrostruktura malik orintilor almaq mogsadilo ovuntu
metallurgiyasi genis totbiq edilir [2,3]. Momulatlarin aliiminium ovuntularindan hazirlanmasi
onlarin daha doqiq forma vo Olgiilorini tomin etmoklo yanasi, hom do bir sira xassslorinin
keyfiyyatca yiiksolmasine imkan yaradir ki, bu sababdon do ovuntu texnologiyasi tadricon tozyiq
altinda tokmoni ovozloyir [4]. Bu clir momulatlar istor iqtisadi, istorso do texniki gdstoricilor
baximindan anonavi tisullarla alinan analoglarini gabaglayir.

Aliiminium oasasli kompozisiya materiallarinin bisirilmosinds "aktivlesdirilmis" bisirmo
tsulu genis totbiq tapmisdir. Bu ciir bisirmo prosesinds sixtoyo xiisusi olaraq olavo edilmis
elementlor hesabina kontakt saholorinds yaranan maye faza prespastahin sixlasdirilmasina komok
edir. Aliiminium ovuntularina ikinci faza kimi ¢atin oriyan metal hissociklorinin slava edilmasi
onlarin plastiklik xassolorini saxlamaqla yanasi, mohkomlik, borklik, istiya vo yeyilmoyo
davamliliq kimi gostoricilori yiiksaltmoyo, siirtinmo vo xotti genislonmo omsallarini iso asagi
salmaga imkan verir. Yiiksok ozliiliiyli ilo secilon aliiminiumun torkibino mis olavo etdikdo
Ozliliiylin bir godor azalmasi fonunda borkliyin artmasi miisahido olunur. Misin miqdarinin
artmasi ilo borklikls yanagsi dartilmaya mohkomlik do artir [5]. Miioyyon edilmisdir Ki, aluminium
osasli ovuntu kompozisiyalarda misin miqdarimin artmast onlarin korrozion gostariciloring
ohomiyyatli dorocodo tosir etmir. Al-Cu sistemi orintilori termiki emal edilorok yiiksok
mohkomlik (o8=500-550 MPa) vo ozliilik voziyystina catdirilir ki, bu da onlarin aviasiya
texnikasinda vo digor ndv naqliyyat vasitolorinin istehsalinda totbigini daha somarali edir [6].
Aliiminium osashi funksional materiallarin yaradilmasinda perspektiv istigamotlordon biri do
mohkomlondirici faza kimi aliiminidlor — aliminiymla kegid metallarin intermetallik
birlogsmalorindan istifads olunmasidir. Al-Cu orintilori ilo yanast Al-Mn orintilori do texniki
maraq kosb edir. Onlarin baslica cohatlori yiiksok plastiklik, korroziyaya davamliliq,
istilikkegirmo omsalinin boyiikliyidir [7]. Manganin movcudlugu strukturda AlsMn dispers
hissaciklorinin amolo golmasino sabab olur, naticodo dislokasiyalarin horokati ¢atinlosir, bu da
mohkomliyin artmasina gatirir.

Mogalads yiiksok mohkomlik vo plastikliys, eloca do dovrii yorgunluga qars1 davamliliga
malik olan kompozisiyanin alinmast mogsadilo AI-Cu-Mn torkibli orintilor iizorinds todqiqat
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isinin  noticolori  verilmisdir. Qigilcim-plazma  bigirmosinin  maqgneziumla legirlonmis
alliminiumun xassoalorins tosiri otrafli sokildo sorh olunmusdur [8].

TODQIQATIN METODIKASI

96% texniki tomizliys malik olan vo hissaciklorinin orta 6l¢iisii <40 mkm toskil edon Al,
Mn Vo Cu ovuntularini proporsional miqdarda 1 saat miiddotindo
qarigdirmagla AlssCu2oMnis nominal torkibi alinmisdir. Qarisiq torkibli kompozisiyani toskil
edon silindrik qranullar hidravlik presdo 400 MPa tozyiq altinda sixlagdirilmisdir. Alinmis
prespastahlarin ilkin sixlig1 nozori gostoricinin 72%-ni toskil etmisdir. Prespostahin molibden
disilisid (MoSi2) torkibli qizdirici elementi olan yiiksok temperaturlu kamera sobasinda
bisirilmosi zamani qizdirilma stirati 5°C/doq toskil etmigdir. Bisirmo prosesi 525°C temperaturda
bir saat miiddotindo davam etmis, niimunonin sixlig1 hidrostatik tisulla toyin edilmisdir.

Digor halda prespastahin bisirilmasi {igiin elektrik coroyaninin giicii 6 kVt, tezliyi 2,45 GHs
olan mikrodalgali sobadan istifado olunmusdur. Bisirilon niimunonin biitiin hissolorindo yiiksok
temperaturun borabor paylanmasi {igiin o, ¢oxqatli izoloedici materialdan hazirlanmig paketo
yerlogdirilmisdir. Niimunalorin mikrodalgali sobada qizdirilma siirsti 40°C/doq olmus va onlar 10
dogigo miiddatinds bigirilms temperaturunda saxlanilmiglar.

Prespostah1  bisirmok iiglin qigilcim-plazma sobasindan istifado olunaraq niimunslor
100°C/daq stirati ilo qizdirilmig vo bigirilme temperaturunda 5 daqiqe miiddotinds saxlanildigdan
sonra soba ilo birlikde soyumaga buraxilmisdir. Bisirmo ilo eyni zamanda niimunsonin 50 MPa
tozyiq altinda biroxlu sxem iizra preslonmasi yerina yetirilmisdir. Mikrobarklik Vikkers cihazinda
0,2 N yukiin 10 saniys miiddatinds tatbiqi ilo toyin edilmisdir:

HV=1854-P/I?2

Burada, HV-vikkers skalasi tizro mikrobarklik; P—indentora tasir edon sinaq yiikii (N); I-
diaqonallarin orta uzunlugudur (mm).

Mexaniki xassalori toyin etmok {iglin uzunlugu 26 mm olan silindrik niimunalor dartici
sinaq masininda 20 kN yiikiin totbiqi ilo 3,3x10*san siirotlo deformasiyaya ugradilmisdir.
Elektrokimyavi korroziyaya miigavimoti toyin etmok {iglin nlimunolor cilalanmig vo
elektrokimyovi 0zok wvasitosilo elektrod potensiali Olgiilmiisdiir. Miigayiso tigiin kalomel
elektroddan, komakei elektrod kimi qrafit ¢gubuqdan, elektrolit olaraq 0,1 mol/l qatiliglt HCI
mohlulundan istifads olunmusdur. Stern tsulu ils [9] korroziya parametrlori asagidaki empirik
asililigla toyin edilmisdir:

NOTICOLOR VO MUZAKIROSI

Sixhq. Adi, mikrodalgali vo plazma sobalarinda bisirilmis Al-Cu-Mn kompozisiyali
orintilorin sixlagsma prosesinin bisirilmo {isulundan vo torkibdon asililigi 1-ci sokildo tosvir
edilmisdir. Bisirilma lisulundan asili olmayaraq sixlasma 525°C-da bas verir. Plazma sobasinda
bisirilon prespostahlarin analoqglart ilo miiqayisode daha yliksok sixlasma dorocesi (=99%)
miisahido olunur. Bu gostaricini tozyiqin vo yiiksok qizdirilma siiratinin birgs tosiri ilo izah etmok
olar.
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Sokil 1. Mixtalif tisullarla bigirmoado ovuntu kompozisiyalarin
sixlasma doracalorinin miigayisosi

Sixlagma daracasi, %
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Mikrostruktur. 2 va 3-cii sokillordo miixtalif tisullarla bisirilmis kompozisiyalarindaxili
strukturunun optik vo elektron mikroskop vasitosilo alinmis goriintiilori oks olunmusdur.
Strukturda nozoro carpan az miqdarda bosluglar (27%) adi iisulla bisirilmis niimunslordo
miisahido olunmusdur. Lakin qizdirilma siirstinin doyismesi ilo onlarin oksariyysti todricon
aradan qalxmisdir. Noticodo qigilcim-plazma iisulu ilo 525°C temperaturda bisirilmis Al asasl
kompozisiyanin sixlasma daracasi 99% togkil etmisdir.

Mikrostruktura nazor saldigda mis vo manganin aliiminium matrisada yayildigi goriiniir.
Qigilcim-plazma prosesi noticosinds alinan mikrostruktur adi iisuldakina nisbston daha narin
olur, ¢iinki bu halda qizdirilma siirsti yliksok oldugundan dononin bdyiimasini qabaqlayir [10].
Miisahids olunan intermetalliklor asason AI2Cu vo AlCu-dur.

8) Aol Osul x588 34 miab) Mikrodallaly =508 24 ak c) Q-plazsa x588 15 akn S8 - 36 nke b) Nikrodaldsly «1886 - 2{mlc) Q-plazms =568 - 15 mkae

Sokil 2. Al65Cu20Mnl5 kompozisiyasinin Sakil 3. AI65Cu20Mnl15 kompozisiyasinin
astlanmis sothinin optik mikroqrafi, x500: a) adi astlanmig sothinin elektron mikroqrafi: a) adi
isulla bisirmo; b) mikrodalgali bigirmo; tisulla bisirmo, x500; b) mikrodalgali bisirmo,
¢) qigilcim-plazma bigirmasi x1000; ¢) qigilcim-plazma bisirmasi, x500.

4-cii sokilda har ii¢ tisulla bisirilmis A165Cu20Mn15 nimunalarinin rentgen difraktoqrami
goOstorilmisdir. Sakildon gorindiyu kimi adi vo mikrodalgali sobada bisirilmo zamani alinan
ndimunonin tarkibindaki intermetallik fazalarin miqdar1 qigilcim-plazma sobalarindakina nisbaton
xeyli coxdur.
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Sakil 4. AI65Cu20Mn15 komnozisivasindan adi. mikrodalgali vo aigilcim-plazma

Mikrobarklik. 1-ci cadvalds bisirilmis niimunalorin mikrobarkliyi vo danalarinin 6lglsi

hagqqinda molumatlar

verilib. Adi va

mikroboarkliyinds ciddi forq olmayi1b.

mikrodalgali

isullarla  bisirilmis niimunolorin

Cadval 1.

Bisirilmis niimunalarin mikrobarkliyi va donalarinin dlgilari

Kompozisiya Adi tisulla bigirilon, | Mikrodalgali tisulla qigileim-plazma
Al65Cu20Mn15 HVo.02 bisirilan, HVo.02 Usulu ils bisirilon,
HVo.02
Mikrobarklik 57.3+1.2 63.06+0.8 116.04+0.45
Doananin dl¢usi 36 mkm 24 mkm 15 mkm

Dartilmaya sinaq. Bisirilmis AI65Cu20Mnl5 kompozisiyalarin méhkomlik vo plastiklik
gostoricilari 2-ci codvalds Umumilosdirilmis formada verilib. Dartilmada mohkomlik, axiciliq
hoddi va plastiklikliyin doyismasi mikrobarklikde miisahido olunan tendensiya ilo oxsar xaraktera

malikdir.

Cadval 2.

Al65Cu20Mn15 kompozisiyalarinin dartilmaya méhkomliyi, axiciliq haddi va nisbi
uzanma doracasi

Bisirilmo Usulu Mohkomlik haddi, Axiciliq haddi, Nisbi uzanma, %
MPa MPa
Ononavi 45+3 5 32+1,2 5+0,5
Mikrodalgali 63+2,1 51+1,7 12+0,3
Qigilcim-plazma 89+1 67+0,2 23+0,1
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Xassalorin dyronilmasi zamani Al asasli ovuntularin qigilcim-plazma tsulu ils bisirilmasi
digor isullar qarsisinda bir sira Ustiinliiklori ilo segilir. Homin nimunslorin daxili qurulusu
xirdadanali oldugu iiciin onlarin moéhkamliyi ilo yanasi plastikliyi do kifayst qodor yuksokdir.

Korroziyaya davamlihq. 5-ci sokildo 525°C-ds bisirilmis niimunalorin potensiodinamiki
polyarlasma oyrilori tosvir olunub. Goriindiiyii kimi, qigiletm-plazma Gsulu ilo bisirilmis

Elektrolit: 0.1 mol/L HCL
Miiqayisa: Kalomel elektrodu
Saha: Ism?- T=525C

Usul: Stern polyarlasma

+0.60

E(V/SCE)

10 107 10° 10t

107 107

log I (A/mm®)
—8— Adi (I=1.79, v=2.00 mimn/il) —&— Mikrodalgali (I=1.65, v=1.83)
== O151lcim-nlazma (1=0.78. v=0.90 mmAl

Sakil 5. 525°C-da Al65Cu20Mn15 kompozisiyasindan bisirilmis niimunslarin polyarlagma ayrilari

ndmunalarin korroziya corayani digarlori ilo miqgayisads daha yuksak sixliga malikdir.

3-cU  codvoldo bisirilmis niimunslorin  potensiodinamiki polyarlagsma  gdstaricilori
verilmisdir. Goriindiiyii kimi adi tsulla bisirilon nimunalor digarlori ilo mugayisodo asagi
potensial forqi ilo yanasi, daha yiiksok carayan sixligina va korroziya suratina malikdirlar.

Cadval 3.
Al65Cu20Mn15 kompozisiyalarinin potensiodinamik polyarizasiya gostoricilori.
Bisgirilma Usulu I kor. E kor. Korroziya surati

(A/mm2) (V) (mml/il)
Onanavi 1,7918 -0,002 2,003
Mikrodalgali 1,6466 0,007 1,826
Qigilcim-plazma 0,7752 0,001 0,903

NOTICO

Al65Cu20Mnl5 kompozisiyasindan ovuntu metallurgiyasinin miixtalif bisirilmo metodlari
ilo standart nimunslor hazirlanmis vo onlarin miihiim fiziki-mexaniki gostaricilori toyin
olunmusdur. Borklik, mohkamlik, plastiklik vo sixligin toyin edilmasi naticasindo on yliksok
gostaricilorin qigilcim-plazma Usulu ils bisirilon nimunalors aid oldugu miiayyan edilmisdir.

Mikroskopik va rentgenstruktur todqiqatlarinin naticalori gostorir ki, mikrodalgali vo
qigilcim-plazma sobalarinda bisirilon nimunalor adi tisulla bisirilonlara nisbaton daha xirdadonali
struktura va Kicik 6l¢tli masamolora malikdir.

Potensiodinamik tadqiqatlar naticasinde qigilcim-plazma Usulu ilo bisirilmis niimunalarin
korroziyaya davamliliginin digar anologlara nisbatan daha ylksok oldugu miiayyan edilmisdir.
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Summary

In the presented research work, the influence of the parameters of the heating mode on the
structure and mechanical properties of the material during sintering of samples from powder
materials based on Al containing 20% Cu and 15% Mn is considered. The samples were sintered
at 525 ° C by conventional, microwave and spark plasma methods. Based on the results obtained,
we noted that the samples prepared by the spark plasma method have higher mechanical
characteristics than the samples prepared by the other two methods. On the basis of
microstructural studies performed using optical microscopy, it was concluded that due to the
properties of high-speed heating of the spark plasma device, the microstructure of the sample
obtained here is of a higher quality than others.

Pe3ztome
PaccmoTpeHo BiMsAHUE MapaMeTpOB pEKMMa HarpeBa Ha CTPYKTYPY M MeEXaHHUYECKHUE
CBOMCTBAa Marepuaja TpH CHEKaHWH OOpa3lloB W3 TMOPOIIKOBBIX MaTE€pHAJIOB Ha OCHOBe Al,
cogepxanux 20% Cu u 15% Mn. O6pa3usl ciedensl npu 525°C 0OBIYHBIM, MUKPOBOJIHOBBIM U
HCKPOBBIM TTa3MEHHBIM MeTOAaMu. Ha OCHOBaHHMHM TONYYEHHBIX PE3YJIbTaTOB OTMEYEHO, YTO
00pa3ibl, TPUTOTOBJICHHbIE HCKPOBBIM IIA3MEHHBIM METOJIOM, 00JanaloT 0ojiee BBICOKUMHU
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MEXaHUYECKUMHU XapakTepucThukamu, Ha OCHOBaHMM MHKpPOCTPYKTYpPHBIX HCCIIEJOBaHMIH,
BBINIOJTHEHHBIX METOJOM ONTHYECKOW MHUKPOCKOIIHMH, OIPEACIEHO, 4YTO MHMKPOCTPYKTypa
00pa310B NOJIYYEHHBIX HCKPOBBIM IIJIa3MEHHBIM CIIEKAHUEM 00JIE€€ MEITKO3EPHHUCTA U OJJTHOPO/IHA.
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Korroziya, metallarin vo onlarin miixtolif orintilorinin kimyovi vo elektrokimyavi tosir
altinda zamanla struktur doyisikliklorina ugramasi vo par¢alanmasi prosesidir. Bu fenomen yalniz
materiallarin mexaniki dayaniqhgmi zoiflotdiyi Gg¢lin 6nomli deyil, eyni zamanda onlarin
uzunmuddatli istifado potensialina vo tohlikasizliyino do ciddi sokildo tasir edir. Korroziya
noticasindo metal sathlorinds catlar, guxurlar vo lokal zaiflomoalor amalo golir, bu isa naticado
konstruktor elementlorinin bitovltyini pozur. Muasir sonayeds korroziya yalniz mexaniki
performans Gcun deyil, ham do iqtisadi samaralilik, enerji tahlikasizliyi vo konstruksiyalarin

etibarliligi baximindan strateji ohomiyyato malikdir. Xususilo enerji istehsali, neft-kimya

sonayesi, aerokosmik texnologiyalar vo nogliyyat sahslorindo korroziya hadisalorinin idars
olunmasi kritik rola malikdir, ¢iinki bu proseslorin idars edilmamasi hom maddi zararlars, hom do
tohliikasizlik risklarina sobob ola bilar [1].

Elektrokimyovi mexanizmlar korroziyanin asas aparici qiivvasini togkil edir. Metal sathindo
anod vo katod sahslori yaranir. Anod sahasindo metal atomlar1 elektron verarok ionlagir vo
mohlula kecir, bu iso metallarin itirilmasine gatirib ¢ixarir. Katod sahasinds iso reduksiya
reaksiyalar1 bag verir: oksigen vo ya su molekullart elektron gobul edir vo bunun noticosindo
katod reaksiyalar1 tamamlanir. Bu proseslor metallarin sathi ilo mohlul arasinda elektron axini vo
ion mubadilasini tomin edir, noticodo korroziya prosesi davamli olur. Temperatur artimi iso
ionlarin diffuziyasini vo Soth reaksiyalarinin siiratini artiraraq korroziya siiratinin eksponensial
artmasina sabab olur [2].

Korroziya yalmz sado Kimyovi reaksiyalarla mohdudlasmir. Onun intensivliyi ham
termodinamik, hom do kinetik amillordon asilidir. Mohlulun pH soviyyasi, ion torkibi, oksigen
konsentrasiyasi, hotta mohlulun viskozlugu korroziya siiratini birbasa tosir eds bilor. Turs
muhitds, mosalon, Fe ionlarinin disosiasiyast siiratlonir vo oksidlosmoa prosesi daha intensiv
sokildo gedir. Oksigenin mdvcudlugu katod reaksiyalarini tamamlayaraq korroziyanin daha da
slirotlonmasine imkan yaradir. Eyni zamanda, yiiksok temperatur vo mexaniki gorginlik kimi
olavo amillor bu reaksiyalarin kinetikasini doyisorok lokal zodolonmolor yaradir [2].

Materialin mikrostruktur xiisusiyyatlori do korroziya davranisina shomiyyatli tasir gostarir.
Dano sorhadlari, daxilolmalar, ayri-segkiliklor vo digor mikroanomaliyalar lokal elektrokimyovi
potensial forglorinin yaranmasina sobob olur. Bu forglor lokal korroziya morkazlorinin
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yaranmasina sabab olur vo xisusile ¢uxur korroziyasi vo interkristall korroziya hallarinda nazars
carpir. Lokal anomaliyalar sathdo goriinmayan zoif noqtelor yaradir vo zamanla catlara cgevrilir.
Bundan olava, korroziya mohsullarinin yigilmasi daxili stresslora sabob olur vo bu, materialin
yorulma davranisini doyisdirir, naticodo mexaniki dayaniqliq daha da azalir [3].

Passivlosmo, metallarin aqressiv miihitlordon qorunmasinda mithiim rol oynayan bir
mexanizmdir. Passiv tobags, metal sathinds nazik, kimyavi sabit oksid filmi amolo gatirir vo
bunun naticasinds ion va elektron axini azalir. Bu isa oksidlosma prosesini langidir. Aliminium,
xrom va titan kimi metallar yuksok passivlik gabiliyystino malik oldugundan onlar korroziyaya
qarst daha davamlhidir. Lakin mexaniki tosir, 0rtuk zodslonmasi vo ya agressiv mihit passiv
tobagoani poza bilar, bu iss korroziyanin yenidon aktivlosmasine sobab olur [1].

Korroziyanin garsisini almaq ti¢iin bir sira metodlar totbigq olunur. Katodik qoruma metodu
metali daha monfi potensiala malik xarici monbays qosaraq anod reaksiyalarimi zoaiflodir vo
oksidlosmo surotini azaldir. Bu iisul xiisusilo boru Xatlori, doniz konstruksiyalari vo sualti
obyektlor t¢un somaralidir. Qoruyucu o6rtiklor — boyalar, polimerlor vo kompozit ortliklor —
metal sathi ilo otraf miihit arasinda hom kimyoavi, hom ds fiziki baryer funksiyasini yerinoa yetirir.
Son zamanlar nanostruktur ortliklor vo aktiv inhibitorlarin istifadasi korroziyanin daha effektiv
sokilda garsisin1 almaga imkan verir. Bu ciir 6rtiiklor hom mexaniki, ham do kimyavi tasirlora
qars1 dayaniglidir vo metalin 6mriinii shamiyyatli doracodo artirir [4].

Nanometrik dons strukturlart vo fazalararasi sorhodlor do korroziya davranigina tasir edir.
Nanostruktur materiallarda sorhad saholorinin artmasi elektrokimyovi potensial farglorini
guclondirir, naticado lokal korroziya sirati yiksalir. Koherent vo geyri-koherent sarhadlor
dislokasiya harokatine va gorginlik paylanmasina tasir edir, bu da mikroyaralanmalarla miisayiot
olunur. Bu xisusiyyatlor nanokompozit vo yuksok mohkomlikli orintilorin hazirlanmasinda
nazars almmalidir [3].

Korroziya yalmiz kimyovi vo elektrokimyovi proseslordon ibarot deyil; o, hom do
termodinamik vo Kinetik komponentlori  6ziinds birlogsdiron kompleks bir sistemdir.
Termodinamik yanasma sorbast enerjinin azalmasina yonalmis reaksiyalari izah edir, kinetik
baryerlor iso real reaksiyanin siiratini  mioyyonlogdirir. Bu yanagma korroziyanin
modellosdirilmasi, prognozlasdirilmasi va qoruyucu tadbirlorin effektiv hazirlanmasi {igiin
vacibdir [4].

Miiasir materialsiinasliq, korroziya problemlarinin hallindo nanostruktur mihondisliyi,
passiv toboagolorin optimallasdirilmasi, qabaqcil qoruyucu ortiiklorin totbigi vo real muhitdos
eksperimental testlorin istifadasini 6n plana ¢ixarir. Bu yanagmalar materiallarin hom mexaniki,
hom do kimyovi dayaniqhigint artirir vo sonaye obyektlorinds uzundmiirlii, etibarli sistemlorin
qurulmasma imkan verir. Korroziya todqiqatlart hom fundamental materialsiinasliq, hom do
praktiki mihondis problemlarinin halli Gglin kritik shamiyyat kasb edir, ¢ilinki onlar metallarin
omriinii uzadir vo texnoloji proseslarin etibarliligini tomin edir [1].
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Xllasa

Korroziya metallarin vo orintilorin  kimyavi vo elektrokimyavi muhit tesiri altinda
zodolonmasi vo parcalanmasi prosesidir. Bu proses materiallarin mexaniki dayanigligini azaldir,
struktur batévluyini pozur vo istifadasini mohdudlasdirir. Magaloda korroziya proseslorinin
elektrokimyavi mexanizmlori, anod vo katod saholorinin formalasmasi, temperatur vo pH-nin
tasiri, homginin materialin mikrostrukturu vo passivlosmo rolu arasdirilir. Katodik goruma vo
goruyucu Ortiklorin totbiqi kimi gabaqcil metodlar toqdim olunur. Nanostruktur materiallarin
xususiyyatlari vo fazalararasi sarhodlorin korroziyaya tasiri izah edilir. Termodinamik va kinetik
amillar, modellosdirma va prognozlasdirma tisullari atrafli tosvir olunur. Miiasir materialsiinaslq
metodlart ilo korroziya qarsisinin alinmasi vo materiallarin uzunémiirliiliiytiniin tamin edilmasi
vurgulanir. Bu tadgigat sanaye totbigloari tglin praktik vo fundamental shomiyyato malikdir.

Pe3rome
Koppo3ust - 310 mporecc paspylieHuss W TOBPEXKICHHUS METALNIOB W CIIAaBOB IO
BO3JCHCTBUEM XHMMHUYECKOM U  ODJICKTPOXUMHYECKOW Cpeabl. ITOT MPOLECC CHUXKACT
MEXaHUYECKYI0 TPOYHOCTh MaTepHUalioB, HAPYyIIaeT HX CTPYKTYPHYIO II€JIOCTHOCTh U
OTpaHHYMBAET CPOK CIykObl. B craThe paccMaTpuBaroTCs SJIEKTPOXUMUYECKHE MEXaHH3MBI
KOppo3uu, (OPMUPOBAHUE AHOIHBIX M KATOAHBIX 30H, BIHMSHHE TeMmIeparypbl u pH, a Taxxke
pOJIb  MUKPOCTPYKTYpPBHl U TMaccuBallMu Martepuana. llpemmaraioTcsi COBpeMEHHBIE METOIbI
3allMTHl, BKJIIOYAsh KATOMHYIO 3allUTy M 3alllUTHBbIC MOKPHITUSA. OMNHCHIBACTCS BIUSHUE
HAHOCTPYKTYPUPOBAHHBIX MaTEPUAIIOB U MEX(a3HBIX TpaHUI] HA KOPPO3HMOHHOE IOBEACHUE.
[Toapo6HO paccMaTpuBalOTCS TEPMOJMHAMUUYECKHE U KUHETUYECKHE (PAaKTOPhI, MOACIUPOBAHUE
1 nporHozupoBanue. COBpeMEHHbBIE MOJXOAbl MAaTCPUATIOBEICHHS TO3BOJISIOT MPEIOTBPAIIATh
KOPPO3HIO U 00eCIeynBaTh JOJTOBEYHOCTh MaTtepuaioB. MccnenoBanue MMEET MPaKTUIECKOE U

byHIaMeHTallbHOE 3HAYeHUE JJIs1 TPOMBIIIIJICHHOCTH.

Abstract

Corrosion is the process of degradation and damage of metals and alloys under chemical
and electrochemical environmental effects. It reduces mechanical strength, compromises
structural integrity, and limits service life. This paper analyzes electrochemical mechanisms of
corrosion, formation of anodic and cathodic regions, effects of temperature and pH, and the role
of material microstructure and passivation. Advanced protection methods, including cathodic
protection and protective coatings, are presented. The influence of nanostructured materials and
interphase boundaries on corrosion behavior is explained. Thermodynamic and kinetic factors,
modeling, and prediction approaches are detailed. Modern materials science methods enable
corrosion prevention and enhance material longevity. This research holds both practical and
fundamental significance for industrial applications.

BORK CISMLORIN MEXANIKi XASSOLORI VO PRAKTIKI TODBIQ IMKANLARI

Hiiseynov V. I.
Azarbaycan Dovlat Pedaqoji Universiteti

Acar sozlar: deformasiya, dartilma, sixilma, elastiki, plastiki, méhkomlik, Huk ganunu,
parabolik yanagma, anharmonik yanagma, praktik mogsadlor, mexaniki gorginlik, Yung modlu.

Xarici quvvenin tosiri altinda bas veran deformasiya vo bu deformasiya zamani meydana
¢ixan xassalor, Umumilkds, mexaniki xassalor adlanir[1, soh. 140-141]. Bu xassalor materialin
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daxili qurulusundan, qurulus elementlori arasindaki rabto novindan, elementar 0zayin
qurulusundan, cismin yerlosdiyi fiziki soraitdon vo s asili olaraq meydana ¢ixir. Mexaniki
xassolor dedikds asason asagidakilar basa diisiiliir:

1) Elastiklik- deformasiya edici mexaniki quvvonin tosiri kasildikdo cismin 6z avvalki
formasini tamamu ilo borpa etmasi xassasidir;

2) Plastiklik- qlivvanin tasiri kosildikdon sonra qaliq deformasiyanin (avvalki vaziyyatin
gisman barpa olunmasi ) miisahids olunmasi xassasidir;

3) Mohkomlik- xarici qlvvenin bdyuk giymoto malik olmasina baxmayaraq cismin
sinmadan (dagilmadan) 6z daxili strukturunu saxlamasi xassasidir;

4) Kdvraklik- tasir edan qiivvanin giymatinin ki¢ik olmasina baxmayaraq cismin dagilmasi,
pargalanmasi xassasidir;

5) Sortlik- asqar cisismlarin torkibs daxil oldasina vo ya sothin mexaniki zodslor almasina
qars1 gostarilon migavimati ifads edir ;

6) Plastik axiciliq (yumusaqliq)- materialin xarici quvvanin tesiri altinda 6z formasin
asanligla doyisdirmo xassasidir.

Elastiki deformasiyanin: dartilma; sixilma; burulma; ayilma va siirlisma ndvlori vardir. Biz
dartilma vo sixilma ndviinii bir godar otrafli arasdiraq. Elastiki deformasiyanin digor névlari kimi
sixilma vo dartilma deformasiyasinin da elastikiliyi— zorraciklor aras1 qarsiligli tasirin parabolik
yanasmaya uygun galmasi ilo baghdir[1, soh. 141-144]. Bu yanasmaya goéra deformasiyaedici
givvenin tosiri altinda zorrociklor arasinda meydana ¢ixan qiivvalor, kvazielastiki xarakter
dasiyir; yoni atomun tarazliq voziyysti otrafinda bas veron elementar yerdoyismosi zamani
meydana ¢ixan qiivva, yerdoyisma ilo diiz mltenasib olub onun aksina yonalir(sakil 1). Harmonik
rogslori xatirladan bu xiisusiyyatina goro parabolik yanasmaya, bozon harmonik yanasmada
deyilir; ¢tinki harmonik rogslorin yaranmasi, adaton kvazielastiki giivvonin tasiri altinda miimkiin
ola bilir. Dlyunlards yerloson qurulus elementlorinin arasinda yaranan qarsiliqli tasir enerjisi
U(x), tarazliq vaziyystindon olan (x) yerdoyismosindon kvadratik (parabolik asililiq) asilidir
(Sakil 2). Mikrozarraciklor arasinda meydana ¢ixan qiivvonin kvazielastiki olmasi, yaxud enerji-
yerdoyismo asililiginin parabolik olmasi, notico etibariilo, bitun makroskopik hacmdo
deformasiyanin elastikliyini tomin edir.

Anharmonik yanasmada, deformasiya zamani zarrociklor arasinda yaranan qarsiliqlt tasir
quvvasinin zoarraciyin elementar yerdoyismasindon asililigi, qeyri- Xotti xarakter dasiyir.
Homgcinin, zorraciklor arasi qarsiliqli tosir enerjisinin elementar yerdoyismodon asililigy,
assimmetrik parabola soklindo olur. Anharmonik yanasmada qeyd etdiyimiz qeyri xattilik vo
assimmetrik parabolaya malik asililiq, yekunda, bas veron deformasiyanin— plastiki deformasiya
olmasina(yaxud qaliq deformasiyanin bas vermasi ilo naticalonir) sobob olur.
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Sakil 1 Sekil 2

Elastiki deformasiyani arasdirarkon Huk qanunundan istifado edilir[2, soh.137-142].
Qanunun riyazi formasi (1) diisturu soklindadir:

F= —kAL (1)

Burada: AL - deformasiya mosafasidir; F- deformasiya zamani meydana ¢ixan elastiki
quvvadir; k- deformasiyaya ugrayan cismin sartlik omsalidir. Sartlik amsali vahid deformasiya
zamani meydana ¢ixan elastiki qiivvoni gOstorir. Diisturdaki menfi isarosi elastiki quvvanin
deformasiyanin oksina yonaldiyini ifads edir. Sortlik omsali materialin néviindon va cismin
hondasi 6lglisiindan asilidir. Bu asililiq riyazi olaraq (2) diisturu soklinds ifads olunur:

K=z ()

Burada: S- materialin en kosiyinin sahosidir; Ly- baslangic uzunlugudur; E- cismin
hazirlandig1 materialin Yunq modludur.

Cisim F guvvasinin tasiri altinda sixilma, yaxud dartilma deformasiyasina moruz qaldiqda
bas veran mexaniki gorginlik (3) dustrundan istifads etmoklo hesablanir.

o=z (3)

(1) ,(2) wva(3) disturlarii birgs hall etmoklo Huk ganununun (4) dusturu ils ifads
olunan formasini alariq:

c=le|E (4)

Huk ganunun riyazi ifadesindon Yunq modlunun(E:%) fiziki monasin1 miioyyon edo
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bilorik:Yung modulu- cismin 0zl godor uzanmasi zamani meydana ¢ixan mexaniki gorginliyi
gostorir. Fiziki monasindan aydin olur ki, bork cisimlor tU¢un Yung modlunun giymoti gox
boyiikdiir (bozi metallar ticiin 10 +10*? Pa tortibindadir).

Mexaniki garginliyin nisbi uzanmadan asililiq qrafikinoe gorilmo diaqrami deyilir. Verilmis
hor hansi cismin gorilmo diagramindan istifado edorok onun mexaniki xassalori haqqinda
muoayyan tosavvirlor oldo edo bilorik. Goarilmo diagraminin sxematik tosviri sokil 3-do
verilmisdir[3].
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Diagramin OA hissasi mitonasiblik oblastt olub Huk ganununun &dondiyi intervali ohato edir.
AB- hissasi qaliq deformasiyanin ciizi miisahido olundugu araliqdir. BC- aralig1 plastiki axiciliq
oblastt adlanir. D noqtasindo material on boyik goarginliys davam gatirir. Bu ssbsbdon D
ndqtasine uygun gorilmo mohkamlik hiidudu adlanir. E noqtasindo materialin kovraklik xassasi
0zlnu gostarir- material dagilir.

Mdasir dovrimuzds sonayenin oksar sahalorinds bu va ya digor mexaniki xassalorini nazars
almagla, bork cisimlordon genis istifado olunur. Mihondis istehkam qurgularinin, miilki vo
sonaye obyektlorinin, koOrpl va texniki qurgularin va s.tikilmosindos istifads edilon cisimlarin
mexaniki méhkamliyi vo mioayyan godor elastiki xassoys malik olmasi ilkin taloblordon hesab
olunur. Agir yiklorin tesirine moruz qalan metal konstruksiyalarin, tunellorin, — mixtolif
tikintilorin insasinda mohkamliyi kifayst godor bdyiuk olan materiallardan istifado olunmasi
diggat markazinds duran vacib masalalordan hesab olunur[4, soh. 60-65]. Aviasiyada va kosmik
sonayeds, harbi toyinatl raketlorin vo ugus aparatlarinin hazirlanmasinda mexaniki méhkomliyi
yuksak vo ham doa ¢okisi ylngul olan materiallara ehtiyac duyulur. Bu magsadlo aliminum va
titan materialindan vo  mixtolif kompozit materiallardan genis istifado  edilir.
Boazon elastiki xassaya malik materiallara ehtiyac duyulyr. Masalon mexaniki sistemlords xarici
tosirlori yumsaltmaq, avtomobil yollarinda vibrasiyan1 azaltmaq, zolzolo, killok vo s xarici
tosirlorin fosadlarini azaltmaq ticiin, elastiki xassoya malik cisimlordon, yay vo amartizatorlardan
istifads, dévrin zoruri talobino ¢evrilmisdir; bu baximdan metal vo polad konstruksiyalardan,
domir-beton komponentlorindon istifadeys boyiik 6nam verilir. Metallurgiya vo avtomabil
sonayesinda, doyma, stamplama, presloma, muoyyan formaya salma kimi texnaloji proseslori
yerino yetirorkon istifado edilon materiallarin miioyyon mexaniki moéhkamliys vo elastikliyo
malik olmasi ilo yanagi plastiki xiisusiyyot dasimasina da ehtiyac duyulur. Heykoltarasliqda,
zorgorlik momulatlarinin hazirlanmasinda vo s. saholords istifado olunan materiallarin plastik
xassoyo malik olmasi daha ¢ox Onom dasiyir. Masin vo mexanizimlorin hazirlanmasinda,
energetikada, mikroelektronikada, mihandis lahiyslorinin islonmasinds, sonaye vo kond
tosarriifati sahalorinds istifads edilacok cisimlorin mexaniki xususiyyatlorinin diizgtn secilmasi-
tohliikasizlik, uzunomiirliiliik, rahatliq, iqtisadi somaralilik va s. baximlardan vacib masalo hesab
olunur. Hazirda praktik moqsadlor Ugun arzuolunan mexaniki Xasssloro malik kompazit
materallarin istehsali giiniin zoruri mosalalorindon hesab olunur.

189



9dabiyyat

1.Eyvazov E.O. Bork cisimlar fizikasi, Baki-2003.

2. E.O. Eyvazov. “Fizikadan molumat kitab1”, Baki, 2012.

F.A. ©hmadov. Mexanika vo molekulyar fizika, Baki, 2007. 393s.

4. A Mehrabov., V.Qocayev.,T.Moharromov Fizika kursu BAKI- 1982

Xllasa

Mogaloda bark cisimlarin mexaniki xassolori arasdirilmis vo bu xassalordon praktiki
moqsadlor Ugln istifado imkanlarindan bohs edilmisdir. Elastiklik, plastiklik, moéhkamlik,
kovraklik, sortlik vo plastik axiciliq xassalorinin fiziki mahiyystlori agiqlanmigdir. Elastiki vo
plastiki deformasiyalarin bas verma mexanizmlori, harmonik (parabolik) vo anharmonik
yanasmalar asasinda izah edilmisdir vo gorilma diagrami qurulmusdur. Praktiki istifado zamani1 —
tohlukasizlik, davamliliq rahatliq, iqtisadi samaralilik vo s. baximlardan materiallarin mexaniki
xassalarinin diizgun secilmasinin vacibliyi vurgulanmigdir.

Annotasiya

B cratbe HCCIICAOBAaHbl MCXAHHNYCCKHUC CBOICTBa TBépI[LIX T€II VI pPacCMOTPCHBIL
BO3MOXHOCTH HMX IIPAKTHYCCKOr0 IMPUMCHCHUA. PaCKpLITa (1)1/131/1%01(2151 CYIITHOCTb TaKHX
CBOI>'ICTB, Kak ynpyrocrtb, IJIaCTU4HOCTb, INPOYHOCTb, XPYIKOCTbH, TBép,Z[OCTB n IJiaCTu4deckKas
TEKy4eCTb. MexaHu3Mbl BOSHUKHOBEHUS YIPYIHX Vo IIACTUYECKUX JedopMaluu OObsICHEHbI Ha
OCHOBC T'apMOHHYCCKOI'O (napa6onnqecxoro) Va AHIapMOHHUYCCKOI'0 II0AXO0O0B, a TaKKe
[IOCTpOEHAa aAuarpaMma HanpspkeHus. [loquépkHyra BaKHOCTH  IPaBWJIBHOTO — BbIOOpa
MEXaHUYECKUX CBOMCTB MaTCprajIoB C TOYKH 3PCHUA 6630HaCHOCTI/I, Ha,[[é)KHOCTI/I, KOM(i)OpTa u
HYKOHOMHYECKOW APPEKTUBHOCTH MPH UX MPAKTUIECKOM HUCIIOIB30BAHHU.

Abstract

The article investigates the mechanical properties of solid materials and discusses the
possibilities of their application for practical purposes. The physical nature of such properties as
elasticity, plasticity, strength, brittleness, hardness, and plastic flow is elucidated. The
mechanisms of elastic and plastic deformation are explained within the frameworks of harmonic
(parabolic) and anharmonic approaches, and a stress—strain diagram is constructed. The
importance of the proper selection of mechanical properties of materials is emphasized from the
perspectives of safety, durability, comfort, and economic efficiency in practical applications.
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KOMITHIOTEPHOE MOJICTTMPOBAHNE, UIMUTAIIHS, YITPABICHHE Ka4YeCTBOM
Giris.

Cuqun postahlar istehsali texnoloji proseslorinin optimallagdirilmasi vo pastahlarin
keyfiyyat gostaricilorinin yiiksaldilmasi ticlin modellogdirma miithiim elmi metodlardan biri hesab
olunur. Cuqun postahlarin istehsali zamani bas veron fiziki vo kimyovi proseslor — istilik
otirtilmosi, diffuziya, faza cevrilmolori vo kristallagma — miirokkob vo coxfaktorlu xarakter
dasiyir [5, s. 210-225]. Bu proseslorin yalniz eksperimental Gsullarla todqiqi ¢ox vaxt ¢atin va
iqtisadi baximdan somorasiz olur. Buna goro do metallurji proseslorin modellarlo tasviri miiasir
metallurgiyanin asas istigamatlorindon birino ¢evrilmisdir.

Metallurji sistemlorin modellori asason asagidaki istiqgamatlordo qurulur [3, s. 150-163]:
istilik Oturllmasi modellari; kristallasma kinetikasi modellori; diffuziya vo kiitlo Otiirtilmasi
modellori; statistik vo empirik modellor. Bu modellorin kompleks totbiqi metallurji proseslorin
sistemli gokilds todqiqine imkan yaradir.

Cuqun postahlarin kristallasma prosesinin istilik modeli. Cuqunun soyuma prosesi
geyri-stasionar istilik kegiriciliyi tonliyi ilo tosvir olunur [5, s.181-189]:

oT <62T 0°T 62T>

FTR VT N P

Burada T - temperatur; t - zaman; a — istilik diffuziya omsalidir. Kristallasma zamani faza
kecidi bag verir vo gizli istilik ayrilir. Bu amili nazors almagq iiciin istilik balansi tonliyi asagidaki
sokildo yazilir [7, s. 47-59]:

aT 5 dafs
pcat = AV*T + pL Fr

Burada p - sixliq; ¢ - xdsusi istilik tutumu; A - istilik kegiriciliyi; L - kristallasmanin gizli
istiliyi; f; - bark fazanin payidir. Bu model tokmo prosesinds temperatur sahasinin doyismasini
Vo kristallagsma ardicilligin1 miioyyoan etmoys imkan verir.

Cuqunun Kkimyavi tarkibinin struktur vo mexaniki xassalora tasirinin modellosdiril-
masi. Mexaniki xassalorin kimyovi torkibdon asililig1 asagidaki imumi funksiya ils ifado olunur
[4, s. 310-317]:

o= f(C,Si,Mn,P,S).

Burada o — mexaniki xassa; C, Si, Mn, P, S — kimyavi torkibdoki elementlorin miqdaridir.
Praktiki hesablamalar ii¢lin bu asililiq ¢oxfaktorlu reqressiya modeli ilo ifado edilir [4, s. 320-
325]:

o =ag+a,C+a,Si+azMn+ a,P + asS.

Burada a; - reqressiya omsallaridir vo eksperimental malumatlarin statistik emali natico-
sindo miiayyan edilir; C - karbonun miqdart; Si - silisiumun miqdar;; Mn - manganin miqdari; P
- fosforun miqdari; S - kiikiirdiin miqdaridir. Bu model guqunun kimyavi torkibinin mexaniki
mohkamliya tasirini giymatlondirmays vo optimal torkibin segilmosina imkan verir.

Soyuma siiratinin mikrostrukturun formalasmasina tasir modeli. Soyuma siirati
temperaturun zamana gora doyismasi ilo miioyyan edilir [9, s. 200-205]:

dT
="

Burada V¢ - soyuma siirati; T - temperatur; t - vaxtdir. Soyuma siirati ilo qrafit
riiseymlarinin yaranma intensivliyi arasinda asagidaki empirik asililig mévcuddur [9, s, 210-215]:
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Burada N - grafit riiseymlorinin says; V, - soyuma slrati; k ven - empirik sabitlordir vo
eksperimental molumatlar osasinda miioyyon edilir. Bu model gostorir ki, soyuma stratinin
doyismasi grafit riiseymlorinin sayina tasir edir va noticads ¢uqunun mikrostrukturunun formalas-
masina shamiyyatli tasir gostorir.

Metallurji emalin texnoloji parametrlorinin ¢oxfaktorlu statistik modeli. Metallurji
proseslorin optimallagdirilmasi tigiin texnoloji parametrlorin ¢oxfaktorlu reqressiya analizi totbiq
olunur. Keyfiyyat gostoricisi asagidaki parametrlorin funksiyasi kimi qoabul edilir [3, s. 187-195]:
T - orimo temperaturu; t - saxlama miiddoati; M - modifikasiyaedici slavalorin miqdart; V - soyuma
stiratidir.

Statistik model asagidaki kimi yazilir [4, s. 330-339]:

Q = by + byT + byt + bsM + b,V + by, Tt + b3 MV.

Burada Q - cuqun pestahin keyfiyyet gostoricisi; by - sorbast hodd; by b, bs, by - osas
faktorlarin reqressiya omsallari; by,, b3, - faktorlararasi qarsiligli tosiri Xxarakterizo edon
omsallar; T,t,M,V - texnoloji prosesin parametrloridir. Bu model metallurji proses
parametrlorinin optimal qiymatlorinin miioyyon edilmosino imkan verir.

Temperatur sahasinin kompiiter modellosdirilmasi. Cuquntokmo prosesindo temperatur
paylanmasinin analizi ii¢lin roqgamsal modellogdirma metodlarindan istifads

olunur. Bu modellar sonlu farglar va ya sonlu elementlor metoduna asaslanir. Diskret istilik
kegiriciliyi tonliyi asagidaki kimi yazilir [9, s. 40-55]:

alt
T =T + @x)? (T{i1 — 2T + T ).

Burada T/ - i-ci ndqtodo n - ci zaman addiminda temperatur; T**' - névboti zaman
addiminda temperatur; « - istilik diffuziya omsali; At - zaman addim1; Ax - mokan addimidir. Bu
tonliyin iterativ holli naticesindo tokmo prosesindo temperatur sahosinin paylanmasi vo
kristallasma miiddati miioyyan edilir [6, 5.121-129].

MATLAB miihitindo metallurji proseslorin simulyasiyasi. Metallurji proseslorin
rogamsal modellagdirilmasi liciin MATLAB proqram miihiti genis istifado olunur. MATLAB
diferensial tonliklorin halli vo temperatur sahasinin hesablanmasi {igiin giiclii alqoritmlor toqdim
edir [8, s. 300-315].

Simulyasiya asagidaki morhoalslordon ibarat olur: ilkin temperatur sortlorinin verilmosi;
istilik kegiriciliyi parametrlorinin daxil edilmosi; diskret riyazi modelin qurulmasi; iterativ
hesablamalarin aparilmasi. Simulyasiya noticesindo temperatur sahosi vo kristallasma vaxti
mioyyan edilir [5, s. 65-71, 6, 5.150-157].

ANSYS programinda termiki analiz. ANSYS proqrami proseslorin ii¢olgilii
modellagdirilmasine imkan verir vo asagidaki morhalalori ohato edir [1, 5.400-417]: tokmo vo
golibin 3D modelinin yaradilmasi; material parametrlorinin daxil edilmasi; serhad sortlorinin
miioyyan edilmasi; sonlu element sabokasinin qurulmasi; istilik analizinin aparilmasi. Bu analiz
naticasinda temperatur sahasi, kristallagsma ardicillifi vo oturma qiisurlarinin yaranma ehtimali
mioyyan edils bilar [6, s. 203-215].

Cuqun postahlarin  keyfiyyat gostoricilorinin  prognozlasdirilmasi. Moahsulun
keyfiyystinin ovvalcadon prognozlagdirilmasi mogsadilo kompiiter modellari totbiq olunur.
Keyfiyyat gostoricilorinin texnoloji parametrlordon asililifinin prognoz modeli timumi sokildo
asagidaki funksiya ilo ifads edilir [2, s. 215-225]:

Q =F(X,X5, X3, ..., Xn).

192



Burada Q - mohsulun vo ya postahin keyfiyyot gostoricisi; X; - texnoloji prosesin
parametrloridir (i = 1,2,3, ..., n). Belo modellorin totbigi metallurji proseslorin idaro olunmasini
vo mohsul keyfiyyotinin stabil saxlanmasini tomin edir. Prognoz modelinin davami kimi
coxfaktorlu standart reqressiya tonliyi adoton asagidaki imumi formada yazilir [4, s. 335-347]:

Q=bo+XLib X; + X1y XTig by Xy Xj + Xy by X7

Burada Q - moahsulun va ya pastahin keyfiyyat gostaricisi; X; - texnoloji prosesin
parametrlari; b, - sarbast hadd; b; - faktorlarin xatti tasir omsallari; b;; - faktorlararasi qarsiliqli
tosiri gostoron omsallar; b;; - kvadratik tosiri xarakterizo edon omsallardir. Masslon, 4 parametr
liciin reqressiya tonliyi belo ifads oluna bilar [4, s.351-362]:

+ b3y X3Xy + by XE + byy X2 + by X2 + by XZ.

Bu tonlik texnoloji parametrlorin xatti, sinergetik, hom do geyri-xatti tosirlorini nozara
alaraq keyfiyyat gostoricisinin modellosdirilmasina imkan verir.

Belolikla, guqun pastahalarin keyfiyyotinin yiiksoldilmasi {igiin metallurji proseslarin
modellosdirilmasi bir sira miihiim tstiinliiklor vad edir.

Natica. Belalikla, cuqun pastahlarin keyfiyyatinin yiiksaldilmasi tiglin metallurji proseslorin
modellosdirilmosi imkanlar1 qiymoatlondirilmisdir. Tesdiq olunmusdur ki, miirokkab texniki
sistem olaraq metallurji proseslorin modellori osason istilik vo kiitlodtiirmo, kristallasma vo
diffuziya kinetikas1 proseslorini ehtiva edan statistik vo empirik modellor {izorinds qurulur.

Kristallasma prosesinin istilik modeli geyri-stasionar istilik kegiriciliyi tonliyi ilo tosvir
olunmusdur. Bu model tdkma prosesinds temperatur sahasinin doyismasini vo kristallasma
ardicilligini miioyyan etmays imkan verir. Cuqunun kimyavi torkibinin struktur vo mexaniki
xassolora tosiri ¢oxfaktorlu reqressiya modelilo ifado edilmisdir. Bu model ¢uqunun kimyovi
torkibinin mexaniki moéhkamliya tosirini giymotlondirmoys vo optimal torkibi se¢moays imkan
VErir.

Cuqunun soyuma siiratinin mikrostrukturun formalagsmasina tasir modeli tdkma prosesinin
optimallagdirilmasi vo talob olunan mexaniki xassolorin alds edilmosine imkan yaradir. Metallurji
emalin texnoloji parametrlorinin ¢oxfaktorlu statistik modeli miixtalif metallurji proseslorin
texnoloji parametrlorinin optimal qiymatlorini toyin etmays imkan verir.

Kompiiter modellosdirilmosi naticosindo ¢uquntokmo prosesindo temperatur cobhasini
paylanmasi vo kristallasmanin optimal miiddetinin roqomsal idars edilmosine nail olunur.
MATLAB miihitindo simulyasiya vo ANSYS proqraminda termiki analiz vasitosilo temperatur
sahosi, kristallasma ardicillig1 vo qlisurlarin yaranma ehtimali miioyyan edilir. Cuqun postahlarin
keyfiyyot gostoricilorinin prognozlasdirilmasina imkan veron reqressiya modellori metallurji
proseslorin sistemli idara olunmasi vo mahsulun keyfiyyatinin ytliksaldilmasina gorait yaradir.
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Abstract

The possibilities of modeling metallurgical processes for improving the quality of cast iron
castings were assessed. It was confirmed that models of metallurgical processes as a complex
technical system can be built on statistical and empirical mathematical models. The thermal
model of the crystallization process was described by the non-stationary thermal conductivity
equation. The effect of the chemical composition of cast iron on the structural and mechanical
properties was expressed by a multifactor regression model.

The temperature field, crystallization sequence and the probability of defects are
determined by simulation in the MATLAB environment and thermal analysis in the ANSYS
program. Regression models that allow predicting the quality indicators of cast iron castings
create conditions for systematic control of metallurgical processes.

Annomauus

OIIeHeHI)I BO3MOXHOCTH MOACTUPOBAHUA METAJTYPIrU4CCKUX MPOUECCOB AJIs MOBBIIICHUA
KAaueCcTBa YYT'YHHbIX OTJIMBOK. [loATBEpK/I€HO, YTO MOJEIN METAUIyprUUeCKHX MpPOLECcCOB Kak
CJIOKHBIX TCEXHHUYCCKUX CHUCTEM OCHOBAHbBI HAa CTATUCTUYCCKUX W OMIIMPUUYCCKHUX MOJCIIAX.
TennoBast Mozenb Mpoliecca KPUCTAIUIM3ALUU ONUCHIBAETCS HECTALIMOHAPHBIM YPAaBHEHUEM
TEIJIONPOBOJHOCTH. BiMsHNE XMMHUYECKOTO COCTaBa YyryHa Ha CTPYKTYpHBIE U MEXaHUYECKHE
CBOICTBa BBIpaKaeTCsi MHOTO(AKTOPHOU PErPECCHOHHON MOAEIBIO.

TemnepaTypHoe moJie, MOCIEI0BATEIbHOCTh KPUCTAIIM3AUU U BEPOATHOCTHb JIE(PEKTOB
ONpeNEeNsTCs MOoCpeACTBOM MojenupoBaHus B cpene MATLAB u TemsoBoro anaiusza B
nporpamme ANSYS. PerpeccuonHHble MOJEIH CO3JAIOT YCIOBUS [UJII CHCTEMAaTUYECKOTO
KOHTPOJI METAJUTYPTHUECKUX MPOLECCOB U MOBBIIEHUS KaueCTBa MPOAYKIUU

SUYUN PARCALANMASI ZAMANI HIDROGEN ALINMASI UCUN
FOTOKATALIZIN TERMODINAMIKASI VO KINETIiKASI
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Qabagcil texnologiyalarin meydana ¢ixmasi vo inkisafi, iqtisadiyyatin siirotli inkisafi ilo
yanasi enerjiya tolobatin koskin artmasina gatirib ¢ixarir. Bu isa 6z ndvbasinds texnologiyalarin
inkisafina, hayat soviyyasininylksalmasins tokan verir.

Bu gin istifado olunan enerjinin ¢ox hissasi yeralt1 yanacaq ndvlorinin payma disiir. Belo
yanacaq novlorindon istifada bir nego sababdon olverisli deyildir. Birincisi, dag kdmiir vo neft
kimi yanacaq novlarinin yandirilmasi, iqlim doyisikliyino sabab olan parnik qazlarindan biri olan
karbon iki oksidin (CO) yaranmasina gatirib ¢ixarir [1]; ikincisi,Yer kiirasinds yeralti yanacaq
névlorinin miqdar1 mahduddur, {igiinciisii yeralti yanacaq novlarinin ¢ixarilmasina bazi 6lkalor
nozarat edir.

Noticoado bu yanacaq névlorinin paylanmasina xeyli vosait vo zaman sarf olunur. Ona gora
do dayanigli, ekoloji cohatdon tomiz, asagr qiymatlo istehsal oluna bilan enerji manbayi tapmaq
lazimdir [2]. Yeralt1 yanacaq novlorini avoz etmok vo ya azaltmaq Ugln bir negs alternativ enerji
monbalari islonmisdir, miiqayisada atraf muihite az karbon buraxir [3]. Bu enerji moanbalarina
ktlok, hidroenegetik, glinas, geotermal enerjilor va s. daxildir.

Alternativ enerji monbalarinin miasir enerji monbolari ilo migayisads rogabst gabiliyyatli
olmasi iigiin, onlar effektiv, ucuz, ekoloji tomiz va dayaniqli olmalidirlar. Barpa olunan enerji
monbalari yaratmagq ¢ln tatbiq olunan texnologiyalar arasinda, galocokds enerjiys olan talabatin
Odonilmasi tgun fotogalvanik enerji on perspektivlisi hesab olunur. Enerjiya olan tolobatin
slratlo artmasi sayosinda gunas enerjisi perspektivli enerji monbayina ¢evrilmisdir. Hazirda
glinos enerjisi bir ¢ox hallarda , giinas elementlorinin kdmayi ilo isigin  birbasa elektrik
enerjisino cevrilmasi Ggiin istifado edilir. Bu halda, gunoss elementlorindon istifads, giinos
isigindan elektrik enerjisi istehsalinin ¢ox vad veran metodu olur.

Hidrogen alinmasimin on perspektivli vo ekoloji tomiz metodlarindan biri yarimkegirici
materiallarin kdmayi ilo glines isiginin tosiri altinda suyun fotokatalitik par¢alanmasidir. Bir sira
mutoxassislorin fikrinco XXI asrin energetikasinin on perspektivli sintetik yanacaq novlarindan
birinin molekulyar hidrogen olmasinin bir ne¢o Sobobi vardir: birincisi, bu element tobiotdo on
¢ox yayilmis elementdir vo 0 hom suda, hom do biokitlods vardir; ikincisi o, benzin kimi (40
kC/q) diger yanacaq novlari ilo mugayisado ylksok enerji ¢ixisina (122 kC/q) malikdir;
Ucunclsu  hidrogendon yanacaq kimi istifado olunmasi otraf mihitin ekoloji girklonmasina
getirib ¢ixarmir. Nohayat, az shamiyyatli olmayan sonuncu: hidrogen gaz, maye vo ya metal
formada saxlanila vo uzaq masafalors dasina bilor.

Hidrogenin dayaniqli, istehsali tomiz vo olgatan enerji tochizatin1 tomin edon golocok
alternativ enerji sistemlorinin islonmasi U¢ln osas mosalo hesab edilir. Hazirda kommersiya
hidrogeninin 95%-ni barpa olunmayan monbalordon alirlar. Hidrogenin barpaolunan istehsali
baha basa goldiyindon holalik mashurlasmamisdir [4].

Fotokataliz_prosesinda suyun parcalanmast
Suyun fotokatalitik parcalanmasina siini fotosintez kimi baxilir. Belo Ki, 0 guines isiginin tosiri
altinda yasil bitkilorin fotosintez prosesino oxsardir. Axar sulardaki tizvi maddolordon vo ya
sudan hidrogen istehsalina gilinos slialanmasindan istifado edorok fotokatalitik proseslorin
prinsipi asasinda nail olmaq olar. Bu proses zamani isiq enerjisi kimyavi enerjiys cevrilir, suyun
parcalanmasi reaksiyasi iso AG sarbast Gibb enerjisinin toplanmasina komok edir.

Hidrogeni iki tsulla almaq olar:suyun fotokatalitik par¢alanmasi vo Uzvi maddolarin
(masalon, metan, metanol, biokitlo vo s.) fotokatalitik riformingi (kagbohidrogenlorin
qurulusunun doyisdirilmasi proses). Birinci metodda su, elektronlarla/desiklorlo oksidlasma -
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barpa reaksiyasina moaruz qalir. Lakin, ikinci marhalads Uzvi maddalor elektronu verir vo proton
ionlarinin yaranmasi ilo oksidlogirlor. Yekun noaticodo protonlarin ionlari, elektronlarin
fotokatalizatorla qarsiliqli tasiri yolu ilo Hz-yoa gevrilirlar.

Butovlikds, hidrogen almaq Ucun fotokatalitik sistem reagent, fotokatalizator vo isiq
monbayi talob edir. Hidrogenin effektiv istehsali {igiin reagent, katalizator vo isiq effektiv
qarsiligh tasirds olmalidirlar.

Suyun parcalanmasinin fotokatalizinin termodinamikasi

Suyun  pargalanmasi reaksiyasi endotermik reaksiyadir [4]. Suyun Oz Vo Ha-yo
pargalanmasi li¢iin, Ho-nin yaranmasi zamani valent elektronlarinin daginmasi iigiin lazim olan
sarbast Gibbs enerjisinin doyismasi (AH, =238kC/mol) tolob olunur. Asagidaki (1) vo (2)

tonliklorinds suyun dissosiasiyasinin vo pargalanmasinin imumi mexanizmi gostorilmisdir. Bir
H> molekulunun yaranmasi ii¢lin adi sudan istifado zamani 2,45¢V enerji talob olunur. Bu iso,
1,229V potensiallar forqinds iki elektronun yerdoyismasi Ggln gorilon isi gostarir [5].

Suyun dissosiasiyasinin timumi tonliyi:

Ho—Ten 1o (o 2H 126 S H, 410 1)
2 2 2 2 2 2

Suyun pargalanmasinin tam tanliyi:
Hzo%%ozww; 4H" +4e” —2H, +0, )

Bir su molekulunun pargalanmasi zamani 2 Hz molekulunun yaranmasi ii¢lin 4,915 eV
enerjili 4 elektron talob olunur (2 tanliyi). Bu magsad ti¢iin dalga uzunlugu 252,3 nm-don az olan
ulrtabondvsoyi stialanmadan vo ya dalga uzunlugu 504,5 nm-don qisa olan goriinon isigin iki
fotonu istifads oluna bilor.

Yarimkegirici enerjisi enerji boslugundan (Eq) ¢ox olan isigin tasirine moaruz qaldiqda, o
kecirici zonada (Z) elektronlara tokan verir vo valent zonada (VZ) desiklar gqoyur. Fotoinduksiya
olunmus elektronlar va desiklor yarimkegiricido sarbast harokat eds vo mohdudlasa bilarlor.

e vo h sistemlorinin  kimyavi potensiallar1 elektron  vo desiklorin kvazifermi
soviyyalarindan ibaratdir (3 vo 4 tonliklori)

F =E +K,Th Ni 3)

\Y

F,=E, +KgTh Nl (4)
burada Ex vo Ev — KZ —nin minimal giymati vo VZ —nin maksimum enerji saviyyalori, Kg —
Bolsman sabiti, T — mitlog temperaturu, Nk, Nv- KZ vo VZ-da hallarin effektiv sixliglari, n
vo p —mivafiq olaraq elektron va desiklorin dasiyicilarin konsentrasiyalaridir.

Enerjisi, Eg enerjisindon ¢ox olan isiqla siialanma zamani, fotokatalotik reaksiya yaradan
elektron vo desiklorin maksimum termodinamik horokatverici quvvasi (5) tonliyi ilo izah olunur.
Lakin, yarimkegcirici istilik tarazliginda olduqda (AH =0), AG sifra barabar olur ki, bu da
fotokatalitik reaksiya yaradan sifir yekun qiivvaya gotirib ¢ixarir. Bu onu gostorir ki, istilik
elektron — desik ciitliiyiiniin yaranmasi {igiin harokotverici quvvo deyildir. Beloliklo, fotokataliz
Uclin reaksiya enerjisi sarbast Gibbs enerjisidir (AG) .

AG =-|F, -F,|=—E,K,Tn . pN )

KTV

burada Eg enerji boslugu
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Fotokatalizin  g0storilon termodinamik tosviri dizgundir. Belo ki, bitin dinyada
todqgiqatgilar torafindon genis gobul olunur. Lakin, o fotokatalizin termodinamik harakotverici
quvvasini tayin etmir va isiqla istiliyi farglondirs bilmir

Belalikls, biz magalods qisa olaraq fotokatalizin osaslarina, onun termodinamikasina vo
kinetikasina baxdiq. Fotokataliz prosesi, isigin enerjisi qadagan zonasiin enina barabar va
ondan c¢ox olan  yarimkecirici osasinda  fotokatalizatora tosiri ilo olagoedardir. Isigla
hoyacanlasdirildigdan sonra yarimkegiricilordo elektron — desik sisteminin Gibbs enerjisinin
doyismoasi fotokatalizin termodinamik harokoatverici quvvesini formalasdirir. Bunun da
naticasindo fotohasil olunan elektronlar barpa prosesinds, desiklor iso oksidlosma prosesinda
istirak edirlor. Istiliyin tosiri altinda yarimkegiricilorde Gibbs enerjisi dayismir (AG) ona gors
ds o, fotokatalitik effekto gotirib ¢ixara bilmaz.
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Xiilasa
Hazirki mogalodos fotokataliz zamani suyun pargalanmasi prosesinin mexanizmi tosvir
edilir. Hidrogen istehsali ligiin yiiksok effektiv katalizatorlarin alinmasinin iglonmasi yasil
energetika sahosindo mihum istigamotlordon biridir. Togdim olunan icmal mogalods hidrogen
alinmasi ti¢lin suyun par¢alanmasinin fotokatalizinin mexanizm vo asas qanunauygunluqglarina
baxilir. Yarimkegiricilorin qadagan zonasmin eninin, onun fotokatalitik xassolorino tasiri
miizakirs olunur.

Pezrome
B nactosmield cratbe OMUCHIBAETCS MEXAHU3M IPOIECCa PACIICTICHUS BOJBI BO BpPEMsI
dorokaranuza. [lokazaHo, 4yTO TONy4YeHUS BBICOKO I(P(PEKTUBHBIX (POTOKATAIU3ATOPOB TS
MPOU3BOJICTBA BOJOPOJA SIBJISIETCS OYEHb  BAXKHBIM HAMpaBJIICHHMEM B OOJACTH 3e€JICHOU
sHepreTHku. PaccmartpuBaeTcss B 0030pHON BHIE MEXaHHW3M M OCHOBHBIE 3aKOHOMEPHOCTHU
dboToKaTanm3a pacHieUIeHus] BOABI NJisi  ToJydeHus Bojopoaa. OOCyxmaeTcss — BIMSHUS
[IMPUHBI 3aIPEIICHHON 30HBI MOJTYIMPOBOAHUKOB HA UX (POTOKATATUTUYECKHUE CBOWCTBA.

Summary

This article describes the mechanism of water splitting during photocatalysis. It is shown
that the development of highly efficient photocatalysts for hydrogen production is a very
important area in the field of green energy. The mechanism and fundamental principles of
photocatalysis for splitting water to produce hydrogen are reviewed. The influence of the band
gap of semiconductors on their photocatalytic properties is discussed.
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GUNOS ENERJISINI YANACAGA CEVIRMOYIN YENi USULU
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Acar sozlar: suni fotosintez, yeni molekul, ekoloji — tomiz yanacaq, hidrogen, elektron
naqli
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Stini  fotosintezin inkisafi zoncirinds mihim halgs ola bilocok yeni molekul islonib
hazirlanmigdir. Oziiniin nadir xasselori sayesinda bu molekul, giinos enerjisinin ekoloji tomiz,
neytral — karbon yanacagina ¢evrilmoasini  tomin edoacokdir. Tobii fotosintezds oldugu kimi,
yeni molekul mivaqgqati olaraq iki misbat, iki monfi yiik saxlayir [1]

Bazel Universitetinin alimlori bitkilorin fotosintezini toglid edon nadir molekul hazirlamis
lar. Isigin tosiri altinda bu molekul iki miisbat vo iki monfi elektrik yiiklorini toplama
gabiliyystino malikdir. Bu molekulun hazirlanmasinin asas magsadi giinos enerjisini ekoloji
tomiz neytral - karbon yanacagina ¢evirmokdir[2].

Funksional baximdan bu xlorofill olmasa da hor halda giinas enerjisinin karbon — neytral
yanacaga ¢evrilmasi texnologiyasinin islonmasinds miithiim addim atmisdr.

Bitkilordo bas veron fotosintez prosesi Yer planetindo oksoriyyst canli orqanizmlarin
movcudlugunun osasini togkil edir. Fotosintez prosesinin mithiim sorti — ¢oxsayl yiiklorin
dagmmmasidir ki, bu da giinos enerjisinin kimyavi enerjiya cevrilmasino xidmat edir. Bitkilor
glinos stialarint udur vo karbon qazini yiiksok enerjili glikozaya emal edir, yekunda iso canlilar
Vo insanlar bu gliikozani istifads edirlor. Karbohidratlarin  yanmasimin mohsulu yens ds karbon
qaz1 olur — 0 yenidon atmosfers qayidir vo maddalorin tobii dovriyyasini qapayir[3].

Tobii prosesin siini oxsar1 borpa olunan yanacagq istehsalina yol agir. Alimlar, hazirda giinos
enerjisindon hidrogen, metanol vo hotta sintetik benzin sintez etmok Ugln istifado edorok
effektiv sokilds fotosintezi tokrar edon madds yaratmaga cohd edirlor. Belo yanacaq novi, neytral
enerji moanbayi olacaqdir. Bels ki, yanma zamani bu yanacaq novii, onun hazirlanmasi zamani
istifado olunan godor karbon qazi ayirir[4].

Yeni qurulusun xiisusi torzi (goribsliyi) ondan ibarotdir ki, iki ardicil isiq impulsunun
tosiri sayasinds 0 eyni zamanda dord yik saxlaya bilir. Molekul ardicil birlosmis bes funksional
hissadon ibarotdir: molekulun bir torofinds iki clt hissadon hor biri elekronu itirir vo musbat
yuklonir, digar torofindoki iki hissa elektronu gobul edir vo manfi yiklonir. Morkazi hissa
elektronlarin dasinmasini toglid edon fotokatalizator rolunu oynayir.

Iki pillali yanasmadan istifado, mitoxassislora hatta glines siialanmasinin tabii soraitine
yaxin asagl siialanma zamani effektiv reaksiyaya nail olmaga imkan verdi. Bu, avvallar intensiv
lazer slialanmasini tolob edon texnologiyanin praktiki totbigini xeyli sadslogdirir. Birinci isiq
partlayist molekulun tizarine diigiir vo misbat vo monfi yiklorin yaranmasi reaksiyasini igo salir.
Bu ylklor molekulun oks toroflorina dogru yerlorini doyisirlor. Ikinci isiq partlayist zamani eyni
reaksiya bas verir vo naticodo molekul iki misbat vo iki monfi yiike malik olur. Belo pillali
hoyacanlagsma daha zoif, tutqun isiqdan istifado etmoys imkan verir. Noticodo glinos isigmin
intensivliyino yaxinlasmaq olur. Bundan ovvalki tocribslords istifado olunan giiclii lazer isig1
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stini fotosintezi demok olar ki, geyri — praktik etmisdir. Bundan basqa, molekuldak: yiiklor
kifayat godor uzun middats sabit qalirlar vo sonraki kimyavi reaksiyalarda istifads edilirlor.

Mivoffoqiyyato baxmayaraq yaradilmis ilk niimuns siini fotosintezin tam is¢i sistemini
tasvir etmir. Lakin, buna baxmayaraq slds edilon iraliloyis, golocok dayanigli enerji moanbalarinin
yaradilmasinda hoalledici rol oynayan elektron noglinin mexanizmini daha dorindon basa
diismaya kdmok edacokdir.
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Xiilasa
Stni fotosintez sahasinds yeni molekul islonib hazirlanmisdir. Isigm tosiri altinda bu
molekul iki musbat va iki monfi elektrik ytklorini toplama gabiliyystino malikdir. Bu molekulun
hazirlanmasinin asas moqsadi giinos enerjisini ekoloji tomiz neytral — karbon yanacagina
cevirmakdir. Bu molekul siini fotosintezin is¢i sistemini tam tosvir etmass do, olda edilon
iraliloyis golocok dayanigli enerji monbalarinin yaradilmasinda holledici rol oynayan elektron
naglinin mexanizmini daha dorindan basa diismaya kdmak edacakdir.

Pe3rome

B obOnactu wuckyccTBeHHOro QorocuHTe3a paspaboraHa HoBas Mosekyna. Ilox
BOS)IGfICTBHCM CBC€Ta J9Ta MOJICKYJia CIIocoOHa HAaKaIUIMBATh IBa IIOJOXHUTCIBHBIX HW JIBa
OTpULATCIIBHBIX  JJICKTPUYCCKUX  3apsAaaa. I'maBHas Oejib  MMOJY4YCHUA 3TOU MOJICKYJIbI—
npeoOpa3oBaHUE COJHEYHOW HSHEPTHMH B OKOJOTUYECKH YHCTOE, HEUTpabHOE MO YIJIEPOAY
TOILIMBO. XOTS 3Ta MOJICKYJIa HC IOJHOCTBIO OIHNCBIBACT CHUCTEMY pa6OTLI HCKYCCTBECHHOI'O
¢doTtocuHTE3a, JAOCTUTHYTBIM MPOrpecc MOMOXET JIydlle IOHSTh MEXaHU3M IepeHoca
3JICKTPOHOB, KOTOpLIﬁ HUrpacT peiaroiyro pojib B CO3AaHUN 6yI[yI_I_II/IX YCTOP'I‘{HBBIX HNCTOYHHUKOB
OHEPIUH.

Summary

A new molecule has been developed in the field of artificial photosynthesis. When exposed
to light, this molecule can accumulate two positive and two negative electrical charges. The
primary goal of this molecule is to convert solar energy into clean, carbon-neutral fuel. Although
this molecule does not fully describe the workings of artificial photosynthesis, the progress
achieved will help better understand the electron transfer mechanism, which plays a crucial role
in the development of future sustainable energy sources.
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ELEKTRIK VO IMPULS SIQNALLARIN VERILMOSINDO TEZLiYIN CEVRILMOSI
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Acar sozlar:  Elektron qurgulary,  elektrik  signallaritezlik  oblasti,  kvars
generatorlary,impuls signallari, modullasmis signal
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Elektron qurgularinda impuls, elektrik signallarinin tezliyinin gevrilmasinin ¢ox boyik
ohomiyyati vardir. Bu baximdan har iki signalin spektrinin algaq tezlik oblastindan yiiksok
tezlik oblastina, yaxud oksins yiksok tezlik oblastindan algaq tezlik oblastina kegirmok lazim
galir. Bu zaman bunu yerins yetiron va signallarin tezliyinin doyismasinda xususi sistemli tezlik
ceviricilori totbig olunurlar. Aydindir ki, tezliyin ¢evrilmasi geyri — Xotti prosesdir. Hor iki signal
hasil edilon zaman qeyri - Xotti—elementdo kdmokgi generatordan istifado edilmalidir. Bu
generator elementlari hal — hazirda iki ciir olurlar. Aktiv element sistemli generatorlar vo stabil
ZQ kvars generatorlari. Elektrik vo impuls signalinin verilmasindos tezliyin doyisdirilmosi
zamani bu on osasli fiziki masalalordon biridir. Buna gors do belo funksiyani hayata kegiran
elementlor kdmokci generatordan goétirilon @ tezkikli ragslorlo qarisdirilir. Bu proses yerina
yetirilon zaman signalin torkibindoki komponentlor onlarin bir — birino nozeron qarsiliqh
yerlosmasi vo amplitudlar1 arasindaki fiziki slagslor pozulmadan tezliyin giymatindon asili olaraq
bu vo ya digor torofo slrlsiir. [1] Tezlik geviricisinin ¢ixigindaki signali S @ olarsa onda

onun six tezlik qiymotini asagidaki kimi oalagolondirmak olar.
Sc” (6!)) = ngir(a)s T a)g) (1)

Elektrik vo impuls signallarinin gevrilmasinds tezliyin gevirilmasi bir pillali, ki pillali,
cox pillali ola bilor. Bu elektron qurgusunun hasil etdiyi vo istifads olundugu sistemdon asilidur.

G

L,

Sakil 1. Tezliyin cevirilmasi sxemi.
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Tortib olunmus sxemds tezliyin doyisdirilmoesi zamani girisino u,(t) signali verilirsa bu
signalin U, (t) = u,y, cos(a, ++,) 2

amplituda goro modullasmis signal adlanir. Lz induktivliyindan ugir getoroidin paylanmasina gora
iSo
ug (t) = ugm COS(a)g (+) - gog) (3)
harmonik rogs verilorso onda geviricinin imumi ¢ixiginda aliman elektrik vo yaxud impuls
signalinin spektrinds carayanin qiymati asagidaki kimi olur:
I=Jdo+1, +l, +h, Tho, +iog+1, ., 4)

Tranzistorun tezliyi eyni sistemdo vermasi L4 Vo Ls torafindon ¢ixisa otiiriiliir. Bu zaman
an asasi1 odur ki, ¢3 Va Cs kondensatorlart ardicil olaraq ¢ixisin tezliyini inzamlaya bilirlar. Ry va
R2 migavimatlori elektrik vo impuls signallarinda tezliyin ¢evrilmasinds siiriisma rolunu yerina
yetirirlor. Ceviricinin signal filtirini o, + @, vo ya @, —w, itonilon tezliklors kokloyarak araliq

tezliklori @, + o, comini elocs do @, — o, tezliklor forgine ayirmaq olar. [2]

Miiasir elektron qurgularinda tezliyin ¢evirilmasi onun asas bazasini togkil edir. Bildiyimiz
kimi har iki signal tohrif olunmadan verilmalidir. Bu giin praktikada faza tezlik ceviricilori
xtisusi is funksiyalarini yerino yetirorok kHs tezlikdon tutulmus gox yiiksok meqahrs tezliklara
kimi hazirlamirlar. Getorodin va signal monbalarindon verilon gorginliklor giris konturtlari
vasitosilo nizamlana bilirlor. Bu clr tezlik geviricilori elektrik vo impuls signallarinin hasil
olunmasinda yiiksak stabilliklora isloma gabiliyyatino malikdirlor. [3]
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Xiilasa

Bu moqalodo elektron qurgularinda elektrik vo impuls signallarinin tezlik ¢evrilmasi
prosesinin nozori vo praktik osaslart aragdirilir. Gostorilir ki, signallarin algaq tezlik oblastindan
yiiksok tezlik oblastina vo ya oks istiqgamotdo cevrilmosi miiasir radioelektron sistemlorin
funksionallig: ti¢iin mithiim shamiyyat kasb edir.

Magqalads tezlik ceviricilorinin birpillali, ikipillali va ¢oxpillali strukturlart tohlil edilir vo
onlarin totbiq saholorinin istifade olunan sistemdon asili oldugu vurgulanir. Signalin amplituda
tizro modullagsmasi, spektr komponentlorinin qarsiligli yerlosmasinin qorunmasi va tezlik
siirlismosi hadisoalari fiziki baximdan izah olunur.

Pezrome
B nmaHHOUW cTaThe paccMaTpUBAIOTCS TEOPETHUECKHE W TMPAKTUUECKHE OCHOBBI IpoIiecca
npeoOpa3oBaHus YACTOThl JIEKTPUYECKHMX W HMITYJIbCHBIX CHTHAJIOB B  DJIEKTPOHHBIX
ycTpoiicTBax. [lokazaHo, 4To mepeHOC CIEeKTpa CUTHAJIOB M3 00JACTH HU3KHX YacTOT B 00JIaCTh
BBICOKHMX YacTOT M HAa00OpOT MMeEeT BaXKHOE 3HaueHue Uil (QYHKIMOHHPOBAHHS COBPEMEHHBIX
PaINOATIEKTPOHHBIX CHCTEM.
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B pabote anHanm3upyroTCs OJHOCTYNEHUYATHIE, BYXCTYNEHUYAThle M MHOTOCTYICHYATHIE
CTPYKTYphI IpeoOpa3zoBaTesiell YacTOThI, a TAK)KE€ OTMEUYaeTCs] 3aBUCUMOCTbh MX NMPUMEHEHHS OT
THUIIA UCIIOJIb3yEMOH CUCTEMBI. PaccMaTpuBarOTCs MPOLECCHl AMIUIMTYAHOM MOMYJISIIUU CUTHAJIA,
COXpPAHEHHUsI B3aMMHOI'O PACIOJIOKEHHUS! CHEKTPAJIbHBIX KOMIIOHEHTOB M SIBJEHHUS YaCTOTHOI'O
cBUra ¢ GU3NIECKON TOUKU 3PCHHUS.

Summary

This article examines the theoretical and practical foundations of frequency conversion of
electrical and pulse signals in electronic devices. It is shown that shifting the signal spectrum
from the low-frequency domain to the high-frequency domain and vice versa is of great
importance for the operation of modern radio-electronic systems

The study analyzes single-stage, two-stage, and multi-stage frequency converter structures
and emphasizes that their application depends on the specific system in which they are employed.
The processes of amplitude modulation, preservation of the relative arrangement of spectral
components, and frequency shifting are explained from a physical perspective.

GOLOCOYIN HIDROGEN ENERGETIKASININ iNKiSAF PERSPEKTIVLORI

Quliyev M.S., Quliyev N.I., Cavadov E.M.
Ganca Dovlat Universiteti, Ganca sahari
quliyevniyazi524@gmail.com

Acar sozlar: fotokataliz, hidrogen, giinas siialanmasi, fotokatalizator, katalitik material

KiarodeBble cioBa: (I)OTOKaTaJ'II/B, BOAOBOJ, COJIHCUHAs WU3JIYUYCHUS, @OTOK&T&J’H/I?»B.TO}’),
KaTaJIUTUYECKUN MaTrepual

Key words: photocatalysis, hydroelectric power, solar radiation, photocatalyst, catalytic
material

Azorbaycan Respublikasi hazirda diinyada kifayat godor neft vo tobii qaz ehtuyatlarina
malikolkalordon biridir va bu isa uzunmuddatli perspektivda enerji tohlikasizliyi tomin edir.
Lakin, dftgds bir nega  nasil iraliya baxmaq zoruroti moévcuddur ki, bu da gsalacayin
energetikasinin biindvrasini artiq indidon qoymagi nozards tutur.

Hidrogen alinmasinda fotokataliz_hadisasi

Suyun fotokatalitik parcalanmasi ekoloji tomiz hidrogen alinmasi {i¢lin, an ¢ox Umidverici
texnologiyadir. Belo ki, ham giinas isig1 vo ham doa su bizim planetds an genis yayilmis tabii
ehtiyatlarindandir. Bundan basqa, toplanan enerjinin yliksok sixlifit vo yanma zamani
cirklondirici maddslorin olmamasi sayasinds hidrogen yanacagina kegid boyiik moagsads -
karbon tullantilarin sifir balansina ¢atmaga tokan verir. Suyun fotokatalitik parcalanmasinin
ustlinliiyt ondan ibaratdir ki, o, hom sirin sudan, hom do doniz suyundan istifado etmays imkan
verir vo bu yanagsmanin totbiqi elektrokimyoavi Gsuldan forgli olaraq xisusi elektrolitlordon
istifado olunmasini talob etmir. Bu iss, prosesin 0ziinlin hayata kegirilmasina sorf olunan maya
dayarini vo zamani xeyli azaldir [1].

Gunas bizim planeto daxil olan sabit enerji monbayidir. Yer sathino diison gunss
stialanmasmin giicii bir ildo 12000 TVt (teravatt) toskil edir. Bununla eyni zamanda bir sira
hesablamalara goro insanlarin 2050-ci ilo enerji talobati ildo 30 TVt-dan ¢ox olmayacaqdir. Ona
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goOra do “giinas” hidrogen yanacaginin sintezi boyiik maraq kosb edir. Belo ki, bu yanacaq névi
enerjiyo artan tolobati 6domok, istixana qazlarinin boyiik miqyasda tullantisini azaltmaq vo
dayaniqli enerji tochizati ilo bagli problemlarin halli iigiin potensiala malikdir. Bundan bagqa
hom glinos is181, hom do su haddon artiq boldur vo praktiki olaraq tikenmazdir. Demali,
gunas stialanmasimin tosiri altinda suyun fotokatalitik pargalanmasinin komoayi ilo gunas
batareyalarinda boyiik miqyasda hidrogen sintezino nail olmaq imkanlart mévcuddur. Bununla
olagodar olaraq, suyun pargalanmasi tiglin sintetik materiallarin axtarigi aktual problemlardan
hesab olunur. Bunun cin, perspektivli todgigat metodu kompyuter modellosdirmasi hesab
edilir. Bu metod artiq, yeni materiallarin qurulusu vo goalocok effektivliyi barodo molumat almaga
imkan verir.

1972 — ci ildo suyun fotokatalitik pargalanmasi hadisasinin kosf olunmasindan sonra,
aparilan aktiv todgigatlara baxmayaraq, titan, sink vo volfram oksidlori kimi genis dyronilmis
fotokatalizatorlardan istifado etmoklo hidrogen alinmasi prosesinin siirati vo effektivliyi ¢ox
asagidir. Belo ki, bu materiallar yalniz ultrabondvsoyi siialanmada effektiv igloya bilarlar.
Ultrabondvsoyi stialarin payina isa bUtin gunas enerjisinin 5%-don az hissasi diisiir ki, bu da
glinos enerjisinin hidrogen  enerjisino gevrilmasinin effektivlik parametrinin ifrat  asagi
giymatino gotirib ¢ixarir [2].

Aparilmis todqiqatlarin, ZninoSs g-CsN4, gara fosfor vo molibden disulfid kimi yeni
nanomateriallarin goriinon is1q diapazonunda stialanma zamani fotokatalizator kimi istifado
oluna bilmalarini géstormasine baxmayaraq, onlarin effektivliyi halo do yuksak deyildir. Aktual
tadqgiqat islarinin birinda Xabar verilmisdir ki, nitrid indium — galium osasinda fotokataliza-
torlardan istifado zamani, giinas enerjisinin hidrogena ¢evrilmasinin 9,2 % gostaricisina nail
olunmusdur. Lakin, bu gostorici ondan istifado texnologiyasinin har yerds totbigi vo sonaye
miqyasinda istehsal {igiin kifayat deyildir. Bundan basqa, avvallor toklif olunan nazari ekzotik
nanomateriallarin tocribi todqiqi bir godor ¢otinlosmisdir. Bu lazim olan sintez  saraitinin
prognozlasdirilmasindaki ¢atinliklo alagoli olmusdur [3].

Perspektivli yanagsma kompozit  materiallardan istifadodon ibarotdir. Ayrt — ayri
nanomateriallarin  totbigi ovozino onlarin kombinasiyasindan iki yarimkegiricidon ibarat
heterokegidlordon istifado etmok olar. Bu iso Z vo ya S- sxemlor adlanan goriinon vo yaxin
infraqirmiz1 diapazonlardaki fotonlardan daha effektiv istifadoys gotirib ¢ixarir. Bu sxemlar,
yuklorin fotoinduksiya olunmus dasiyicilarinin kogtirtilmasindoki Ustlinllylns vo onlarin ham
Kinetik, hom do termodinamik ndqteyi — nozarindon daha effektiv bolinmasina goro aktiv
inkisaf etmiglor.

Fotokatalizdo Z vo S sxemlori elektronlarin horokatini vo enerjini idaro etmoak (gln
istifado  olunan on vacib mexanizmlordir. Hor ikisinin mogsadi elektron — desik ciitlorinin
birlosmasinin (rekombinasiyasinin) qarsisini almaq vo katalizatorun samoaraliliyini artirmaqdir.
Hor iki sxem “zaif” yiiklori bir — birina qurban verib, isi gormak {igiin “on giiclii” elektron vo
desiklari goruyub saxlamaq t¢unddir.

Fotokatalitik sistemlorin iglonmasindaki boyuk iraliloyislora baxmayarag, bu gin halo do
yuksok hidrogen yanacagi ¢ixisini tomin edoarak, glinos stialanmasinin tasiri altinda suyun tam
parcalanmasini hoyata kegiro bilocok universal katalitik material mOvcud deyildir. Bu,
fotokatalizin Z vo S — sxemlorinin reallagdirilmasi ii¢iin  yeni effektiv hibrid materiallarin
islonmasi sahosinds materialsiinasliq movzularinin inkisafinin aktualligint gostarir.

Hidrogen energetikasinda  yeni materiallarin axtarisi vo iglonmoasinds kompyuter
modellosdirilmasi gusli  vasitadir. Bu yanasma todqiqatcilara, boyiilk miqdarda potensial
materiallar1 effektiv analiz etmoays, onlarin xassalarini prognozlasdirmaga va fiziki tacriibalor
baglayana qodor onlarm  qurulusunu  optimallasdirmaga imkan verir. Kompyuter

203



modellosdirilmasi hidrogenin istehsali, saxlanilmasi vo istifadosi proseslorini optimallagdirmaga
komok edir ki, bu da “yasil” energetikaya kegidi siiratlondirir. Mixtalif modellosdirma
metodlarindan  vo magm tolimi texnologiyalarindan birgo istifado golocoyin materiallarinin
yaradilmasi {i¢iin yeni {ifiiglor agir.
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Xiilasa
Fotosintetik sistemlorin islonmasindaki iraliloyislora baxmayaraq, bu giin halo do yilksok
hidrogen yanacagi c¢ixisini tomin edorok, gines siialanmasinin tosiri altinda suyun tam
parcalanmasini hoyata keciro bilocok universal katalitik material modvcud deyildir. Bu,
fotokatalizin z vo s - sxemlorinin reallagdirilmasi ii¢iin yeni effektiv hibrid materiallarin
islonmosi  sahasinds  materialgiinasliq  movzularmin  aktualligint ~ gostorir.  Hidrogen
energetikasinda yeni materiallarin axtarisi vo islonmasindo kompyuter modellogdirilmasi giicli
vasito ola bilor.
Pezrome

Hecmorpss nHa Oonbiioil mporpecc B pa3paboTke (POTOKATAIUTUYECKHX CHUCTEM, Ha
CCTOJIHSAIIHUN JICHb BCE €Ille HE CYIIECTBYET YHUBEPCAIBHOTO KATAJIUTHYECKOIO MaTepuana,
CIOCOOHOTO  OCYHIECTBIATH IIOJIHOE DACHICIUICHWE BOJBI TOJ  JCHCTBUEM COJIBHEYHOTO
U3Ny4eHus, obOecreunBasi BBICOKUN BBIXOJ BOJOPOAHOTO TOIMIMBA. OJTO yKa3blBaeT Ha
AKTYaJIbHOCTb Pa3sBUTHA TCEMBIL MaTCpHAIIOBCACHUA B oOJactu pa3pa6OTKI/I HOBBIX
3¢ (deKTUBHBIX THOPUIHBIX MAaTEPUAJIOB ISl peallu3alui Z — 1 S- cXeM (poTokaranusa.

Summary

Despite significant progress in the development of photocatalytic systems, there is still no
universal catalytic material capable of completely splitting water under the influence of solar
radiation, ensuring high hydrogen fuel yields. This highlights the relevance of materials science
research in developing new, efficient hybrid materials for implementing z- and s-photocatalytic
schemes.

IMPULS ANALOQ SiIQNALLARINI OTURON AKTIV ELEMENT SiSTEMLI
ACARLAR

Qasimov LI, Isgandarova S.P.
Ganca Davlat Universiteti, Ganca sahari
isgenderova20@mail.ru

Acar sozlor: elektrik sxemi, elektron agar1 volt — amper xarakteristikalar1 Impuls agarlar1
Vo analoq acarlar1 diodlar,tranzistorlar.
KioueBble cJioBa: AIIEKTPUYECKasi CXEeMa,dJIEKTPOHHBIN  KIIIOY,BOJIbT-aMIIEPHbIE

XapaKTEPHUCTHUKU,MMITYJIbCHBIC KIIFOYUH,aHAJIOTOBBIC KIIFOYU,ANOAbI, TPAH3UCTOPHI.
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Key words: Electrical circuit, electronic switch, volt-ampere characteristics, pulse
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Bu giin elmi — texniki toraqqinin, iqtisadiyyatin vao madaniyyatin yiksok inkisafi {igiin
elektronikanin  holledici rolu tokzibedilmozdir. Bu baximdan miixtalif toyinatli elektron
qurgularimin dyranilmasi zamani elektron qurgularinda bas veran fiziki proseslor tgun xarakterik
olan asagidaki molumatlara diggot yetirilmosi vacibdir.

Qurgunun = strukturunu vo funksiyalarin1 askarlayan toriflor, qurgunun struktur vo
prinsipial elektrik sxemi, qurgunun sxemina daxil olan elementlorin toyinati, qurgunun sxeminin
qurulma prinsipi var signallarin qurgu vasitosilo ¢evirilmo qaydalari, qurgunun sxeminin
xarakterik xUsusiyyatlori,qurgunun miisbat vo manfi cahatlori va s. istonilon elektron agar1 geyri
— Xatti qurgudur. Onlarin volt — amper xarakteristikalar1 da qeyr- Xotti funksiya formasinda olur.
Bu baximdan bu elektron sxemloarindo gedan proseslor mixtalif geyri — Xatti tonliklorlo ifads
olunurlar. Elektronikanin vo mikroelektronikanin siiratli inkisafi dovriinds, bu agarlarin xiisusi
funksiyalar1 vardir. Impuls agarlar1 vo analoq agarlar1 ayr1 — ayr1 vo yaxud birlikda islomo
gabiliyyatino malikdirlor. [1]

Impuls vo analoq signallarin1 6tiiron  agarlar diodlardan, tranzistorlardan, tristorlar vo
optronlardan yigila bilirlor. Bu agarlarin asas fiziki funksiyasi onlarin hansi tezlikda islomaloridir.
Ona gorads agarlar isloyon zaman elektron qurgusunun daxilinde onlarin carayan garginlik
mugavimat funksiyalar1 nazars alinmalidir. Diod sistemli agarlar {igiin

Uy =R =R——9" (1)
Ry, + R
olur.Beloki dioda diiz gorginlik verildikds. agor diodun elektron agarda oks goarginliyino goro
migavimatini nazars alsag, onda

Uy, =R—o" (2) olar.
CIX Reks + R
Roks>> R oldu]undan diodun qosulma polyarligi 6tirmodon asili olaraq tezlik intervalinda
doyisir. Bipolyar tranzistorda is tranzistorun qosulmasindan asili olaraq «Ue; Uk;
Up»; 0 daha mirakkob funksiyaya malikdir. U¢ dovrasinda qosulma dgiin
E,
Ry = Brin E: R, (3)
Uk dovrasinda qosulma tiglin
E,
R =4. —'R 4
e ﬁmm Ek b ( )
Up dovrasinda qosulma tigiin
Rk = ﬂn‘in % Re (5)

e

kimi olacaqdir. Doyma sarti S, emsalinin istanilon giymatlorinds 6donilmalidir. [2]
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Sakil 1. Signallarin &tiirtilmasinds elektron agarlarin sxemi.

Bu cur sxemlarin islomasinds asas tstiinliik odur ki, onlar giris signalinin tezliyi 15Mhs
olduigu halda yiik miigavimatinin 200 om-dan 300 om olan diapozonunda tohrifsiz 6z is
funksiyalarini yerino yetira bilorlor. Burada ugxdiodu (¢lin va tranzistorun qosulma giymatindan
asilt olaraq impuls va analoq signallar1 asagida verilon borabarlikdon asili olaraq parametrik
paylanirlar. Bu ciir sxemlor garginlik, coroyan acarlar1 kimi istifado olunurlar. invers rejiminda\
aciq tranzistorun hor birinds qaliq gorginlik olur vo garginlik 0,1+55mv arasinda miiqavimati

iso 5om+250m oldugundan analoq va impuls sistemli agarlarin kifayot qodor boyiik gorginlik vo
Carayanlari 6tiirmok (glin istifade etmak mimkiindir. Bu clir sxemlorin agilib qosulma tezliklori
0,1 mikrosaniys haddinds olur. [3]
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Xiilasa

Elektronika miiasir dovrds elmi-texniki toraqqinin, iqtisadiyyatin vo madoni inkisafin asas
aparict saholorindon biridir. Elektron qurgularin dyronilmasi zamani onlarin strukturu, islome
prinsipi, sxem qurulusu vo signallarin ¢evrilmo mexanizmi kimi osas xiisusiyyotlor xiisusi
ohomiyyat dasiyir.Elektron agarlar geyri-xotti qurgular olub, onlarin volt-amper xarakteristikalari
da geyri-xotti funksiyalarla ifads olunur. Bu sobabdon belo qurgularda bas veran proseslor geyri-
xatti tonliklorlos tosvir edilir.

Bu mogalodo Muasir mikroelektronikada impuls vo analoq agarlar genis tatbiq olunur va
hom ayri-ayriligda, hom do birlikds islomoa prinsiplari va impuls analoq signallarini 6tlron aktiv
element sistemli agarlarin is prinsiplari genis izah olunur

Pe3zrome
DNEKTPOHUKA SIBISIETCS OAHOW W3 TJIaBHBIX O0NacTell HAaydyHO-TEXHUYECKOIro IMporpecca,
SKOHOMHYECKOTO U KYJbTYPHOI'O Pa3BUTHUS B COBPEMEHHYIO 3M0XY. [Ipn n3ydeHnn 3J1eKTPOHHBIX
YCTPOMCTB 0c000€ 3HAYEHUE HMEIOT WX OCHOBHBIE XapaKTEPUCTUKH, TaKU€ KaK CTPYKTYpa,
MPUHLINI PabOThI, CTPYKTYpa CXeM M MEXaHU3M MpeoOpa3oBaHus CUTHATIA.
B naHHOW cTaThe ONMUCHIBAETCS UIMPOKOE MCIOJIB30BAHME HMIYJIbCHBIX M AHAJIOTOBBIX
nepeKioyaTesiel B COBPEMEHHOM MHMKPOAIJIEKTPOHUKE, NPUHLIUIBI HX paboThl Kak IO

206



OTACJIIBHOCTH, TaK U COBMCCTHO, a4 TAKKC IMPHHIMUIILI paGOTbI AKTUBHBIX 35JICMCHTOB CUCTCMBI
nepeKJnoaneneﬁ, Nnepeaaromux MMITyJIbCHO-aHaJIOIOBbIC CUTHAJIBI.

Summary

Electronics is one of the main areas of scientific and technical progress, economic and
cultural development in the modern era. When studying electronic devices, their main
characteristics are of special importance, such as the structure, principle of operation, structure of
the circuit and mechanism of signal transformation.

This article describes the wide use of pulse and analog switches in modern
microelectronics, the principles of their operation both separately and together, as well as the
principles of operation of the active elements of the switch system that transmit pulse-analog
signals.

GORGINLIYIN DOYISMOSINDON ASILI OLARAQ FIRLANMA ISTIQAMOTI
CEVIRILON MUHORRIKLORIN FUNKSIYALARI

Qasimov i.i.,.isgandarova S.P.,
Ganca Dovlat Universiteti, Ganca sahari
isgenderova20@mail.ru

Acar sozlar: corayan siddati,transformator usulu, elektronika, idarsedici gevirici tezliyi,
idaroedici muharrik,“revers”, stabil gorginlik

Kuarouesblie ciioBa: Cruiia Toka, TpaHCPOPMATOPHBIA METOI, JIEKTPOHUKA, PEryIupyeMas
qacToTa npeo6pa30BaTen;1, yr[paBJ'IﬂeMLIfI JABUI'ATCJIb, «PCBCPCH, CTa0OUIIBHOE HaIIpsAKCHUC Key
words: Current strength, transformer method, electronics, adjustable frequency converter,
controllable engine, "reverse", stable voltage

Elektron texnikasinin garsisinda duran asas texniki problemlardon biri idarsedici
sistemin bazasinda onun gorginliyinin sabit olmasidir. Bu baximdan yiiksok Coroyan siddoti
gorginliyi tolob olunan texniki qurgularinda miitloq bu yuksak doagigliklo yerino yetirilmoalidir.
Bu proses iki formada yerino yetirilo bilir. Bunlardan birincisi transformator tsulu ilo idars
olunma, ikincisi iso impuls aktiv element Usulu ilo. Ikinci {isul miiasir elektronikanin inkisafi
ilo olgodar olaraq ylksok gorginlik va coroyan siddatinin talob olundugu fiziki parametrlora
cavab vero bilmir. Transformator tsulu isa bu fiziki parametrloro dayaniqli cavab vers bilir. Bu
zaman Ry mugavimatindon asili olaraq elo qurulmalidir ki, gorginlik istonilon anda doyismoz
qalsin. Bu halda miihoarrikin idaroedici gevirici tezliyi nozors alinmalidir.

E
n=—— 1
c,® @)
Elektrik horokat qlivvasinin giymatini nozars alsaq onda
n=u-J,>r)/c® (2)

olar. Bu idarosedici muharrikin cevirici tezliyinin oasasi sortidir. Garginliyin idars olunmasinda
yuksak tolob olunan amper giymaitindo glic transformatoru vo avtotransformatordan ardicil
olaraq istifads olunur.
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Sakil 1. Garginlik mUhérrik geviricinin sxemi.

Bu sistem ardicilligi asagidaki kimi, sxem {izro yigilan zaman daha moaQgsads uygun olur.
Fiziki parametr nozoro alindigdan sonra miharrik  gevirilmasi artir elementin  d6vrasi
yigilmahidir, bu asason amoliyyat guclondiricilari vo aktiv vo yaxud integral mikrosxemlorla
yigilmalidir.

Tp2 avtotransformatorun giris gorginliyini gabul edir. Bu zaman sobokodo giris goarginliyi
100volt -dan +250volta kimi dayiso bilor. Tp2 glic transformatoru ona verilon garginliyi
tonzimloys bilmaz. Onlarin hor ikisinin maqnit induksiyast bir — birindon forglonir bu zaman
cixigda agag1 gorginlik vo coroyan siddoti alinir. Sistemin bu funksiyasini idara etmak glin Tps
transformatoru dovronin ¢ixisina qosulur vo Ry mugavimatine uygun olaraq Oziliniin ¢ixis
gorginlik vo coroyanin tortib olunmus sxemo Vverir. Bu zaman Tps W3 ¢ixist  harokat edan
motorun  qidasmi tonzimloyir. W2 ¢ixisi iso amoliyyat  glclondiriciys verilir. ©Omoliyyat
guclondiricisinin asas funksional xarakteristikas1 ondan ibarotdir ki, avtotransformatorun artib —
azalan gorginliyini tezlikdon asili olan hiss etmo gabiliyystino malikdir. Onun ¢ixisinda homiso
verilmis zaman intervalinda hissetmo ¢ox ylksokdir. Bu zaman gordinlik sobokodon azalanda
oamoliyyat glclondiricisi 6z impuls sigqnalin1 vT verir vo “revers” sistemli motor sola harokat
edir, bu proses aksino bas verir.

Belaliklo avtotransformatorun gorginlik idarsedici funksiyasina gevirici motor nazarat edir.
Bu zaman ¢ixisda Tpi-do homiso girisdon asili olmayaraq stabil gorginlik alinir.
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Xiilasa

Elektrik texnikasinda osas problemlordon biri idareedici sistemlords gorginliyin yiiksok
doqiqlikle sabit saxlanilmasidir. Bu moagsadlo transformator iisulu impuls iisuluna nisbaton daha
etibarli va dayaniqli hesab olunur. Toklif olunan sistemds avtotransformator giris gorginliyindoki
doyismolori gobul edir, glic transformatoru iso bu gorginliyi uygun soviyyoyo gotirir. Olavo
transformator (Tps) ¢ixis gorginliyi vo carayanini tonzimlayarak miihorrikin gidalanmasini tomin
edir.

Omoliyyat giiclondiricisi gorginlikdo bas veron doyismalori yliksok hassasligla izloyir vo
uygun impuls signallar1 yaradaraq reversli miihorriki idaro edir. Bu oks olago mexanizmi
sayosindo sistem girisdoki doyismolori kompensasiya edir vo noticods ¢ixigda stabil gorginlik aldo
olunur.

Pe3rome

OpHOM M3 OCHOBHBIX HPOOJIEM 3JIEKTPOTEXHUKHU SABIISAETCA OOECIEUeHUE BBICOKOU
TOYHOCTH CTAOMIM3alMM HANpsDKeHUs B CHCTEMax yopasleHMs. B 3ToM  KoHTekcTe
TpaHCQOPMATOPHBI METOJ| CuuTaeTcsi Oojiee HaAEKHBIM U YCTOMUMBBIM IO CPAaBHEHHIO C
UMIIYJIbCHBIM METOJIOM. B mpemiokeHHOW cucreme aBTOTpaHC(OpMATOp BOCHPUHHUMAET
M3MEHEHHUS BXOJAHOI'O HAINPSKEHMs], a CUIOBOM TpaHc(opMaTop NpUBOIUT €ro K HEOOXOIUMOMY
ypoBHIO. JlononHuTensHblii Tpanchopmatop (Tps) peryaupyer BHIXOAHOE HANpPsDKEHUE U CHITY
TOKa, 0OecTieynBasi MUTAaHUE JBUTATEIIS.

OnepanvoHHBI YCHIIUTENb C BBICOKOW YYBCTBUTEIBHOCTBIO OTCIICKHBACT H3MEHEHUS
HanpspkeHUuss M (OpMHpPYET COOTBETCTBYIOIIME HMIYJIbCHBIE CHUTHAIbl ISl YIPaBJICHUS
peBepCUBHBIM JBUrareneM. biaromaps mMexaHu3My OOpaTHOW CBS3M CHUCTEMa KOMIIEHCUPYET
BXOJIHbIE BO3MYILIEHHUS, B PE3YyJIbTATE YETO Ha BHIXOJIE IOCTUTaeTCsl CTAOMIIbHOE HANPsKEHHE.

Summary

One of the main challenges in electrical engineering is to ensure high-precision voltage
stabilization in control systems. In this regard, the transformer-based method is considered more
reliable and stable compared to the pulse-based approach. In the proposed system, the
autotransformer detects variations in the input voltage, while the power transformer adjusts it to
the required level. An additional transformer (Tps) regulates the output voltage and current,
ensuring proper motor supply.

The operational amplifier, with high sensitivity, monitors voltage variations and generates
appropriate pulse signals to control the reversible motor. Through this feedback mechanism, the
system compensates for input fluctuations, resulting in a stable output voltage.

Sb-Se BINAR XALKOGENID SUSOLORINDO SUSOLOSMO VO KRISTALLASMA

Mehdiyeva S.1., Olokbarov R.I., Abasova,A.Z. Sadixli R.F., Mammadov S.M.
Azarbaycan Respublikasi1 Elm va Tahsil Nazirliyi Fizika Institutu PHS,
smmemmedov@mail.ru

Acar sozlor: xalkogen, siisologsmo, kristallagsma
KiroueBnle cioBa: XaJIbKOI'CH, CTCKJIOBAHUC, KPUCTAJUIN3 AU
Keywords: chalcogen, vitrification, crystallization
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Bu isdo SegoSh,o torkibli ikili xalkogenid siisodo siligolosmo vo struktur relaksasiya
proseslorinin fiziki mexanizmlori qizdirilma siirotinin tosiri altinda sistemli sokildo todqiq
edilmisgdir. Niimunolor sondiiriilmiis soba rejimi ilo hazirlanmis, onlarin amorf qurulusu Rentgen
difraksiya analizi ilo tosdiglonmisdir. Differensial skanedici kalorimetriya (DSC) o6lgmolori
qizdirilma siiratinin artmasi ilo siisolosmoe temperaturunun (Tg) zoif artdigimi vo kovraklik
indeksinin (m) ciizi azaldigimm gostorir. Miixtolif modellar totbiq edilorok struktur vahidlarin orta
rabito enerjisinds kicik artim vo sligoomologotirmo gabiliyyatindo gismon yaxsilagma miioyyon
edilmisdir. Noticolor gostorir ki, qizdirilma siiroti osason orta nizama tosir edir vo siisolosmo
mexanizmlarinin izahinda miihiim rol oynayir.

1. GIRIS

Xalkogenid stigolor son illordo optoelektronika, yaddas qurgulari vo fotonik totbiglor
baximindan genis maraq dogurur [1,2]. Bu materiallarda siisolosmo kegidi vo struktur relaksasiya
proseslorinin basa diisiilmasi onlarin funksional xiisusiyyatlorinin optimallagdirilmasi {i¢iin
osasdir [3,4].

Stigologsmonin osas parametrlorindon biri kdvraklik indeksi (m) olub, temperaturdan asili
olaraq oOzliiliiylin doyismo siiratini xarakterizo edir [5,6]. Odebiyyatda gosterilir ki, siligolorin
“giicli” vo “kovrok” kimi tosnifati onlarin Arrhenius ganunundan konaragixma dorocasi ilo
baglidir [5,7,8]. Lakin qizdirilma siiratinin bu parametrlors tosiri holo do tam izah olunmamisdir.
Moveud modellor asason yaxin nizami (SRO) nazars alir, halbuki eksperimental noticolor gostorir
ki, qizdirilma siirati asason orta nizama (MRO) tasir gostorir [9,10].

Bu isin mogsadi Se-Sb sistemindo qizdirilma siirotinin siigolosmo  prosesino  tosir
mexanizmlorini rabito qiivvesi (mdhkamliyi)-koordinasiya odadinin fluktuasiyast modeli,
“miqyasl 6zliilik” yanasmasi1 vo termodinamik analiz asasinda izah etmokdir [1, 4,11,12].

2. TOCRUBONIN METODIKASI VO NUMUNOLORIN ALINMASI

SegoSh,g torkibli siiso niimunalari yiiksok tomizlikli elementlardon aridib-sondiirma tisulu
ilo hazirlanmisdir. Elementlor vakuumda kvars ampulalarda (~10™* Torr) 1100 K temperaturda
10 saat homogenlosdirilmis vo sonra soyudulmusdur [13].

Niimunolorin morfologiyas1 vo torkibi SEM vo EDS vasitesilo analiz edilmisdir. EDS
naticolori nominal torkiblo yaxs1 uygunluq gostormisdir. XRD analizlori amorf qurulusu
tosdiglomisdir (Sokil 1).

Termal xassolorin Oyronilmasi DSC cihazinda 2.5-45 K/doq intervalinda miixtalif
qizdirilma stiratlorindo aparilmisdir. Siisologmo, kristallasma vo orimo temperaturlart miioyyon

edilmis vo kinetik parametrlor Moynihan metodu ilo hesablanmisdir [14].
@)
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Sakil 1. SegoSh2o torkibinin a) EDS analizi vo b) SEM sokli.

3. NOTICOLOR VO ONLARIN MUZAKIR9SI
DSC naticalori gostarir ki, qizdirilma siiratinin artmasi ilo Tg toxminon 8-9 K artir. Bu artim zaif

xarakter dasiyir vo gostorir ki, qizdirilma siirati sligo strukturunun asas (SRO) xiisusiyyatlorini
doyismir (Sakil 2) [15,16].
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Sakil 2. SegoSh2g binar xalkogenid sistemlarindo DSC ayrilari.

Kovraklik indeksi m = 36-37 intervalinda doyisir vo qizdirilma siirati artdigca ciizi azalir. Bu iso
sistemin nisbi olaraq “orta kdvrak™ xaraktera malik oldugunu gostorir [5, 6]. “miqyash 6zlilik”
modeli osasinda m-in agag1 sorhadi mmin =~ 16.39 kimi miioyyon edilmisdir [11, 12]. Hesablamalar
gostarir ki, qizdirilma siiroti artdiqca slisoomologotirmo qabiliyyati (Hr) vo termal stabillik
parametrlori (S, H') artir. Bu iso struktur vahidlor arasinda qarsiligh tosirlorin gismon
giiclondiyini gostorir [1, 3, 9]. Rabito qiivvasi (mohkomliyi)-koordinasiya adadinin fluktuasiyasi
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modeli c¢orgivasindo aparilan analizo gors, struktur vahidlorin orta rabito enerjisi EqZy =~ 0.456—
0.481 eV intervalinda doyisir vo qizdirilma siirati ilo zoif artir. Fluktuasiyalar iso demok olar sabit
galir. Bu natico gostorir ki, doyisikliklor osason orta mosafsli nizamda bas verir [1,3,17].
Beloliklo, Tg-nin qizdirilma stirotindon asililig1 yalniz kovalent rabito yanasmasi ilo izah edilo
bilmoz. Osas rol zoif molekullararasi garsiligh tosirloro vo struktur vahidlorin garsiligh
yerlogmosino moxsusdur.
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Xiilasa

Bu isda SegoSh,o xalkogenid slisado stisalosma va relaksasiya proseslorinin qizdirilma siiratinden
asililigi kompleks sokildo dyronilmisdir. Miloyyan edilmisdir ki, qizdirilma siirati Tg-ys zoif tosir gostarir,
kovraklik indeksi sabit qalir vo sistem orta kovroklik nlimayis etdirir, slisoamalogotirmo gabiliyysti vo
termal stabillik qismen artir, struktur doyisikliklor asasen orta nizamda basg verir.

Alinan naticalar xalkogenid siisolords siisalosma mexanizmlorinin daha derinden anlagilmasina vo
bu materiallarin tatbiq imkanlarinin geniglondirilmasine téhfa verir.

Summary

In this work, the physical mechanisms of glass transition and structural relaxation processes in
SegeSh,o binary chalcogenide glass were systematically investigated under the influence of heating rate.
The samples were prepared using the furnace-cooled regime, and their amorphous structure was
confirmed by X-ray diffraction analysis. Differential scanning calorimetry (DSC) measurements showed
that with increasing heating rate, the glass transition temperature (Tg) slightly increases, while the fragility
index (m) slightly decreases. By applying various models, a slight increase in the average bond energy of
structural units and a partial improvement in the glass-forming ability were determined. The results
indicate that the heating rate mainly affects the medium-range order and plays an important role in
explaining the mechanisms of glass transition.
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KOMPOZIT MATERAILLARIN TOSNIiFATI VO MUASIR MASINQAYIRMADA
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materiallar, dispers méhkomlondirilmis kompozit materiallar.
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Giris. Miiasir diinyada masinqayirma, cihazqayirma, aviasiya vo kosmik sonayenin siiratli
inkigafi konstruksiya materiallar1 garsisinda yeni vo daha sort toloblor qoyur. Polad, ¢uqun,
biirlinc vo aliiminium kimi ononovi materiallar bir ¢ox hallarda miasir miihondisliyin
ehtiyaclarini tam 6doys bilmir. Xiisusilo do yiiksok mexaniki yiiklor, koskin temperatur
doyisikliklori vo agir kiitls ilo bagli yaranan mohdudiyyatlor yeni nasil materiallarin yaradilmasini
zoruri edir.

Bu problemin halli kimi ifrat barkliys, méhkamliys vo yliksok temperaturlara doziimliilitys
malik olan, lakin nisboton kicik xiisusi ¢okisi ilo forqlonon kompozit materiallar ¢ixis edir.
Kompozit materiallar iki vo ya daha ¢ox komponentin (matrisa vo mohkomlondirici faza) Gmumi
bir sistemdo birlosmosindon alinir vo konkret layihonin toloblorine uygunlasdirila bilon c¢evik
konstruksiya tistiinliiylino malikdir. Matrisalar vo méhkomlondirici elementlorin ndviinden (lifli,
layli, dispers-mohkomlondirilmis) asilt olaraq kompozitlor istonilon istismar sortine
uygunlagdirila bilir.

Asagida miiasir sonayeds ononovi materiallarin totbiqi zamani yaranan osas problemlor vo
kompozit materiallarin bu problemlari neco hoall etmosi asaslandirilmigdir.

Kompozit materiallar konkret layihonin tolablorine uygunlasdirila bilon ¢evik konstruksiya
Ustlinliiyline malikdir. Sokil 1-do kompozit materiallarin polad vo aliiminiumla miiqayisade
ustiinltiklori gostorilmisdir.

Polad Aliminium Kompozitlar Kompozitler
v, . Polad -
/ S :
A X # \ Polad .
~
/ N / e Alim-
’ 8 ‘ Alim- |* munu
/] g ] munui |« 3
‘ r| Kompo- ’ N | ¥
N H ~ .~ B
‘ R zitler ’ SN N
7 M [ | NI &
Caki Termik Sertlik Moéhkamlik
geniglanma

Sakil 1. Konstruksiya materiallarinin polad ve aliuminium ile miqayisesi
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Kompozit materiallar — iki vo ya daha ¢ox komponentin {imumi bir sistemds
birlosmosindon almman vo hor bir komponentin 6z xiisusiyyotlorini fordi sokildo saxladigi
materiallardir. Kompozitloro hom makro, hom do mikro miqyasda baxila bilor vo bununla
olagadar olaraq onlar1 miivafiq olaraq bircinsli vo ya miixtslifcinsli kimi tosovviir etmok olar.

Kompozitlorin matrisalart metallar vo onlarin orintilori, homg¢inin iizvi vo gqeyri-iizvi
polimerlor, keramika, karbon vo digor materiallar osasinda hazirlana bilor. Onlarin qiymsoti
mexaniki xiisusiyyatlorindon asilidir: mexaniki xiisusiyyatlor no qodor yaxsidirsa, matrisa bir o
godor bahadir. Matrisanin xiisusiyyatlori kompozitin alinma prosesinin texnoloji parametrlorini vo
onun istismar xarakteristikalarin1 miioyyon edir: Sixliq; Xiisusi mohkomlik; Isci temperaturu;
Yorgunlugdan parcalanmaya qars1 miigavimot; Aqressiv miihitlorin tosirine gars1 davamliliq

Dolgular vo ya méhkomlandirici elementlor kompozitin méhkomlandirilmasi {igiin istifade
olunur vo yiiksok mohkomlikli poladdan, molibden, volfram vo digor metallardan vo onlarin
arintilorindan, bor, karbon, siiso liflorindon, aliiminium vo silisiumun oksid vo nitridlorinin
monokristallarindan vo digor birlosmalordon hazirlana bilor.

Kompozit materiallar bir nega osas xiisusiyyato gora boliins bilor: — matrisa materialina vo
mohkomlondirici  komponentloro goro; — struktura — komponentlorin  (struktur torkib
hissalorinin) hondasasine (morfologiyasina) vo yerlosmasino goro; — alinma {lisuluna goro; —
totbiq sahosino gors [6].

Miiasir masingayirmada ononavi materiallarin (polad, aliiminium) mohdudiyyastlori yeni
nosil kompozitlorin yaradilmasini zoruri etmisdir. Osas problemlordon biri materialin eyni
zamanda hom yiiksok mohkomliys, hom do kicik xiisusi ¢okiye malik olmasi tolobidir. Polad
yiiksok moéhkomlik tomin etso do, onun ¢okisi aviasiya vo kosmik sahoalordo ciddi problem
yaradir. Bu problemin holli kimi, matrisadaki lif vo ya hissociklorin dlgiistiniin kigildilmasi
texnologiyasindan istifado olunur; ¢iinki lif vo ya hissocik no godor nazik olarsa, materialin
mexaniki xlisusiyyatlori bir o qadar yiiksok olur.

Xisusi totbiq sahoalorindo, masalon, toyyarolorin quslarla toqqusmasi vo ya qoalpo
zarbalorina moruz qalmasi kimi mexaniki zorbo problemlori movcuddur. Bu tip yiiksok riskli
problemlarin halli {i¢iin orqanoplastiklordon hazirlanmis qoruyucu ekranlar vo halqalar totbiq
edilir. Masalon, "Ruslan" toyyaralorinds totbiq olunan 45 mm galinliglt qoruyucu halgalar 300
m/san stiratlo galon galpoalors dozmok qabiliyystine malikdir.

Aliiminium orintilorinin asag1 korroziya davamliligi va catlamaya meylliliyi do mithiim bir
problemdir. Bu problemin holli {iglin "alor" adlanan yeni nosil hibrid materiallar
(metalloorqanoplastiklor) yaradilmisdir. Alorlar ndvbologon aliiminium vo orqanoplastik
tabagolorindon ibarat olmaqla, hom metalin yiikiinii azaldir, hom do konstruksiyanin ¢atlamaya
qarst davamliliini artirir. [6].

Miiasir magingayirmada ononavi konstruksiya materiallarinin (polad, ¢uqun va s.) yiiksok
¢okisi vo mohdud mdhkomliyi osas texniki manes kimi ¢ixis edir. Bu problemin halli {igiin iki vo
ya daha ¢ox komponentin birlosmosindon yaradilan, hor bir hissonin 6z fordi xiisusiyyotini
gorudugu kompozit sistemlor toklif olunur. Konstruksiyalarda qarsiya ¢ixan osas ¢atinliklordon
biri lif vo ya hissociklorin Ol¢iisii ilo mexaniki xiisusiyyotlor arasindaki asililiqdir; bu,
mohkomlandirici elementlorin mikroskopik Slciliye qodor nazildilmasi ilo hall edilir. Aviasiya va
kosmik sonayedo on bdyiik problem c¢oki gonaostidir, ¢ilinki orbito ¢ixarilan har 1 kq kiitlonin
doyori 30 min dollara qodor yiiksolo bilir. Bu iqtisadi vo texniki problem borplastik vo
boraliiminium kimi materiallarin totbiqi ilo aradan qaldirilir ki, bu da "Sattl" tipli gomilords
kiitloni 1400 kq-dan ¢ox azaltmaga imkan vermisdir.

Konstruksiyanin monolitliyinin tomin olunmasi va gorginliklorin paylanmasi matrisanin
diizgiin secilmosini tolob edon miirokkob bir mosalodir. Matrisa yiikii biitlin hocm boyu
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paylayaraq bir lif dagildiqda yiikiin digorlorino 6tiirlilmosini tomin edir vo belsliklo sistemin
etibarliligin1 qoruyur. Materialin daxili tobagolorindoki adheziya (yapigsma) zoifliyi istismar
miuddatini qisaldan amil oldugu ti¢clin komponentlor aras1 ayrilma sorhadinin sabitliyi xiisusi
texnoloji parametrlorlo tomin olunur. Mexaniki zorbolor vo quslarla toqqusma kimi tohliikolor
toyyara miihorriklori iiclin ciddi risk yaradir. Bu problemin halli {i¢iin orqanoplastiklordon
hazirlanan qoruyucu ekranlar totbiq olunur ki, onlar 300 m/san siiratlo harokot edon golpalorin
zorbosino dozmok qabiliyystino malikdir. Beloliklo, kompozitlorin ¢oxlayli vo miixtolif
istigamotli armaturlanmasi konkret momulatin texnoloji toloblorine uygun olaraq méhkomlik vo
sortlik problemini kdkiindon hall edir.

Miiasir masingayirmada ononovi materiallarin mohdudiyyatlori yeni nosil kompozitlorin
yaradilmasini zaruri etmisdir. Yekun olaraq qeyd etmok olar ki, kompozit materiallarin (lifli, layl
va dispers-méhkomlondirilmis) totbiqi konstruksiyalarin hom yiiksok méhkomliyini, hom do kigik
xtisusi ¢okisini tomin edarak anonavi polad v aliiminium arintilorinin qiisurlarini aradan qaldirir.

9Adabiyyat

1. Bob Matthews // Engineering Specialist Structural Analysis. General Dynamics Convair
Division.

2. IlIubakos B.I'., Kanamauko B.1., Cokonosa FO.A. u np. [IponsBoacTeo
KOMITO3UIIMOHHBIX MaTEpUajIoB B MalTMHOCTpoeHuu: Yueb. nocodue. — M.: KHOPVYC,
2008.

3. Konecor C.H. MatepuanoBeneHue u TEXHOJIOTUS KOHCTPYKIIMOHHBIX MaTepUaoOB:
Y4eOHUK [Tl By30B. — 2-€ U3]1., iepepad. u gon. — M.: Beicmias mxona, 2007.

4. Robert M. Jones. Mechanics of Composite Materials 2nd Edition Printed by Taylor and
Francis Inc. 1999.

5. Bacunwes B.B. Komnosunnonnsie marepuansl: CripaBouHuk — M.: MammHocTpoeHue,

1990.

Kapa6acos 1O.C. Hossie matepuansl. — M.: U3g-so MUCHUC, 2002.

7. Poros B.A. KonctpykunonHsie U ¢GyHKIIMOHATBHBIE MATEPUAIBI COBPEMEHHOTO
MamHocTpoeHus. — M.: Macirta6, 2006.

o

Xiilasa
Togdim olunan magalods kompozit materiallarin tosnifati vo onlarin miiasir masingayirma,
aviasiya, kosmik vo avtomobil sanayesindaki rolu tohlil edilmisdir. Ononavi materiallarin agir
kitlo, korroziya vo mexaniki zodolonmo kimi problemlori kompozitlorin (organoplastik,
borplastik, alor va s.) totbiqi ilo effektiv sokilda hall olunur. Kompozit materiallarin strukturu vo
matrisa se¢imi tokco momulatlarin mexaniki etibarliligini artirmir, hom do enerjiys vo Xarclora
gonaot etmaklo yiiksak igtisadi somaralilik yaradir.

Pe3rome

B npexacraBieHHOl cTaThe aHANM3UPYETCA KIacCU(UKAIUS KOMIIO3UTHBIX MaTepHajoB U
UX pPOJb B COBPEMEHHOM MAalIMHOCTPOEHUH, aBUALlMU, KOCMHUYECKOM U aBTOMOOMIIBHON
NPOMBIIIIEHHOCTH. [IpoGsieMbl TpaUIIMOHHBIX MaTepHAaIOB, TaKHe KakK OOJIBIION Bec, KOPPO3Hs
U MEXaHWYecKHe TOBpexaeHus, dS(PPEeKTUBHO pemaroTcsi MNPUMEHEHHEM KOMIIO3UTOB
(OopraHoIuIacTHKH, OOPOIUIACTHKH, aop U Ap.). CTpyKTypa KOMIO3UTHBIX MaTepUalIOB U BHIOOP
MaTpHULIbl HE TOJBKO MOBBIIIAIOT MEXAHUYECKYIO HAJEKHOCTbh H3JIENHHA, HO M 00ecreyrBaroT
BBICOKYIO 9KOHOMHYECKYIO 3(p(PEeKTUBHOCTD 32 CUET SKOHOMUU SHEPTHH U 3aTparT.
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Summary

The presented article analyzes the classification of composite materials and their role in
modern mechanical engineering, aviation, aerospace, and the automotive industry. The problems
of traditional materials, such as heavy weight, corrosion, and mechanical damage, are effectively
solved by the application of composites (organoplastics, boron plastics, alor, etc.). The structure
of composite materials and the selection of the matrix not only increase the mechanical reliability
of the products but also generate high economic efficiency by saving energy and operational
costs.

ELEKTROTEXNIKADA MUASIR INKISAF ISTIQAMOTLORININ VO TEXNOLOJI
YENILIiKLORIN ROLU
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Elektrotexnika muasir sonayenin vo texnologiyanin osas sutunlarindan biridir. Elektrik
enerjisinin istehsali, Otiiriilmosi vo idaro olunmasi ilo yanasi, bu saho elektronika, rabito,
avtomatlasdirma vo informasiya texnologiyalart ilo six inteqrasiya olunmusdur.

Son illords texnoloji inqilab vo rogomsallagma elektrotexnikada yeni istigamatlorin
formalagmasina sobab olmusdur. Bu doyisikliklor hom sonaye istehsalinda, hom do giindslik
hayatimizda genis totbiq tapur.

Elektrotexnikada  osas  inkisaf  istigamotlorindon  biri  sonaye  proseslarinin
avtomatlagdirilmasidir. Proqramlasdirilan montiqi kontrollerlor (PLC), SCADA sistemlori va
robot texnologiyalar1 istehsalin optimallasdirilmasina imkan verir. Bu sistemlor insan omoyini
minimuma endirarok mohsuldarlig: artirir.

Siini intellekt elektrotexnika sahosinda asas inkisaf istiqgamatlorindon biri olub gerarverma
proseslorini tokmillogdirir. Enerji sistemlorinin idara olunmasi, nasazliqlarin prognozlasdiriimasi
vo agill sobokolorin (smart grid) yaradilmasi bu texnologiyanin osas totbiq sahalorindondir.

Osyalarm interneti (10T) texnologiyas1 miixtslif cihazlarin bir-biri ilo alaqo qurmasini tomin
edir. Bu yanasma enerji somaraliliyini artirir vo real vaxt rejiminds monitoring imkanlari yaradir.
Todqiqatlar gostorir ki, enerji baximindan dayaniqli IoT sistemlori golocok texnologiyalarin
asasini toskil edacak.

Elektrotexnikada digor  osas inkisaf istigamotlorindon birido borpa olunan enerji
monbolorinin roludur. Beloki giinas, kiilok vo hidroenerji kimi barpa olunan enerji monbalori
elektrotexnikanin on siiratlo inkisaf edon istiqgamotlorindondir. Bu sahoda yeni texnologiyalar
enerji istehsalin1 daha ekoloji vo iqtisadi cohatdon sorfali edir.
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Elektrotexnikada texnoloji yeniliklor dedikdo ilk novbado agilli enerji sobokalorinin
(Smart Grid) yaradilmasidir. Smart Grid sistemlori enerji istehsali vo istehlakini optimallagdirir.
Bu texnologiya enerji itkisini azaldir vo istehlak¢ilarin enerji istifadesini daha effektiv idars
etmosine imkan verir.

Elektrik avtomobillori vo digor nogliyyat vasitolori elektrotexnikanin totbiq sahosini
geniglondirir. Bu texnologiya karbon emissiyalariin azalmasina vo ekoloji tarazligin
gorunmasina kémok edir.

Batareya texnologiyalarinda (masslon, litium-ion batareyalar) oaldo edilon yeniliklor enerji
saxlama imkanlarin1 artirmisdir. Bu iso barpa olunan enerji sistemlorinin daha effektiv istifadasini
tomin edir.

Mikrogiplorin va yarimkegcirici texnologiyalarin inkisafi cihazlarin daha kigik, daha siiratli
vo daha enerjiys qonastli olmasina imkan Verir.

Gostarilon inkisaf istigamatlori vo texnoloji yeniliklor sayssindo Elektrotexnikanin totbiq
saholori dahada genislondirilmisdir. Beloki sonaye vo istehsalat , energetika vo elektrik
sobokolori ,telekommunikasiya sistemlori , nogliyyat vo logistika , tibb vo biotexnologiya
sahalorinds elektrotexnikanin rolu davamli olaraq artir vo yeni innovativ hollor totbiq olunur.

Notico olarag onu deys bilarik Ki, elektrotexnika sahasi miiasir dovrds siiratlo inkisaf
edorok texnologiyanin diger sahalori ilo inteqrasiya olunur. Siini intellekt, IoT, barpa olunan
enerji vo avtomatlagdirma kimi istigamatlor bu sahonin golacoyini miioyyan edir. Bu yeniliklor
elektrotexnikanin daha effektiv, tohliikasiz va ekoloji baximdan davamli inkisafina sorait yaradir.
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Abstract
This scientific article examines modern development trends and technological innovations in
electrical engineering. It focuses on artificial intelligence, the Internet of Things (IoT), smart grids,
renewable energy sources, and energy storage technologies. The study shows that these technologies
improve energy efficiency, support environmental sustainability, and optimize industrial processes.
Annomauus
B HaHHOﬁ Haquoﬁ CTaTbe paccMaTpuBaOTCA COBPCMCHHBIC HaIlpaBJICHUA  pPa3BUTUA
OJICKTPOTCXHHUKU W TEXHOJIOTMYCCKUEC HWHHOBAIIUH. 000606 BHUMAHUC YIACIACTCA HCKYCCTBCHHOMY
HWHTCIIJICKTY, HWHTCPHCTY Bemef/i, HUHTCJIJICKTYAJIbHBIM OJOHEPTOCETAM H B0306HOBII$ICMBIM UCTOYHUKAM
SHEPruu. yCTaHOBJ'IeHO, YTO JaHHBIC TCXHOJIOI'MHU CHOCO6CTBYIOT ITIOBBIIICHUIO BHCpFOB(l)(i)CKTI/IBHOCTI/I u
00€eCevYeHnI0 HKOJIOTUIECKON YCTOWINBOCTH.

NN E

Xiilasa
Bu elmi moqalads elektrotexnika sahasinds miiasir inkisaf istiqamatlori vo texnoloji yeniliklor genis
sokilds tohlil olunur. Magalads siini intellekt, agyalarin interneti (IoT), agilli enerji sobokolori (Smart
Grid), barpa olunan enerji monbalari vo enerji saxlama texnologiyalarinin elektrotexnika sahasina tasiri
aragdirilmigdir. Miiayyen edilmisdir ki, bu texnologiyalar enerji somorsliliyini artirmaqla yanasi, ekoloji
davamlilig1 tomin edir vo sanaye proseslorinin optimallasdirilmasina sorait yaradir.
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YARIMKECIRICI 9SASLI KOMPOZITLORIN MUASIR ALINMA USULLARI
VO SOTHLORININ MIKRORELYEFLORININ TODQIQI.

Musayev S.X., Abbasov R.A.
Ganca Dovlat Universiteti

Keywords: semiconductor, composite materials, microrelief, nanostructures, CVD, PVD

KioueBbie cj10Ba: TMOJYNPOBOJHHUKH, KOMIIO3MTHBIC MaTepHalbl, MHUKpPOpEIbed,
HaHOCTpYKTYpbl, CVD, PVD

Acar sozlar: yarimkecirici, kompozit materiallar, mikrorelyef, nanostrukturlar, CVD, PVD

Yarimkegirici osasli kompozit materiallar miiasir materialsiinasligin vo nanotexnologiyanin
on stiratlo inkisaf edon saholorindon biridir. Bu materiallar miixtolif fazalarin birlogsmosindon
ibarat olub, yiiksok funksional xiisusiyyeotlora malikdir. Onlarin totbiq sahslori mikroelektronika,
fotovoltaika, sensor sistemlori vo optoelektron cihazlari ohato edir.

Kompozitlorin soth xiisusiyyatlori, xiisusilo mikrorelyef strukturu onlarin istismar
parametrlorini miisyyon edon asas amillordondir. Sothin nanomiqyasda qurulusu yilikdasiyicilarin
dinamikasina va soth reaksiyalarina tosir edir.

Yarimkegirici kompozitlorin miiasir alinma tsullar igorisindo on genis yayilan kimyavi
tisullardir. Bu tisullardan biri -kimyavi buxar fazasinda ¢okdiirms (CVD) iisulu qaz fazasinda
kimyovi reaksiyalar noticesindo nazik tobogolorin formalasdirilmasma osaslanir. Ustiinliiklori
yiiksok tomizlik, yaxs1 yapisma gabiliyyati, homogen struktur gabiliyystino malikdir.

Sol-gel texnologiyasida ndo olan metodlardan sayilir vo bu metod metod maye fazadan
bork fazaya kecid prosesina osaslanir. Osason nanohissaciklorin sintezi iigiin genis istifads olunur.

Yarimkegirici kompozitlorin alinmasi tigiin fiziki iisullarda genis totbiq olunurki bunlardan
biri do fiziki buxarlandirma (PVD) tisuludur. Bu lisul materialin buxarlanaraq substrat iizorino
¢cokdiiriilmasi ilo hoyata kecirilir. Osas {istiinliiklori nazik tobagolorin doqiq galinliq nozaratine vo
yiiksok tokrarlanma gabiliyystine malik olmasidir.

Digor fiziki lisul olaraq molekulyar siia epitaksiyasinida (MBE) gostormok olar. Atom
soviyyosinda kristal strukturlarin boytidiilmasi iiciin istifade olunur veo yliksok doqiqlik tomin edir.

Oz-6ziino toskil olunan strukturlar, nanolitografiya iisullari,elektrokimyovi ¢dkma iisullart
da sothin mikro va nano saviyyado idars olunmasina imkan verir.

Soth mikrorelyefinin todqiqi metodlarindan Atom-qiivva mikroskopiyast (AQM) sathin
licolciilii topografiyasin1 nanometr doqiqliyi ilo toyin etmoys imkan verir. Bu metod sothin
kobudluq parametrlorini (Ra, Rq) 6lgmak {i¢iin genis istifads olunur.

Skanedici elektron mikroskopiya (SEM) sothin morfoloji xiisusiyyatlorini yiiksok
ayirdetmo qabiliyyati ilo gostorir. Bu tisul heterogen strukturlarin analizinds eftektivdir.

Soth mikrorelyefinin todqiqi ligiin profilometriya vo digoer lisullarda vardirki bunlardan,
optik profilometriya, tunel mikroskopiyast (STM) vo rentgen difraksiyasini (XRD)da gostora
bilorik.

Aparilan analizlor gostorir ki, CVD ilo alinmis kompozitlordo soth daha hamar vo homogen
olur. Sol-gel iisulu daha poroz vo kobud soth yaradir. PVD orta soviyyoli mikrorelyef
formalasdirir.

Mikrorelyef asagidaki xiisusiyyetlora tosir edir: Elektrik keciriciliyina ,optik udma veo
sopilmaya, soth enerjisi vo adsorbsiyaya.

Natico olarag onu demok olar ki,yarimkegirici asasli kompozitlorin miiasir alinma tisullart
onlarin struktur vo soth xiisusiyyetlorini formalasdirmaq {clin genis imkanlar yaradir.
Mikrorelyefin idare olunmasi materiallarin funksional xiisusiyyatlorinin optimallasdirilmasinda
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osas rol oynayir. Bu istigamotds aparilan toadqiqatlar yeni nosil nanoelektron va optoelektron
cihazlarin yaradilmasina zomin yaradir.
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Abstract
This paper systematically investigates modern fabrication methods of semiconductor-based
composites and techniques for analyzing their surface microrelief. Chemical and physical
deposition technologies, as well as nanostructuring approaches, are comparatively analyzed.
Surface morphology is examined using Atomic Force Microscopy (AFM) and Scanning Electron
Microscopy (SEM). The results indicate that microrelief parameters significantly affect the
electrical, optical, and mechanical properties of the materials.

Annomauusn

B craree cucremMaTM4ecKM ~ PACCMOTPEHBI  COBPEMEHHBIE  METOABI  IOJIY4ECHMS
HOJIyIIPOBOJHUKOBBIX KOMIIO3UTOB M METOJbl MCCIEIOBaHUS MHUKpOpeibeda UX MOBEPXHOCTH.
[TpoBeneH cpaBHUTEIBHBIN aHAIN3 XUMUYECKUX U (PU3UUECKUX TEXHOJIOTUN OCAKIACHMUS, a TAKKe
MeTO10B (POPMHUPOBAHUS HAHOCTPYKTYP. Mopdosorus moBepXxHOCTH U3ydeHa ¢ UCTIOJIb30BaHHEM
ATOMHO-CHJIOBOM M CKaHUPYIOIIEH 3JIEKTPOHHOW MHKpOcKonuH. [lokazaHo, 4TO IMapamMeTrpsl
MHUKpOpenbeda CyLIIECTBEHHO BIUSIOT Ha JJIEKTPUYECKHE, ONTHYECKHE M MEXaHWYeCKHe
CBOMCTBA MaTE€pHaOB.

Xiilasa
Mogalads yarimkegirici osasli kompozit materiallarin miiasir sintez iisullar1 vo onlarin soth
mikrorelyeflorinin tadqiqi metodlar: sistemli sokildo aragdirilmisdir. Kimyavi va fiziki ¢okdiirme
texnologiyalari, homg¢inin nanostruktur formalasdirma metodlar1t miigayisali tohlil edilmisdir.
Sothin morfologiyas1 atom-qiivve mikroskopiyasi va skanedici elektron mikroskopiyasi vasitosilo
Oyronilmisdir. Todqiqat noticosindo miioyyon olunmusdur ki, mikrorelyef parametrlori
materiallarin  elektrik, optik vo mexaniki  xiisusiyyotlorino ciddi  tosir  gostorir.

ELEKTROTEXNIKI QURGULAR UCUN KARBON KOMPONENTLI POLIMER
KOMPOZIiSIYA MATERIALLARININ ISTILIK-FiZiKi XUSUSIYYOTLORI

Cavadov E. M., Ismayilov E. X., Mammadov E.M.
Ganca Dovlat Universiteti, Ganca sahari
elcin.cavadov@gdu.edu.az

Acar sozlar: karbon komponentlori, elastomerlar, istilik-fizik xassalor, polimer kompozit
materiallar, elektrotexniki qurgular
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Elastomer osasli polimer kompozit materiallar miasir sonayeds, homginin yiiksok
gorginlikli elektrotexniki qurgularda miihiim rol oynayir. Bu materiallar xammalinin algatanligi,
istehsal texnologiyasinin sadaliyi, struktur xisusiyyatlorinin genis diapazonda tonzimlonmasi va
coxistigamotli funksionalligi sabobindon muxtalif totbig sahslorinds semarali istifado olunur.
Elastomer kompozitlorin xususiyyatlori onlarin igarisindoki polimer matrisin ndévundan,
doldurucu miqdar1 vo paylanma xususiyystlorindon asili olaraq doyisir. Bu xiisusiyyatlor
materialin mexaniki elastikliyi, sortliyi, istilik vo elektrokegiricilik davraniglarini1 birbasa
muoyyan edir. Xususilo texniki karbonla doldurulmus elastomerlor, doldurucu konsentrasiyasi
artdigca ham izolyasiya, hom do elektrokegirici xassalor gostorir, bu isa onlar1 elektrotexniki
komponentlords, ylksak garginlikli kondensatorlarda, rezistorlarda, sensorlarda vo digor kritik
komponentlords genis totbiq tgtin ideal edir [2].

Karbon komponentli elastomerlor neft-gaz sonayesindo konveyer lentlori, slanglar,
mohurlayici elementlor, homginin elektrik sobokolorindo qisa qapanmalar zamani enerji
paylanmasi tigiin istifade olunur. Onlar elektromagnit maneslordon qorunma, saxta kabellorin
istilik tonzimlonmasi, borukamarlorin katod mihafizasi, eloca do yiiksok temperatur vo asinma
soraitindo uzunmiddotli davamliliq kimi miihiim funksiyalari yerino yetirir. Qisa gapanma
hallarinda karbonla doldurulmus elastomerlor gorginliyi effektiv sokildo yayaraq -elektrik
muharriklari, nasos vo kompressorlarin etibarli islomasini tomin edir. Bu xususiyyatlor xususilo
neft-gaz vo agir sonaye saholorinda kritik ohomiyyat dasiyir, ¢iinki cihazlarin fasilasiz vo
tohlukasiz islomasi Ugln istilik va elektrokegiricilik balansi vacibdir [1].

Texniki karbonla doldurulmus elastomerlarin istilik-fizik xassalarinin darindon 6yranilmasi
onlarin totbiq potensialin1 daha da artirir. Materiallarin struktur vo mexaniki xususiyyatlori istilik
vo elektro-fizik davraniglarla six  baglidir [2]. Doldurucu hissaciklorin  6lcist, sothi
tosir gostorir. Masalon, daha homogen paylanmis vo nanodlculi karbon hissociklori istilik
kecirmo xususiyyatlorini artirarkan, iri vo geyri-homogen hissaciklor lokal istilik yigilmalarina
sobab ola bilor. Bu sababdan istilik tutumu, istilik kegiricilik vo temperatur kecirma gostoricilori
sonaye Vo elektrotexniki totbiglor tgun kritik shamiyyat dasiyir, xiisusilo qisa miiddatli yiksok
garginlik va istilik soklarina maruz galan sistemlorda.

Istilik enerjisinin paylanmasi vo uzaqlasdirilmas: miirokkob istilik saholorinin idars
olunmasini talab edir. Coxkomponentli materiallar ti¢lin bu xtsusiyyatlarin daqiq basa diisiilmasi
vacibdir, ¢linki son xassalorin formalagsmasi bir nego faktordan asilidir: polimerin névii, karbon
doldurucunun markasi vo konsentrasiyasi, baglayici vo doldurucu hissaciklor arasindaki qarsiliqh
tasir [3]. Struktur fargliliklori materialin termal davranigini doyisir, bels ki, kristallik faza yliksak
istilik kegiricilik tomin edorkon, amorf faza istilik tutumunu artirir. Bundan olava, polimerin
molekulyar ¢okisi, kasismo doracasi vo makromolekulyar zoncir elastikliyi istilik vo mexaniki
Xassolara tosir edir.

Todgigatin moqsadi polimer noévindon asili olaraq istilik sopalonmasi imkanlarini
aragdirmaqdir. Bunun iigiin asagidaki vozifalor miisyyon edilmisdir:

Se¢ilmis niimunalorin istilik-fizik xassalarini 6lgmok;

Bu xassolori baglayici komponentlarin fiziki xtsusiyyatlori ilo migayise etmak;

Istilik-fiziki gostoricilori materialin struktur xiisusiyyatlori ilo alagolondirmok;
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Doldurucu migdarinin va paylanmasinin istilik davranigina tosirini analiz etmok;

Polimer kompozitlorin  praktiki  totbig Uclin  optimal struktur  parametrlorini
muayyanlagdirmok.

Todqgigat obyektini texniki karbonla doldurulmus elastomerlor toskil edir. Onlarin istilik-
fizik xassalori — istilik tutumu, istilik kegirmo vo temperatur kegirmo — yiksok vo tokrar
temperatur doyismoalari soraitinds 6l¢tilmiisdiir [4].

Istilik axim1 material daxilinds istilik kegiricilik omsalindan asili olaraq doyisir. Istilik
tutumu materialin qizma stiratini, temperatur kegirmo iso istilik enerjisinin material daxilinds
yayilma siiratini gostorir vo geyri-stasionar rejimds isloyan konstruksiyalar t¢un kritik shamiyyat
kasb edir.

Baglayict asasi tasirini giymatlondirmok tigiin kristallik quruluslu butilkauguk (IIR) vo
amorf quruluslu stiren-butadien kauguku (SBR) ils eyni texnologiya va doldurucu ilo hazirlanmis
nimunoalor mugayise edilmisdir. Elektrokegirici doldurucu kimi texniki karbon P-234 istifado
olunmusdur. Istilik-fizik 6lgmolor lazer impulsu (laser flash) metodu ilo DLF-1200 qurgusunda
apartlmisdir.

Bu metod yilksok dagiglik va tokrar olunma gabiliyyati ilo secilir. NUmunanin 6n sathi
lazer impulsu ils tasirlondikdon sonra temperatur doyismasi gqeyds alinmigdir. Niimunalorin sathi
grafit tobago ilo ortiilmiisdiir ki, impuls diizgiin yayilsin. Olgmolor 30-70 °C temperatur
intervalinda aparilmigdir, lakin olave analizlor 80—120 °C araliginda genislonorok yuksok istilik
soraitinds davranis modellarini géstormisdir.

Oldo olunmus naticalor gostorir Ki:

Secilmis temperatur araliginda istilik-fiziki parametrlords doyisiklik oshamiyyatli deyil;

Istilik kegiricilik amsali nozordon kegirilon temperatur diapazonunda praktik olaraq sabit
qalir;

Materiallarin istilik kegiricilik vo temperatur kegirmo omsallari arasinda diiz miitonasib
alage movcuddur, lakin doyismo diapazonu farglidir;

Xisusi istilik si@imi, istilik tutumu vo temperatur kegirmo omsallari baglayici osasi
novindon asilidir;

Polimer novi temperatur kecirmoa va istilik kegiriciliys istilik sigimi1 ilo mlgayisado daha
COX tasir gostorir;

Karbon komponentlori olan polimer kompozit materiallar kristallik quruluslu baglayici ilo
amorf baglayiciya nisbaton yuksok istilik-fiziki xassaloro malikdir [5].

Analiz gostorir ki, istilik-fiziki xassalorin formalagmasi polimerin struktur dayisikliklori,
makromolekulyar zoncirlorin orientasiyast vo karbon komponent hissaciklori ilo qarsiliqli tosir
naticasinda bas verir. Kristallik faza torkibi artdiqca istilik-fiziki xassalorin kemiyyoat dayarlori
yuksalir, bu da materialin istilik yayilmasini siiratlondirir. Bu naticalor gostorir ki, karbon
komponentli polimer kompozitlorin se¢imi konstruksiyanin istilik rejimina oSason apartlmalidir.
Qeyri-barabar istilik rejiminds isloyan konstruksiyalar tglin kristallik kauguk, istilik artim
sliratinin artirilmasi tolob olunan qurgular tigiin iso amorf faza Gstunlik togkil edir.

Olavo olarag, naticalor gostorir ki, nanoolgiilii karbon doldurucularin tatbiqi istilik vo
elektrokegiricilik xtisusiyyatlorini daha da optimallagdira bilar, eyni zamanda materialin mexaniki
davamliligini artirir. Bu iso elastomer asasli kompozitlorin elektrik mihandisliyinds, avtomobil
sonayesindo, neft-gaz infrastrukturunda vo ylksok performansh sonaye avadanligqlarinda genis
istifadasini sortlondirir.
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Xllasa
Bu isdo karbon komponentli elastomer osasli polimer kompozitlorin elektrotexniki
qurgularda istifado Uglin istilik-fiziki xassolori aragdirilmigdir. Materiallar ucuz xammal vo sado
istehsal texnologiyasi sayasinda genis totbiq olunur. Texniki karbonla doldurulmus elastomerlar,
doldurucu migdar: ilo muoyyan olunarag, ham izolyasiya, hom do elektrokegirici xUsusiyyatlora
malikdir. Bu xususiyyatlor yuksok gucli rezistorlardan sensorlara godor mixtalif saholords
istifado imkanlar1 verir.
Pe3ziome
B ,HaHHOﬁ pa60Te HCCIICAYIOTCA TCHJ'IO(bI/ISI/I‘IeCKI/Ie CBOICTBa IMOJIMMCPHBIX KOMIIO3MTOB Ha
OCHOBC 2JIaCTOMCPOB C YIVICPOAHBIM HAIIOJIHHUTCIICM I UX NPUMCHCHUSA B DJICKTPOTCXHUYCCKUX
YCTpOﬁCTBaX. MaTepI/IaHH HUMCIOT JOCTYITHOC CBIpBé U IPOCTYIO TEXHOJIOTHIO ITPONU3BOACTBA, UTO
o0ecrieunBaeT IIUPOKOC MPUMCHCHHUEC. HamonneHHnrle TeXHUYECKUM yYriepoaom 3J1aCTOMCPBL
MMPOSABJIAIOT KAaK HU3O0JIAOUOHHBIC, TaK U IMPOBOAAIINC CBOMCTBA B 3aBHCHUMOCTH OT COACPpIKaHUA
HAIOJIHUTEIIA, YTO IMO3BOJIACT UCITOJIB30BATh UX OT MOIIHBIX PE3UCTOPOB 1O CCHCOPOB.

Abstract
This study examines the thermal-physical properties of carbon-filled elastomer-based
polymer composites for electrotechnical applications. The composites are low-cost and easy to
manufacture, enabling wide industrial use. Depending on the filler content, carbon-filled
elastomers can exhibit either insulating or conductive properties, which allows applications
ranging from high-power resistors to sensors.

BJIMAHUE BBICOKOTEMIIEPATYPHOI'O OBJIYYEHUE T'AMMA-KBAHTAMU HA
TEMIIEPATYPHYIO 3ABUCUMOCTD SJIEKTPOPUZNYECKUX ITAPAMETPOB

KPUCTAJLIIOB n-CdxHg:xTe
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NOJBM)KHOCTH, TeMIlepaTypa, AByXxOapbepHas »Hepreruyeckas MoJelb, MPOCTPAHCTBEHHO-
HEOJIHOPO/IHBIH MOTYIPOBOJAHHUK.
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C uenbio BbISBICHUS OCOOCHHOCTEH 3aBUCUMOCTU MpoIeccoB naedekToodpazoBaHusi B
KpHUCTa/IaX MOJYINPOBOJHUKOBBIX TBEPIBIX PACTBOPOB OT BHYTPUKPHCTAILUTMYECKUX YCIOBHUN
AKCTIIEPUMEHTAIBHO HCCIICIOBaHbl BIMSAHHE BblcoKoTemmeparypHoro (T=343 K) oOnyueHus
raMMa-KBaHTamMu ¢ &=1.25 MbdB, D,=10°-4-10°P wma TemmepaTypHyH 3aBMCHMOCTb
anekTponpoBogHocTH (o), kKodhdumuenta Xomma (Rx) ¥ XOJUTOBCKOW MOABMXKHOCTH (k) B
monokpuctaiiax N-CdxHgi-xTe ¢ 0.50<x<0.95.

YToObl OLIEHUTh M3MEHEHHMsI, 00YCIOBIECHHBIE TOJILKO BO3JCUCTBHEM paJualliy CHavaja
CHUMAJIMCh KPHBBIC TEMIIEPATYpHOM 3aBUCHUMOCTH G, Rx M lx B H3y4aeMbIX oOpasmax o
obiydeHusi. YCTaHOBIIEHO, YTO B HeoOmydeHHbIX Kpuctamiax N-CdxHgixTe ¢ 0.50<x<0.95
AIIEKTPONPOBOTHOCTh B OOJIACTH OTHOCHUTEIIBHO HHU3KMX TEMIIEpAaTyp IOYTH HE 3aBHCUT OT
temriepatypbl (T), a ¢ manmpHelmuM poctom ero a0 400 K — Heckonbko ymeHbiaercs. B
kpuctayax ¢ x>0.70, Bo-niepBbIX, 00JacTh craja Ha KpuBbIX 3aBucumoctu o(T) ncuesaer; Bo-
BTOPBIX, OTYETIIMBO MPOSIBISIETCS PE3KO-BO3PACTAIONINN BEICOKOTEMIIEPATYPHBIN yUaCTOK.

Uro kacaercsi TeMIepaTypHOW 3aBHCUMOCTH Rx B McciemyeMbIx KpUcTaiax, TO CIeIyeT
ormetuTh creayoomee. B n-CdxHQgixTe obpasmax Rx<0 W mpe OTHOCHUTEIBHO HH3KHX
Temreparypax |Rx| mo4ru mocTosiHHa, a B o0nactu Ooyiee BBICOKHX TemrepaTyp ¢ poctom T —
PE3KO YMEHBIIACeTCS.

VYcraHOBJIEHO, YTO B HeoOnydeHHbIX Kpuctamiax N-CdxHQgixTe m3ydaeMbix COCTaBOB C
pPOCTOM TeMIIepaTyphl lx CHayana (B 00JacTH OTHOCHUTENbHO HU3KHX T) yBenuuuBaeTcs MO
3akoHy pUy~T3/2, a nanmee (mpu Gonee BBICOKHX TEMIEpPaTypax) 3aBHCHMOCTH |lix OT T
NOUMHSAETCS 3aKOHY Uy~T~3/2. TIpu nmpoumx OJMHAKOBBIX YCIOBHAX ¢ poctoM X oT 0.50 10
~0.95 BenuumHAa [1x pe3KO (IIOYTH HA TPH MOPSIKA) YMEHbBILIAETCS.

Y cTaHOBIEHO, YTO TOCTE Y-00myueHus cHadamia (mpu Maibix Dy) Xoa KpUBBIX 3aBUCUMOCTH
o(T) 3aMeTHO OTJIHYAETCs OTHOCHTENBHO HcxoaHoro — mpu D,<10° P B 061acTi 0THOCHTENHEHO
Hu3kux T Ha kxpuBbiX o(T) mosBasercs oGmacTe pocTa MPOBOJUMOCTH ¢ Temmeparypoil. C
poctom D, cHauana spKOCTh 3Toii 0071acTH yBenuumuBaeTcs, a ganee (mpu D,>5-10° P) ¢ poctom
D, pacxoxzaeHnue mexay xoaamu KpuBbIX o(T) /Ui 007Tyd4eHHBIX Y-KBaHTaMH M HEOOTY4E€HHBIX
06pa31oB nocTenenHo ymenbmaercs. [Ipu Dy=4-108 P xon kpussix 3aBucumoctu o(T) mourn He
OTJIMYaeTcs OT ucxoaHoro. s uccnenyembix o0pasnos ¢ pocrom Dy cHavyana ¢ ymeHblaercs, a
nanee (npu 6onee Boicokux Dy) yBenuunBaercs.

B o0nyueHHbIX y-kBaHTamMu oOpasiax N-CdxHgixTe xom kpuBbix 3aBucumocTu |Rx| ot T
MOYTH COXPaHSETCs, OHAKO YHCIIEHHOE 3HaueHue |Rx| u HakiIoH KpuBbIX 3aBUcuMocTH |[Rx| oT T
B 00JacTH OTHOCHTEIFHO BBICOKMX TEMIEpaTyp YMEHBIIAETCs, YTO CBHIECTEIHCTBYET 00
YBEJIMYEHUU KOHLEHTpallMM CBOOOJHBIX HOCHUTENEH 3apsiia M YMEHBUIEHUH IIHPHUHBI
3aMpENIEHHON 30HbI COOTBETCTBEHHO.

VYcraHoBieHO, 4TO OOJy4YeHUE Y-KBaHTAaMH CWJIBHO BIMSET Ha XOJl TeMIepaTypHOMH
3aBHCUMOCTH W YWCIIEHHOE 3HAu€HHE |lx. B 9acTHOCTH, B HMCCIIEIyeMBIX KpUCTAJUIaX IMOCie Y-
00TyueHHs |Ix yMEHBIIAETCS OTHOCHTENbHO HcxoaHoro. Ipudem B o6mactu Dy<10° P u mu3kux
TEMIEPATYp 3TO YMEHBIIEHUE COCTABIISET HECKOJIBKO MOPSIIKOB U ¢ pocToM Dy oT 10° P 10 106 P
OTHOUICHUE Wxo/[lx, THE Lx0 M lx — 3HAYCHUS MOIBIKHOCTH HOCHUTENCH 3apsia B HCXOIHOM
(meoOiyueHHOM) ©  OONYYCHHOM  Y-KBAaHTAMH  KPHCTalZIaX  COOTBETCTBEHHO,  PE3KO
yBenuuuBaeTcs. [Ipu nanpHeimeM pocTe 1036l 00IyUeHHUs [ixo/[lx YMEHbIIAeTcsl. B 00mydeHHbIX
Y-KBaHTaMH KpPUCTAJUIAX TEMIIEPATYPHBIH JHana3oH, TAE |Lx YBEIHMYMBAETCI C pocToM T,
pacupsieTcs 1 B 3TOM Juana3oHe 3aBUCUMOCTD x(T) moguunsercs 6osee pe3koMy CTEIEHHOMY
3aKOHy, ueM f,~T3/2. YcranoBneHo, 4To ¢ poctom Dy cHauama mokasaTenb cTemeHH py~TF

223



yBenuuuBaercs, a ganee (mpu D,>5:10° P) mocremeHHO yMeHbIIaeTcs M NpPHONIKAETCA K
3HayeHuto 3/2. B 061acTy OTHOCUTENBHO BBHICOKUX TEMIIEPATYp XOJ KPUBBIX 3aBUCUMOCTH x(T)
IIOYTH HE OTJINYAETCS OT UCXOJIHOTO.

Oxkazasacb, 4YTO BO BCEX HM3ydyaeMbIX oO0pa3lax BiAHSHHE 7Y-OO0JydeHHs Ha
NEKTpO(U3NYECKHEe TapamMeTpbl M XapaKTepUCTUKU Ooyiee 3HAYUTENBHO B O0JIACTH
OTHOCUTENIbHO HM3KUX Temreparyp. Ilpu Oosiee BBICOKMX TemrmepaTypax, /i€ JOMHHUPYET
cobcTtBeHHasi npoBoAUMOCTh, KpuBble 3aBucuMocTedt Rx(T), o(T) u px(T), cooTBeTcTBYyIOIIME
OJIHOMY U TOMY >k€ 00pa3ily 10 U Iocie Y-001ydeHus ¢ pa3inyHon Dy, mouTH cimBaroTCs.

CpaBHUTENBHBIN aHAIN3 MOJIYYEHHBIX HAMH 3KCIEPUMEHTAIbHbBIX PE3YJIbTATOB [103BOJISIFOT
PEUIOKUTE ciienyromiee. B HeoOmyueHHbix kpuctamiax CdxHgixTe cymecTByoT cOOCTBCHHBIC
U HEKOHTPOJHPYEMBbIE TEXHOJOTMYeCKHe JAe(eKThl pPa3HOro TUMA, HEMOCPEACTBEHHO
00yCIIOBJICHHbIE BaKaHCHEW M MEXIO0Y3€JIbHbIMU aTOMaMH OCHOBHBIX KOMIIOHEHTOB, a TakKke
UHOPOJHBIMM  aTOMaMH, OJJIEMEHTapHbI COCTaB, KOTOpPbIX JOCTaTO4HO mHUpok. Kax
YCTAHOBJIEHO, TPH BBICOKOTEMIIEPATYPHOM Y-00iaydeHurn B MoHOKpuctamiax CdxHgixTe
npeo0iasaeT BOZHUKHOBEHHE PAJHAMOHHBIX AE(PEKTOB aKIENTOPHOTO TUIA, OOYCIOBICHHBIX
BakaHcued prytn. OjHako B N-THUOA KpUCTaIaX Kak [0, TaK M TMoOche Y-00JydeHus
TOKOMNPOBOJUMOCTb OIIPENEISIETCS 3JIEKTPOHAMHU, T.K. MX KOHLIEHTpAalMs U IOABMXKHOCTb Ha
HECKOJIBKO TOPSIKOB MPEBBINIAET KOHIIEHTPAIMIO U MOABMKHOCTH AbIpoK. [losToMy mpu Bcex
pPacCMOTpPEHHBIX HaMHU Cciy4asx B 3Tux Kpucrtammiax Rx<0. HesaBucumocts |[Rx| m ¢ or
TEMIIEPAaTypbl B U3y4aeMbIX HaMU HEOOIY4EeHHBIX 00pa3iax B 00JACTH OTHOCHUTEIBHO HHU3KUX
TEMIEPATYP MOXKET OOBACHATHCS JOMUHHPOBAHMEM HACBHIIIEHHOW MPUMECHON IPOBOJAMMOCTH.
[Tocne y-o0iydeHHs 3HAYUTENBHO YBETUYMBACTCS KOHIIEHTPALMS AaKIENTOPHBIX LIEHTPOB U
COOTBETCTBEHHO pacTeT IIMPUHA NPUMECHOW ToJjochl. B pe3ynabTate 3TOro mNOCTENEHHO
YMEHbILIAETCSl SHEpPreTudeckasl miellb MKy NPUMECHOH aKIEeNTOPHOH MOJOCOH M MOTOJIKOM
BAJICHTHOM 30HBI. HakoHel, u3-3a CIMBaHMS aKLENTOPHOM IPUMECHOM IIOJIOCHI U BaJCHTHOU
30HBI [IHPHHA 3aIPEIICHHON 30HbI yMeHbInaercs. [loaTomy moce y-o0ayuenus |Rx| B oOpasiax
yMeHbIIaeTcsl (KOHIIEHTpaIus CBOOOJHBIX HOCUTENEH 3apsaa yBeIuduBaeTcs). B mons3y atoro
IIPEIIIOJIOKEHNS CBUACTEIBCTBYET TAK)KE YMEHBIIEHUE HAKIOHA BBICOKOTEMIIEPATypHOW BETBU
KpuBbIX 3aBucuMOCTH |Rx| or T. Ilpm pocre KOHIEHTpauuu paaUallMOHHBIX J€(EeKTOB
HO/IBUKHOCTh HOCHTENEH 3apsina yMmeHblnaercs. [Tockonbky B u3ydaembix kpucramiax CdxHg:-
x| € 9TO yMeHbIlIeHHe 00Jiee CHIIBHOE, YeM POCT KOHIICHTpAlluU CBOOOIHBIX HOCHUTENIECH 3apsja,
TO G YMEHbILIAETCS.

[IpoBeneHHbIE SKCIEPUMEHTANbHBIE HCCIEI0BAaHUS TMO3BOJSET MPUHTH K BBIBOAY, UTO
MEXaHU3M BIIHMSHUE BBICOKOTEMIIEPATYpHOro OOJIy4eHHUs Y-KBAaHTaMU Ha 3JeKTpodusnyeckue
napamerpbl MOHOKpucTauioB N-CdxHgixTe ¢ 0.50<x<0.95 3aBucHUT OT 03Bl OOJIyYEHHS: TPH
OTHOCHUTEJIbHO MaJlblX [03aX IEpBUYHBIE DPAJUALMOHHbIE Ne(EeKThl CKAIJIMBAIOTCA B BHUJE
KJIACTEPOB U 3JIEKTPOHHBIE CBOMCTBA MaTepHaja yJOBIETBOPUTEIbHO OOBSACHSIOTCS Ha OCHOBE
JBYyX0apbepHON >HEPreTUYECKON MOJIEIN MPOCTPAHCTBEHHO-HEOJHOPOIHOTO MOJIYIPOBOIHUKA;
npu OONBIIMX J03aX OOIyueHHs M3-32 PABHOMEPHOTO pacIpe/ie/ieHUs] paJluallioOHHbIX 1e()eKTOB
B 00bEMe 00pa3iia U paclIupeHus aKIenTOPHON MPUMECHON TMOJIOCHI — CTAHOBUTCS MPUMEHUMA
MOJI€Jb IPOCTPAHCTBEHHO-OAHOPOJHOTO IOJIYIPOBOAHMKA C HENPEPBIBHO paclpeacieHHbIMU
YPOBHSIMH 32 KPAaeM pa3peIIeHHbIX 30H.
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	Çuqun pəstahların kristallaşma prosesinin istilik modeli. Çuqunun soyuma prosesi qeyri-stasionar istilik keçiriciliyi tənliyi ilə təsvir olunur [5, s.181-189]:
	Çuqunun kimyəvi tərkibinin struktur və mexaniki xassələrə təsirinin modelləşdirilməsi. Mexaniki xassələrin kimyəvi tərkibdən asılılığı aşağıdakı ümumi funksiya ilə ifadə olunur [4, s. 310-317]:
	Soyuma sürətinin mikrostrukturun formalaşmasına təsir modeli. Soyuma sürəti temperaturun zamana görə dəyişməsi ilə müəyyən edilir [9, s. 200-205]:
	Metallurji emalın texnoloji parametrlərinin çoxfaktorlu statistik modeli. Metallurji proseslərin optimallaşdırılması üçün texnoloji parametrlərin çoxfaktorlu reqressiya analizi tətbiq olunur. Keyfiyyət göstəricisi aşağıdakı parametrlərin funksiyası k...
	Temperatur sahəsinin kompüter modelləşdirilməsi. Çuquntökmə prosesində temperatur paylanmasının analizi üçün rəqəmsal modelləşdirmə metodlarından istifadə
	olunur. Bu modellər sonlu fərqlər və ya sonlu elementlər metoduna əsaslanır. Diskret istilik keçiriciliyi tənliyi aşağıdakı kimi yazılır [9, s. 40-55]:
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