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B nacrosiiee BpeMsi MHOTO(OTOHHOE MOTJIOUICHHE SIBIISIETCS NMPEAMETOM MHTEHCUBHBIX
SKCHNEPUMEHTAJIbHBIX M TEOPETUYECKUX UCCieqoBaHUi. MHOrooToHHBIE MPOLECCH B
MOJIYIPOBO/IHUKAX ~AKCHEPHMEHTAIbHO MOXHO HCCIEA0BAaTh METOJaMU  ONTHYECKOTO
MOTJIOIIEHUS, (POTOTIPOBOIUMOCTH M PEKOMOWHAIMOHHOTO M3JIydeHus. HemocpeacTBeHHOE
M3MEPEeHUs TIOTJIONICHUsT cBeTa ¢ JHeprued hw<Eg TpeOyeT HMCmob30BaHUS KPUCTAILIOB
3HAYUTENbHBIX PAa3MEPOB W MOXKET ObITh MCIIOJIB30BAHO JIUIIb TPU BBICOKUX MOTOKAX
MorHOCTH (06619HO0 Gomee 100 T'Bt/cM?). BBujy TOTo, 4TO MpH 3HAYHTENBHBIX TIOTHOCTIX
CBETOBOIO IOTOKAa, B KPHUCTAUIaX HapAay C MHOTO(OTOHHBIM IIPOIIECCOM MOTJIOUICHUS
HAYMHAET Pa3bITPhIBAThCS DSl HETMHEHHBIX ONTHYECKHUX SBICHHUH (HAIpUMep, BBIHYKIEHHOE
KOMOMHAIIMOHHOE U OpUIUII09HOBCKOE PACCEsIHME, NMapaMeTPUUYECKOE paccesHue, TeHepanus
TapMOHUK M T.I1.), IPUBOAALIMX TAKXKe K OCIa0JIEHUIO CBETa, MPOXOASIIETro Yepe3 KpUcTal,
JAHHBIE O XapakTepe M BEJIMYMHE MHOIO(OTOHHOIO IOIVIOIIEHUS, TIOJIy4YeHHbIE U3
HKCIIEPUMEHTOB IO H3MEPEHUIO0 NPOIYCKaHMUs CBETa KPUCTAUIOM, MOTYT OBITh B psizie
cillyyaeB HCKaxkeHbl. Kpome Toro, Henb3si HE Y4YUTBIBaTh MEXaHHUYECKOE pa3pyllEeHHUE
UCCIIEIyeMbIX KPHMCTAJZIOB IPH TAaKOM BBICOKOM MHTEHCHBHOCTU BO30YyXaeHus. [pyrum
3pPeKToM, K KOTOPOMY MOXKET B MPHHLHMIE NPUBOIUTH 00Opa3oBaHME HEPAaBHOBECHBIX
HoOcUTeNel npu MHOT'0(hOTOHHOM HOIJIOLEHUH, ABIISIETCA MHOTo(hOTOHHAs
¢doronpoBoguMocTh. OHAKO B 3TOM Clly4ae PErucTpalisi MHOTOKBAHTOBOIO IOTJIOIIEHUS
MOKET MAaCKUpPOBAaTbCs HAJIMYMEM IPUMECHBIX IE€PEXOJ0B, KOTOpBIE SBIAIOTCA BECbMa
CYIIECTBEHHBIMU B IIMPOKO30HHBIX Marepuanax. M3mydarenbHas peKOMOMHAIMs SBISETCS,
[0-BUJMMOMY, CaMblM  IpsMbBIM W  YYBCTBUTEIbHbIM  CIHOCOOOM  perucTpanuu
MHOTOKBaHTOBOI'O IOTJIOIIEHUSI B IOJIyIIPOBOAHUKAX. MccienoBaHue pekoMOMHAIIMOHHOTO
U3IY4YEHUs, BO3HHUKAIOIIEro IpPU TaKOM CIocoOe CO37aHUs HEpaBHOBECHBIX HOCHUTENEH,
IIPEJCTaBIsAEeT 3HAYUTEIbHBII HHTEPEC BBULY TOTO, YTO JIIOMUHECLIEHIUS B 3TOM CiIydae UaeT
U3 Bcero oObeMa MOJIyIIPOBOJAHMKA W IIOBEPXHOCTHBIE SIBJICHHS HE CKa3blBalOTCA Ha
Ha0JI0/1aeMBbIX 3aKOHOMEPHOCTSIX.

[lo-Hamemy MHeHuto, Kpuctauibl GaS sBIAOTCA yAOOHBIM OOBEKTOM Ul IPOBEICHUS
TaKoro copta uccnenoBanuid. Cynbhua raums UIMeeT HIMPUHY 3alpenieHHoH 30161 2.53 3B npu
T=300 K [1], moatomy cBeT 2-0it rapmonuku Nd:Y AG-nasepa (hw=2,34 3B) 10/mkeH MPUBOIUTH
K JIByXKBaHTOBOMY, a cBeT 1-0if rapmoHuku (hw=1,17 3B) — k TpeXKBaHTOBOMY MOTJIOLIEHUIO.

Kpucranner GaS Obuin mostydeHbl MeTofoM bpumpxMena. Tak Kak 3TH KpHCTalIbl
UMEIOT CIIOUCTYIO CTPYKTYpY, TO yAAlOCh NOJYyYUTh OYEHb TOHKHE MOHOKPHUCTAJUIMYECKHE
IUTACTUHKHM IyTE€M OTILEIUIEHUS UX OT TOJCThIX oOpasuoB. IIpu 3Tom cpasy mosyyanuch
3epKaJIbHbIE ONTHYECKHE MOBEPXHOCTH, HE TpeOyrolue CcrienualbHOW NOIUpoBKH. TommmHa
uccieayeMbIx o0pasioB Obuia ~2-4 MKkM. B kadecTBe MCTOUHMKA M3ITYyYEHUS! HCIIOJIb30BANICS
umnynbcHbli Nd:YAG-na3ep co BCTpOeHHBIMH TeHeparopamMu 2-W MU 3-il TapMOHUK,
MIpEeHA3HAYEHHBIA A TEHEpalMM W3Iy4eHHsl ¢ AnuHoi BosmHbl 1064, 532 m 335 HM.



JIMUTEeNbHOCTh Ja3epHOT0 MUMITyJbca cocTaBisiia 10 HC ¢ MakCMMallbHOM MOIIHOCTBIO ~12
MBrt/cM?.  VIHTEHCHBHOCTh ~M3Iy4eHHS H3MEHsAIach IIPH T[OMOIIM  KaJMOPOBAHHBIX
HEHTpaIbHBIX CBETOBBIX (uiabTpoB. C IMOMOIIBIO JHMH3Bl MNAJAIOMIMNA J1a3epHBIA JIyd
dboxycupoBaJics Ha TOBEPXHOCTh oOpasma c¢ guamerpoMm msaitHa ~2.0 mMMm. CHeKTpbl
ONTUYECKOTO TOTJIOIIEHHUsI ¥ JIIOMHHECHCHIMH KpuctauioB (GaS muccinenoBainch ¢
HCI0JIb30BAHMEM aBTOMaTH4eckoro MoHoxpomaropa MS833 ¢ nBoifHON nucnepcueit
(cnextpanbHoe pazpemienne ~0,024 HM Ha amuHe BOJHBI 600 HM), C KOMIIBIOTEPHBIM
YIOpaBJIEHUEM U JETEKTOPOM, PETHUCTPUPYIOIIMM M3JIy4€HHE B JMana3zoHe JUIMH BoJH 350-
2000 uM. MeToiKa SKCIIEpUMEHTa aHATIOTUYHO, OIIMCAHHOH B padoTte [2].

Ha pucynke 1,a,0 npencraBieHbl CHEKTphl H3IydeHHs KpucramioB GaS mnpu
nByX($OTOHHOM BO30YxaeHuH BTOpoil rapmonukoir Nd:YAG-nazepa (how=2,34 »B). Kak
BHUHO M3 PUCYHKA, B CIIEKTpax HAOJFOJAI0TCS ABa MaKCUMyMa ¢ JyTiHaMu BoJIH 415 HM u 490
oM. Crabasi BBICOKOdHEpreTHdYecKas JHHUs H3nydeHuss ¢ »Hepruedr hw=3,00 5B, mo-
BUJIUMOMY, OOYCIIOBJIEHAa NPSMBIMU ONTHYECKUMHU nepexonamu (puc.l,a). MHTeHcuBHas
TVHAS U3TydeHus ¢ sHeprueil hw=2,53 »B (puc.1,0) cBsi3aHa ¢ HENPSAMBIMH MTEPEXOJaMU Ha
Kkpao (yHaamMeHTanpbHOTO moryonieHus. OO0 3TOM TakKe CBUJIIETEILCTBYIOT JIaHHEIE,
MOJIydeHHbIE HaMH U3 crektpa morjomieHunss GaS. 3aBHCUMOCTh WHTEHCHBHOCTH
JIOMUHECUEHIIUN OT MHTEHCUBHOCTH BO30YXACHUS MPHU ABYXKBAHTOBOM BO30YKJIEHUM HOCUT

2.
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Puc. 1. Cnexrp nznydenus kpucraniao GaS npu AByXKBaHTOBOM (a U 0) u
TPEXKBAaHTOBOM (c) BO30y:xaeHuu Bropoit rapmonnkoit Nd:Y AG-nasepa.

MHTEHCUBHOCTD JTUHUH HU3JIYYCHUS, CBA3AHHBIX C HCIIPAMBIM OIITHUYCCKUM IICPEXOI0M,
Ha OJUH MOPAAOK IMPEBBIIIACT MHTCHCHBHOCTDL JIMHUH H3JIYUCHUA, CBA3AHHLIX C IPAMbBIM
OIITUYCCKUM IICPEXOA0M. Ha mam B3I, 9TO O6y0J'IOBJ'IeHO IpoueccoM CaMOIIOIIOIICHU A,
9aCTO BCTpCHANOMICCCA B IMOJTYNPOBOAHUKAX C HCHIPAMBIMHU 3alIPpCHICHHBIMU 30HaAMU. MO)KHO,
BO36y)KI[a${ 9JICKTPOHLI B 00e JAOJIMHBI, MOJYYUTb, TAKUM o6pa30M, NpsAMyr0 U HCIPIAMYIO
HU3JTy4aTCIIbHYIO peKOM6I/IHaLII/IIO. HCCMOTpH Ha TO, YTO OSJICKTPOHLI 6y,Z[YT 6LICTp0
PCIIaKCUPOBATh K HAMHU3UINM 3HCPIrUusaM, T.C. B HCIIPAMYIO JOJUHY, U HCCMOTPSA HAa CHIIbHOC
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noryomeHue (OTOHOB C BBICOKON SHEpPrueil mpu MpsIMBIX IEpexoJax, B OYEeHb TOHKHX
o0Opa3max MOXHO OOHApY)KHTh HEKOTOPYIO JIOJIIO BBICOKOIHEPIreTHUECKOTO H3Iy4YeHHS,
0COOEHHO TpH Ja3epHOM BO3OykaeHHH. HaOmioneHne NpsSMBIX NEPeX0J0B MPH TaKHX
HEOJarompUATHBIX YCIOBHUAX BO3MOKHO TOJIKO M3-32 OTHOCHUTEIHHO BBICOKOW BEPOSTHOCTH
JUTSL TIPSIMBIX TIEPEX0JIOB.

Ha puc.l,c mnpexacraBien crekrp moMuHecHeHnu (GaS TpH  TPEXKBAHTOBOM
Bo30yxaeHnn Nd:YAG-nazepa, ¢ sHeprueit kBanta ho=1,17 3B. BumHo, uro u mpwu
TPEXKBAHTOBOM BO30Y)KJICHHH HAOJIIOJACTCS XapaKTepHOE U3JIydeHHEe ¢ MakCUMymoM ~ 490
HM. OJHAKO WHTEHCHBHOCTh HM3JIydeHHS HAMHOTO cijabee, 4eM Ipu JBYXKBaHTOBOM

BO36y7KIICHI/II/I. 3aBHCHMOCTh HMHTCHCUBHOCTH  JIFOMUHCCLCHIIUN OT HMHTCHCHUBHOCTHU

34
sas. "

BO30YKJICHUsI TIPU TPEXKBAHTOBOM BO30YK/I€HHH HOCUT Xapakrep B Buze | =1 Takum

obpazoM, mosBIeHHE XxapakTepHoro s (GaS  wu3NydeHHss U XOJ 3aBUCHUMOCTH
JIOMUHECUEHIIUN OT UHTEHCUBHOCTH BO30YXJEHUS CBHUJIETEIBCTBYIOT O HAJMYMHU Ipoliecca
TPEXKBAHTOBOT'O MOTJIOIICHMSL.

boiio  ompepeneHo  oTHomieHue — koddduuuenta aByxkBaHToBoro  (K2)
ko3 durmenty TpexkBantoBoro noryomeHus (Ks). s aToro m3mepsummch MHTEHCHBHOCTH
cera nepBoii (I1) u BTopoi (I2) rapmonuku Nd:YAG-na3epa, mpuBoIAIIKe K OJUHAKOBOMY
n3nydeHuto. Cuuras, 4To MpU 3TOM CKOPOCTH reHepanuu Hocutenei paBHbl Kol2 = Ksli, ms
naTencuBHocTH |1=10 MBT/cM? otHOmenne (K2/Ks) okazamocs mopsaka 104, D1y Benuunny
MOXXHO CpaBHHTh C TeopeTudeckuM 3HaueHWeM oOTHOmeHus  (Ko/K3)reop. Ecim
BOCIIOJIb30BATHCS PE3yIbTaTaMU PAcUueTOB MO TEOPHUH BO3MYIIEHHH BO BTOPOM MOPSAKE s
K> u B TpeTrbem nopsiake s Ks, To umeem:

nh’ofc (@

Ka/Ka)seop.=0.1
(KelKsheon =01 G — )1, o,

)5

rae [ =——"— N—I0Ka3aTelb NPEIOMIICHUS, A -IIMPUHA 3alPEIICHHON 30Hbl, @, U @, -
m, +m,

yacTtoThl 1-0#f u 2-oif rapmonmkoii Nd:YAG-ma3epa, COOTBETCTBEHHO, |1-HHTEHCHBHOCTH

cBera Ha w1. Jg 11=10 MB1/cM? 910 oTHOmEeHHe paBHO 3°10%, uTo XOpomIO cormacyercs c

AKCIEPUMEHTAJIbHONW OlleHKOH. OILIEHKH NOKa3blBaeT, YTO MpPH TPEXKBAHTOBOM IPOIECCEe

MOTJIOIIEHUS] KOHLIEHTPALlMs HEPaBHOBECHBIX HOCHUTENEH, TI'e€HEPUPOBAHHBIM JIa3€pPHBIM

M3TydeHHeM J0CTHTaeT Benuuuny ~ 5102 em,
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Abstract

The luminescence spectra and the dependence of luminescence on the excitation
intensity in GaS crystals were experimentally studied under the action of a pulsed Nd:YAG
laser. The observed maxima at 415 nm and 490 nm are explained by the presence of indirect
and direct transitions at the fundamental absorption edge. It is shown that the detected
radiation in GaS (Eg=2.53 eV) by the 2nd harmonic of the (hw=2,34 eV) of a neodymium
laser is associated with two-quantum absorption, and the luminescence arising under the
action of the 1st harmonic of the (how=1,17 eV) of the same laser is associated with three-
guantum absorption.



InSe KRISTALINDA BOR ASQARI HALLARI

Huseynov!a., f.e.d., Cafarov?M., f.-r.e.d., @hmadovalF.
'Baki Déviat Universiteti,
2Azarbaycan Texnologiya Universiteti

Acar sozlar: InSe, bor, asqar saviyyalori, kegiriciliyin inversiyasi, fotoliiminessensiya.
Key words: InSe, boron, additive levels, inversion of conductivity, photoluminescence

Layl kristal quruluslu digor yarmmkegiriciloro nisboton A’B® tipli yarimkegirici
kristallarda laylararas1 Van-der-Vaals xarakterli rabito zoif oldugundan onlar1 mexaniki vo ya
interkalyasiya tisaullar1 ilo monolaylara ayirmaq heg bir texnoloji ¢atinlik tolob etmir. Ona
goOra do bu tip yarimkegirici maddalorin 2D-kristallarinin alinmasi va tadqiq edilmasi elmi va
praktiki shomiyyat kasb edir.

A’B® tip layll quruluslu kristallar swrasinda InSe 2D-kristallar1 &ziiniin fiziki
xassalarindaki orjinal xtsusiyyatlorina géra daha ¢ox maraq calb edir. Miiayyan edilmisdir ki,
qalinlig1 6-10nm olan InSe kristallarinda kegirici elektronlarin vyiiriikliiyii ~ 10* sm?/V-s
giymatlorinds olur ki, bu da belo materiallarin yiiksok tezliklor elektronikasinda tatbigino
genis yol acir [1, 2].

InSe kristallarinda rabitali monolaylarin birinin digarine gors tutdugu mévqgeyina gbra
e, B vo vy -tipli kristallik modifikasiyalara rast golinir. Kristal yetisdirilmasi prosesinds idara
olunmayan faktorlar sababindan eyni bir politipde mixtslif hallarin mévcud olmasi va kristal
yetisdirildikds ¢oxsayli dislokasiyalarin yaranmasi sobabindon yetisdirilmis kristallar miixtalif
xassali olurlar. Kristal qurulusun ¢oxsayli defektlori “c” oxu istigamotinds elektronlarin dreyfi
zamani potensial baryerlor yaranirlar. Belo baryerlorin aradan qaldirilmasi vo kristalin
yetisdirilmasi texnologiyasinda idarsedici faktorlardan istifado etmoklo moxsusi defektlorin
konsentrasiyasmin azalmasi moagsadi ilo InSe kristalina miixtalif askarlar vurularaq todqiq
olunurlar.

Bizim isimizdo InSe kristalina monokristal yetisdirilmasi prosesinds 0.5 at % Bor
asqar1 olavo edilmisdir. Bor atomlar1 kigik radiuslu olmaqla InSe kristalinda miixtolif
maovqgelords yerloss bilirlor. Bor atomlar1 monolaylar arasinda va ya daxilinds neytral halda va
monolay daxilinds In atomlarin1 avoz etmokls ionlasmis halda ola bilirlor. Lakin, nazars alsaq
ki, B-Se rabitasi in-Se rabitesindon daha gticliidiir, ona gérs do bor atomlarmm In atomlarini
ovaz etmo ehtimali daha ¢oxdur.

Todgiqgatlar gostorir ki, Se-In-In-Se monolaymm qalmlig: 4.09 A, In-In, Se-Se vo In-Se
rabitolorinin uzunlugu uygun olaraq 5,32 A, 2.82Avo 2.69 A toskil edirlor. Hesablanaraq
mioyyan edilmisdir ki, kegirici zonanin dibi C ndqtasinds, valent zonanin maksimumu isa C
va K nogtalorinin arasinda yerlogir. Bu onu gostarir ki, InSe monolay1 ¢opine kegidli 1.43 eV
enli gadagan olunmus zonaya malikdir[3].

BSe kristalinin  elementar qofosinin  optimallasdirilmis  parametrlori  laylara
perpendikulyar istigamotdo 3.25Atoskil edir. Hesablamalar gostorir ki, B-Se vo B-B
rabitolorindo atomlar aras1 mesafo uygun olaraq 2.10 A vo 1.71 A -o borabordir [4]. B-Se
monolay1 yarimkegirici xarakterli olmaqla eni 2.61 eV-a borabor olan qadagan olunmus
zonaya malikdir. Gostarilonlors osasan demok olar ki, InSe kristalinda bor agkarlar1 giiclii
rabito yaratmaqla laylararasi oriyentasiyanin fikso olunmasma vo belsliklo potensial
baryerlorin aradan qaldirilmasina sobob ola bilor.

Bizim igimizdo todqiqatin noticolori borla asqarlanmig InSe kristali osasinda optik
qurgularin  hazirlanmasi1  vo onlarin  optik xassolorinin - modulyasiyas1 ideyalarinin
genislondirilmasina imkan verir.

InSe kristali Bridgman iisulu ilo yetisdirildiyi zaman orintiya 0.5 at % bor slave
edilmaklo askarlanmigdir. Liiminessensiya tsulu ilo muioyyon edilmisdir ki, yetisdirilimis
monokristal kiillga hacmi Uzrs optik birincisidir. Otaq temperaturunda kristal n-tip kegiriciliys
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malikdir va elektronlarmn konsentrasiyas1 2-10*2 sm toskil etmisdir..

InSe<B> kristalinin elektrik kegiriciliyinin temperatur asililigi sokil 1-do tasvir
edimigdir. 380250 K vo 230+160 K temperatur intervallarinda logo~1/T asililiginin xatli
hissalorina goro hesablanmis asqar saviyyalorin aktivasiya enerjisilori uygun olaraq 0.68+0.02
Vo 0.1620.02 eV toskil etmisdir.

0
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Sokil 1.

Holl goroyani o6lgmoalori ilo nimunslords yiikdasiyicilarin  konsentrasiyast genis
temperatur intervalinda todqiq edilmisdir. Otaq temperaturunda vo ondan yiksok
temperaturlarda kristal n-tip keciriciliys malik olsa da temperaturun azalmasi ilo 280 K-don
asagida keciriciliyin tipinin inversiyasit miisahido edilmisdir (sokil 2). 77+170 K temperatur
intervalinda desiklorin konsentrasiyasi 3-10%2+3.10% sm3 intervalinda
doyismisdir. Temperatula kegiriciliyin tipinin inversiyas: tomiz InSe kristalinda miisahido
olunmadigindan belo noticoya goalmok olar ki, bor asqarlar1 kristalda kompensasiya edici
akseptor soviyyasi yaradir. n-tip yarimkegirici kristalin asagi1 temperaturlarda p-tip kegiriciliys
inversiya etmosi kompensasiya edilmis kristallarda dayaz yapisma vo dorin donor
saviyyalorinin varhigi ils izah olunur.Otaq temperaturunda InSe kristalinin qadagan olunmus
zonasinin eninin 1.263 eV oldugunu [5] nozars alsaq, asqar saviyyalari darin saviyyalor Kimi
goabul etmok olar.

log N, (cm™)

2 4 6 8 10 12 14
1000/ T(K™)

Sakil 2.

Soki1 3-do InSe<B> kristalinin liminessensiya spektri tosvir olunmusdur. Spektr kristali
Nd:YAG lazerinin 2-ci harmonika (532 nm) siialanmasmin hayacanlasmasi soraitindo
¢ixarilmigdir.
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Sakil 3.

Spektirds ti¢ siialanma zolagi miisahids edilir. Uzundalgali oblasda 1.083 eV vo 1.155
eV enerjili stialanma zolaqlari elektronalarin  (0.16+0.02) eV vo daha dayaz 0.11 eV enerjili
donor saviyyslorindon valent zonaya rekombinasiyasi hesabina formalasdigi hesab edilir. Qisa
dalga oblasdaki stialanma zolagma 1.43 eV enerjili kegid uygundur. Bu kegidin enerjisi In-Se
rabitali monolayin qadagan olunmus enerjisino tavafiiq etmoasina baxmayaraq bels kecidin bor
asqarlariin InSe kristalinda kegirici zonada formalasdirdigi alt zonadan valent zonaya kegido
uygun galdiyini gobul edirik.
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Abstract
Acceptor levels with activation energies 0.68+0.02 vo 0.16+0.02 eV were revealed in
InSe crystals doped with boron. At temperatures below 280 K, an inversion of the n-type
conductivity into the p-type was found in the crystals. When the crystal was excited with
high-intensity laser radiation, the photoluminescence spectra revealed emission bands with
energies of 1.083, 1.155 vo 1.43 eV.

TISe1-xSx (x = 0; 0,1; 0,2) BORK MOHLULLARININ MUXTOLIF
TEMPERATURLARDA ELEKTRIK XASSOLORI

Mammoadov R.A., Salmanov F.T., QIiyeva N.O.
AMEA Radiasiya Problemlari Institutu
ramil.m.azadoglu@gmail.com

Acar sozlar: elektrikkegiriciliyi, dielektrik sabiti, dielektrik itki bucagi

Key words: electrical conductivity, dielectric constant, dielectric loss angle

KiroueBble cioBa: QJICKTPONIPOBOAHOCTD, AUIJICKTPHUUYCCKAA MPOHHUIACMOCTL, YI'OJI
AUBJICKTPUICCKHUX ITOTEPH
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Bork cisim elektronikasmin miiasir qurgularina qarsi toloblorin durmadan artmasi,
dayison elektrik saholorinds nohong dielektrik niifuzlulugu vo nohong elektrik kegiriciliyino,
xassalori sahanin tezliyi ilo idara oluna bilon unikal fiziki xUsusiyystlora malik materiallarin
islonib hazirlanmasi problemini aktuallagdirir. Bu baximdan relaksasiya polyarlagmasi
proseslorindon, o ctimlodon komponent vo ya fazalarin heterogenliyi ilo bagl proseslordan
istifado etmok imkan1 6n plana ¢ixir. Bu da 6z névbasinds, dielektriklorin tasvir olunan fiziki
xususiyyatlorinin yaranmasina sobob olan relaksasiya polyarlagsmasi proseslori haqqinda
informasiyanin alda edilmasini talob edir. A®B® tip birlosmolorin struktur xuisusiyyatlori, son
doraca anizotrop kristal qurulusa malik olmalar1 vo Kristal gofosin xarici tasirlors qars1 geyri-
sabitliyi ilo alagogodar olaraq bu kristallara boyiik elmi maraq vardir [1,2]. Bu birlogsmolor
arasinda yaradilan. Bu yarimkegirici birlosmalor asasinda yaradilan bark mohlullar iss fiziki
parametrlori doyismok imkani yaratdigindan onlarin 6yranilmasi xtsusi shamiyyat kasb edir.

TISe1-xSx (X = 0; 0,1; 0,2) bork mohlullarmin “E7-25 Immitans 8l¢ii” cihaz1 vasitasilo
miixtolif temperaturlarda (T = 300 K, 350 K, 400 K) genis tezlik diapazonunda (25+10° Hs)
elektrik xassolori tadqiq edilmisdir. Miixtalif temperaturlarda TISe1.xSx bark mohlullarinin
elektrikkeciriciliyinin, dielektrik niifuzlulugunun vo dielektrik itki bucagmin tezlikdan
asililiglar1 tadqiq edilmisdir[2,3].

Dielektrik niifuzlulugunun tezlikdon asililiq dispersiyasinda bork mohlullarin torkib vo
temperaturdan asili olaraq dispersiya oyrisinin maksimumu yuxar1 tezliklor diapazonuna
dogru siirlismosi miisahdo olunur. Bundan olavo kompleks dielektrik sabitinin hagigi vo xayali
hissasinin tezlikdon asililigi qurulmusdur. Oyrilordon miisahids olunur ki, temperatur artdiqca
torkibdon asili olaraq tezliyin kigik qiymotlorindo dielektrik sabitlorinin eksponensialin
maksimumlarinda artim miisahido olunur.

Tacribi naticalor asasinda T1Se1xSx (X = 0; 0,1; 0,2) bork mohlullarinin har ¢ torkibi
ucln kegiriciliyin tezlikdon asililiq 6=c(v) ayrilori qurulmusdur. Alinmis qrafiki oyrilori sorti
olaraq iki hissoyo bolmok olar: a) asag1 temperaturda (300 vo 350 K) vo asag tezliklor v <103
Hs — bu zaman kegiriciliyin tezlik asililiginda zoif artma miisahido edilir; b) v> 10% Hs -don
yuxar1 tezliklordo iso shomiyyatli doracods dispersiya miisahido olunur. 400 K kegiriciliyin
tezlikdon asililiq ayrisi agsag1 tempertaurlardaki ayrilori ( yoni 300 K vo 350 K) tistoloyir. Bu
150 keciricilikda elektronlar ovozinae ionlarm istiraki ilo olagodardir.
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TISe1-xSx (x = 0; 0,1; 0,2) BORK MOHLULLARININ MUXTOLIF
TEMPERATURLARDA ELEKTRIK XASSOLORI

Mammadov R.A., Salmanov F.T., B_Iiyeva N.O.
AMEA Radiasiya Problemlari Institutu
ramil.m.azadoglu@gmail.com

Toqdim olunan isdo TISe1xSx (X = 0; 0,1; 0,2) bork mohlullarinin miixtalif
temperaturlarda yoani temperaturun T = 300 K, 350 K, 400 K giymatlorinds elektrik
xassalorinin tezlikdon asililigmin xiisusiyyatlori arasdirilmigdir. Miixtalif temperaturlarda hom
TISe kristalmin, hom do TISeo9So1 Vo TISeosSo2 bark mohlullarinin elektrikkegiriciliyinin,
dielektrik niifuzlulugunun vo dielektrik itki bucaginin tezlikdon asililiglar1 qurulmus vo
muqgayise aparilmisdir.

ELECTRICAL PROPERTIES OF TISe1xSx (x =0; 0,1; 0,2) SOLID SOLUTIONS AT
DIFFERENT TEMPERATURES

Mammadov R.A., Salmanov F.T., Aliyeva N.A.
Institute of Radiation Problems of ANAS
ramil.m.azadoglu@agmail.com

In the presented work the features of frequency dependence of electrical properties of
solid solutions of TISe1xSx (x = 0; 0,1; 0,2) at different temperatures, ie temperature T = 300
K, 350 K, 400 K are studied. The frequency dependences of the electrical conductivity,
dielectric constant and dielectric loss angle of both TISe crystal and solid solutions TISeo,9S0,1
and TISeogSo,2 at different temperatures were constructed and compared.

JEKTPUYECKHAE CBOMCTBA TBEPJBIX PACTBOPOB TISel-xSx (x = 0; 0,1;
0,2) ITPU PA3JIMYHBIX TEMIIEPATYPAX

Mammaooe P.A., Canmanoe dD.T., Anueea H.A.
Hncemumym Paouayuonnwvix Ilpoonem Hayuonanwvnon Axademuu Hayx
A3epoaiioncana
ramil.m.azadoglu@gmail.com

B npencraBnenHoit paboTe u3ydyeHbl OCOOEHHOCTH YacTOTHOM  3aBUCHMOCTHU
ANEKTPUYECKUX CBOMCTB TBepabiX pacTBopoB T1Se1xSx (x = 0; 0,1; 0,2) mpu pa3auyHbIX
temneparypax, T.e. temneparypa T = 300 K, 350 K, 400 K. . beum mnoctpoeHbsl u
COMOCTAaBJCHbl  YAaCTOTHBIE  3aBHCHUMOCTH  3JEKTPOMPOBOJHOCTH,  JAUAIEKTPUUYECKOU
MPOHUIIAEMOCTH U yrja IUAJIEKTPUYECKUX MOTepb Kak Kpucramuia TlSe, Tak U TBepAbIX
pactBopoB T1Seo9So,1 u TISeo8So,2 mpu pa3znuuHBIX TeMIIepaTypax.

MUMEJIAHCHBIE CIIEKTPbI TBEPABIX PACTBOPOB (TlInSe;)1x(TIGaTe2)x
(x=0~+1.0)
Capoapavt P.M., Anuesa H.A.

nuranaalislam@gmail.com
HAHA Hucmumym Paouayuonnwvix IIpoonem, baxy, AZ1143, np. b. Baxao3aoe 9

KiroueBbie cjioBa: QJICKTPONIPOBOJHOCTD, AUBJICKTPUUYCCKAA NMPOHULACMOCTDb, YIrOJl
AUBJICKTPUICCKUX ITOTEPH
Acar sozlar: elektrikkeciriciliyi, dielektrik sabiti, dielektrik itki bucagi
Key words: electrical conductivity, dielectric constant, dielectric loss angle
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Kpucrannsl cemeiictBa A®B3C®, u TBepaple pacTBOpH Ha HMX OCHOBE, MPUBJIEKAIOT
BHUMAHHUE HCCIEIOBATENE B CBSA3M C MPEIEIbHO aHU30TPOIHOM KPUCTAILUIMYECKON
CTPYKTYpPOM, HEYCTOMYMBOCTHIO KPUCTAJUIMYECKON PELIETKU K BHEIIHHUM BO3JIECUCTBUSM, 3TH
KPUCTAIBl  SIBJIAIOTCS  TAaKKe  MEPCHEKTUBHBIMH  OOBEKTaMH TpPU  U3TOTOBJICHUH
(boTodneKTpuUecKuX MpeoOpa3oBareneld, TEH30PE3UCTOPOB, JETEKTOPOB PEHTTEHOBCKOTO U
HEHTpOHHOTO M3ay4eHui [1-3].

Hacrosmas pabora MOCBSILIEHA AKCIEPUMEHTATbHOMY UCCIIEJIOBAaHUIO
AMEKTPOPU3NICCKUX XaPAKTEPUCTUK MOHOKPUCTALIOB TBepAbiX pactBopoB (TlnSe2):-
x(TlGaTez2)x, METOJOM U3MEPEHHUs MOJHON KOMIUICKCHON MTPOBOJIUMOCTH U JUAICKTPHUCCKOM
pellakcaluy B IEPEMEHHOM JIEKTPUUECKOM I10JIE.

B nmnocnenHue roapl UMMIEAAaHCHAs CIEKTPOCKONMS IIMPOKO HCHOJB3YeTCs B
SKCIEPUMEHTAJIbHOW (PU3UKE TBEPIOTO Teljla, IPU HCCIIETOBAHUSAX COEIMHEHHH B KOTOPBIX
JJIEKTpUYEcKas IMPOBOJAUMOCTb  XapaKTEPU3YeTCs CYLIECTBEHHbIM BKJIAJJOM HOHHOMN
MIPOBOJMMOCTH B KOMILJIEKCHYIO MPOBOAUMOCTh Marepuaya. C MOMOIIBI0 3TOH METOAUKHU
BO3MOXHO TOJy4aTb HWH(POPMALMIO O MHUKPOCTPYKTYpE HCCIEIyeMOro Mmarepuaia,
ONpENENUTh BKJIaAbl B IPOBOJUMOCTh OT 3€pEH U MEXK3EpEHHBIX TpaHHUIaX B
MOJIMKPUCTAITIMYECKUX M KOMIIO3UTHBIX MaTepHuajiaX, YCTaHOBUTH BIUSHHUE NpuMeceil Ha
ANEeKTpOU3NYECKUE CBOMCTBA B MPHUMECHBIX COEIMHEHUSAX. DKCIEpHMEHTAIbHO, paboTa
CBOJUTCA K HM3MEPEHHUSM B MEPEMEHHOM JJIEKTPUYECKOM IOJIe, YAaCTOTHBIX 3aBUCHUMOCTEN
nevicrButensHO# (Z'(f)) m MEHUMOI (Z"'(f)) KOMIIOHEHT KOMIUIEKCHOTO MMIIeIaHCa.

B mpenpiaymux paborax [2-4], ObIO YCTaHOBJIEHO, YTO B MPOBOJUMOCTb COECTUHEHUI
TlInSe; u TlGaTe, Beime 300 K 3aMeTHBIM BKIJIAJ BHOCUT HOHHAS COCTABJISIOIIAS.
[IpoBeneHHble UCCIEeOBaHMS TOKA3add, YTO HOHHAS COCTABJISAIOIIAsl MPOBOAUMOCTH CBs3aHA
C TepecKoKaMM OHOBAIEHTHBIX HOHOB TAIUIHS KaK BIOJb, Tak U momepek nemodek (In®*Se;

27).

3aBHCHMOCTH aKTHBHO# M peakTuBHOM yactei ummnenanca (Z'(f) u 2"(f)) wsyqanucey s
o6pasuoB tBepasix pacTBopoB (TIINSe2)1x(TIGaTe2)x (x=0; 0,1; 0,2). B kauecTBe KOHTAaKTOB
HCIO0Jb30BaHa cepedpenas macta. Kak BUAHO M3 PUCYHKOB MPHUBEICHHBIX 3aBUCUMOCTEH, IS
BCEX TBEPJBIX PACTBOPOB OOHapy:kuBaeTcs aucrepcus. C poCcTOM 4acTOThI H3MEPUTEIBHOTO
oJis1 HAOJIFOMAaeTCs MOHOTOHHBIN Craj JAEWCTBUTEIBHON YacTH HMMIICJaHCa, a Ha MHHUMOM
YacTH HaOJIr01aeTCss 0COOEHHOCTh B BHJIE TTHKA.

Jlucriepcust MMITEAaHCca XapaKTePU3yeTCsl BpEMEHEM JJICKTPUYECKON pellaKkcaliu, OHa
ompeenena rpadaHaTMTHYECKUM METOJI0OM C IIOMOIIBIO rojgorpada mocrpoeHa 3aBHCUMOCTh
MHHMOW dYacTh wummnemanca Z" ot nedcrButensHod Z'. T'omorpadbl mMIienanca HMMEHOT
MOJYKpYrIyi0 GopMy, a CHEKTp MMIIeJaHCca MPEICTaBICH OJHOM BETBbIO. B aTOM ciyuae
SKBUBAJICHTHAsE CXEMa MOJKET OBbITh MPEACTaBI€Ha KOHTYPOM C MapajulejbHO COCTUHEHHOMN
emkoctei0 C M compotuBicHHeM R. BemuunHbl AeHCTBUTENBHON YacTH KOMILIEKCHOM
MIPOBOAMMOCTH HCCIIECYEMBIX COCIMHEHHMI HAXOJSITCSA B CIICAYIONIMX TUAa30Hax: Ui BCEX
COCTAaBOB, Ha HHM3KHMX YaCTOTaX BEJIMYMHA MPOBOJAUMOCTH YBEIUYMBACTCS MPU YBEIUYCHHU
KOHI[CHTPALIUHU 3aMEMIAFOIIUX aTOMOB.

W3 mnpencTaBieHHBIX pPE3YJIbTATOB CIEAYET, YTO pEIaKCAllMOHHbIC CBOWCTBA U
MUMIIEIAaHC TBEPIBIX PACTBOPOB HA OCHOBE TAJUTUEBBIX XAJIBKOI'CHHJIOB C OJHOBPEMEHHBIM
3aMEIICHUEM KaTHOHOB U aHMOHOB ¢ 00pa30BaHUEM TBEPJBIX PACTBOPOB CJ1a00 3aBHCHUT OT
coctaBa TBepaoro pactBopa 3amernienus (TIInSe2)1x(TIGaTez)x (x=0+ 1.0).
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MUMEJAHCHBIE CITEKTPBI TBEPJBIX PACTBOPOB (T1InSey)14(TIGaTez)x
(x=0+ 1.0)

Capoapnvt P.M., Anuesa H.A.

B mmanmazone wactor 25—10° I'm mpu Temmeparype 300 K mcciemoBaHBsl TBepIble
pactBopel  (TlnSe2)1x(TIGaTe2)x (x=0; 0,1; 0,2). IIpoaHanu3upoBaHbl YaCTOTHBIC
3aBUCHUMOCTH JEHCTBUTEIBHOM (£') U KOMIIJIEKCHON YacTH AUAIEKTPUUYECKON MPOHUIIAEMOCTH
(¢'"), unmmenanca (Z') mu (Z"). Iloctpoens 3aBucumoctu &''(¢") u Z"(Z'), nomydensl
TU(PPAaKTOrpaMMbl  HCCIEAYEMBIX  TBEpPABbIX  pPacTBOPOB, MMOJYYEHBl  M300pakeHUs
MUKPOCTPYKTYPBl ~ HCCJIEIYEMBIX  TBEPIABIX pPAacCTBOPOB  METOJIOM  aTOMHO-CHJIOBOM
Mukpockonuu. HccnenoBaHbl 0COOEHHOCTH TOBEIEHUS HMIIEAAHCHBIX CHEKTPOB TBEPIBIX
pacTBOpoB.  YCTaHOBJEHa  JMCIEPCHS  IOJyYEHHBIX  3aBHCHUMOCTEH, OTBedarolas
pacnpe/ieNieHUI0 BpeMeH peslaKkCaluy.

(TIINSe2)1.x(TIGaTe2)x (x=0+ 1.0) BORK MOHLULLARININ IMPEDANS
SPEKTRLORI

Sardarli R.M., Oliyeva N.A.

(TlInSe2)1x(TIGaTez)x (x=0; 0,1; 0,2) bork mohlullarinin 300 K temperaturda 25-10°
Hs tezlik diapazonunda kompleks impedans spektri todqiq edilmisdir. Burada kompleks
impedansin hoqiqi (Z') vo xoyali (Z"), dielektrik niifuzlulugunun hoqiqi (¢') vo xoyali (g")
hissolorinin tezlik asililiglar1 tohlil edilmisdir. €"(e') vo Z"(Z') asililiglar1 qurulur. Toadqiq
olunan bork mohlullarin difraksiya ganunauygunluglari aliir. Atom qiivve mikroskopiyasi ilo
Oyronilon bork mohlullarin mikrostrukturunun tosvirlori almir. Bork mohlullarm impedans
spektrlorinin todqiqi noticolorine osason dispersiyalar1 miioyyon edilir ki, bu da relaksasiya
vaxtlarinin paylanmasina uygundur.

IMPEDANCE SPECTRUM OF (TIInSe2)1x(TIGaTez)x (x=0+ 1.0) SOLID SOLUTIONS

Sardarly R.M., Aliyeva N.A.

Solid solutions of (TlInSe2)1.x(TIGaTez2)x (x=0; 0,1; 0,2) were studied in the frequency
range of 25-10° Hz at a temperature of 300 K. The frequency dependences of the real (¢') and
complex parts of the permittivity (¢'), impedance (Z') and (Z") are analyzed. Dependences
e"(e") and Z"(Z') are constructed, diffraction patterns of the studied solid solutions are
obtained, images of the microstructure of the studied solid solutions are obtained by atomic
force microscopy. The features of the behavior of the impedance spectra of solid solutions are
studied. The variance of the obtained dependences is established, which corresponds to the
distribution of relaxation times.
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ELECTROPHYSICAL PROPERTIES IN CuTIS: SINGLE
CRYSTAL

Madatov R.S.12, |[Baylarov G.B.3, Mamishova R.M.1
Hnstitute of Radiation Problems of Azerbaijan National Academy of Sciences
B.Vagabzadeh 9, AZ-1143,Baku, Azerbaijan
2National Aviation Academy, Baku, Azerbaijan
3Ganja State University, Ganja, Azerbaijan
Email: rexsane@yandex.ru

Keywords: crystal, ternary compounds, X-Ray diffraction, conductivity.

The investigation of the relationship between composition, crystal structure and
physical properties of such phases in the ternary and more complex copper chalcogenides
with alkaline and thallium is of significant practical importance since it opens new paths to
design novel high-performance materials based on them[1]. Such materials also include
ternary compounds of the type CuTIS(Se). These materials can find practical application in
the creation of lasers, light modulators, photodetectors, and other opto-, micro-, and
nanoelectronic devices controlled by a magnetic field on their basis. One of the issues facing
of radiational material science is to increase the sustainability of the parameters of materials
to ionizing radiation and particles [2]. [3-4] - studies show that cation and anion vacancies and
interstitial ions are formed as a result of the displacement of atoms from the nodes of the
crystal lattice during irradiation. CuTIS2 belongs to the group of single-crystalline copper-
thallium chalcogenides and belongs to the group of compounds with the formula TICu2nXn+1
(x=S, Se) [5].

The studied CuTISe> compound was grown at high temperature using the Bridgman—
Stockbarger method. Using materials with a high degree of purity (TI, 99.99%; Cu, 99.999%;
Se, 99.99%) in the crucible is completely melted in the hot zone at 775 K of the two-zone
Bridgman furnace and is transferred to the cold zone (580 K) at speed of 1.2 mm/h.

The diffractograma of CuTIS, samples under investigation is depicted in Fig.1. The
analysis of the diffractograma results yields the following values for the crystal unit cell sizes:
a = 3.907; ¢ = 8.152 A; z = 2, which are in good consistence with the results obtained in
Ref.[6].

28000 =
26000 —— curiss mon tsos7ots aw Sz oty |
24000 4 272085
22000 4 d
20000 4
18000 -
16000 -
14000 4
12000 -
10000 -
8000 4
6000 -
4000

291014

] ssions 136127
2000 51558 s 2 | 3
0 ~ b - A

T T T g T T

0 10 20 30 40 50 60 70

2Theta (Coupled TwoTheta/Theta) WL=1,54060
7/

Counts

000000

Figure 1. The diffractograma for CuTIS; crystal
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Figure 2. Temperature dependence of the conductivity of CuTIS, crystals at the
frequency f=200 Hz, 500Hz, 1kHz and 10kHz.

According to our electro-physical investigations, temperature dependence of the
conductivity o(T) of CuTIS, crystals displays an abrupt jump of ~ 102 times at 390K
temperature, (see Fig.2). Strong changes are observed also in the temperature dependence of
the dielectric function ¢(T), which will be discussed in detail in the next works. The
dependence of o(T) can be explained as follows. The released TI* cations move to the
cathode electrode creating a barrier for electrons motion in the opposite direction, which
reduces the conductivity. On the other hand, scaterring of an electron from TI* ions also
results in the reduction of conductivity. Commonly say, the activated ions in narrow-gap
semiconductors like CuTIS; with Eg=0.3 eV yield negligibly small contribuition to the
conductivity in comparison with electronic conductivity.
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Abstract

Single crystals of the ternary copper compounds CuTIS, have been succesfully grown
from stoichiometric melt by using vertical Bridgman-Stockbarger method. The crystal
structure of the single crystal has been determined X-Ray diffraction, a = 3.907; ¢ = 8.152 A;
z = 2 were calculated, and it was determined that the compound crystallizes in tetragonal
crystal system. According to our electro-physical investigations, temperature dependence of
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the conductivity o(T) of CuTIS; crystals displays an abrupt jump of ~10% times at 390K
temperature.

Annomauus

BeprukansusiM ~ MetonoM  bpumxmena-Croxbaprepa  YCHEHIHO  BbIPalll€HbI
MOHOKPHUCTAIIBI TPOWHBIX coeauHeHnd memu CuTIS; w3 pacmiaBa CTEXHOMETPUYECKOTO
cocraBa. Kpucrammmdeckass CTpykTypa MOHOKpPHUCTaJIa OIpe/iesieHa PeHTIeHOrpaguyeckn, a
=3,907; ¢ = 8,152 A; z = 2, u GbUIO ONIpeseeHO, YTO COEAMHEHHE KPHCTAIM3YeTCs B
TeTparoHAIbHOW KpHCTaIHUecKoi cucreme. CoOrimacHO HamuM  ANEKTPO(HU3NIECKUM
UCCJICIOBAHUSIM TeMIIepaTypHas 3aBucuMocTh mpoBoaumoctu o(T) kpucrtamioB CuTIS
MMeeT pe3Kuii ckauok B~10% pas mpu Temmepatype 390K,

Xulasa
CuTIS2 Ggli  mis birlosmalorinin - monokristallar1  saquli  Bridgman-Stokbarger
metodundan istifado etmoklo stoxiometrik orimadon ugurla yetisdirilmisdir. Monokristalin
kristal qurulusu rentgen siialarin difraksiyasi ilo mioyyan edilmisdir, a = 3,907; ¢ = 8,152
A; z = 2 hesablanmis va birlosmanin tetragonal kristal sistemindo kristallasdig1 miioyyan
edilmigdir. Elektrofiziki aragdirmalarimiza goros, CuTIS; kristallarinin kegiriciliyinin o(T)
temperaturdan asililig1 390K temperaturda~10? dofa koskin sigrayis gostarir.

TEILIOBBIE CBOMCTBA DKCTPYJIAPOBAHHBIX OBPA3IIOB TBEPJOT'O
PACTBOPA BiosSb1sTes C PASJIMUHBIMU PASMEPAMU 3EPEH

Tazuee M.M.*2, I'vnuee M.C.?, Anues P.I1O.%,

Abounoea I'. /1.3 Mazeppamoea K.H.%, Mupuesa T. H°., Anuesa X. @°.
LAzepoaioncanckuii F'ocyoapcmeennsiit Ikonomuueckuii Ynueepcumem, Baxy
2Fanoncunckuii Focyoapcmeennvlii Ynueepcumem
SHucmumym ®@uzuxu um. I.M. A6oynnaesa HAH Azepéaiidoncana, Baky
mail tagiyev@mail.ru
KiroueBble cjioBa: 3epHO, SKCTPY3HUS, TEIUIOMPOBOAHOCTh, TEPMOIICKTPUKH

TepmoosnexkTpuyeckne MaTepuaibl TEPMOIIEKTPUUECKUX OXJIQJAUTEICH, TPUMEHIEMbIX
IS OXJIAXKJCHUS (DOTONPHEMHHUKOB pA3IMYHOTO HA3HAYCHHs, DPabOTAIOT B YCIOBHAX
NePEeMEHHBIX TEMIIEPATYPHBIX T'PAAMEHTOB, a TEPMOIEKTPUKM HA OCHOBE XaJIbKOTCHHIIOB
BUCMYTa U CYPbMBI, MOJYYCHHBIE METOJOM KPUCTAIUIM3ALUHN M3 paciulaBa, HEIOCTATOYHO
MEXaHWYECKH yCTOWYMBEL OIHUM H3 CIIOCOOOB IMOJyYEHHSI MEIKO3EPHUCTHIX MaTEepPHUANIOB
SBISIETCS.  METOA  JKCTpy3uu. [lomydeHHBIE  SKCTpy3ued  marepuansl  00namaroT
MEJIKOJIUCIIEPCHON  CTPYKTYpPOH, TEKCTYypOH, MOHIDKEHHOW TEIUIONPOBOAHOCTBIO, OoJiee
BBICOKOH MEXaHMYECKOH IPOYHOCTBIO, a TaKXKE YCTOWYMBOCTBIO K TEPMUYECKUM
BO3JIEUCTBUSIM.

TepmonnexTpudeckas >p(eKTUBHOCTh TEPMOSIIEKTPHKOB — Ompesensiercs Z=0c/y, IJie G -
yZAebHas! eKTPOIPOBOAHOCTB, O - KO3 HULIEHT TEpMO3.1.C., Y, - KOA(PDUIMEHT TETIONPOBOTHOCTH.
CnocoGoB, MaKCUMHU3UPOBATH BEIMUYMHY JOOPOTHOCTH TEPMORJIEKTPHKOB HE CTOJb BEJHMKO, T.€.
OOJIBILIMHCTBO TEPMORJIEKTPUKOB Y)K€ PEATU30BaHbl, IMOITOMY B IOCJEIHUE TO/BI ONTUMU3ALIMS
CBOJMTCSL K BAapHPOBAHMIO KOHIIGHTPAIMM HOCHTENEH TOKAa B HCIOJB3YeMbIX Marepuaiax. [Iyru
NOBBIIIEHUA  (P(EKTUBHOCTH TEPMOIEKTPUUECKUX MATEpUaioB  CBOJMTCS K CO3/JAHHUIO
CTPYKTYPHBIX JI€(EKTOB, YTO MPHUBOJUT K M3MEHEHHIO MapaMeTpoB SHEPreTUYECKOro  CIEKTpa
HocuTesel 3apsiaa BOmm3u sHeprur depMu, CHOCOOHBIX B PA3HOM CTEMEHH BIMATH HA MPOLIECCHI
paccesiHUsL HOCUTeNeH 3apsiia U (JOHOHOB.
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B mocnenaue rompl  ObUM BBICKA3aHBI TPEATIONIOKEHUSI O BO3MOXKHOCTH  TTOBBIIICHUS
TEPMODJIEKTPUUECKON 3(D(PEKTHBHOCTH B MaTepuaiax C ABYMEPHBIMUA M TPEXMEPHBIMH Jie(heKTaMu
KPUCTAJUTMYECKOM CTPYKTYpBI, PaCcCTOSHUE MEXITYy KOTOPHIMU COU3MEPUMBI C JUTMHOM CBOOOIHOTO
mpo0Oera HoCUTeNeH 3apsijia WK JUTMHOM BOJIHBI aKyCTUYECKHX (DOHOHOB, OTBETCTBEHHBIX 32 MEPEHOC
Terwia. JTU MPEATIONIOKEHHUS OCHOBBIBAIOTCS HAa BO3MOKHOCTU CO3/IAHUS YCIJIOBHIM, TIPU KOTOPBIX B
Y4acTKe MaTepuaia ¢ Pa3IMYAIOIUMUCT (U3UUSCKUMH CBOMCTBAMH TPOMCXOAUT OOJiee CHITHBHOE
paccesTHre TETUIOBBIX KOJICOaHMIA, YeM SJICKTPOHOB H JBIPOK.

DKCTpyAUpOBaHHBIE 00pa3lbl TBEPABIX PAacTBOPOB  BiosSbisTes,  mosyueHsl B
CJIENYIONEH TEXHOJIOTHYECKON TMOCIIEeIOBATEIbHOCTH: CHHTE3 COCTaBa HW3 HUCXOJIHBIX
KOMITOHCHTOB; MEXaHHUYECKHE pa3MeNbueHue cruiaBa B (GaphopoBoil crymke m oTOMpaHue
¢bpakuun ¢ pazmepamu 4dactull < 0,5 MM; HM3TOTOBJICHHE W3 HEr0 METOJOM XOJIOJHOTO
npeccoBanus npu ~300K wu maBnmenum ~3,5 T/cM? OpuxeToB auamerpoM ~30 MM IS
CJIEIYIOIIEro dTara Mpoiecca SKCTPY3Un; SKCTPY3HsT MEJIKOIUCTIEPCHBIX 3aTOTOBOK.

CuHTe3 MPOBOAWJICSA TMPSMBIM CIUIABIICHHEM KOMMOHEHTOB. McxomaHbie BemiecTBa B
CTEXHUOMETPUYECKOM COOTHOIICHHH TMOMENIAINCh B KBApIIEBYIO aMITyily, MpPEIBapUTEITHLHO
npotpasiieHHyl0 B pactBope xpomrmka (KoCroO7 +H>SOs) M mpoMBITYIO TUCTH/UTHPOBAHHON
BOI0#. CHHTE3 MPOBOIMIIN B BAKYYMMHPOBAHHBIX 710 ~1072 [Ta KBapIeBBIX aMITylax MpH ~
900 K B Teuenue 6 yacoB. B mponiecce cuHTE3a aMmyiy ¢ BEIIECTBOM IMOCTOSHHO MOIBEPTaJIn
KauaHWio. AMITYly C CHHTE3WPOBAHHBIM BEIIECTBOM PE3KO OXJIAXIAUIM JO KOMHATHOU
TeMIIepaTyphl, OMycKas B BOAY. B mporiecce 3KCTPY3UM TEXHOJOTHYECKHE TMapaMeTphbl
OKCTPY3UU BBIOMpAIM TaKWMH, 4YTOOBI (OPMHPOBAHHME OKCTPYIMPOBAHHBIX OpPYCKOB
MIPOXOJIMIIO B YCIIOBUSIX CBEPXIIACTUYHOCTH 0€3 Makpo- U MUKpoHapymieHui. [Ipounocts Ha
U3ru0 TIOJIyYeHHBIX SKCTPYIMPOBAHHBIX O00PAa3lOB B ~3 pasa MPEBBIIIAET ITPOYHOCTH
MOHOKPHCTAJIJTMIECKHX 00Pa3II0B 9TOr0 COCTARA.

MoHokpucTamasl OBIIM TMOJy4€Hbl METOJIOM bpumKMeHa, a 3SKCTpYIUpOBAaHHBIE
00pa31ibl ObUTM W3TOTOBJICHBI U3 TIOPOIIIKOB CHHTE3UPOBAHHOTO MaTeprasa ¢ pa3MepamMu 3epeH 1,
30; 50 mxm. {151 mosTydeHus SKCTPYAMPOBAHHOTO MaTepHalia TEPMOIICKTPHUESCKUI MaTepHral
MPEIBAPUTEIIHLHO M3MENbUAICA IO pa3sMepoB MeHblIe 50 MKM MU JaibHEWIlee W3MEIbYEHUE
MOJIYYEHHOTO MOPOIIKa MPOBOJAWIOCH B IIJIAHETAPHOU 1IapoBOM MenbHULE Mapku AI'O-2VY.
[TonyueHnHbple TOPOLIKM MPECCOBAIM METOJOM OJHOOCHOTO MPECCOBaHUS IMOJ JaBieHueM 4
T/cM?, SKCTpy3usi HOIy4eHHBIX OpHMKETOB IIpOBOAMIAch Mo japieHueM 8 T/cm? mpu
temneparype ~ 660 K co ckopocthio 4 Mm/MuH, THApaBindeckoM npecce mapku MC-1000 ¢
nuamerpa ~30 MM Ha [uaMeTp ~6 MM C IPUMEHEHHEM CHEIUaIbHOU OCHACTKH.

[Ipu sKcTpy3uM 3a cUeT IUIaCTUYECKU AedopMalvy 4YacTh 3€peH MOJMKpHCTasia
OpUEHTHPYETCS TaK, YTO UX TPUTOHAIIbHAS OCh CTAHOBUTCS MAapaJUIEIbHONW OCH KCTPY3HH,
T.e. oOpa3yroTcsi Tekcrypa. OIHOBPEMEHHO, B pe3ylbTaTe IJIACTHUECKON aedopMainuu
BOZHHUKAIOT pa3iuyHble Je(eKThl KPUCTAIIMYECKOW pEIIeTKH OTIENbHO B3STHIX 3€pEeH,
KOTOpbIE YMEHBIIAET MOABMKHOCTh HOcHTeNel 3apsaa. [Ipoucxoaut Takxke v yBeTU4eHUE
KOHLIEHTPALIMK HOCHTENEH 3apsiia 3a cueT oOpa3oBaHHs JJIEKTPHUUECKU aKTHUBHBIX IICHTPOB
Ha aedextax. CTpyKTypHbIE M3MEHEHUs, BhI3BaHHBIC AeQopMaiueil, NpuUBOIAT K PE3KOMY
W3MEHEHHUIO CTPYKTYPHO-YYBCTBUTEIBHBIX MEXaHUYECKUX M (Qu3ndeckux cBoicTB. [Ipu
TEepMOOOPaOOTKE  TEKCTPYPHPOBAHHBIX  00pasnoB BiosSbisTes B HuX coBepiraercs
peKpHCTaIM3aINS, T.€ H3MEHEHHE XapaKTepa TEKCTYPhl

HaubGonee cuibHOE yMEHBIIEHHE CTENEHU TEKCTYphl MPU OTXKHUIE MPOUCXOIUT B
oOpa3iiax ¢ HaMMEHbITUMH pazMepamu 3epeH. C pocToM pa3MepoB YAacTHUIl BIUSIHHE OTKUTA
Ha CTeMeHb TEeKCTyphl ocnadnsercs. MoXHO mpeamnoiararb, 4YTO TpPU MHHHMAaJIbHBIX
pa3Mepax 3epeH B oOpas3lax u3-3a Majoil SHEpruu, TpeOyeMmoW Ui OpUEHTAIMH 3EpeH,
MOSIBJISIETCST MaKCUMalbHas TEKCTypa B CTpyKType npu aedopmanuu. M3-3a BeICOKOM
JUCTIIEPCHOCTH CPEIU HMCCIENOBAHHBIX 00pa3IoB, 00pa3lbl ¢ MUHUMAIBHBIMU pa3MepamMu
3epeH O00JIaJafoT W BBICOKOW KOHIEHTpanueil Hocuteneil Toka. [ledekTsl, co3gaHHbBIE
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IpaHUIIAMHU 3€pEH, SIBIISIOTCS LIEHTPAMH PACCESIHUS JUIS HOCUTENEeH TOKAa M YMEHBIIAIOT MX
MOJBWKHOCTh. [l09TOMYy yMEHbIIEHHE pa3MEpOB YACTHI[ MPHBOAUT K YMEHBIICHHUIO
MIOABMKHOCTH 32 CUET PAcCEsIHUS 3JIEKTPOHOB HA IPAHULIAX YacTUL. B cBA3MC 3TUM cTeneHb
TEKCTYpbl ~HpH  JKCTPY3UH, PEKPUCTALIM3AIMS W  pPA30pHCHTAIMsl  YacTUI[ IpU
TEpMOOOPadOTKE, a TaK)Ke KOHIIGHTPALMsl HOCHTENEW TOKa, SJICKTPUYECKHUE U TEIIOBBIC
napaMeTpsl SKCTPYAUPOBAHHBIX 00Pa3lIOB TBEPIBIX PACTBOPOB 3aBHCAT OT Pa3MEPOB YACTHIL
B oOpasiie.

Ha pucynke npeacraBieHbl TeMIIEpaTypHbIE 3aBUCUMOCTH PELIETOYHON YacTH TEIIo-
MIPOBOJTHOCTH ¥p JUISI MOHOKPHCTAJUTMYECKOTO 00pa3lma M SKCTPYIUPOBAHHBIX 00pa3loB
TBep10ro pacTBopa BiosShi5T€3 ¢ pa3nuyHbIMU pa3MepamMu 3epeH.

W3 pucyHka BHUIHO, YTO TEMJIONPOBOJHOCTh HCCIEIOBAHHBIX OOpa3lOB 3aBUCHUT OT
pa3MepoB 3epeH MCXOIHOTO MOPOILKA, UCIIOJIB30BAHHOTO JJIsi U3TOTOBJIEHUS UCCIIETOBAHHBIX
obpasmoB. Tak, ¢ yMEHbBIIEHHEM pa3MepoB 3€pHa 3HaueHUs  KoddduimeHTa
TEIUIONPOBOJTHOCTH  ¥p YMEHBINAIOTCS. 3HadeHUs KOIPPUIHUEHTa TEIMIONMPOBOJIHOCTH
MEJIKO3E€PHUCTBIX OSKCTPYIUPOBAHHBIX 0O0pa3lOB BO BCEM HCCIIEIOBAHHOM HHTEpBaJIe
TEMIIEpaTyp OKa3bIBaeTCsl ~ 2 pa3a HUXKE 3HaYCHUH KOdPPUIIMEHTa TEMIONPOBOAHOCTH AJIs

MOHOKPHCTAJIJIOB TOTO K€ TBEPJOTO PaCTBOPA.
TennonpoBoHOCTE €CTh CyMMa TEIUIOTPOBOJAHOCTH DJIEKTPOHOB Je W  TEIUIO-
npoBoAHOCTH GOHOHOB ¥p [1]: ¥ =+ 1o
Pemerounyto TETUTOTIPOBOHOCTD MO>KHO
YMEHBIINTH 32 CYET paccesHus: (POHOHOB Ha TOYCUHBIX
* Mono nedekTax W Ha TpaHMIax 3epeH. Ha ToueuHsix aedexrax

° & 50 mkm

4o X Vtsm/K

CUJIbHEE PacCeMBAIOTCS KOPOTKOBOJIHOBBIE (DOHOHBI, a Ha
rpaHUIax 3epeH JTMHHOBOJIHOBBIE. B
HOJMKPUCTAJUINYECKUX 00pa3Iax MeX3epeHHbIE IPAHUIIbI
¥ TIPUIOBEPXHOCTHBIE CIIOM 3€PEH BCErja CoJepiKaT
Oonpmoe  koiamdectBo  nedextoB  [2],  KOTOpBIE
500 1000 1500 2000 2300 som0 7.k ACPOPMHPYIOT pemeTky M S()QPEKTHBHO pacCEUBarOT
(OHOHBI, MOBBIIIAs TEIIOBOE CONPOTHUBIEHHE 00Pa3IIOB.
B nonynpoBoAHHKOBBIX TBEPIBIX PACTBOPaX HaMOOJIBUIMI BKJIAJ B TEIUIONPOBOHOCTD JAIOT
JJIMHHOBOJHOBBIE ()OHOHBI, T.K. KOPOTKOBOJHOBBIE (DOHOHBI CHJIBHO pPAacCEMBAIOTCA Ha
UMEIOIUXCA B OOJIBIIOM KOJIMYECTBE TOUCUHBIX Je(eKTax.
Mex3epeHHble TpaHHLBI, B OOLIEM cilydae, OBOSKHM 00pa3oM BIMAIOT HAa 3JICKTPOHHBIC
cBoiicTBa MaTepuana. Bo-nepBbIX, IOTeHIUAIbHBIE Oapbephl, CO34aBacMble MEXK3EPEHHBIMU
IPaHULIAaMH, CYIIECTBEHHO YMEHBIIAIOT MOJBM)XKHOCTh HOCHUTENCH 3apsija, 4TO NMPHUBOIHUT K
YBEJIMUCHUIO 3(G(PEKTUBHOTO YAENBHOIO CONPOTHUBICHUS IOIYNPOBOAHUKA. BO-BTOpBIX,
MEX3EpCHHBIC TPAHULBI - 3TO OOOPBAaHHBIE CBSA3HM, KOTOPHIE MOTYT SIBISATHCS JIOBYLIKAMHU
HOCHTEJICH ¥ IPUTATUBATH K ce0e MPUMECH HII COOCTBEHHbIE AE(EKTHI.
Puc. TemmepaTypHblii 3aBHCUMOCTb  TEIUIONPOBOAHOCTH JUII MOHOKpHUCTAUIA M JKCIPY-
JMPOBAHHBIX 0OPA3LIOB TBEPOro pacTBopa BiosSb1sTes ¢ pasnmuyHbIMK pa3mMepamu 3epeH.

Pe3ynbTaThl BBIUMCIEHUM MOKa3anu, s BCEX MUCCIEAOBAHHBIX 00pa3lOB B MHTEPBAJE
TEMIIEPATyp ~77-300K J0JIs JJIIEKTPOHHOU COCTaBJIAIOLIEN ko3¢ durmenra
TEIUIONPOBOJHOCTH Ye HE TMpeBblmaeT ~22 % or oOmeld TemIonpoBOJAHOCTH, U B
UCCIIEIOBAaHHBIX TBEPAbIX pAcTBOPax TEMJIO TIEPEeHOCUTCS, B OCHOBHOM,KOJE€OaHUSAMHU
pemeTkd. [103TOMy MOMHO CUMTaTh, YTO CHU)KEHUE OOIIEeH TEIIONPOBOJHOCTH CBSI3aHO, B
OCHOBHOM, C YMEHBIIEHUEM PELIETOYHOM TeIIonpoBogHOCTU. llpn »TOM, 4yeM MeHblIe
pa3Mepbl KpUCTAJUTUTOB (3€peH), TeM OOJIbIlIe BEPOSITHOCTh paccessHus (POHOHOB Ha Je(eKTax
U Ha FpaHMIIaX, U TEM MEHBILIE 3HAYEHHUE TEIIONPOBOJHOCTH
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Taxkum O6p3.30M, MOXXHO IpeAarnoJjiaratb, 4YTo 3a CYHCT CHWIKCHHA pa3MCpPOB 3CPCH MOKHO
3aMCTHO YMCHBIIUTH PCIICTOYHYIO TCIIOIIPOBOAHOCTD.
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Abstract

The thermal properties of extruded samples of the BiosSb1sTes solid solution with different
grain sizes in the samples in the temperature range ~77-300K have been studied. It was found that
with a decrease in the grain size, the values of the thermal conductivity coefficient y, decrease. The
values of the thermal conductivity coefficient of fine-grained extruded samples in the entire studied
temperature range turn out to be ~ 2 times lower than the values of the thermal conductivity
coefficient for single crystals of the same solid solution.

Tl, ,Sb, InTe, MONOKRISTALININ RENTGENOKECIRICILIYININ
SPEKTRININ TOCRUBI TODQIQI

Mévsiimova L. M.
Ganca Dovlat Universiteti.

Acar sozlar: dozometrik, spektral xarakteristika, termoelement, rentgenokegiricilik,
Key words: dosometric, spectral characteristics, thermocouple, X-ray conductivity

A'BV' vo  A"BMC,V'  monokristallarin - dozometrik, volt-amper vo spektral
xarakteriskalarmnin tocriibi tadqiqi gOsterir ki, bu monokristallara isiqlanma va temperaturun

0
tosiri, dalga uzunlugunun effektiv uzunlugunun giymstlori (0,1-1,47 A) intervalinda
rentgenokegiriciliyin kinetikas1 doyisir. Rentgen siialar1t manbayi olaraq YPC-60 vo PYM -3
qurgularindan istifado olunmusdur..

NUmunoalor yarmmkegirici termoelement batareyasi olan isig1 udmayan termostatda
yerlosdirilir va rentgenokegiriciliyi 6lgcmak ucln istifade edilir.  Olgmolor 258 — 343K
temperatur intervalinda aparilmigdir.

Temperaturlara mis — konstantan termocuti vasitasi ilo nozarat edilir. Termostat tutucu
va niimuna ilo birlikds uzunlugu 1,5 m olan rels Gizerinds  mexaniki olarag masafadan idars
olunur va yerini doyise bilir. Muioayyan mosafolords boru foksundan uzaqlasma mosafalori
geyd alinir. Masafaya nazarot qurgu xaricindoki qurgusun mithafizo ekraninda yerloson aqrab
torafindon icra olunur. Bu qurgu yaxmhiginda yerloson niimuna (zorino diison siialarin
tohllikasizliyini tomin etmoklo genis intervalda slialarin intensivliyini doyismoays sorait
yaradir. Termostatla agagidaki masalolorlo bagli problemlari hall etmak olar:

1. Tolob olunan temperaturun va onun stabillogsmasinin alinmasina siiratlo nail olmag;

2. Termostatdan necos qizdirict kimi istifado edilorss, eloco do soyuducu kimi istifado edilo
bilar;

3. Elementds siialanmanin udulmas: olmadigindan qurgunun daracalonmasi dayismir;

4. Termostatin soyuducu radiatoru sistema birlogmis boruda axan su ilo hoayata kegirilir.

Termostatin  miiqayisado  boyiik olmayan temperatur intervalinda (~100k) tomin
edilmasi qurgunun ¢atigmayan cahati hesab olunur.

Qamma qurguda vo PYM-3 aparatinda todqiqatlar otaq temperaturunda aparilmisdir.
NUmunods siialanma sorti PYM —3 qurgusu ilo is aparilarkan talob olunan soartlors uygundur
(cadval 1-do verilir).
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PYM -3 qurgusu ilo todgigat apararkon mis filtrlordon (stizgonclordon) istifads
olunmagla hemogenlik tomin edilir. Olgmalor vo dozalarin ekspozisiya giiclina nozarat
“Kpemuuii —17, “JIPI'3 —02”, “JIPI'3 —03” dozometrlari ilo hoyata kegirilmisdir.

Belaliklo ,boyuk mugavimatli fotohassas nimunalorin tadgigindon alinmisdir ki,
Bridjiment Usulu ilo alinan Tl,_ Sb InTe, monokristallar1 miioyyan laylara malikdir. Hor bir
lay bir — birino yaxin mosafolords yerlogmisdir.

Tadqig olunan nimunalarin qalinligi 0,05-0,34 mm intervalinda doyisir. Niimunalora
verilon gorginlik (2 - ZO)k%n - intervalinda doyisir.

Cadval 1.Yarimkegirici monokristallarn PYM -3 tip rentgen qurgusu vasitasilo
siialandirma sartlori

Boruya Mis filtrin Ayarim A yarm Nono- Kvantlarin

verilon U qalinligt zoiflodici zoiflodici xromatiklik effektiv

garginliyi (mm —lo) 1-ci laym 2-ci layin ho A, enerjisi

(kV —la) qalnligi qalmligi B A, E. keV-la
(mm-lo) (mm-1o)

50 b/t 0,04 0,046 1,15 25

90 0,2 0,2 0,21 1,05 44

100 0,245 0,27 0,30 1,11 48

115 0,29 0,36 0,41 1,14 53

135 0,50 0,60 0,72 1,2 65

150 0,60 0,75 0,84 1,12 70

165 0,745 0,90 1,00 1,11 76

170 1,00 1,10 1,30 1,18 83

190 1,00 1,20 1,37 1,06 89

200 1,245 1,60 1,84 1,15 98

200 3,00 2,35 2,82 1,2 117

200 3,50 2,47 2,67 1,08 120

200 4,00 2,70 3,00 1,11 126

Sokilda Tl,_,Sb, InTe, monokristalmin rentgenokegiriciliyinin spektrlori verilir.
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Qalnhg d :<4,3-10°(1); 41-10°(2); 2-107%(3); 0,15 sm (4)
olan TI_,Sb InTe, monokristahmn xiisusi rentgenokeciriciliyinin
(butdv xatld) vo hassashginin (simq xatlo) spektral asiilhigi
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Belaliklo, boyuk mugavimatli fotohassas nimunalorin tadgigindon alinmisdir ki,
Bridjiment Usulu ilo alinan Tl,_, Sb InTe, monokristallar1 miioyyan laylara malikdir. Hor bir
lay bir — birino yaxin mosafalords yerlosmisdir.
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Tl,_,Sb,InNTe, MONOKRISTALININ RENTGENOKECIRICILIYININ
SPEKTRININ TOCRUBI TODQIQI.
Mévsiinova I.M.
Ganca Dovlat Universiteti.
Xulasa
Mogalodo  xiisusi qurgularla tomin edilmis termostatdan istifado  edorok
Tl,_,Sb,InSe, monokristalinin xiisusi rentgenokegiriciliyinin vo fotohassasligmm spektral

paylanmasmin qrafiki tosviri qurulmusdur. Qrafiki tasvirds bltév xotlor  xususi
rentgenjkeciriciliyin siiq xatlo xtsusi hassasligm spektral asililigi gostarilmisdir.

9KCIEPUMEHTAJIbHOE UCCJIEJJOBAHUE XAPAKTEPUCTUK
MOHOKPHUCTAJIMHA X-TMANA30HA cnekte T11_,Sb, InTe,

Moecymosa U.M.
I'anoscunckuii I'ocyoapcmeennviit Ynueepcumem
Annomauus

Cratbsi IIOCBEHIACThCS [PU  MOMOIIBID  OCOOBI  TepMocTara  OIpeieleHUe
CHEKTPAIbHBI  3aBHCHMOCTH YIEIHOW  PEHTTCHONPOBOAUMOCTH W YyBCTBHU-TEIBHOCTH
monokpuctamios 11, ,Sb,INSe, wa puc.2. cnnommble uMHMM  TOKa3bIBaeT
PEHTTEHONPOBOJUMOCTH & ITyHKTPUBAHHBIN JIMHUK OCOOBIE YyBCTBUTEIBHOCTH YKa3aHHbIN
monokpucrawios 11, Sb, InSe,

EXPERIMENTAL STUDY OF MONOCRYSTALIN X-RANGE
PERFORMANCE SPECTRIUM TI__Sb, InTe,

Movsumova I.M.
Ganja State University
Summary

The article is dedicated to using a special thermostat to determine the spectral
dependences of the relative x-ray conductivity and sensitivity of single crystals
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Tl,_,Sb,InSe, in fig.2. The splined lines show the x-ray conduction and the dotted lines of
the particular sensitivity specified single crystals T1, , Sb, InSe,

POLIMER 9SASLI KOMPOZIT MATERIALLARIN ALINMASINDA
DOLDURUCULARA QOYULAN TOLOBATLAR
f.f.d. Homzayeva A.Y.
Ganca Dovlat Universiteti
ayselhemzeyeval5@gmail.com

Acar sozlari: Polimer materiallar, doldurucular, polimer asasli kompozit materiallar.
Key words: Polymer materials, fillers, polymer-based composite materials

Polimer materiallarin fiziki, mexaniki vo elektrik xassolorinin qarsiliqli doyismosi
onlardan elektrik izolyasiyasinda, kabel sonayesinds, kondensator ssnayesinds, homginin
elektrik masin vo aparatlarin yaradilmasinda miivoffoqiyyotlo istifado etmoyo imkan verir.
Polimerlordon elektroizolyasiya materiallar1 kimi istifado olunmasi {i¢iin onlarin dielektrik
xassalorinin quruluslarindan vo istifado olundugqlar1 soraitdon asililiglart Syronilmalidir.
Hazirda belo bir onono formalagsmisdir ki, istehsal sahalorinds asas material kimi istifado
olunan polimer materiallarin xassalorinin mioayyan vasits ilo idars olunmasi istigamatinda
intensiv tadqiqat islori aparilsin. Buna polimerlorin fiziki-kimyovi, fiziki vo kimyovi
modifikasiyalar1 ilo nail olmaga cohd edilir. Bunun dglin ¢alisilir ki, polimer bazis olavo
edilmis modifikator arzuolunan xassali yeni materiallarin olds edilmasi Gglin optimal
giymoatlorini alsin.

Polimerlora  muxtalif monsali olavalor etmoklo alinmis kompozitlorin elektrik
mdhkomliklorinin tadgigino aid c¢oxlu todgigat islori mdvcuddur. Kompozit materiallar
polimer, metal, karbon, keramika vo ya digor asaslardan (matrisadan), lifli telsokilli kristallar,
nazikdispers hissaciklor vo s.-don olan armirlogsmis dolduruculardan toskil olunmus
coxkomponentli materiallardir [1-3]. Oz névbesinds, kompozit materialin parametrlori onu
toskil edon komponentlorin parametrlorindon ¢ox forqli olur. Kompozit materialin hansisa
xarakteristikasii yaxsilasdiran doldurucu eyni zamanda onun digor xassoalorini pislosdira
bilor. Masalon, karbonun ¢oxlugu rezinin méhkamliyini artirmaqla yanasi, hom do elastiklik
modulunu (sartliyini) artirir ki, sonuncu da ¢ox hallarda arzuolunmazdir. Buna gora do, hor bir
konkret hal Gc¢tin xarakterik olan konsentrasiya vo dispergatorun sathi modifikasiya tisullar1
secilorkon, doldurulmus polimerlarin torkibinds doldurucunun (digar komponentlor kimi)
istirakimi sortlondiron effektlori tadricon balanslasdirmaq vacibdir.

Adi materiallarda geyri-bircinslilik atom olgulari tortibinde meydana ¢ixir vo hadisalor
kvant mexanikasi tobiotli olur. Amma kompozit materiallar1 bir ne¢o nizamli, tosadufi
quruluslu komponentin qarisigindan alinir. Bu zaman  qgeyri-bircinsliliklorin miqyasi daha
genis olur. Bunlarla yanasi, adaton olavalorin tasiri ilo kompozitlorin xassalorini idara etmok
olur. Adoton kompozit materiali alarkon g¢alisilir ki, iki miixtalif maddonin qarisigindan
alinmis material daha yaxsi fiziki-mexaniki xassoloro malik olsun. Bu moagsadlo mixtolif
monsali olavalordon istifado edilir.

Muxtalif praktiki masalalori holl etmok (gin adston muxtalif tip dolduruculardan
istifada edilir. Belo ki, mohz doldurucularin xassalarindon asili olaraq arzu edilon parametrlora
malik kompozitlor almag mimkindir. Masalon, dispers doldurucular materiallara  xdsusi
elektrofiziki keyfiyyatlor verirlor. Doldurucu kimi his, grafit, metal tozlar1, agac liflori istifado
edildiyi halda elektrokegirici xassoli materiallar alinir, maqgnit kompozitlorin alinmasinda
ferritlordan, seqnetoelektrik kompozitlorin alinmasinda barium titanat tozundan istifads edilir.
Bunlardan olava polimerlarin dispers hissaciklorindon ds istifads edilir. Doldurucu kimi metal
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tozlarindan istifado edilmasi adoton materialin elektrikkeciriciliyini yiiksaltmok mogsadilo
edilir.

Son illor kompozitlorin alinmasinda 6lgtlari bir ne¢a nanometrdon 100 nanometrs gadar
olan hissaciklordan istifads edilmasi praktikasi genis yayilmigdir. Nano6lgiilii doldurucu kimi
adoton montmorillonit asasinda tizvi gil; karbon nanoliflori; karbon nanoborulari; silisium
nanooksid; aluminium nanooksid; titan nanooksid; nanometallik hissaciklor istifads edilir.

Doldurucu ilo polimer matrisasi arasinda yaranan kegid sorhoddi kompozit materialin
xassalorina kaskin tosir edir. Qeyd edok ki, kompozitlorin xassalori polimer matrisast vo
doldurucunun forma, 6l¢ii vo xarakterindon; onlar arasinda slago; matrisada doldurucunun
paylanma xarakteri: polimer-doldurucu ayrilma sorhaddinds qarsiligl tasirin tobisti ilo
muoayyan olunur.
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Xulasa

Moagals polimer asasli kompozit materiallarin alinmasinda istifado olunan doldurucular,
doldurucularin xassolorindon asili olaraq arzu edilon parametrloro malik kompozitlorin
alinmasi vo onlara qoyulan talobatlari aydmnlasdirilimasina hosr edilmisdir.

Summary
The article is devoted to the fillers used in the production of polymer-based composite
materials, the acquisition of composites with the desired parameters depending on the
properties of the fillers and the clarification of the requirements for them.
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Ganca Dovlat Universiteti

Acar sozlar: kompozitlor, yuksok sixligli polietilen, yiiksok sixliqlt polipropilen,
yarimkecirici alavali kompozitlor, depolyarlasma coarayani,inersiya piklorini.

KiaroueBnle ciioBa: KOMIIO3HUTHI, IOJMITHIICH BBICOKOH IJIOTHOCTH, IOJIMUIIPOIIHUIICH
BBICOKOH IJIOTHOCTHU, KOMPO3UTHI C NOJTYIIPOBOJAHUKOBBIMHU I[O68.BK8.MI/I, TOK ACTIOJIApU3aliuu,
MUKW UHCPIUH.

Keywords: composites, high-density polyethylene, high-density polypropylene,
semiconductor additives, depolarization current, inertia peaks.

26



NUmuno iki elektrod —(3) arasinda qizdirilan-(2), xiisusi 6l¢li kamerasina-(1)
yerlosdirilir. Qurgu sokil 1-do tosvir olunub. Elektrodlar giris miiqavimati yuksok vo
hossasligi 10™° +107 A olan G5-11 elektrometrik giiclondiricisine-(7) borkidilib.
Guclondiricinin ¢ixisina 6ziiyazan cihaz birlogdirilib.

Qeyd edok ki, dogiq Olgu aparmaq
ugiin elektrometrin giris miigavimati
nimunanin  mugavimatindon  asagi Gs-11

olmalidir. Bu sort ddonildikdo aparilan i r/

todqgiqat isinin noticosi doqiq hesab g; o 3 ‘

oluna bilar. : : _
Ol¢ii kamerasinin - (@) q b '

temperaturu termociit - (4) ilo dlgulir. T3 /3 N\

Termoctiin e.h.q.-si  ozlyazan | Ry ey B

potensiometr - (6) vasitosi ilo o6l¢ulur.

NUmunonin qizdirilmasi ciddi rejimdo  Sakil 1. Elektret-termik analiz aparmaq tgiin qurgu
Uc latrdan ibarot sistemlo — (5) Vo  (Termostimullasdiriimis depolyarizasiya
2.5K/san.  surotlo  aparilir.  TSD  corayanlarinin elektret-termik analiz tisulu ila

spektrlori tadqiqi).
ikikoordinatl Oziiyazan-(6) x-y
koordinatlarinda corayanin

temperaturdan asililigmm1i  geyd edon cihazla yazilir. 293+453K temperatur
intervalinda TSD spektrlori temperaturun 5K/dar siratlo xotti artmasi halinda geyd
olunur.

Burada PP+3hocm.%T1INSe, vo PP+5hocm.%TIINSe, kompozitlorinin

termostimullasdirilmis depolyarlasma coroyaninin = spektrlori  todqiq edilmisdir.
Noticalor Sokil 2-do verilir. Sokildon goérindiyt kimi tomiz PP Ucgiun (1) spektrds
330K-do koskin maksimum miisahido edilir, 403K-do termostimullasdirrilmis
depolyarlagsma coroyaninin inversiyasi bas verir. 428K-do koskin minumum miisahido
edilir. NOvbati inversiya 443K-do miisahido olunur. 3hacm%TlInSe,slavoli PP
kompozitinin (2) spektrindo kaskin maksimum 340K-do miisahido edilir. Bundan
sonra depolyarlasma coroyanin azalmasi bas verir, 380K-do depolyarlasma coroyanin
inversiyas1 miisahido edilir. 413K-do koskin minumum, 436K-do iso daha bir
maksimum miisahido olunur.

Shocm.%TlINSe, olaveli PP kompozitinin spektrinde (3) depolyarlasma

coroyaninin temperatur asililiginda toxminon 428K-dos aydin ifads olunan maksimum
miisahido olunur, bundan sonra depolyarlasma coroyaninin azalmasi miisahido edilir.
Bu kompozit G¢ln do yiksok temperaturlarda depolyarlasma coroyaninin koaskin
azalmasi, 410K-do koskin minimum miisahido olunur. Homin temperaturdan etibaran
depolyarlagsma coroyaninin daha koskin artmasi miisahido edilir. Qeyd edok ki, tomiz
PP-don forgli olarag, kompozitlordo depolyarlasma coroyanmnin tokrar inversiyasi
miisahido olunmur.

Poliprorilen osasli  TlInSe, olaveli kompozitlerinin termostimullagdiriimis

depolyarlagsma coroyaninin spektlorini aragdiraraq asagidak: noticoys golmok olar ki,
geyd olunan olavalorin PP-no daxil edilmosi yiikdasiyicilarin daha dorin tutma
morkozlorini yaranmasina sobob olur. Buda 06z ndvboesindo maksimumlarin
intensivliklorinin va sahalorinin doyismolorine ssbab olur.
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A L10"A

L10°A

Sakil 2. PP+xhacm.% TIInSeZ kompozitlarinin

termostimullasdiriimis depolyarlasma
carayanlarnin spektrlari: burada 1-x=0; 2-x=3; 3-
x=5.

Sokil 3-do TlInSe, olavali, . 1w

yuksoksixliqli polietilen Vo
polipropilen kom-pozitlarinin
termostimulllasdirilmis at
depolyarlagma coroyanlarinin
(TSD) spektri verilib. Sokildon
gorintir ki, termostimulllagdirilmis

LI0"A

corayan spektrindo 433K 4} —\
temperaturda YSPE+5hocm.% \
TlInSe,-nin (sok.3(1)), 428K-do

AL

iso PP+ 5hocm. %TlInSe, -nin bir
maksimumu var (sokil 3(2)). Cox
glman ki, té‘(T) asililigindaki TIIn862 (2) kompozitlarinin termostimullasdiriimis
yUkSQ_k temperatura uygun depolyarlasma carayanlarinin spektrlari.

maksimum vo TSD corayan

spektrindoki  pik eyni tsbisto

malikdir vo onlarin amolo golmo mexanizmi T1INSe, olavesinds hacmi yiiklorin
yerdoyismasi Vo onlarin kompozitlorin fazalararasi sorhodds toplanmasi ilo
olagodardir. t5(T) vo TSD asililiglarindaki maksimumlarin fargli yerlogsmosi bu
tocUrbado istifado olunan nimunoalorin miixtolif qizma siirotlori ilo olagodardir.
Onlarin TSD spektrinin analizi gostorir ki, xassolorin belo doyismosi, TlInSe,
yarimkegirici olavoli polimerin fazalararast sorhoddindo gedon polyarlagsma
proseslarinin naticasidir.Boylk piklor fonunda inversiya piklorinin amolo golmasi
asagidaki kimi izah oluna biler.

Kompozitlorin tac bosalmasi prosesindo elektretlomo zamani hocmi yiklor
amoaloa galir vo onlarin sahalori hocmi yuklorin sahoalorino oks istigamoatdo yonolir. Bu
halda depolyarlagsma zamani TSD spektrlorinds fazalararasi polyarlasma ilo slagodar
inversiya coroyanlari meydana ¢ixir. Bu notico Maksvell-Vaqgner effekti ilo yaxsi
uzlasir. Bu effekto goro geyri- bircins materiallarda yuklorin toplanmasi (o ciimlodon
bizim todqiq etdiyimiz kompozitlords) amorf vo kristallik fazalarin kegiriciliklorinin

Sakil 3. YSPE+5hacm.% TIInSeZ (1) va PP+5hacm.%
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forqli olmasi ilo olagedardir. Belo material elektriklondikds yiikdasiyicilar ya
fazalararasi sorhod yaxinliginda toplana, yaxud da oksina onlardaki caroyanlardan
hansinin boyiik olmasi ilo olagedar ondan uzaqlasa bilor. Lokal kegiricilik
corayanlarinin forqli olmas1 TSD coroyanlarinin aradan ¢ixarilmasi zamani yiiklarin
disipatiyasina sabab olur vo bu zaman carayanlar oks istigamotlordo axmaga baslayir.

Qeyd edok ki, miisahido etdiyimiz koskin maksimumlar TlInSe,

hissaciklorinin sathinds yUklorin relaksasiyas1 ilo olagadardir. Ciinki, torkibdo
olavalorin miqdar: artdigca miisahido olunan piklorin intensivliyi doyisir. Qeyd edok
ki, TSD coroyanlarinin inversiya effekti elektroaktiv dielektriklordo vo polimer
kompozitlordo do miisahids edilib. Lakin bu hadisalorin izah1 hazirki dovra gadar do
mubahisalidir.

Inersiya piklorinin  temperatur voziyyotindon, sothin halindan, polimer
matrisanin tobistindon vo digoar amillordon asili olaraq TSD oayrilorindo miisahido
olunan oks isaroli coroyanlar polimerdo mdvcud olan dipollarin istiqgamatinin

doyismasi ilo do slagodardir. Bizim qonastimizo goro TlINSe, slavali kompozitlords

miisahido edilon maksimumlar PP-do bas veron « -relaksasiya ilo olagodar ola bilor.
Miisahido edilon inversiya ¢ox giiman ki, fazalararasi polyarlasmanin hocmi yuklori
sahasindo yenidon polyarlasma ilo olagadar slavalorin kegiriciliyinin azalmasi ilo
olagodar ola bilar. « -relaksasiya vaziyystino kompozitdoki olavalorin migdar1 da tosir
edo bilar,
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Sakil 1. Haqiqi polyarlasma ilo termoelektretlorin
alinmas1  sxemi.

Elektretlorin alimasimin miixtslif {isullar1 var. Bu {issullarin birinds dielektrik miiayyon
temperatura qodor qizdirilir, sonra iso elektrik sahosindo soyudulur. Bu halda dielektrikin
orimasi vacib deyil. Yoni dielektrikin miivafiq yiiksok temperatura qodor qizdirilmasi
kifayatdir. Homin tisulla hazirlanmis elektretlor termoelektretlor adlanir.

Ikinci tisulda qizdirma oavazins dielektrikin isiqlandirilmasidan istifads edilir. Homin tisulla
alimmis elektretlor fotoelektretlor adlanir. Amma nozoro alinmalidir ki, bu {siilla yalniz
fotokegirici materiallardan elektretlor almaq miimkundr

Uciincii iisulda elektrik sahasi ahomiyyatli rol oynayir. Bu iisulda no qizdirma, no do
isiglanma totbiq edilmir. Homin tisulla alinmis elektretlor elektro- elektretlor adlanir.

Hazirda, elektretlorin elektrik sahosindon istifado edilmomoklo alinmasi da hoyata
kegirilo bilir. Bunun iigiin dielektrik «, 3,y stallanmalarinmn tasirine moruz qalir. Homin

stiallanmalarin tosiri ilo dielektrikin bir tiziinde musbat, o biri Uziinds manfi ylklorin artiqligi
yaranir.

Bizim todqiq etdiyimiz kompozisiya materiallarmndan almmig  elektretlor
termoelektretlor oldugundan onlarin alinma texnologiyasini sorh edok.(sokil 1)

Elektretlor osason sabit dipol momentino malik olan polyar dielektriklordon alinir.
Bunlara misal olaraq, qotrani, iizvi siisoni vo S. gostormok olar. Sonuncudan miiasir dévrdo
daha ¢ox istifado olunur. Amma dielektrikdo sabit dipol momentinin mévcud olmas1 sarti
elektret almmast tglin kifayst deyil. ©n osast odur ki, polimerdo mdvcud olan dipol
momentlori otaq temperaturunda bOyiik bucaq qodor meyl eds bilmasinlor, yalniz tarazliq
voziyyatlori otrafinda kicik rogslor etsinlor. Yalniz bu halda dielektriklorin polyarlagsma hali

30



uzun muddest saxlanila bilor. ©gor verilmis polimer dielektriklords seqmentlor sabit dipol
momentino malikdirss, onda belo dipollarin xarici elektrik sahosindo nizamlanmasi yalniz
T>T; oldugda mimkiindiir. Burada Ts polimerin amof fazasinin siigolosmo
temperaturudur.Sahado T<Tsyo (odor soyutmadan sonra dipol momentlori nizamlanmis
vaziyyatdo «donmus» halda galirlar. Bu zaman biitévlikds niimuna polyarlasir- elektret alinir.
Ogor seqmentlorin  dipol momentlori sifir, yan qruplarda iss sifirdan forglidirss, bu zaman
dielektrik relaksasiya kec¢idino uygun temperaturdan yiiksok temperaturda saxlandigda, yan
gruplarin bosalmasi bas verir. Bundan sonra dielektrik sahodo relaksasiya kecidino uygun
temperaturda saxlanildigda yan qruplarm miitohorrikliyi yox olur. Sonraki marhalalords
dielektrikin temperaturu kegid oblastinin temperaturundan asagi temperatura qodor
soyudulduqda elektret alinir.

Dielektriklordo xarici qizdirmanim tasiri ilo yiikdasiyicilar -elektron-desik, miisbot ion-

monfi ion ciitii yaranir. Bundan sonra homin dielektrik xarici elektrik sahasina daxil edilir vo
bu saho oks adli yiikdasiyicilart miixtalif istiqgamotlordo ydnalmays macbur edir. Onlar
dielektriklarin sarhaddi yaxinliginda va qgeyri bircinsli hissalords toplanir. Onlarin bir hissasi
materialin elektrik aktiv defektlori, talalori torafindon zabt ounur. Elektronlar vo desiklor G¢tin
tololor rolunu kristallik qofosin defeklori- asqar atomlari, vakansiyalar vo s. oynaya bilor. lon
tobiotli yukdasiyicilar tiglin talo rolunu makromolekullar arasindaki bosluglar oynayr.
Adatoan taloys diison yiikdasiyicilar xarici tasir Vo elektrik sahasinin tasiri gotirildikdon sonra
da homin halda qalirlar. Bu halda niimunanin miixtalif izlorinds miixtalif isarali hocmi yuklar
toplanir, niimunanin daxili elektrik sahasi mvcud olur. Bu saha do xarici saha tarafindan
ayrilmis oks adli yiiklori yenidon birlosdirmays ¢alisir. Buna yiikdasiyicilar1 6ziinds saxlayan
talolor manegilik toradir. Haqiqi polyarlasmada oldugu Kimi elektretin bu hali da tarazli deyil,
bozi yiklor tasadiifon, fluktuasiya naticasinds kegiricilik zonasina kegmok ticiin kifayat edon
enerbi oldo edo bilirlor. Bunun naticasindo sorbastlosir vo elektretin daxili sahasindo sarbast
horokat edirlor.

Noticods hacmi yiikk polyarlagsmasinin relaksasiyasi bas verir.Temperatur artdiqca,
relaksasiya siirotlonir. Daxlindo artiq yiik olan elektretlor praktikada daha genis totbiq
olunurlar. Buna niimunsys konardan miisyyon sayda yiik slave etmok Vo ya niimunadon
mloayyon sayda yiik ¢ixarmaqgla nail olmaq olar. Bunun naticasinde nimuno daxilinda
kompensa olunmamis miisbat Vo ya monfi yiklor mdvcud olur. Dielektriklorin
elektriklonmosi toxunma ilo, miixtalif ciir siiallandirmalarla, elektrik bosalmalarinm tosiri ilo
ola bilir. Dielektriklorin elektriklonmasi Ui¢lin an genis istifado ounan tisul tac bosalmasi tisulu
hesab olunur. Bu iisulla tac elektretlor alinir. Bundan olava elektrodlar niimuns yaxmhigindaki
ucundan inbeksiya oluna bilor. Inbeksiya mexanizmilori miixtalif ola bilor. Amma natico
eynidir. Dielektriklorin soth yaxmligi tobogesinds tololords isarasi elektrodda toplanmig
yukilorin isarasi ilo eyni olan hocmi yiklor amolo golir. Texniki magsadlor iigiin adaton
qalinlig1 10-25 mkm olan geyri-polyar ftorpolimer tobagesindan istifads edilir. Adaton onun
bir tizii aliminium tobagasi ilo Ortiiliir. Metallik tobago vakuumda ¢dkdirms yolu ilo amolo
goalir va elektretlords elektrodlardan birinin rolunu oynayir. Adatan elektretin tac bosalmasi ilo
elektriklonmosi onun sarbast sothi Gizro bas verir. Metal ¢Okdiirtilmiis sathdo iso ona oks isarali
yUklar induksiya olunur.

9Adabiyyat

1. ru.wikipedia.org/wiki/KapOua_xkpemHus.
2. www.krugosvet.ru/enc/nauka_i_tehnika/himiya/ KOMPOZITSIONNIE_MATERIALI.html
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Cd1xMnySe NAZIK TOBOQOLORININ KRISTAL QURULUSU
VO SOTH MORFOLOGIYASI
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LAMEA Radiasiya Problemlari Institutu
2Ganca Dovlat Universiteti
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Acar sdzlar: Yarimmagqnit yarimkecirici, bork mohlul, nazik tabage, XRD, AQM, SEM,
Keywords: Semimagnetic semiconductor, solid solution, thin film, XRD, AFM, SEM

Son illordo A"BY'" qgrup birlosmolori vo onlarn osasinda olan yarimmagqnit
yarimkegiricilor (YMYK) otaq temperaturunda isloyon glinos elementlorinin, radiasiya
detektorlarinin, optik izolyatorlarin va s. istehsalinda ugurla tatbiq olunur. Bu grupa daxil olan
Cd1-xMnySe nazik tobagolori tatbiq perspektivlori genis olan yeni va az tadgiq edilon YMYK
sayilir.

Mikommal kristal qurulusa, talob olunan elektrofiziki, fotoelektrik, optik xassalora
malik CdixMnxSe YMYK-nin epitaksial toboagolorinin  bdyldilmasi, onlar osasinda
fotohassas strukturlarin, o ciimlodon p-n kecgidlorin alinmasi miiasir elm va texnika Uglin
maraq kosb edon aktual masalalardan biridir.

Bu isdo mikommaol kristal qurulusa vo glizgli hamar satha malik epitaksial tabagolarin
alinmasi sortlori mioyyan edilmisdir. CdixMnxSe (x=0.1) epitaksial tobagalorinin kristal
qurulusu va Sath morfologiyasmin tadgiginin naticalori taqdim olunmusdir. Bu bark mohlullar
miivafiq olaraq kecid elementi olan mangan (Mn) atomlar1 ilo kadmium (Cd) atomlarinin
gismon avaz edilmasi yolu ilo amoalo golir. Bu materiallarda qadagan olunmus zonanin eni
magqnit atomlariin konsentrasiyasindan asili olaraq doyisir ki, bu da onlarin fiziki xassalorini
idara etmoays imkan verir.

CdixMn,Se, x=0.1 epitaksial tobogolori 10* Pa vakuumda molekulyar dostodon
kondensasiyasi yolu ilo siiso althiglar tizlorinds yetisdirilmisdir. Manbs kimi sintez olunmus
Cd1-xMnySe bark mohlullarindan (x=0.1) istifado edilmisdir.Buxarlanma miiddati t = 10 daq
olmusdur, monbayin temperaturu 7y = 1220 K, althigin temperaturu Ta = 470 K vo Ta =
675 K gotiirtilmiisdiir.

CdixMnySe (x=0.1) nazik toboagalorinin kristal qurulusu rentgendifraktometrik tisulla
BRUKER XRD D8 ADVANCE qurgusunda dyronlimisdir. MUoyyon edilmisdir ki, athgin
temperaturunun 7,=470 K qiymotinds siiso altliq tizorinds almmmis CdixMnySe tobagolori
polikristal qurulusa malikdir (sok.1,a). 7a temperaturunun artmast 570 K-don yuxari
temperaturlarda epitaksial bdyiima bas verir (sok.1,b). Belalikls, altligin temperaturunu
artirdigca tobagolor polikristal qurulusdan monokristal qurulusa kegir. Mliayyan edilmisdir ki,
stiso althiglar tizorinds althgin temperaturunun T=675K qiymatinds boyiidiilmiis Cdi1xMnySe
(x=0.1) epitaksial tabagoalari sotha morkazlogsmis kubun (111) miistavisi (izra yetisir.

© P @ o

a) 2Theta (Coupled TwoThotalTheta) WL=1,54060
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Sok.1. Siiso altliq tizorinds yetigdirilmis Cdi1xMnxSe (x=0.1) nazik tobagasinin
rentgendifraktometrik analizi a) 7a=470 K, b) Ta=675K

CdixMnySe  (x=0.1) epitaksial tobagalorinin  sothinin morfologiyasi elektron
mikroskopik Usullarla ACM Intecra Prima Atom Quvvat Mikroskopunda (AQM) va Carl
Zeiss Sigma VP Skan Elektron Mikroskoplarinda (SEM) dyronilmisdir. Cdi1xMnySe (x=0.1)
epitaksial tobagalorinin sath morfologiyasinin  AQM tadqiqi (sok. 2) aparilmisdir, sathin 2D,
3D tosvirlari vo soth elementlorinin 6lglilora goro paylanma oyrilori  (histoqgrammalari)
verilmisdir. Sok.2-don gorindr ki, ssth boyunca barabar paylanmis defektlor miisahido edilir,
alinmis tobagonin soth hiinddrltyi mioyyan edilmisdir.

Sok.2. CdixMnySe (x=0.1) epitaksial tobagalarinin sathinin 2D, 3D AQM sakillari va
histogram

Cd1-xMnySe (x=0.1) epitaksial tobagolorinda kristalliklorin dlgtlarini va torkib analizi
aparilmigdir (sok.3).

x10,000 Apm  —

Sok.3. CdixMnxSe (x=0.1) epitaksial tobagalorinin sothinin SEM goérintisu.
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Cd1xMnySe NAZIK TOBOQOLORININ KRISTAL QURULUSU
VO SOTH MORFOLOGIYASI
Xulasa

Bu isdo CdixMnSe (x=0.1) epitaksial tobagalorinin kristal qurulusu va Soth
morfologiyasmin todqiginin naticalori togqdim olunmusdur. Mitkommal kristal qurulusa vo
hamar, tomiz sotho malik epitaksial tobogelorin alinmasi sortlori mioyyon edilmisdir.
Epitaksial tobogolor siiso althiglar iizorindo 10* Pa vakuumda molekulyar dostodon
kondensasiyasi iisulu ilo yetigdirilmisdir. Manba gisminds ilkin sintez olunmus Cdi-xMnxSe
(x=0.1) bark mohlullarindan istifads edilmisdir.

KPUCTAVIMYECKAS CTPYKTYPA U MOP®OJIOI'USA ITOBEPXHOCTHU
TOHKHUX IVIEHOK Cd1.xMnySe
Pesztome

B Hactoselt paboTe mpeicTaBlieHbl PE3yibTaThl HMCCIEAOBAaHUS KPHUCTAUIMYECKOM
CTPYKTYpbl U MOP(OJIOTUU TIOBEPXHOCTH SMUTAKCHANBHBIX TWIeHOK CdixMnxSe (x=0.1).
OnpeneneHbl  YCIOBHUSI — TOJIyYE€HHUS  JMHUTAKCHAIbHBIX  IUIGHOK €  COBEpIICHHOMN
KPUCTAJUIMYECKOM CTPYKTYPOM M TIIaJKOM, YACTOU MOBEPXHOCTHIO. DIUTAKCUAIBHBIEC TUICHKU
BBLIPALIMBAINCH METOJOM KOHJEHCAIMM MOJEKYJIAPHBIX MyukoB B Bakyyme 10*Ila Ha
MOJJIOKKAaX CTekja. B KkadecTBe MCTOYHMKA MCIIOJIb30BAIMCH 3apaHee CHHTE3UPOBAHHBIC
TBepbie pactBopbl CdixMnySe (x=0.1).

CRYSRAL STRUCTURE AND SURFACE MORPHOLOGY
OF CdixMnySe THIN FILMS
Summary

This paper presents the results of a study of the crystal structure and surface
morphology of CdixMnySe (x=0.1) epitaxial films. The conditions for obtaining epitaxial
films with a perfect crystal structure and smooth, clean surface are determined. Epitaxial films
were grown by molecular beam condensation method in a vacuum of 10* Pa on glass
substrates. The preliminarily synthesized solid solutions Cd;.xMnySe (x=0.1) were used as a
source.

OCOBEHHOCTbD ITPOBOJIMUMOCTH TBEPABIX PACTBOPOB TIlINS2xSez1-x)
(x=0+0,3) TP BBICOKUX TEMIIEPATYPAX

Anueea H.A., Pacynosa A.A.
aysel270393@gmail.com
Hucmumym Paouayuonnvix Ilpoonem Hayuonanvnoit Axaoemuu Hayk
A3zepoaiioncana, np. b. Baxao3aoe 9, AZ 1143

KiaoueBnie ciioBa: QJICKTPONPOBOAHOCTD, HMHeHaHCHOﬁ CIICKTPOCKOIINH, TBCPAbIX
pacTBOpOB

Key words: electrical conductivity, impedance spectrum, solid solution

Acar sozlar: elektrikkeciriciliyi, impedans spektri, bark mahlul

Memodom umneOancHoli cnekmpockonui usmMepensl yacmomuvle 3asucumocmu (25-10°
I'y) KomMnoHeHm NOAHO20 KOMNIEKCHO20 UMNEOAHCAd U UCCLe008aAHbl PEelaKCAYUOHHbLE
npoyeccvl 8 3agucumocmu om cocmasa meepooz2o pacmeopa TlInSxSexux 6 obracmu
pacmeopumocmu (x=0+0.3). C ucnonv3oeanuem memooa K6UBANEHMHBIX CXeM 3aMeUeHsl
NPOAHANUZUPOBAHLL NOJYYEHHbIE OUACPAMMbL HA KOMnaeKcHou naockocmu (Z" — Z'). B
uccneoogannom meepoom pacmeope TlInSxSe21-x) npu 400 K obuapyscena anomanus 6
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memnepamypHol 3a8UCUMOCINU NEKMPULECKOU NPOBOOUMOCIU, BbIPANCATOWAAC 8 DE3KOM
pocme npo8oouUMocmu. Ima 0COOEHHOCMb CEA3bIBAEMC A C (PA308bIM NEPEX00 8 CYNePUOHHOE
cocmosiHue.

MeTobl UMIIENAaHC CIEKTPOCKONHUU SIBJISIFOTCSI HamOoJee JOCTYMHBIMH METOJIaMU
HCCIIEIOBAHUS DJIEKTPOPU3UUECKUX IPOLIECCOB MPOTEKAIOIIMX HAa KOHTAKTaX METaIOB C
HMOHOMPOBOIIIUMU  MaTtepuaiaMyu. Hamu BBITIOJIHEHBI HM3MEpPEHUs JCUCTBUTEIBHOW U
MHUMOUM dacTedl uMmmiemanca oOpas3moB TBepaoro pactBopa TlnS2xSezix. Ilomydennbie
JAHHBIC MPEJICTABICHBI B BHJIE Tojorpada uMIeIanca Ha KOMITICKCHOW TUIOCKOCTH, KOTOPBIE
UMEIOT (POPMY JIyTH CIIeTKA UCKAKEHHOU (OPMEI.

[IpencraBneHHble 3aBUCMMOCTH MMEIOT BHJ, COOTBETCTBYIOUIMK MapajuieIbHON
SKBUBAJICHTHOM cxeMme 3aMelieHns. Beranciensl 3HaueHust 4acToT (fmax), COOTBETCTBYIOIINX
MakcumMymy Z”", BpeMeHa penakcanuu (T), 4acTOThl, COOTBETCTBYIOIME HAaYaJly 4acTOTHOMU
muctiepcud  (fiamp), ams oOpasioB TBepaoro pactBopa TlnS»xSexix. Jwmarpammer, Ha
KOMIUICKCHOW TIIockocTH (Z"-Z'), monydeHHble w3 wu3mepenuii mnpu 400K wu mocrie
paavalMOHHOTO BO3JIEHCTBUS, MPEACTABIAIOT COOOH MOJYOKPYXHOCTH [UIsl OJHOMU
napawiensHol RC-11enodku u Jiydn B HU3KOYACTOTHOM oOsactu nuarpamm. Takoil BuUj
rojorpados ummnenanca udmepeHHsix npu 400 K u mocie paguaniioHHOTO BO3EHCTBHS,
CBUJICTEIILCTBYET O MPUCYTCTBUH JIOTOTHUTEIBHBIX BKJIAJ0B B IPOBOJUMOCTH, KOTOpas, IO
BCEW BUIMMOCTH CBsi3aHHA ¢ JTU(PY3HBIM MMEPEHOCOM HMOHOB TaJUIUSI BOJIM3M TPAHUIIBI
TBEPAOrO AJIEKTPOJIUTA M IJEKTpoAa. OITH Jydd HAa HMIEAAHCHON auarpamme 1o Bcei
BEPOSATHOCTH CBsi3aHbl ¢ Muddy3HBIM uMIleqaHcoM BapOypra, B OCHOBE KOTOpPOM JI€KHUT
uaess TOro, YTO B YaCTOTHOM JIMAlla30HE TMPUIIOKEHHOTO CHHYCOWJAIBHOTO CHUTHAjIa
muhdy3uss Hocutened He AocturaeT rpaHuibl auddy3sHoro cios. OTBETCTBEHHBIM 3a
BO3HUKHOBeHHE U dy3HOTO MMIienanca BapOypra, mo Bceil BUTUMOCTH, SIBISETCS IMEPEX0/T
KpucTauia B cynepruoHHoe coctosinue npu 400 K u nocne pagualiuOHHOTO BO3ICUCTBUSL.

Takum oOpasom, wumneaanc BapOypra wmoxenupyer mpouecc, MOpu KOTOPOM
M0JIaBaeMO€ Ha JIIEKTPOXUMHUYECKYIO SUEHKY CHHYCOUAAIBHOE HAMpsHKEHHE MPU OJHOM
MOJISIPHOCTH MPUBOTUT K TU(PPy3UH MOOMITBHBIX HOHOB OT AJIEKTPoJia K Ju(dy3HOMY CIIOH0,
a Ipu APYyroi noJsapHocTH, Tudy3un M

OOUJIbHBIX HMOHOB K oasekrtponay. llpu sTomM mpomecc He BBIXOAUT 3a 001acTh
muhdy3HOTO CIIOS.

B »TOoM ciydae, OTBETCTBEHHBIM 3a BO3HHUKHOBEHHE JU(PPY3HOrO HMIEAAHCA
BapOypra sBasrorcs nousl TI™' mubdynmupyromume B 06pasiioB TBEpAOro pacTBOpa
TIINS2xSez1-x) mpu 400 K u mocie paanaiinoHHOro Bo3ziercTBus. [lepexoq B CylepHOHHOE
COCTOSIHUE, TIOJATBEPXKIACTCA M3MEPEHHUSIMH TeMIIEPaTYpHON 3aBUCHUMOCTH AJIEKTPUUYECKOM
MpoBOAMMOCTH. TakuM o00pa3oM, MOXHO YTBEp)KIaTh, YTO IMEPEXOAY B CYINEPHOHHOE
COCTOSIHUE CTIOCOOCTBYET palualmoHHoe Bo3zeiicTBue no3oi B 0,25 MGy.

Kak u3BecTHO, pajvalimoHHOE BO3JICHCTBUE HA TBEPAOE TEJIO MPUBOJAUT K CO3AAHUIO
HepaBHOBECHBIX JedekToB. [Ipu mpoxoxkaeHun y—u3mydeHUH (B HAllleM Ccilydae SHEeprus
ramma kBaHta ~1 M»bB) uepe3 BellecTBO MPOUCXOAUT OCIIa0JIeHHe MHTEHCUBHOCTH ITy4YKa.
[Ipn >TOM TEHEpPUPYIOTCS OHIIEKTPOHBI, KOTOpBIE MPHUBOIAT K CO3JaHHUIO Ae(PEeKTOB B
KpUCTAITIMYECKON pelieTke. Bkiiana B MojiHOE ceyeHHre paccestHUs B 9TOW 00JIacTH dHEPrHid
raMma-KBaHTOB, SBIISETCS HEKOTEPEHTHOE paccesHue Ha JJeKTpoHax BemiecTBa (9PQexT
Kowmnrona). D¢ddexTrnBHOE ceyeHHe KOMITOHOBCKOTO pPAcCEsSHUS, PACCUUTAHHOE Ha OJUH
aTOM NPOTNOPLHUOHAIBHO ATOMHOMY HOMEpY G'c =Z-Gc. IlockonbKy B TBEpAOIro pacTBOpa
TIINS2xSez-xaromom ¢ HanbombuM Z siBisiercst T, To 1 Hanboiee BEPOSTHBIM SIIEMEHTOM
WCIBITHIBAIONINM CMEIeHHE OYIyT aTOMBI TAJLTHS.
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PECULIARITIES OF THE CONDUCTIVITY OF TlInSxSez1-x (x=0+0,3) SOLID
SOLUTIONS AT HIGH TEMPERATURES

Aliyeva N.A., Rasulova A4.A.
aysel270393@gmail.com
Institute of Radiation Problems of ANAS

Frequency dependences (25-10° Hz) of the components of the total complex impedance
were measured by impedance spectroscopy and relaxation processes were studied depending
on the composition of the TlINS2xSezq-x) solid solution in the solubility region (x=0-+0.3).
Using the method of equivalent equivalent circuits, the obtained diagrams on the complex
plane (Z" — Z') are analyzed. In the investigated solid solution TIInS2xSez1-x) at 400 K, an
anomaly was found in the temperature dependence of the electrical conductivity, which
manifests itself in a sharp increase in conductivity. This feature is associated with the phase
transition to the superionic state.

YUKSOK TEMPERATURLARDA TIInS2xSe2¢1-x (x=0+0,3 BORK MOHLULLARIN
KECIRICILIYi
dliyeva N.9., Rasulova A.0.

aysel270393@gmail.com
AMEA Radiasiya Problemlari Institutu

Umumi kompleks empedansin komponentlorinin tezlik asililiglar1 (25-10° Hz)
empedans spektroskopiyasi ilo 6l¢tldi vo hallolma bélgasinds (x=0+0,3) TIInS2xSez(1-x) bark
mohlulunun torkibindan asili olaraq relaksasiya proseslori 6yranildi. ). Ekvivalent ekvivalent
sxemlor metodundan istifado etmoklo kompleks miistavids (Z" — Z') alinmis diagramlar tohlil
edilir. 400 K-do todqiq edilmis TIInS2xSexqx bork mohlulda elektrik kegiriciliyinin
temperaturdan asililiginda anomaliya askar edilmisdir ki, bu da kegiriciliyin koskin artmasi
ilo 6zUnu gostarir. Bu xlsusiyyat superion vaziyyatins faza kegidi ila slagalondirilir.

TIGaS;, TlInSe; VO ONLARIN OSASINDA (T1GaS2)1-x(TlInSez)x BORK MOHLUL
MONOKRISTALLARINDA TERMOSTIMULLASMIS KECIRICILIK

Cafarova S.Q. (cafarova9262@mail.ru)
Ganca Dovlat Universiteti

Acar sozlor: termostimullagmis kegiricilik, termostimullagmis coroyan, yapisma saviyyalori,
aktivasiya enerjisi, fotocorayanin optik sonmasi, fotocaroyanin termik Sonmasi.
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Keywords: thermally stimulated conductivity, thermally stimulated current, adhesion
levels, activation energy, optical photocurrent damping, thermal photocurrent damping.

Mioayyan sabit gorginlikde asagi temperaturlarda, dorin saviyyalordo dasiyicilarin
termiki hoayacanlanma ehtimali ¢ox az olur [1, $.160-165]. Ona gora do TSC usulundan
istifado etdikdo alinan naticolorin ddrdstliyuna omin olmaq Ugun diger asili olmayan
usullardan da istifads olunur [2, 219, 284 ]. Ogoar nimunada bir ne¢o YM varsa, onda TSC
spektrinds bir ne¢o maksimum alinir. TSC-nin formasi vo temperatur skalasiin voziyyati
ilo YM-nin parametrlori toyin edilir. Bu tGsul nimunads ham tez, hom do gec YM olduqda
belo, mirokkab YM-lorini todgiq etmoays imkan verir. TSC vasitasi ilo YM-Ilarinin
parametrlorini toyin etmok Gcun YS-lorinin tipini bilmak lazimdir. Bunun iigiin asagidaki
kriteriyadan istifads olunur.

s=Te"Tn e{l+ Z'Sm J ()

Tz _Tl

Burada Ti1 - TSC-da coroyanin artma istigamotinm yarimhiindiirlitylino uygun olan
temperatur, T> - TSC-da coroyanin azalma istigamotinin yarimhiindiirliiyiino uygun olan
temperatur, Tm- TSC-do alinmis piko uygun olan temperatur, E¢-talolorin yerlosmoa dorinliyi.

Tez YM-lori tgin
s=1e"Tn 2e1(1+ Z'(ij (2)
Tz _Tl Et

Energetik yapisma soviyyalorinin Byub metodu [3, s.562.] ilo toyin edilon dorinliyi
(TIGaS2)1x(TlInSe2)x monokristallarinda torkibdon asili olaraq 0,27+0,30 eV toskil edir.
Fotocoroyanin temperatur asililigt bu hadisonin kegirici zona ilo a morkozlori arasinda
rekombinasiya vo termik miibadilo ilo olagodar oldugunu gostorir. Qizma noticosindo tutulan
sorbast yiikkdasiyicilar azad olur vo noticodo tarazligda olmayan  yiikdasiyicilarin
konsentrasiyasi artir. t— vo r— morkozlori arasinda optik yiik bosalmalar algaq temperaturlarda
(T=80+140K) fotohossas morkozlorin bosalmasina,onlardan koskin olaraq rekombinasiya
etmolorinin effektivliyinin azalmasma sobab olur. Noticodo desiklor basqa kanalla  (S-)
rekombinasiya edir, asqar fotokeciricilik itir vo moxsusi fotokegiricilik artir. Otaq
temperaturundan yuxari temperaturlarda (T>300K) fotocoroyanin azalmasi r—-morkozlordon
kecon rekombinasiya selinin azalmasi ilo izah oluna bilor. Moxsusi fotocorayanin optik
sonmosi (FOS) (T1GaS2)1 x(TlInSez)x monokristallarmda maksimumu 1,1+1,2 mkm spektral
diapazonda olan zolagdan ibaratdir (sokil.1

). Temperaturun azalmasi zamani FOS zolagmin boyiik enerjilor torofs siirlismosi
miisahido olunur. SGnmonin artmasi 71 vo 72 xarakteristik zamanlarla miisahido olunan iki
eksponentlo xarakterizo olunur. FOS—un asas xiisusiyyati, r—moarkozlorin miirokkob energetik
strukturundan asilidir. Fotocarayanin barpa oyrisi yiikdasiyicilarin asqar is1gin rekombinasiya

moarkozindon valent zonaya ke¢mo miiddstindon asilidir.
%
s

t

0 1 1 1 1 1 1 1 I
0.7 08 092 10 11 12 13 14 15

A mkm
Sakil 1. (TIGaS2)1-x(TlINnSe2)x monokristallarinda, otaq temperaturunda,
fotocorayaninin optik sonma spektrlori x=0,1 (1); x=0,01 (2)
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TSK-nin analizi yapisma soviyyslorinin miirokkob spektrlorini asan tisullarla todqiq
etmoys, hamginin tolslorin konsentrasiyasini vo onlarin yilikdasiyicilar: tutma sahasinin en
kasiklorini boyiik doqiqliklo toyin etmoys imkan verir. Molumdur ki, TSK—oyrilorinin analizi
zamant rekombinasiya mexanizmini vo yapisma soviyyolorinin tipini nazors almaq lazimdir.
Rekombinasiya mexanizminin meyari olaraq ¢ —in qiymatini bilmok lazimdir. Bu
(Tm _Tl) (3)
(T, ~T1)
diisturundan istifade etmoklos toyin edilir. Burada Ti vo T2 TSK—in maksimumunun yarisina
uygun golon temperaturlardir, Tm—iso TSK-—nin maksimumuna uygun temperaturdur.
Molumdur ki, baslangic hissado TSK—in qiymati

~exp| - EL
| ~ exp( ij 4)

ilo toyin olunur. Nozoriyyays gora TSK vahid maksimumundan har iki torofds sifra qoder
azalmalidir, lakin tocriibado bu miisahido olunmur. Ogor forz etsok ki, TSK—yo elo diizalis
etmok olar onda corayan ayrilmasini baxilan soviyys ilo alagalondirmok olur. Onda haqigaton
baslangic oyrini toyin etmok olar.

Bir gayda olaraqg, Inl ~1/T oyrisindon yapisma soviyyalorinin aktivasiya enerjisini toyin
edirlor. Bundan asili olmayaragq, siiratli yapigsma soviyyalori tigiin 0>ko olur. Burada

o>kokg = exp{—[ﬁ ZkETm H (5)

sorti 6donilir. A.Halperinoa [4, 5.408-415] goro, agor 0>ko sorti 6danilirsa, onda bu yapisma
soviyyalori siiratli soviyyalordir.

Yapigsma soviyyolorinin tipini bilmoklo, E; soviyyosinin hansi dorinlikdo yerlogmosini,
tutmanin en kosiyini, Ne—tololorin konsentrasiyasini vo lokal soviyyalorin bagqa parametrlorini
tapmaq olar. Tolonin dorinliyi

S=

KT,
T T (6)
diisturu ils toyin edilir vo E= 0,3 eV togskil edir. Tutmanin en kosiyi iso
PE.
" &kT2n, @
formulasi ilo tapilir [5, 5.140], burada, f—qizdirmanin siiratidir; Nm—

yiikkdasiyicilarin Tm  temperaturuna uygun konsentrasiyasidir; v—ylikdastyicilarin istilik
horokotinin  siiratidir. Hesablamalarimiz gdstordi ki, Sr= 1,6:10Ysm?  toskil edir.
Rekombinasiya soviyyalorinin sorbost yiikdasiyicilari tutma omsali iso

| PR K 8

i o
diisturu ilo toyin edilir vo Cr=1,5-10"sm?/s olur.
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TIGaS;, TIIinSe2 VO ONLARIN OSASINDA (TIGaS2)1x(T1InSez)x BORK MOHLUL
MONOKRISTALLARINDA TERMOSTIMULLASMIS KECIRICILIK

Cafarova S.Q. (cafarova9262@mail.ru)
Ganca Dovlat Universiteti

Toqdim olunan torkibdon asili olaraq ikigat ovozlomo edilon (TIGaS2)1x(TlInSez)x
monokristallarinda dorin morkoazlordo gedon rekombinasiya proseslorini dyronmokdon o6trii
osas xarakteristika olan granliq vo foto homginin termostimullasmis kegiricilik (TSK),
dielektrik vo optik xassolor x—in doyismosindan asili olaraq todqiq edilmisdir. Mohz TIA"'BY!,
tip kristallarda ilk dofo modullasmis strukturlu faza kecidlori miisahido olunmus, foto vo
termostimullasdirilmis xarakteristikalar miioyyon olunaraq lokal soviyysalorin parametrlori
toyin edilmis, koclirmo mexanizmlori miioyyonlosdirilmisdir. Bu sinif birlosmolorin layli
quruluslu TIGaS; vo zoncirvari quruluslu TlInSe, kristallar1 asasinda bork mohlullarin
alinmasi, eloco do onlarda bas veran elektron hadisalorinin mexanizminin muoyyan edilmosi
zaman1 mithiim elmi shomiyyat dasidig1 asaslandirilmigdir.

THERMOSTIMULATING CONDUCTIVITY IN TIGaS: , TlInSe2 SINGLE
CRYSTALS AND IN (TIGaSz)1-X(TlInSez)X SOLID SOLUTIONS BASED ON THEM

Jafarova S.G. (cafarova9262@mail.ru)
Ganja State University
The main characteristics of doubly substituted (TIGaS2)1-x(TlInSe2)x single crystals

were studied depending on their composition to study deep recombination processes, in
particular photo and thermally stimulated conductivity (TSC), dielectric and optical
properties. It was in crystals of the TIA"'BY'; type that modular structural phase transitions
were observed for the first time, photo- and thermally stimulated characteristics, local level
parameters, and transfer mechanisms were determined. It is substantiated that this class of
compounds is of great scientific importance for obtaining solid solutions based on layered
TIGaS: crystals and TlInSez chain crystals, as well as for determining the mechanism of
electronic phenomena occurring in them.

Ga,(Se, ,Te, 5); BORK MOHLULUNUN QUVVOTLI ELEKTRIK
SAHOSINDO VO MUXTOLIF TEMPERATURLARDA
XARAKTERISTIKASININ (VAX) TODQIQI

dos. Oliyey S.1., dos. Cavadov E.M., Omiraslanova P. 0.
Ganca Dovlat Universiteti

Agar sozlar: yarimkegirici, relaksasiya, qaliq fotokegiriciliyi, fotocarayan, asqar.

Knrouegwie cnosa: noiynipoBOJHUK, peJlakcals, 0cTaTOYHas (GOTONPOBOAUMOCTh, (DOTOTOK,
MIPUMECH.

Key words: semiconductor, relaxation, residual photoconductivity, photocurrent, admixture.
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Muasir dovrda basit yarimkegiricilorlo yanasi miixtalif torkibli murokkab yarimkegirici
materiallar da iglonib hazirlanmisdir vo bu hal get — gedo daha da inkisaf edir. Basit
yarimkecirici maddoloro 12 element daxildir. B-bor, C-karbon, Si-silisium, P-fosfor, S-
kikurd, Ge-germanium, As-arsen, Se- selen, Sn-boz galay (stannum), Sb-stibium, Te-tellur va
Y-yod. Atomar yarimkegiricilordon on ¢ox totbiq olunanlart germanium vo silisium
yarimkegiriciloridir.[1]

Son zamanlar respublikamizda A" B vo A'B)' qruplarindan olan

yarimkegiricilorin, onlari miirokkab analoglarinin alinmasi, fundamental xassalorinin tadgiqi
Vs tatbiq sahalorinin genislonmasing aid ¢oxlu islor goriilmiisdiir. [2,3]

A" BY'  grupundan olan Ga;Tes vo Ga,Ses yarimkegiricilori onlarm mohlullarmdan
texnikada vo bir ¢ox saholordo totbiqg edilir. Bu bork mohlullardan biri do Ga,(Se, ,Tey,),

maddasidir.

Belo yarimkegiricilorin xususi miigavimati, kegiriciliyinin novii, asqar atomlar1 ilo
yanast qurulus defektlorindon do asilidir. Bu tip yarimkegiricilorin elektrik, fotoelektrik vo
optik xassalorino gora onlardan fotorezistorlarda, fotoelementlords, elektron siia cihazlarinda,
elektrik qurgularinda genis istifado edilir.

Bu kristalin qlivvatli  elektrik sahosindo [4+2,2_103 L] vo  mixtolif

sm

temperaturlarda stasionar volt-amper xarakteristikasi (VAX) tadqiq edilmisdir. [2]

Xarici elektrik sahasinin intensivliyinin mioyyan giymatlorino godar yiikdastyicilarin
konsentrasiyast vo Yurlkliyl elektrik sahasinin intensivliyindon asili olmur vo elektrik
sahasinin toasiri ilo yarimkegiricilori Kristaldan corayan ke¢dikdo Om ganunu édonilir.Bu halda
yarimkegiricilorin xususi kegiriciliyi o, xarici sahonin intensivliyinden asili olmur.

Yiikdasiyicilarin  konsentrasiya vo yurUkliyunu doyismoyan elektrik sahalori zoif
elektrik sahalori adlanir. Om qanunu 6danilir, lakin elektrik sahssini artirdigda Om
ganunundan konara ¢ixma hadisasi miisahido edilir.Yiikdasiyicilarin konsen-trasiyasi vo ya
yurtkluyu elektrik sahasinin intensivliyindon asili olan sahoalor quvvatli elektrik saholori
adlanir. (sokil.1) Saho intensivliyinin giymati yarimkegiricilorin tobistindon, temperaturdan
Vo asqarlarin konsentrasiyasindan asilidir.

Lho
AN
Lno, /
B 3
Zoif sahalar Ql’:JVVaIi sahalar -

1
! oblasti oblasti

Sakil 1. Elektrik keciriciliyinin elektrik sahasinin intensivliyindon asililigi

Om ganunundan konara ¢ixmanin baglangicina uygun goalon elektrik sahasinin
intensivliyinin minimum giymsati bdhran qiymoti adlanir. (Ep) o -elektrik keciriciliyi sabit
galmayib sahs intensivliyindon asili olaraq doyismoys baslayir. [3]

Temperaturdan asili olaraq niimunolorin xuisusi migavimati 4-10°0m-sm — don 3:10°
Om- sm - o kimi doyisir.

Todgig olunan nimunslorin VAX — da U¢ hisso miisahido edilmisdir. Cox kigik
gorginlikda Xotti asililiq J ~ U, sonra iso kvadratik asililiq J ~ U?, vo coroyanin koskin artdig1
J ~ U " Coroyanin koskin artdigi hissodo nimuno yiiksok mugavimotli haldan kigik
mugavimatli hala kegcmoys c¢alisir. Tocrlibo gostorir ki, coroyanin koaskin artdigi hissodo
temperaturun azalmasi ilo n — do azalir.

40



Burada J corayan siddati U isa gorginlikdir. Lampert nozariyyasins asasan [1] VAX —
dan istifads edarok lokal saviyyalorin asas parametrlori toyin edilmisdir.
Sokil. 2 — da indium (Jn) ilo kontakt edilmis Jn - Ga,(Se, ,T€, ), kristalinin miixtolif

temperaturlarda VAX — 1 verilmisdir. [4]

Sokil 2. Mixtalif temperaturlarda Jn - Ga,(Se, ,Te, ), — Jn kristalimin VAX —1.
1-290K,2-245K,3-214K,4-194K,5-161 K, 6-125K, 7-100 K

Yuxarida qeyd edildiyi kimi va sokil 2—don gorindiyl kimi bu kristalda t¢ hissa
miisahido edilmisdir.

VAX — dan istifado edorok itterbium ilo asqarlanmis Jn-Ga, (Se, ,Te, ), — In kristalinin
muxtolif tempraturlarda elektrik kegiriciliyi (o), aktivlosmo enerjisi (E;), tololorin
konsentrasiyast (Ni) va tutulma faktoru (6©) toyin edilmisdir.

Belaliklo, Om ganunu 6danilmayan hissadan sonra quvvatli elektrik sahasi miisahida
edilir. Tocrubonin naticosindon aydin olur ki, Jn-Ga,(Se,,Te,5);— Jn kristalinin osas
parametrlori Om ganunu 6danilmayan hissadan, basqa s6zlo quvvatli elektrik sahasi meydana
¢ixdigdan sonra toyin edilmisdir.
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Ga,(Se, ,Te, 5); BORK MOHLULUNUN QUVVOTLI ELEKTRIK SAHOSINDO

VO MUXTOLIF TEMPERATURLARDA XARAKTERISTIiKASININ (VAX)
TODQIQI

dos. Oliyev S.I., dos. Cavadov E.M., Omiraslanova P.Q.
Ganca Dovlat Universiteti
VAX — dan istifado edorok itterbium ilo asqarlanmis Jn-Ga, (Se, ,Te, ), — In kristalinin

mixtolif tempraturlarda elektrik kegiriciliyi (o), aktivlosmo enerjisi (E;),  talolorin

konsentrasiyast (Nt) va tutulma faktoru (6) toyin edilmisdir.
Belaliklo, Om ganunu 6danilmayan hissadon sonra quvvatli elektrik sahasi miisahido
edilir. Tocribonin noticasindon aydmn olur ki, Jn-Ga,(Se,,Teys);— Jn kristalinin osas
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parametrlori Om ganunu 6danilmayan hissadan, basqa sozlo quvvatli elektrik sahasi meydana
cixdigdan sonra tayin edilmisdir.

Ga,(Se, ,Te, 3); HCCIEJOBAHUE XAPAKTEPUCTHUK (BAX) PACTBOPA KOPBI B
CUWIBHOM SJIEKTPUYECKOM I10JIE U ITPU PA3JIMYHBIX TEMIIEPATYPAX

ooy. Anuee C.U., oou. /Incasaooe 3. M., Amupacnanosa IL.T.
Ianoxncunckuit I'ocyoapcmeennwviii Ynueepcumem

C nomompro VAX 6bun onpezenensl Jn-Ga,(Se, ,T€)4); — JN 31EKTPONPOBOAHOCTS

(o), sueprus axtuBanuu (Ez), konnenrparms jgoByiiek (Nt) u kospduumenT ynepxuBanus
(6) kpucraia, CIUTABJICHHOTO C UTTEPOUEM, ITPU PA3IUIHBIX TEMIIEPATYpax.

Takum oOpazom, mnocine HemapHod uyacTu 3akoHa Owma HaONIOAAaeTcs CUJIBHOE
JNEKTpUUecKoe moje. M3 pe3ynbTaToB SKCIIEpUMEHTa BHIHO, YTO OCHOBHBIC MapaMeTphl
kpuctamia  Jn-Ga,(Se, ,Te,5);— Jn  ompenensiorca mocne  00pasoBaHMS  CHIIBHOTO

QJICKTPUYCCKOTO IT0JIA U3 HeHapHOfI HaCTHU 3aKOHa OMa, APYruMHu CJIOBaMH.

Ga,(Se, ,Te,5); STUDY OF CHARACTERISTICS (VAX) OF BARK SOLUTION IN A
STRONG ELECTRICAL FIELD AND AT DIFFERENT TEMPERATURES

As.pr. Aliev S.1., As.pr. Cavadov E.M., Amiraslanova P.Q.
Ganja State University

Using VAX, the electrical conductivity (o), activation energy (Ez), trap concentration
(Nt) and retention factor () of the Jn-Ga,(Se, ,Te,,),— Jn crystal alloyed with itterbium at

different temperatures were determined.
Thus, a strong electric field is observed after the unpaired part of Ohm's law. It is clear

from the results of the experiment that the basic parameters of the Jn-Ga,(Se,,Te,s);— Jn

crystal were determined after the formation of a strong electric field from the unpaired part of
Ohm's law, in other words.

YARIMKECIRICI BIRLOSMOLORIN FOTOHOSSASLIGINA VO
FOTOMUQAVIMOTINO TEMPERATURUN TOSIRI

I9miraslanova P.Q., Dos. Oliyev S.1., Dos. Imanov R.M.
Ganca Dovlat Universiteti

Acar sozler: yarimkecirici, fotohassas, fotokegirici, fotomiigavimat,temperature,
fotocarayan

Key words: semiconductor, photo-sensitive, photoconductor, photoresist, temperature,
photo current

Bir ¢ox yarimkegiricilorin fotohassasligi vo fotocorayani kifayst qodor boyiik temperatur
intervalinda temperaturdan asili olmur. O, haldak: tolslords enerji barabor paylanmis olsun.
Lakin bir swa yarimkegiricilordo fotohossasliq (mosolon kiikiirdin - kadimumda)
temperaturun artmast ilo fotohossasliq azalir. Bu halda proses isiqlanma olmadiqda kegiricilik
Vo rekombinasiyanin artmasi ilo yanasi gedir. Bundan olavo zobtetmo kosiyi vo yasama
miiddotinds temperaturdan asili olaraq dayisir.

Yiiksok temperaturlarda kifayst qodor effekttivli vo ikipilloli ionlagma ilo asqar
morkozlorindo elektronlar hoyocanlanmis hala kegdikdo istilik horokoti noticosindo kegirici
zonaya diissiin. Buna goro olavo fotohossasliq oblast1 6ziinii gostorir. Bu sobobo goro yiiksok
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temperatur oblastinda fotokegiricilik ekston udulma oblastinda miisahido olunur. Temperatur
fotokegiriciliyin uzundalga sorhoddino tosir edir, (fotokegiricliyin qirmizi sorhaddi) bozi
yarimkegiricilords temperaturun azalmasi ilo saga, digorinds sola yonalir. Bu fakt gostarir ki,
temperaturun artmasi ilo yarimkegiricinin birindo qadagan olunmus zonanin eni artir,
digorindo iso azalir. Yarimkegirici fotoelektrik cihazlarin fotorezistor effektinin tosirino
osaslanir. Onlar (fotokeciricilor) vo fotorezistorlar vo ya fotomiigavimetlor adlanirlar.
Fotorezistorlar 6zlorini yarimkegirici 10vho vo ya nazik 16vho soklinds gostorir ki, bu pordo
geyri - naqil material {izorino ¢okilir. Yarimkegirici qatma iki elektrod barkidilir vo sistem
birlikds xiisusi tutgaca borkidilir.

Sonaye tipli fotokegiricilordo gorlinon isiga qarst hossasligi olmagla kikiirdlii -
kadimum (Cds) vo selenli kadmiumlu (CdSe) ®C-K vo ®C-]] fotorezistorlar1 hazirlanir. Bu
fotorezistorlarm hossaslhigi vo spektrlorin infraqirmizi oblast1 kiikiirdlii vo kiikiirdli -
qurgusuna goro hesablanir (OC- A vo CD-4) (PT'd vo I'/) selenli kadimum va kiikiirdlii
kadimum fotorezistorlar1 rentgen vo qamma siialar1 ti¢iindjir.

Fotorezistorlar elm vo texnikanin miixtolif sahalorino genis totbiq olunmusdur. Onlar
sadaliyi, méhkamliyi, ylksok hassasligi va Kicik 0l¢lilys malik olmalar: ilo Ustlinlik toskil
edirlor. Bunlar homginin fotoelektrik ceviricilor kimi do istifado olunurlar. Olgii cihazlari
(tustl Olgan, liksmetrlor vo s.) fotoelektrik rele vo avtomatik tonzimloyici kimi do
fotorezistorlardan istifads olunur [1-4]

Fotomiigavimatin parametrlorinin temperatur asililigi, yarimkeg¢iricinin fotohassasligma
temperatur tosirino goro toyin edilir. Bununla olagodar olaraq fotorezistorun haossasligi
fotocoroyanla toyin olunur, onun temperatur asililiginin xarakteri fotocerayanin temperatur
asililiginda tokrar olunur. Belo ki, (1) vo (2) diisturlar1 hassasligi toyin etmok ti¢lin qarsidaki
vuruqlari ilo forqlonmoklo fotocoroyanin temperatur asililigim verir, ona goro do praktikada
fotomiigavimotin temperatur asililigi dedikdo, temperaturun fotocoroyana tosiri vo ya isiq
coroyanina tosiri basa diisiiliir.

Kin = I_t
()
I
Kxus.in. = (Di.) (2)
Fotocoroyana temperaturun miqdarca tosiri (TK) temperatur omsali adlanan yeni
komiyyatin almmmasi ilo noticolonir. Temperaturun 1°K doyismosi ilo fotocoroayanin nisbi
doyismosi kimi gostorilir.

1)

Jin—J
=2 "™ 100% (3)
J fl(TZ _Tl)

Burada Jf1, Jr2 - dovroye daxil edilmis fotorezistorun T1 vo T2 temperaturlarina
uygun fotocorayanlaridir.

Adoton TK komiyyoti E=200lk isiglanmadan tapilir. Isiq selinin basqa
qiymatlorinds temperatur omsali bagsqa miixtalif qiymatlor ala bilir.

Fotomiigavimatdo temperaturun artmasi ilo fotocoroyanin todqigq etmok Ugun Xdsusi
prinsipial sxemindon istifado edilir. Fotomugavimot termostatda yerlosdirilir vo ona is¢i
gorginlik verilir (razilasdirilmis pasport molumatlarla) vo isiglanir (E=2001k). Isiglanma vo
qaranliq halindaki coroyan muxtslif temperaturlar {igiin dl¢iiliir (is¢i temperatur intervalinda)
hor 10°K -don bir temperatur artdiqca fotoCoroyanmn qiymoti hesablanir vo termostatda
fotorezistor soyuyur. Temperatur omsali (3) diisturu ilo hesablanir.
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YARIMKECIRICi BIRLOSMOLORIN FOTOHOSSASLIGINA VO
FOTOMUQAVIMOTINO TEMPERATURUN TOSIRI

Omiraslanova P.Q., Dos. Oliyev S.I., Dos. Imanov R.M.
Ganca Dovlat Universiteti

Fotomiigavimatin parametrlorinin temperatur asililigi, yarimkegiricinin fotohassasligina
temperatur tosirina goro toyin edilir. Bununla slagadar olaraq fotorezistorun hassasligi
fotocorayanla toyin olunur, onun temperatur asililiginin xarakteri fotocoroyanin temperatur
asililiginda tokrar olunur. Fotocarayana temperaturun miqgdarca tasiri (TK) temperatur omsali
adlanan yeni komiyyotin almmast ilo noticalonir. Temperaturun 1°K doyismosi ilo
fotocorayanin nisbi doyigsmosi kimi gostarilir.

EFFECT OF TEMPERATURE ON PHOTOSENSITY AND PHOTOMACTION OF
SEMICONDUCTOR COMPOUNDS

Amiraslanova P.Q., As.pr. Aliyev S.1., As.pr. Imanov R.M.
Ganja State University

The temperature dependence of the photoresist parameters is determined by the effect of
temperature on the photosensitivity of the semiconductor. In this connection, the sensitivity of
the photoresistor is determined by the photocurrent, the nature of its temperature dependence
is repeated in the temperature dependence of the photocurrent. Quantitative effect of
temperature (TC) on the photocurrent results in the acquisition of a new quantity called the
temperature coefficient. It is shown as a relative change in photocurrent with a 1 ° K change
in temperature

BJIMAHUE TEMIIEPATYPbI HA CBETOYYBCTBUTEJIbHOCTb U
OOTOAKIMIO ITOJYITPOBOJHUKOBBIX COEJJUHEHUU

Amupacnanosa ILT., /lou. Arues C.HU., /loy. Hmanoe P.M.
I'anoxncunckun I'ocyoapcmeennstii Ynueepcumem

The temperature dependence of the photoresist parameters is determined by the effect of
temperature on the photosensitivity of the semiconductor. In this connection, the sensitivity of
the photoresistor is determined by the photocurrent, the nature of its temperature dependence
is repeated in the temperature dependence of the photocurrent. Quantitative effect of
temperature (TC) on the photocurrent results in the acquisition of a new quantity called the
temperature coefficient. It is shown as a relative change in photocurrent with a 1° K change in
temperature
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TIGaixInkSez (x= 0+1,0) SISTEMLI BORK MOHLULLARIN OPTIiK
SPEKTRLORIND y — SUALARIN TOSIRI

Salmanov F.T., Oliyeva N.O., Mammadov R.A.
AMEA Radiasiya Problemlari Institutu
faminsalmanov1979@gmail.com

Acar sOzlar: udma spektri, diiziina va ¢opins kegid, qadagan olunmus zolagin eni, y-
stialanma.

Key words: absorption spectra, direct and indirect transitions, forbidden zone

KuiroueBsblie €j10Ba: CIEKTPHI MOIVIOUIEHUS, NPSMBIE U HENPSMBIE MEPEXO/bl, IAPHUHA
3anpenIeHHON 30HbI

Odabiyyat materiallarindan da molum oldugu kimi fundamental udma kanarina bir sira
xarici amillorin — gucli asgarlanmanin, temperaturun, tozyiqin, elektrik sahasinin, magnit
sahasinin vo s. tasiri Oyronilmisdir. Baxilan isdo TlGaixInkSe, (x=0+1,0) sistemli bork
mohlullarinin fundamental udma konarina y kvantlanmann tasiri 8yronilmisdir.

Tadqig edilon niimunalor normal bucaq altinda diison isigin élgmolari “specord 210
plus” spektrofotometrinin  kdmoyi ilo 400-1100 nm spektral diapazonda vo ELC
polyarizasiyasinda yerino yetirilmisdir. Olgmalor otaq temperaturunda yerina yetirilmisdir).
Spektrometrin 6lgmo doqigliyi £3 nm-dir. Buna goro do Eg +0,0004 eV godor daha yaxsi
dagiglikls hesablanir.

Fundamental udma omsali oksar yarimkeciricilords asagidaki tanliys tabe olur:

aho=B(ho-E,)"

burada afico udma omsali, @ = 27zv-bucaq tezliyi, n-sabitdir vo n indeksi 1/2, 3/2, 2 vo 3
giymotlori ala bilor, asilligin tobisti elektron kecidinin udma spektrindon asilidir. Spektrin
yuksok enerji oblastinda n=1/2 diziins icazs verilmis kegidi gostarir, n=3/2 gadagan olunmus
dizine kecidi, spektrin asagi enerji hissasinds n=2 ¢opins icazs verilmis kecidi, n=3 gadagan
olunmus ¢apina kecidi gostorir.

TIGaixInSe2 (x= 0; 0,1; 0,2; 0,3; 0,7; 0,8; 0,9; 1,0) sistemli bark mahlul niimunalori
Uclin gadagan olunmus zonanin duziine va ¢oapina optik udma enerji kec¢idi muvafiq olarag
(a?- 1) vo (0~ hew) asiihglarindan istifads edorok a?=0 va a?=0 giymatlorina kimi diiz
Xattin asag1 qirig-qiriq hissasinin ekspolyasiyasindan sldos edilir

Beloliklo, todgig olunan TIGaixInkSe, sistemli bork mohlul nimunalori otaq
temperaturunda stialanmadan oavval vo 5 Mrad vy- siialanmadan sonra 400-1100 nm dalga
uzunlugu intervalinda optik xususiyyatlori tosiri dyranilmisdir. Bu zaman hom diiziino optik
kecid vo hom da ¢opins optik kecidlor tgiin enerjilar tayin edilmisdir. Belo ki, optik spektrina
baxdigimiz bark mohlullarinin torkibindon asili olaraq stialanmadan avval diiz optik kegid
ucln enerji giymotlori 1,3+2,05 eV, ¢op optik kecid Uclin enerji giymatlori iso 1,2+1,98 eV
intervalindadir. Stialanmadan sonra hamin bark mohlullarin diiz vo ¢op optik kegidlor tgiin
enerjilori analoji olarag 1,15+2,15 eV vo 0,75+1,9 eV intervahindadir.
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TIGas-xIn,Se; (x= 0+1,0) SISTEMLI BORK MOHLULLARIN OPTIK
SPEKTRLORINO y - SUALARIN TOSIRI

Salmanov F.T., Oliyeva N.O., Mammadov R.A.
AMEA Radiasiya Problemlari Institutu
faminsalmanov1979@gmail.com

y-stialanmanm T1GaixInSez sistemli bork mohlullarma 300 K temperaturunda 400—
1100 nm dalga uzunlugu diapazonunda optik xassalorino tosiri Oyronilmisdir. Optik udma
spektrlorinin analizindon y-siialanmadan avval vo sonra diiziine va ¢opino optik kegidlarinin
enerjilari toyin olunmusdur.

BJIUAHUE y-U3JTYYEHUSA HA OIITHYECKHE CIIEKTPBI TBEPJABIX
PACTBOPOB CUCTEMBI TIGaix InxSez (x = 0+1,0)

Canmanos @.T., Anuesa H.A., Mammaoos P.A.
Huncmumym Paouayuonnvix Ilpoonem HAHA
faminsalmanov1979@gmail.com

HccnenoBano BIMSHHUE Y-W3JTyYeHHs] Ha ONTHYECKHE CBOWCTBA TBEPHBIX PAaCTBOPOB
cuctemsl TlGaix InkSez (X = 0+1,0) B auanasone miud BosH 400—1100 HM mpu TemIepaType
300 K. M3 aHanm3a CreKTpOB ONTHYECKOTO TOTJIONICHHUS ONPEACICHbI SHEPTHH ONTHYECKHX
MEPEXO0I0B JI0 H MOCIIE Y-U3ITyUCHHS.

INFLUENCE OF y-RAYS ON THE OPTICAL SPECTRA OF TlGaix InxSez (x = 0+1,0)
SYSTEM SOLID SOLUTIONS

Salmanov F.T., Aliyeva N.A., Mammadov R.A.
Institute of Radiation Problems of ANAS
faminsalmanov1979@gmail.com
The effect of y -radiation on the optical properties of TIGaix InxSe> (x = 0+1,0) system
solid solutions in the wavelength range of 400-1100 nm at a temperature of 300 K was
studied. From the analysis of optical absorption spectra, the energies of the optical transitions
before and after y-radiation were determined.
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PHASE RELATIONS IN THE SYSTEMS Bi,Te.S — Bi.Te2Se AND Bi>Te2Se — Sb2Te,Se
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®Baku State University
fariz_ar@hotmail.com

Keywords: Bi.Te,S — BiTe;Se, BixTexSe — ShoTexSe, phase diagram, solid solutions,
tetradymite-like structure, high entropy alloys.

Using powder X-ray diffraction (PXRD) and differential thermal analysis (DTA)
methods, the phase equilibria of the Bi,Te,S — Bi,Te;Se and BiTe,Se — Sh,Te,Se systems
were studied, and their T-x diagrams were constructed. If was defined that, both systems are
stable below the solidus and are characterized by the formation of continuous solid solutions
with a tetradymite-like hexagonal structure. Lattice parameters were determined using powder
diffraction patterns. It has been established, that the crystal lattice parameters of solid
solutions change linearly with composition, which complies with the Vegards rule.

Introduction.

The progress in materials science has led to complication of composition of functional materials
for the creation of a new and necessary set of properties. Last decades, so-called high-entropy
polymetallic alloys (HEA) have increasingly tempted the attention of investigators, including at least
five elements, with the content of each should be from 5 to 35 at. % [1,2]. The main feature of HEA is
the formation of thermodynamically stable and single-phase, solid solutions predominantly with a
BCC or FCC lattice. High entropy of mixing components (Smix > 1.61R, where R is the universal gas
constant) prevents the formation of intermetallic phases and stabilizes the solid solutions during
crystallization. These materials, along with the characteristics typical of metal alloys, have unigue and
unusual properties, such as high hardness, high strength characteristics at high temperatures, high wear
and corrosion resistance, and several other characteristics. HEA and their modifications have a wide
range of practical applications in nuclear power engineering, biomedicine, aerospace, and tool
industries, for hydrogen storage, as refractory, magnetically soft, and thermoelectric materials [3,4].

HEAs usually considered from metal alloys. However, these requirements are also fulfilled by
multicomponent solid solutions of chalcogenides [5].

Due to their promising electro-physical properties, chalcogenide-containing layered materials
have been widely investigated. A significant example of these materials is tetradymite-like layered
phases which, have been confirmed as 3D topological insulator [6,7] phases of quantum matter,
thereby giving a raise of interest to the layered tetradymite mineral — Bi;Te;S and its analogous
BYTe;X ( BV = Sb, Bi; X='S, Se). These kind of layered phases have promising potential in various
fields including medicine, spintronics, quantum security systems, computers, etc. [8]

This paper presents new data on the synthesis and identification of tetradymite-like structured
alloys by construction of phase diagrams of Bi,Te,S — Bi>Te;Se and Bi,Te,Se — Sh,Te;Se sections of
the Sb-Bi-S-Se-Te five-component system.

Experimental part and results.

Synthesis of alloys along the BiTe>S — Bi>TezSe and Bi>Te2Se — Sh,TezSe sections,
including the initial phases, was carried out by melting corresponding elementary components
of high purity (99.999%, Alfa Aesar) in evacuated (~10 Pa) quartz ampoules. Stoichiometric
amounts of elemental components corresponding to 1 g of samples were sealed under the
vacuum (107 Pa) in quartz ampoules and heated up to 800 °C, and kept at this temperature.
After 5 h synthesis process, all alloys were quenched in an ice water and further annealed at
450 °C for 700 h in order to reach full homogenization.
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Figure 1. PXRD patterns of alloys along the Bi;Te;S-Bi,Te;Se (a) and Bi;Te,Se-Sh,Te,Se (b)
systems.

Equilibrium intermediate alloys and primary phases along the Bi>Te>S — Bi.Te>Se and
BixTe.Se — ShoTe,Se sections were examined at room temperature by the XRD (D2 PHASER
diffractometer, Bruker; CuK, radiation) and DTA tools. For DTA, a NETZSCH 404 F1
Pegasus system (heating rate 10°C/min™!) was used. Lattice parameters were calculated using
the TOPAS V4.0 program by the PXRD method. X-ray diffraction patterns of the alloys are
shown in fig.1. Using the TOPAS V4.0 computer program, obtained data was analysed. All
samples have qualitatively identical diffraction patterns with some shift of refraction lines,
which is typical for systems composed of continuous solid solutions.
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Figure 2. T-x diagram of the Bi,Te;S-Bi;Te;Se (a) and Bi,Te;Se-Sh,Te;Se (b) systems.

Based on the DTA and XRD results, the T-x diagrams of the Bi,Te;S — Bi;Te;Se and Bi;Te;Se
— Sh,Te,Se sections were constructed (Fig.2.). These phase diagrams have simple patterns of phase
equilibria, characterizing the direct crystallization of the y-phase and formation of continuous solid
solutions.

By identifying powder diffraction patterns, the parameters of crystal lattices of alloys were
determined. From the obtained results, the dependence of lattice parameters is linearly dependent on
the composition, which indicates that Vegard’s rule is obeyed.

Presented contribution demonstrates new data of phase equilibria in the Bi,Te;S — Bi,Te,Se and

Bi>Te,Se — Sh,Te,Se systems of the Sh-Bi-S-Se-Te five-component system that are obtained by means
of DTA and PXRD analysis. The system is characterized by the formation of continuous solid
solutions with a tetradymite-like structure that are of potential interest as high-entropy alloys and
topological insulators.
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Bi,Te.S — Bi>Te.Se VO Bi,Te,Se — Sh,Te>Se SISTEMLORININ FAZA
TARAZLIQLARI

Aliyev.F.R., 2Babanly.D.M.
tAzarbaycan Doviat Neft va Sanaye Universiteti
2 Azarbaycan-Fransiz Universiteti. UFAZ
fariz_ar@hotmail.com
Xiilasa

Rentgen-faza analizi (RFA) vo diferensial termiki analizindan (DTA) istifado etmaklo Bi;Te,S
— Bi;Te;Se va Bi;Te.Se — ShyTe;Se kosiklorinin faza tarazligi 6yronilmis vo onlarin T-x diagramm
qurulmusdur. Miisyyan olunmusdur ki, har iki sistem, solidusdan asagida stabil olub tetradimitobonzor
heksoqonal qurulusa malik fasilasiz bork mohlullarin amolo golmosi ilo xarakterizo olunur. Qafas
parametrlori toz nimunolarinin rentgen-faza analizi naticalori asasinda toyin olunmusdur. Miiayyan
edilmisdir ki, bark mohlullarin kristal qofos parametrlori Veqard gaydasina uygun olaraq torkibdan
Xotti asilidir.

UCCJIEJOBAHUE TPOMHOM CUCTEMBI Ho-As-S IO PA3JIMYHBLIM
PA3PE3AM

Hnvacaer T.M., 0.x.1., npogp., I'acanoea /I.T. ouc. I'yceitnosa X.A K.X.H., 0oc.
baxunckuit I'ocyoapcmeennwiit Ynueepcumem, baxy, Azepoaiioscan.
e-mail: dunyahesenova93@mail.ru

KiroueBble cjioBa: CTEKIIO, CIUIaB, OTKUT, IEPETEKTHKA.

Pe3rome: Kommiieke mMetonamu (U3MKO-XUMHUYECKOTO aHAlM3a UCCIIEJJOBaHA CHUCTEMa
Ho-As-S no paspezam As;S3-HOS, AS»S3-H0,S3, As;S3-HOAS. Pexxumbl cuHTe3a CIUIaBOB
MOAOUPANTUCh HUCXOJs U3 (PU3UKO-XUMHUYECKHX CBOMCTB HUCXOAHBIX BemiecTB. Mcxons u3
pe3ynbTaToB (PU3UKO-XUMHUYECKOTO aHallu3a MPEeaNoIoKeHO, 00pa30BaHUE B CTEKIIAX HOBBIX
CTPYKTYPHBIX €IUHHUII.

COBpCMCHHLIfI Hay‘IHO-TeXHI/I‘-IeCKI/Iﬁ nporpecc, BKIO4Yasgs OCBOCHHEC KOCMOCA,
HEPA3pbIBHO CBsA3AH C pa3BUTUCM HO.IIyTIpOBO)IHPIKOBOﬁ TCXHHUKU.
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Cpeny moynpoOBOJHUKOBBIX MaTepHajoB 0CO00€ MECTO 3aHMMAIOT XaJbKOTECHUIHBIC
MOJIyIIPOBOIHUKOBBIE MaTepUaibl, B YaCTHOCTH CTEKJIOOOpa3Hble MaTepHajbl Ha OCHOBE
XaJbKOTCHHUIOB MBIIIbSKA, OOJAMAIONINX BBICOKOW CTOWKOCTBIO K arpeCCHBHBIM CpelaM U
aTMoc(epHOMY BO3JAEHCTBHIO, mpo3pauHocTbio B MK obmactu, a camoe TJIaBHOE,
BO3MO’KHOCTBIO IIMPOKOTO BAPHHPOBAHMUS CBOWCTB C M3MEHEHHEM HX cocTaBa. K uncimy Takux
CBOMCTB OTHOCSITCS ONTHYECKHE, (POTONIEKTPHUECKHE, aKyCTOONTUYECKHE H JIp., KOTOpHIE
MO3BOJISIIOT IIUPOKO NMPHUMEHATh MX B DJIEKTPOHHOH NMpoMbinuieHHOCTH. OIHAKO pacTyas
MOTPEOHOCTh TIOJTYNPOBOJHUKOBOW TEXHUKA K HOBBIM (DYHKIIMOHAIBHBIM MaTepHaliaMm
oOagaromux pa3sHOOOpa3HBIMU COYETAHMSIMHA ONITUYECKUX, MArHUTHBIX, SIEKTPO(PU3MIECKIX
CBOWCTB, IMepe XMMHUKAMHU-TEXHOJIOTAMH OTKPBIBAET MIPOCTOP ISl HOBBIX 3ajad MO0 CHHTE3Y
HOBBIX BEIIECTB C 33JaHHBIMUA CBOMCTBAMH.

B nmanHOIi paboTe TpeACTaBICHBI pPE3yJAbTaThl XHUMHUYECKOTO B3aUMOJCHCTBHUS B
TpoitHOU cucteMe HO-AS-S, onpenerienne o0acT CTekiIoo0pa3oBaHus Mo paspe3am AsSySs-
HoS, As2S3-H0,S3, As2S3-HOAS

B kauecTBe OOBEKTOB HCCIENOBAaHUS HaMU ObUIM BbIOpaHBI CYIb(QHABI MBIIIbSKA U
rodbmus. OCHOBHBIE METOJABI HUCCIENOBaHHMS UG GEpEeHIINATbHO-TEPMUYESCKHI  aHaIH3
(ATA), perrreHodazonsiii ananu3 (PDA), muxpoctpykrypusiii ananuz (MCA), usmepenue
MUKPOTBEPJOCTH, DIIEKTPO U (HOTOTPOBOTIMOCTH.

PexxuMbl cHHTE3a CIUIAaBOB IMOJAOUPAITUCH HMCXOJA M3 (PU3UKO-XHMHUYECKUX CBOHCTB
HUCXOJHBIX BemlecTB. McXoaHbIE BelleCcTBa MEIEHHO HarpeBalu C Bbiaep:kkod 10 4. Ilpum
650-700 K, 3arem temmeparypy mobimanu g0 1000-1700 K. CruaBsr ¢ conmepxannem HOS
40% u 6onee curtesupoBanu mpu 1100-1300 K. OxnaxkeHne CITaBoB MPOBOIMIN B PEKUME
BBIKJIFOUEHHOU 1eun ¢o cKopocThio 10 rpaa/mun. CriiaBbl MOJABEPraaid TOMOTEHU3HPYIOIIEMY
omxkury B Tedennu 500 4. Crassl paszpesa As:S3-HOS 6orarteie 10 30 Mon% HOS mioTHbIE U
KOMITaKTHbIE, BULITHEBO-KpAacHOTO 11BeTa, Oorarbie HOS Gomnee 30 Mon% mopuctele.

B cucreme As>S3-HOS o6pasyercst coenunenne coctaBa HOAS>S4 1o mepeTeKTHIecKou
peakuuu npu 1085 K.

XK + HoS <=> HoAs:S4

B cucreme mpu 3akanbke cruiaBoB 10 15Mon% HOS Ha BO3myxe mMONydymiInch B
CTEKJI000pa3HOM BHUJIE, a MPU 3aKallbKe B XOJIOJHYIO BOAY CIUIaBbl 10 20M01% MOTYyYHINUCH B
CTEKJI000pa3HOM BHJIE.

Pazpe3 As»S3-H02S3. CunTes criaBoB MPOBOAMIIM MO pa3paboTaHHOMY pexumy. [Ipu
3aKalibKe CIIaBOB Ha BO3yXe MOJy4dminuch 10 13mon%, a mpu 3aKaibke B XOJOJHYIO BOIY
cruiaBoB 10 18 Mon% mnonyuninch B crekiiooOpasHoM Buje. [locne mpuBeneHus CIjiaBoB B
PaBHOBECHOE COCTOSIHHE OOHApYXEHO, YTO B CHUCTEME O0pa3yeTcsi OJHO IMEPETEKTHUECKOe
COEIMHEHHE T10 CIICAYIOUIUM PEaKIIHSIM.

K1+ H02S3 <=> HOASS3

B cucreme B o6mactu koHIeHTpaun 55-82 Mo1% H02S3 oOHapykeHo paccianBaHue.

Pazpe3 As:S3-HOAs. B cucreme ycraHoBieHa o0nacTh cTekinoobOpasoBanus. [Ipu
3aKalibke B XOJIOIHYIO Boay 06mmncTh cocraBisieT 10 mon% HOAS, a npu 3akalibke Ha BO3IIyXe
9Ta obnacte cyxaercs 10 7 mon% HOAS.

[Tocne BbImeneHHs] cTeKNa H3y4eHBl UX (U3UKO-XUMUYECKHE CBOWCTBA, KOTOPHIE
MpecTaBjIeHbl Ha Tadmuie 1.

Tabmuna 1
3Ha4yeHUs1 HEKOTOPBIX CBOMCTB CIu1aBoB cucTeMbl ASS3-HOAS.

Ne | CocraB cmaBoB B | Tg, K | Ty, K | Tun, K | MukpotBepaocts, | IlnoTHOCT
MOJIb %0 Hu, H/m? 107 103 kr/ m®
AsS3 | HOAs

1 |100 0 435 490 590 118 4,12

2 199 1 440 495 585 120 4,15
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3 |97 3 448 500 480 125 4,23

4 |95 S) 450 505 585 133 4,25

5 |93 7 455 510 595 135 4,33

6 |90 10 465 515 600 130 4,35
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Ho-As-S SISTEMININ MUXTOLIF KOSIKLOR UZRO TODQIiQi

Ilyash T.M. k.e.d., prof., Hasanova D.T. dissertant, Hiiseynova H.9. k.e.n., dos.
Baki Doviat Universiteti, Baki, Azarbaycan
e-mail: dunyahesenova93@mail.ru
Xilasa

Fiziki-kimyoavi analizin kompleks metodlar1 ilo Ho-As-S sistemi  As;Sz-HOS, As>Ss-
H02Ss, As2S3-HOAs kasiklori Uzro todqiq edilmisdir. Orintilorin sintez rejimi baslangic
materiallarin fiziki-Kimyovi Xassalori asasinda segilmisdir. Kasiklor lzra siiso amologalma
sahalori mioyyon edilmisdir vo alinmis makroskopik xassalorinin giymatlori mioyyan
edilmisdir.

STADY OF THE TERNARY Ho-As-S SISTEM IN VARIOUS SECTIONS
llyasly T.M. Ph.D., prof., Hasanova D.T. dis. student., Huseynova H.A. Ph.D., dos.
Baku State University Baku Azerbaijan
e-mail: dunyahesenova93@mail.ru

ABSTRACT
The Ho-As-S system has been studied along the As;S3-HoS, As2S3-H02S3, As2S3-HOAS
cross-sections by complex methods of physicochemical analysis. The modes for the synthesis
of alloys have been selected based on the physicochemical properties of the initial materials.
The formation of new structural units in glasses has been revealed, and the values of the
obtained macroscopic properties have been determined.

ON3NUYECKHUE CBOMICTBA COEJINMHEHMM BiTmSes u SbTmSe;

Caovicoe @M. 0.x.n.,npogh., /Iorcagpaposa E K., k.x.n., npen., Hcmaunoe 3.1., k.m.n.,00y
Baki Dévlat Universiteti, Baki, Azarbaycan,
e-mail: zakir-51@mail.ru

KamoueBble ciioBa: CHUHTC3, [UarpamMma, T¢MIcparypa, CrjiaB, CoCtaB

HccnenoBanne M NOJYy4EeHHE HOBBIX CIIOKHOTO COCTaBa IMOJIYIPOBOJHHKOBBIX
COEJIMHEHUH SABJIAETCS OJTHUM U3 aKTyaJbHBIX mpolieM [1-3]. M3yueHune 1ByXKOMIOHEHTHBIX
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CUCTEM, TIOCTPOCHHUE JUarpaMM COCTOSIHHSI UTPAIOT OOJIBIIYIO POJIb B MOJYUYECHUE TPOMHBIX
coenuHeHuil. MccnenoBanne (U3MUECKUX CBOWCTB JaHHBIX THUIOB COCIUHEHHHA pOJIb B
MOJIYITPOBOIHUKOBOM TexHuke [4,5]. M3yueHneM XMMUYECKOTO B3aUMOJCUCTBUS B CUCTEMaX
BixSez-TmoSes u  ShySes-TmSez mocTpoeHbl auarpaMMbl  COCTOSHHMSI M HalJICHBI
KOHIPYIHTHO IUIaBSAIIMECS HOBBbIC coefimHeHus: coctaBa BiTmSes u SbTmSes , Trnsh=850K,
Trngi =1020. CooTBeTCTBEHHO MapaMmeTphl perrerok a=11,62; b=11,82; c=4,11 A. C uensio
M3MepeHUl (U3HUYECKUX CBOWCTB CHHTE3MPOBAHBI JAHHBIC COCJAWHCHUS W MPUTOTOBIICHBI
COOTBETCTBYIOIINE reoMeTpuieckue Gopmbl. OCHOBHBIC (U3MUYECKUE CBOMCTBA COCTUHCHUS
TmBiSes u TmSbSes, maubt B Tadbmuie npu 300K. Tepmo-3.1.c. coenunenue ¢ Bi B 3 pasa
MEHBIIIE YEM C COCJMHEHHEM CO CTHOMYMOM, a 3JIEKTPONPOBOJAHOCTh B 3 pasa Gosibiie. B 1O
BpeMsl KaK TeruionpoBoaHocts TMBiSes 14,2 Bt/cm. rpaa, a y TmShSes 8,1 Br/cm rpan
.HaMHOTO MeHbIIe. s MoNTynmpOBOJAHUKOB KaXKABIE M3 TPEX IMapaMeTpoB pas3HbIE, U ITO
MO>KHO CUHUTATh 3aKOHOMEPHBIM.

CocraB | Tmn. | Tepmo- Onektpo | Temno Yucno | llupu | Tun
C 3.4.C. O | IPOBOJUM | IPOBOJUM | BJIEKTPO | Ha IIPOBOAMMO
MKB/rpag | octhb OCTb HOB 3ampen| | CTH
5, omtem | X Br/em | nem . n,p
! rpaj 30HBI
TmBiSes | 1020 | 126 129 14,2 9,4*10' | 0,72 n
K 6
750°C
TmShSesz | 850K | 334 3,96 *10° | 8,1 8,6*10' | 1,31 p
580°C 4

W3 Tabnuiel BUAHO, YTO TMOABMIKHOCTH HOCHTENEH 3apsaaa mist TmBiSes cpaBHUTEIBHO
Majio, KOHIIeHTpalusi Oosbmie, a y TmMSbSes waobopor. Eciam CpaBHHUTH KOHIIEHTpAIUH
HOCUTEJIEH OTUX COCAWHEHUN pasHuIa Oyaer 1029710 CBA3aHO CO B3aUMOCBA3BIO
MOABIKHOCTH  HOCHUTENIed 3apsiga M KOHIEHTpanuu. M3 rpaduka 3aBUCUMOCTH
37IEeKTPONPOBOAHOCTH OT Temmeparyphl lg 5~f(10%/T) paccumrtaHsl mUpHHA 3ampenieHHON
30HBI coemuHennii (AE;) oboux coemunenuit . s TmBiSes AE.=0,72 3B mas TmSbSes
AE:=1,31 »B. IlepBoe coeauHeHHE HMMEET MPOBOAMMOCTH JJIEKTPOHHOTO TOKa, a BTOPOE
COEJIMHEHUE JIBIPOYHOTO THIIA.

TemneparypHasi 3aBUCHUMOCTb YAEIBHON 3JIEKTPONPOBOJHOCTH CIUIABOB TBEP/BIX
pactBopoB (Bi2Ses)i1x(TmzSes)x u coenunenus BiSes mpuBenena na puc 1.Kak BuaHo,
XapakTep KpuBbIX 3aBucumocty lg 8~f(10%/T,K) momymeTaniuueckuii mpu TOM, HOJ0OHKIIL
Xapakrep 0oJiee SIPKO-BBIpaKEHHBIN y OecripumecHoro BixSes. Hauwnas, npumepro ¢ 450-
550K  u3MmeHeHHe  DIEKTPONPOBOJHOCTH  HCCIEAyeMbIX  OOpa3loB  MPUHUMAET
MOJIYIIPOBOIHUKOBBIN  XapakTep. 3aMeTHbIi pocT saekTpornpoBogHoctd 450 -+ 550K;
CBUJCTEIBCTBYET TAK)KE C HACTYIJICHHH COOCTBEHHOM 007acTH MPOBOAMMOCTH. 3HAUYCHHUS
IIMPUHBI 3aIPELICHHON 30HbI, KaK CIUIABOB TBEPIbIX pacTBOpoB (Bi2Ses)1x(Tm2Ses)x , Tak u
coenunenuii Bi;Ses ObLIM paccuMTaHBl MO TaHreHcy yria rpamuentos lg 8~f(10%T,K) B
obnacTu cOOCTBEHHOI MPOBOIUMOCTH.

Ha puc otpaxkeHbI TeMrepaTypHas 3aBUCUMOCTh Kodddurrenta repmo-3.1.¢c. BioSez u crinas
TBEPbIX pacTBOPOB (Bi2Sez)1.x(TmaSes)x .
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Ha puc. TemmneparypHas 3aBUCHMOCTh KO3 HUIMEHTa TepMO-3.1.C. BioSes u crutaB TBepabIx
pactBopoB (Bi2Ses)1-x(Tm2Ses)x .

B untepBane temmneparypsr 300 + 500K mabmomaercst poct kodddunmueHta Tepmo-
a.0.c. u npu ~510K pocturaer makcumanpHOro 3HadeHws. OpHako, Bbeime ~570K
K03 dUIMEeHT TepMo-3.]1.C. Kak coequHeHuss BixSes , Tak M CIUlaBOB TBEPIBIX PAaCTBOPOB
(Bi2Ses)1x(Tm2Ses)x mposBiIseT TCHICHIMIO K yMEHbIIeHHI0. VI3 TuTepaTypsl H3BECTHO, YTO
nomoOHast ~ TeMIlepaTypHass  3aBHCHMOCTh  Koddduimenta  Tepmo-3.4.Cc.  TpHUCYIIE
MOJIYIIPOBOJAHUKOBBIM ~MaTepuajgaM €O CJIOXXKHOW 30HHON CTpyKTypoud. B HavyaibHOM
TEMIEpaTypHOM HWHTEpBale WCCIEIyeMBbIX O00pa3loB HW3MEHEHHE ¢ 10 TeMIleparype
Ka4eCTBEHHO COTJIACyeTCsi C TEeMIEPaTypHOH 3aBHCHMOCTBIO KOA(PQHUIMEHTa TepMO-3.1.C.

OTIPEINIEHHBIX TEOPETUYECKUMHU pacuyeTaMu COIJIACHO, cieayromed G(opMylbl U THpH

m o
MPEAMOJIOKEHHH N=CONSt, = const (N-KOHIIEHTpALKs HOCUTENIEH TOKa,
0

300 400 500 600 700 800
T.K—>

= const -
mo

a¢ddexTuBHAST Macca HOCUTENICH TOKa)
5
r+2
_, k ( 2 )f% (G
0=t (= st
e | (r+3)fo"
(rme, k-mocrosinnas Bonbimana, €-3apsi1 3J€KTPOHa, I-IIapaMeTp paccessHUsl HOCUTENEN TOKa,
f1 ) A fo(r*) - uaTErpansl Gepmu, M - XuMHYecKuil nmoTenuuan. PaccunTana u mocTpoeHa
2

*

3aBUCHMOCTD Oreop~T(T). Ha puc. 3Ta 3aBUCHMMOCTH MOKa3aHa MyHKTHPHOU MPSIMOiA, KOTOpast
70 MaKCHUMaJbHBIX 3HAYCHHU KOA(PQPHUIMEHTa TEepMO-3.J1.C. KadeCTBEHHO COTrJacyercsi ¢
AHAJIOTUYHOM 3aBUCUMOCTBIO, HM3MEPEHHOH Ha MPAKTHKE TEpMO-3.1.C. coeauHeHus BixTes u
CIUIaBOB TBEPABIX pacTBOPoB (BixSes)ix(TmzSes)x . M3menenwuro ko3 UIMEHTa TEPMO-
3.4.c. Beime 560-570K MOXHO ,IpUNMCHIBATH 3aKOH JISI MOJYIPOBOJAHUKOB CO CIIOXKHOMU
30HHOU CTPYKTYpOW;
a6 + ay6,
8 +6,
3nech o1, 02 U 01, 02 KOO(PQPHUIMUEHTHI TEPMO-3.1.C. M YACIBHON DIIEKTPOIPOBOJIHOCTH,
0OyCJIOBIICHHBIC, TEPBOW W BTOPOW IOJ30HOW BaJCHTHOW 30HBI (B MPEINOJIOKCHHH, YTO
BaJICHTHAs 30HA KCCJICIyEeMBbIX OOpa3lloB, aHAJIOTUYHO 30HHOW CTPYKType OecrpUMEcCHOTro
BixSes cocrout u3 nByx moa3oH. OmHAaKO, BaJieHTHAs 30HA MOYET COCTOSATHh M3 HECKOJIBKUX
MOJ30H U B 3TOM CJIydYac B M3MCHEHHUSIX KHHETHUCCKUX KOI(PPHUIIMEHTOB (HAmpUMep o H O)
MOTYT Y4acTBOBAaTh HOCHTEIHM TPEThETO BHJA, OTYETO M U3MEHEHHE KOA(PPHUIIMEHTA TEPMO-
3.11.C. Oy/IeT XapaKTepH30BaThCs Kak,
a0 + a6, + a, 6,
5,4+ 6,46,

I'ne, on ¥ On TEPMO-3./1.C. U IPOBOJJUMOCTH OOYCIIOBIICHHBIE C TMOSBICHUEM HOCUTEIICH HOBOTO
(Tpetbero) Buzaa. [1aBHOE YMEHBIIICHHE O IIPH BBICOKUX TEMIIEpaTypax CBUICTEIBCTBYET O
noio0HOW KapTuHEe uMeBIIell Mecto B Bi2Ses m tBepabix pactBopax (Bi2Ses)ix(TmaSes)x .
Ecnu ymeHbllieHHE o TIPU BBICOKMX TEMIIEpPAaTypax UMENIO0 Pe3KUi XapakTep, TO 3TO M0 BCEH
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BEPOSATHOCTH, ObLIIO ObI CBA3aHO C HACTYIJICHHEM COOCTBEHHOM 001acTH MPOBOJUMOCTH WIIH
K€ IPUOIIKCHUEM TEeMIIEpaTyphl TUIABJICHHs 00pa3IoB.

CreioBaTeIbHO, MOKHO 3aKJIIOYHTh, YTO CJIOKHAsI 30HHAsi CTPyKTypa BixSes mmeer
MecTo W B TBepabix pactBopax (BixSes)ix(TmeSes)x . HaOmomaemoe wu3MeHeHHE
K03 (HUIIMEHTOB TEPMO-3./1.C. M YACIBHON AJICKTPOIIPOBOAHOCTH HAIIPABJISIET HA JIOCTIKCHUE
GIArONONyYHBIX H3MEHEHHH TepMOAJIEKTPHYECKOH MOIHOCTH (03) B CIIaBaX TBEPIBIX
pacTBOPOB MOJy4YEeHHBIX Ha OcHOBe BixSes . Omnako, a1 Oojiee TOYHOTO OIpPEICIICHHUS
TEPMOINIEKTPUYECKO 3(P(PEKTUBHOCTH JTUX CIUIABOB HCCICIOBAaHbl W TEMIIEPATYPHBIC
3aBHCUMOCTH 00miel TertonpoBogHocTH B nHTepBaie 300-850K. Oxazanock, uro go ~700
U3MEHEHUE Yoom HPOUCXOIUT COTJIACHO OTPHUIIATEIBHOMY CTEIICHHOMY 3aKOHY. JTO
CBHJICTEIIbCTBYET O HOPMAaJbHBIX (POTOHHBIX MpoIeccax, MPOUCXOSIIMX B COCAUHCHUU
Bi>Ses u TBepabix pactBopax (Bi2Ses)1-x(Tm2Ses)x.

Jlumepamypa

1.Ab6pukocoB H.X., bankuna B.®., [Topenkas JI.B. «IlomynpoBoHUKOBBIE XaTbKOTEHUIBI U
CIIaBbl Ha MX ocHOBe». M., Hayka 1975,220c¢

2.Jomerpman b.M., Kymuno  B.A., CmumpuoB WM.A.  «llonynpoBOJIHHUKOBBIE
TEPMOIJIEKTpUIECKUEe MaTepraibl Ha ocHoBe BixTes». M., Hayka 1972,320c.

3. CagpiroB @.M., Opymxkesa I['.b., Ucmaunos 3.1., [Ixadaposa E.K. «Qnekrpopuznueckue
cBO¥cTBa crutaBoB Ha ocHoBe BirSes». Tesucer gok. VIII Bcepoc. Hayua. Koud. ¢
MEXIyHApO . y9acCTHEM MOJIOA. yIeHbIX 1o XxuMun, Cankt-IletepOypr, 2014, ¢.159-160

4. CanpiroB @.M., I'ambaposa I'.T., Ucmaunos 3.U., Unescaer T.M., «Dnekrpoduzndeckue
cBoiicTBa pacTBOpoB Ha ocHOBe BixSes». Tesucwr mok.VIII Mexna. Hayd. koud. Kunernka
MexaHu3Ma Kpuctauusamnuu. Meanosa 2014,¢.65-66.

5.Kristie, J. Koski et. al. Chemical Intercalation of Zerovalent Metals into 2D Layered Bi>Ses
Nanoribbons // Journal of the American Chemical Society. 2012. Vol. 134. Pp. 13773-13779.

BiTmSes; va SbTmSe; BIRLIKLORININ FiZiKi XUSUSIYYOTLORI

Sadigov F.M., k. e.d., prof., Cafarova Y.K. k.0.f.d., mial., ismaytlov Z.1., t.0.f.d., dos.
Baki Dovlat Universiteti, Baki, Azarbaycan,
e-poct: zakir-51@mail.ru
Xulasa

Muoyyan edilmisdir ki, Bi>Ses-un mirakkab zolaq qurulusu (Bi2Sez)1-x(Tm.Ses)x bark
mohlullarda da bas verir. Termo-emf omsallarinda miisahido edilon doyisiklik. vo elektrik
keciriciliyi Bi-2Ses asasinda alinan bork mohlullarin arintilorinds termoelektrik gicds (025)

olverisli dayisikliklora nail olmaga yonaldir.

PHYSICAL PROPERTIES OF BiTmSes AND SbTmSes COMPOUNDS

Sadigov F.M., Doctor of Chemistry, Prof., Jafarova E.K., Ph.D., teacher, Ismailov
Z.1. Ph.D., Assoc.
Baki Dévlat Universiteti, Baki, Azarbaycan,
e-mail: zakir-51@mail.ru
Summary
Abstract: It has been established that the complex band structure of Bi,Ses also takes

place in (BixSes)1-x(Tm.Ses)x solid solutions. The observed change in the coefficients of
thermo-emf. and electrical conductivity directs to achieve favorable changes in thermoelectric
power (029) in alloys of solid solutions obtained on the basis of Bi,Ses
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IIEPEHOC 2JIEKTPOHOB B OBJIACTU MATHUTHBIX ®A30BbIX
NEPEXOJ10B B AHTU®EPPOMAT'HUTHBIX TOIMMOJIOI'NMYECKHUX
N30JATOPAX MnBi>Tes

Anuzynuesa'X.B., Aooyrnaes’>H.A.,
L Cymeaumckuit zocyoapcmeennwviit ynusepcumem, AZ5008, Cymzaum, Azepéaiidcan
2 Hucmumym ¢usuxu, Hayuonanvnaa Axademus nayk Asepbaiioncana, AZ1143, Baxy,
A3epbaiioycan 3 Baxunckuit Focyoapcmeennvuit Yuueepcumem, AZ1148, Baky, Azepbaiidycan

KiueBble ciioBa: aHTH(EPPOMArHeTUK, MapaMarHeTHK, TOMOJIOTUYECKUN H30JIATOP,
MarHUTHbIN (a30BbIi epexo1, Temneparypa Heens, anomanbHbli 3¢ dexr Xoma

WNHTepec K MarHUTHBIM TOINOJOTUYECKHUM H30JATOpaM OOYCIIOBIEH HE TOJIBKO
BO3MOKHOCTBIO HaOJIOEHUS! YHUKAJIBbHBIX (PU3UUYECKUX SIBICHUN, TAKMX KaK KBAaHTOBAHHBIN
aHoMaibHbId Xomt (QAH), akcMoHHas 2MEeKTpoJIMHAMHUKA, MAarHUTORJIEKTpUYECKU 3dexT,
MalOpaHOBCKUE (PEPMHOHBI U JIp., HO M MPAKTUYECKUMU NOTPEOHOCTIMH HOBOM 0O0sacTu
COBPEMEHHOM 3JIEKTPOHUKU — CIIMHTPOHUKH, B OCHOBHOM B CPEICTBaxX MepeHoca, 3aluch U
XpaHeHUs! HHGOpMaIiu.

BrnepBble mosydeHbl M OXapaKTEpU30BaHbl MOHOKPHMCTAUIBI HOBBIX CIOUCTBIX
MOJIYIIPOBOAHUKOBBIX ~ aHTU(EPPOMATHUTHBIX TOMOJOTHYECKAX H30JATOpoB  MnBixTes
cemeiictBa (MnBixTes)(Bi2Tes)n [1]. Ha pucynke 1 mpeactaBieHa TemmepaTypHast
3aBHCHMOCTh YJCIBLHOTO COMPOTHUBJICHHS B IUIOCKOCTH CJI0EB MOHOKpHcTaiioB MnBixTes B
obnactu temneparyp 5-300K.

Xopomo 3ameTHa ocoOeHHOCTh Ha 3aBucuMocTu p(T) B Buae muka, oOyclOBIEHHAS
MarHuTHBIM (a30BbIM MEPEXOJOM MapaMarHeTHK-aHTU(QEeppOMarHeTuk, T.H. TeMIeparypa
Heens okazanace paBHoii 25,4K

C uenpio BBIABIEHUS MarHUTHOW MPUPOJBI OCOOEHHOCTH OBUIO H3YYEHO BIIMSHHE
BHEIIHUX MarHuTHBIX mojieit (1; 2; 3; 4 u 5 T) Ha TeMmepaTypHYIO 3aBUCHMOCTD YICIbHOTO
COMpOTHBIICHUS. BHeNIHee MarHWTHOE MOJIe CO3[aBAJIOCh C MOMOUIBIO CBEPXIIPOBOISIIETO
cojieHou1a M ObUIO HampaBjieHO MeprneHAuKyasipHo moepxHoctu (0001), T.e. miockoctu
cinoéB. Bce wu3MepeHus MNPOBOAWINCH CTAaHAAPTHBIM YETHIPEX30HIOBBIM METOJIOM Ha
epeMEHHOM TOKe 4acToThl ~20,5 I'I[ 110 CECKTUBHOM METOAMKE C MCmoib3oBanueM Lock-in
Amplifier SR 905, Benmuunna Toka 4yepe3 obOpaser He mpeBbimana 1 MA. BbIsBiIeHO, UTO C
YBEJIMYEHUEM MArHUTHOTO TOJIsS BEJIMYMHA MUKAa YMEHBIIACTCS W MPU MAarHUTHBIX MOJISIX
Beime 4 T ocobennocts B p(T) mnpaktudecku wucuezaer. OUYEBHIHO MAarHUTHOE
MIPOUCXOXKICHUE OCOOCHHOCTEH B TEMIIEPAaTypHOM MOBEACHUU YJEIBHOTO CONPOTHUBIICHUSI.

3,9 4

3,8 - s

3,74 /

3,6

254K

mQ:cm

3,5

3,4

p,

3,3

3,2 T T T T T
(o] 50 100 150 200 250 300

Puc. 1 TeMnepaTypHaﬂ 3aBUCHUMOCTDB YACIIbHOT'O COITPOTUBJICHUA MOHOKPHCTAJIJIOB
MnBixTey
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Hamu Taroke uccnenoBaincs dpdekr Xosmia B kpucrauiax MnBixTes. Ha pucynke 2
MPUBEJICHA MAarHUTOIOJICBas 3aBUCHMOCTh XOJUIOBCKOM pasHocTu mnoreHnuanoB Un(T) B
MoHOkpuctaiiax MnBiz2Tes npu pa3nuuHbIX TeMIeparypax.

Beumn mpoBeieHbl HCCIeIoOBaHUST aHOMATBHOTO d(derTa Xoia B HIMPOKOH 00IacTh
BHeIIHUX MarHuTHbIX nosied 0-5T u npu temneparypax T=5K, 15K, 20K, 22K, 24K, 25K u
35K. Ilpu ManbIXx 3HAUEHUSAX BHELIHEr0 MarHuTHOro mnousisg npu temneparype T=4,5 K
XOpOIIO 3aMETeH JMHEWHBIA XOJ 3aBUCHMOCTH (pHC.2a, 4EPHBIM IIBETOM), KaKk B Cilydae
HOpMasibHOTO 3(¢dexra Xosuia, XOIOBCKOTO MNOTEHIHATIa OT MPUIOKEHHOIO BHELIHETO
MarHUTHOro mnojs. Tak Kak BEJWYMHBI XOJUJIOBCKOTO MOTEHLMAda OTPULATENIbHBI, TO
MOJIYIPOBOAHUKOBOE coenuHenne MnBixTes suisercs momynpoBogaukoM N-tumna Kak BUIHO,
IIPY MarHUTHBIX NoJjsx Bbiue 3,5 T HaOmronaercs pe3skoe M3MEHEHUE BETMUMHBI XOJUIOBCKOTO
HaTIPSHKCHHSL.

) —
2]
4]
6
8
104

UH, mkV

-124
-14
-16

184

Puc.2. MarauTomnoseBast 3aBUCUMOCTh XOJUIOBCKOM Pa3HOCTH MOTEHITMATIOB MOHOKPHCTAJIIOB
MnBi>Tes mpu Temneparypax: a) T=4,5K; 15K; 20K; 22K; b) T=24K; 25K; 35K.

YMeHbIIIeHHEe CKAauKOM XOJJIOBCKOTO TMOTEHIMalla CBSI3aHO C BO3HUKHOBEHUEM
JOTIOTHUTEIBLHOTO MArHUTHOTO TIOJIsI BCJEJICTBUU IMepexojia U3 aHTU(PEeppOMarHUTHOTO
yInopsimoueHus: K (GeppoMarHuTHOMY, H3-3a T.H. crnuH-(uon (Spin-flop) mepexoma. B
pe3yiomame Habnooaemcs amomanvuwvlii  ppexm Xoana (puc.2a). BugHO, dTO C
MOBBIIIEHUEM TEMIEPaTyphl PE3KUH CKAuYOK XOJUIOBCKOTO HAMPSDKEHUS TOCTEHCHHO
pa3mbiBaeTcs u npu remneparype T=24K usnowm ene 3ameres. [Ipu remneparype T=35K, T.e.
BbIIIE TemrepaTypbl Heenst B o0nacTu mapamarHeTusma, BO Bceil 001acTH MarHUTHBIX MOJIEH
HaOMOaeTCsl JTMHEWHBIN XOJ 3aBUCUMOCTH XOJUIOBCKOTO MOTEHIMANa OT MPHJIOKEHHOTO
BHEIITHET0 MarHUTHOTO 1moJist (puc.2b), kak B ciiydae HopMasibHOTO 3¢ dexra Xosua.

Ora pabora Obuta mnojaepkana @OongoM pasButus Hayku npu  [Ipesugenre
Asepbaitxanckoit Pecry6muku (rpant Ne EIF-BGM-4-RFTF-1/2017-21/04/1-M-02 u Ne
EIF/MQM/Elm-Tehsil-1-2016-1(26)-71/16/1), u Poccuiickum ®onmoM PyHIaMEHTaTbHBIX
HUccnenosanwmii (rpant Ne 18-52-06009).
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Xulasa

MnBi.Tes antiferromaqnit topoloji izolyatorlarinda elektrik keciriciliyi 0yranilib. 25.4
K temperaturda olan paramagnet - antiferromagnet maqnit fazasinin kegidi (Neel
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temperaturu) askar olunub. Neel temperaturundan asagi temperaturlarda anomal Holl effekti,
Neel temperaturundan yuxari temperaturlarda iso normal Holl effekti miisahids olunub.

AHHOTAIUSA

W3ydeH SJEKTPOHHBIM TPaHCIOPT B  AHTU(PEPPOMATHUTHBIX  TOIMOJIOTHYECKUX
u3onsitopax  MnBixTes.  BoisiBiiena TemmepaTypa MarHuTHOro (asoBoro —rmepexoja
napamMarHeTHk-anTudeppoMarneTiuk (remneparypa Heenst), paBuas 25,4 K. IlokazaHo, durto
pu TeMIepaType Huxe temrepatypsl Heenst HaGmonaercs anomanbHbIi dgdexr Xomna, a
IIpU TEMIIEpaType BhIIE Temreparypsl Heenst - HopManbHbIi dpdexT Xoa.

Abstract

Electronic transport in the antiferromagnetic topological insulators MnBi.Tes was
studied. The temperature of the paramagnet — antiferromagnet magnetic phase transition (Neel
temperature) equal to 25.4 K was found. It is shown that an anomalous Hall effect is observed
at a temperature below the Neel temperature, and a normal Hall effect at a temperature above
the Neel temperature.

Bi»03 -B203; — Nd>03; SISTEM ORINTILORININ ELEKTROFIZIiKi
XASSOLORININ ToDQIiQI

Xalilova L.9,'Bananyarli S.i.,_ Ysmayilov §.1.
'Kataliz va Qeyri - iizvi Kimya Institutu, AMEA
laylaxalilova@gmail.com

Acar sozlor: mugavimet, ligant morkazlor, Bi2O3-B203-Nd2Os3, elektrik kegiriciliyi,
tezlik, yarimkegirici.

Kimyavi dayaniqli, mexaniki méhkamliyi, texnoloji baximdan uygun materillarin asan
alinmasi1 qeyri-0zvi oksidlor osasinda alman yeni materiallara elektronikada, texnikanin
muxtalif sahoalorinds tolobat1 artirmisdir. Todgiq etdiyimiz Bi2O3-B203-Nd2O3 sistem
arintilorinin dyranilmosi do bu gobildondir. Tarafimizdon Bi2O3-B203-Nd203 ¢l sisteminin
bozi kasiklorinin elektrofiziki xassalori Oyronilmisdir[1]. Bu isdo mogsad elektron
texnikasinda, radiotexnikada vo miuxtalif tezliklords isloyan ceviricilorin hazirlanmasinda
istifado oluna bilon yeni materiallarin askar edilmasidir. Beloki, bu sistem arintilori mixtalif
nov tezlikli kondensator v ya c¢eviricilorin hazirlanmasinda aktiv dielektrik material kimi do
rol oynaya bilor [2-4]. Neodim boratlar elektronikanin va texnikanimn yiiksok tezlikli sahalori
ucln perspektivlidirlor [4-6].

Bi203:B203 — Nd2O3z sisteminin todqigi G¢un nimunalarin sintezinds kimyavi tomiz
BioO3, H3zBOs vo Nd20s3 reaktivlorindon istifado olunmusdur.Sintez 1000-1100°C
temperaturda 8saat muddstinds aparilmigdir. Sintez olunmus niimunalor sar1 rangli
polikristallik maddalordir. Eksperimentlor korund tigellords aparilmisdir.

Elektrofiziki  xassalor ~ T=300-800K temperatur intervalinda Oytonilmisdir.
Migavimatlori toyin etmok (g¢lin elektrometr B7-30 istifado olunmus vo eyni zamanda
miqgayiso etmok mogsadilo rezonans metodu ilo tesla BM-560 markali cihaz vasitasilo
yoxlanmigdir.Olgmolordon alman qiymotlor arasindaki forgq toxminon 4,0%  toskil
etmisdir.Differensial termiki analiz (DTA) NETZCHSTA 449F3STA - 0836 — M
derivatoqrafda aparilmisdir.

Bi203-B203 — Nd203 kasiyinda Nel (95 mol% Bi203:B203 — 5 mol% Nd203); Ne3 (85
mol% Bi>03-B203 — 15 mol% Nd203) torkibli nimunslorin elektro-fiziki xassalorindon birinci
novbods onlarin miiqavimatlorinin temperatur asililiqlar: dl¢tilmiisdiir. Alinan naticalor sokil
1-do 0z oksini tapmisdir. Nimunoalorin migavimetlorinin temperatur asililiglarinda kaskin
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anomal doyismolor miisahids olunmusdur. Onlarin p(T) asililiglarint ii¢ temperatur intervalina
bolmoak olar:

1. T= 300+420K temperatur intervalinda Nel sayli nimunonin p(T) astlilig1 ¢ox zaif vo hamar
azalir. Ne3 sayli niimuna i sabitdir.

2. T= 460+-520K temperatur intervalinda hor iki nimunonin mugavimatlori ekstremumdan
kecarak azalir.

3. T> 520K-do iso hor iki nimunsnin migavimatlorinin doyismosinds yarimkegiricilora
moxsus eksponensial azalma miisahids olunur.

A
A
[ A
X
. 3

10 X

3

L * X Nel

X
E X

Ne3

Sakil 1. 1 vo 3 sayli niimunalordo miigavimot temperatur asililig.
1-95 mol% Bi,03-B203 — 5mol%Nd»03; 3-85 mol% Bi»O3-B>,03 — 15mol%Nd, O3

p(T) asililiginda miisahids olunan ganunauygunluglardan konara¢cixmalar sintez
olunmus niimunalards olan ligant markazlorinin geyri statistik paylanmasi hesabima ola bilar.
Nimunalorin elektrik kegiriciliyinin sahasinin tezliyindon asiliiginda sigrayishi doyismolor
miisahido olunmusdur. Alinan naticalor 2-ci sokilds gdstorilmisdir.

E Ne3
]:i\-\//
Nel
0,50 A A
: ‘

Sakil 2. 1 vo 3 sayli niimunalorin elektrik kegiriciliyinin sahs tezliyindon asililig1.
1-95mol% Bi.03-B203 -5mol%Nd20s3; 3- 85 mol% Bi.O3:-B203 — 15mol%Nd.O3

Qrafiklordon gorinduyld kimi, sahanin muxtalif tezliklorindo elektrik kegiriciliyinin
giymati muxtalifdir. Lakin bununla yanasi tezliyin artmasi ilo har iki nimunonin kegiricilik
mexanizminin artmas1 miisahido olunur. Bu torkiblords yarimkegiricilik xassa gostarilmasine
sobob Nd** vo Bi®* ionlarmin olmasidir. Bu element atomlar1 gismon dorindo yerloson
akseptor, donor enerji saviyyalarini yaradirlar. Temperaturun artmasi ilo bu enerji soviyyalori
aktivlosir vo onlar elektrik kecirciliyinds istirak edirlor. NUmunslords temperatur artdigca
elektrik kegiriciliiyi artir vo yarimkegricilik xassa gostorilir. Tadgiq olunan nimunalarin
yiikdagtyicilarinin - aktivlogsmo enerjisi  toyin edilmigdir. Alinan naticolor codval 1-do
gOstorimisdir.

Cadval 1. 1 vo 3 sayli niimunalorin aktivlosmo enejisi.

Ne Torkiblor T=300 +500K T>500K
o=c0-T" | aktivlosmo | o=c0-T" | aktivlogsmo
enerjisi(eV) enerjisi
(eV)
1 | 95 mol% Bi>03-B203 — 5 mol% Nd>O3 T2 0,54 TO44 2,00
3 | 85mol% Bi203-B20s— 15 mol% Nd203 TO042 0,74 TO.8 2,05

58




Cadvaldan gorundiyd kimi, T=300+500K temperatur intervalinda o~T" (n=0,2 + 0,45)
ganunu ilo T>500K temperatur intervalinda isa 6~T" (n=0,44+0,82) qanunu ils doyisir. Uygun
olaraq yiikdastyicilarinin aktivlosmo enerjisi do torkiblorde Nd2O3 oksidinin miqdar1 artdiqca
mutonasib artir. Bu iso yiikdastyicilarinin enerji soviyyalorinin - muxtalif dorinliklords
yerlosmasi vo temperatur artimi ilo onlarm aktivlosmasinin do mixtalif olmasi ilo izah
olunur.Cadvoldon gorunduyt kimi, bu numunalorin elektrik  kegiriciliyi  mexanizmi
T=300-500K temperatur intervalinda zaif artir. T>500K-ds isa nisbatan intensivlosir.
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Bi»03 -B203; — Nd>03; SISTEM ORINTILORININ ELEKTROFIZIiKi
XASSOLORININ ToDQIiQI

Xalilova L.9,'Bananyarli S.I'.,. Ysmayilov §.1.
'Kataliz va Qeyri - iizvi Kimya Institutu, AMEA
laylaxalilova@gmail.com

Tadgig olunan Bi203-B203-Nd203 sistemindon se¢ilmis bir nego nimunanin
elektrofiziki xassalori: elektrik kegiriciiliyinin temperaturdan vo saho tezliyindon asililiglar
Oyronilmisdir. Mduoyyon edilmisdir ki, temperaturun artmasi ilo nlmunalorin elektrik
keciriciliyi do artir vo yarimkegirici xasso gostorilir. Bu nlimunslorin yarimkegirici xassa
gostormosi Nd*3 vo Bi*® ionlarmm olmasi ilo izah edilir. Molumdur ki, Nd vo Bi element
atomlar1 donor-akseptor olagalorinin yaranmasinda istirak edirlor. Temperaturun artmasi
niimunolards enerji saviyyolarini aktivlosdirir vo onlar elektrik keciriciliyinds istirak edirlor.

STUDY OF ELECTROPHYSICAL PROPERTIES OF ALLOYS OF THE
Bi203-B203-Nd203 SYSTEM

!Khalilova L.A., *Bananyarli S.1., tIsmayilov Sh.S.
Unstitute of Catalysis and Inorganic Chemistry, ANAS

Electrophysical properties of several selected samples from the studied system
Bi203:B203 —Nd2Os: dependence of electrical conductivity on temperature and field
frequency were researched. It was found that the electrical conductivity of the samples
increases with growing temperature and shows semiconducting properties. The
semiconducting properties of these samples are explained by the presence of Nd*3and Bi*®
ions. It is known that the Nd and Bi element atoms are involved in the formation of donor-
acceptor bonds. An increase in temperature activates the energy levels in the samples and they
participate in the electrical conductivity.
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INFLUENCE OF IN ATOMS ON KINETIC PROPERTIES OF Pbo.oGeo1Te

Afandiyeva I.G., Jafarova A.N., Ahmedov R.A.
Baku, Azerbaijan State University of Oil and Industry
aymin@mail.ru

Keywords: solid solutions, Hall coefficients, thermo-emf, phase transition.

KiroueBble cioBa: TBepabie pacTBOPHI, Kodpdummentsl Xomia, TepmoIC, da3oBbIii
nepexon

Acar sozlar: bark hallor, Holl omsallari, termo-ehq, faza kegidi.

AVBY! compounds and solid solutions make up the material basis of currently available
IR-receivers and tunable lasers, overlying a broad IR wavelength range (from 2.5 to 32 um).
The enabling environment for the use of these materials creates the fact that on their basis it is
possible to create different heterostructures with the most perfect transition layers. The latter
is conditioned by the fact that the composition of heteropairs can be smoothly changed and
the closest values of the lattice constant of pairs can be achieved, which in turn enables
significantly improve the structural perfection of the transition layers of heterostructures and
thereby improve their electrophysical parameters and increase operational reliability. At the
same time, properties of these materials can vary widely doping with various elements. The
doping of these materials with indium is of the greatest interest because it exhibits a number
of features: displays donor properties in them and creates quasi-local levels in PbSe [1], has
amphoteric properties in PbTe [2] and also creates deep levels in the Pbi.xSexTe [3].

In this respect, the least studied are PbixGexTe solid solutions. Thus, in PbixGexTe
solid solutions, on the basis of experimental data on the p-n junction of helicon waves
dispersion, X-ray diffraction and ultrasonic absorption [3] and magnetic susceptibility [4], the
presence of a structural phase transition (SPT) [3,4] is established reliably, wherein vary
electric conductivity, p-n junction capacitance and other electrophysical parameters of the
material. Interestingly, indium-doped of almost all lead chalcogenides leads to the same
results [1]. Whereas properties of indium-doped Pbi.xGexTe are poorly studied. Therefore,
it is of great concern to study the effect of indium on the electrophysical properties of Pbs.
xGexTe and especially in the field of SPT.

Experimental results and discussion
The Hall coefficients (Rx) and thermo-emf (o) in the temperature range 77 + 300K in

Pb,,Ge,Te <IN > o itferent indium concentrations have been experimentally studied.

The studies were conducted in Pbi.xGexTe solid solutions grown by the Bridgman
method.

In the undoped samples, on the o(T) dependence, starting from 77 to 128 K, there is an
increase in o (Fig. 1) due to a decrease in the hole concentration. The growth in this region of
temperatures of the Hall constant Rx also attests to this (Fig. 2). At T, = 128K, the a(T)
dependence undergoes inversion (Fig. 1, curve 1).

In [3, 4], based on the experimental data, it has been established reliably that the
inversion in the o(T) dependence is due to the structural phase transition in Pb1.xGxTe solid
solutions. It is also indicated that the temperature of the SPT can vary
greatly depending on x.

The Hall constant in undoped samples at T =T, passes through a
maximum and decreases with increasing temperature.

As Figure 2 shows (curve 1), the dependence Ry (T) at T. = 128K also undergoes
inversion and becomes negative at T > 128K, which indicates the hole concentration increase
with temperature.

This behavior of Rx(T) appears to be due to a change in the sign of the temperature
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oE
_g<0

dependence of the width of the forbidden zone for SPT, namely, at 7<7Tc we have OT

oE
_g>0

and OT at T>Tc.

Based on the above, it can be stated that in Pbi.xGexTe at T, = 128K structural phase
transition occurs. The dependence o(T) and Rx(T) for indium-doped PbooGeo1Te samples
differ from undoped: at N, = 0.3 at. % the inversion on the a(T) dependence disappears
(Fig. 1, curves 2, 3), but the Rx(T) dependence “straightens out” and with increasing T the
Hall constant monotonously increases (Fig. 2, curve 2, 3), already at N,, = 0.5 at.%
becomes linear (Fig. 2, curve 3). Disappearance of the inversion on the o(T) and Rx(T) curves
shows that indium- doped Pb:xGexTe solid solutions eliminate SPT.

SPT in Pb1xGexTe is explained by local instability of Ge atoms in the lattice of these
compounds by a number of authors [3-5]. In accordance with [6], the instability of Ge atoms
leads to lattice polarization, which causes lattice rearrangement. The established facts in the
paper lead to the conclusion that Indium atoms fix Ge atoms in the lattice of Pb1.xGexTe solid
solutions, as a result the lattice polarization is prevented and thus the possibility of SPT is
eliminated.

Conclusions

It was found that the dependences a(T) and Rx(T) in PbixGexTe solid solutions under
T=128 K undergo inversion. It is identified tha R @ observed inversions are due to the
structural phase transition (SPT) in PbixGexTe. It nas been shown that indium- doped Pb:-
xGexTe solid solutions eliminate SPT.

o 2sof

200

150

100 |

501

10 0 20 250 30 ; : 0 : 0 T
Figure 1. The temperature dependence Figure 2. The temperature dependence

of the thermal emf of the Hall coefficient

O — pure crystal; O — pure crystal;

0- Pbo.oGep1Te+0,3% In; + - Pho.oGeg1Te+0,3% In;

X - Pbo.oGeo.1 Te+0,5% In; o - Pbo.oGeg1Te+0,5% In;

o - PbooGeo1Te+1% In. A- PbooGeo1Te+1% In.
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JIEKTPO®PUINUYECKUE CBOMCTBA PbooGeo1Te JETUPOBAHHBIX UHIUEM

Ienouesa U.I., /[icapaposa A.H., Axmedoe P.A.
baxky, Azepoaiioncanckuit I'ocyoapcmeennsiit Ynusepcumem Hegpmu u
Ilpomvruwinennocmu
AHHOTAIUA

HccnemoBaHo BIMSHHAE AaTOMOB HWHAWS HA KWUHETHYECKME cBoOMcTBa PhooGegiTe.
YcranoieHo, 9to 3aBucuMoctr TepModac a(T) u koaddunmenra Xomma Ry(T) mpu T=128K
B HEJCTUPOBAHHBIX TBEPAbIX pacTtBopax PbooGeoiTe mpereprneBaroT HHBEPCHIO,
00YyCIIOBICHHYIO CTPYKTYpHO- (ha3oBeiM mepexogoM B PbixGexTe. IlokazaHo dro, mpu
JIETUPOBAHUE TBEPJbIX PacTBOPOB PhooGeo1Te uHmueM, aToMbl MHIHS 3aKPETISIFOT aTOMBI
Ge B pemrerke, BCICJACTBUE YEro MPEAOTBPAINACTCS TOJIAPH3AIUSA PEIICTKH U TEM CaMbIM
yCTpaHsieTcsl BO3MOKHOCTh CTPYKTYPHOTO (ha30BOT0 Mepexoa.

INDIUMLA ASQARLANMIS PbosGeo:1Te ELEKTROFIZIKi XASSOLORININ
OYRONILMOSI

ofandiyeva L.Q., Cafarova A.N., Ohmadov R. A.
Baki, Azarbaycan Dovlat Neft va Sanaye Universiteti
Xilasa

Indium atomlarmin PbosGeo1Te bork mohlulunun Kinetik xassalorino tosiri tadgiq
edilmisdir. Mioyyan olunmusdur ki, legiro olunmamis PbgoGeoi1Te bark mohlullarinda
termoehg a(T) vo Holl omsalinin Rx(T) asililiglar1 T=128K temperaturunda inversiyaya
ugrayir ki, bu da struktur-faza kecidinin bas vermosi ilo izah olunur. Gostorilmisdir ki,
PbooGeo1Te bork mohlulunun indiumla legiresi zamani indium atomlar1 gofosdo Ge
atomlarmi boarkidir vo bunun naticasindo Qgofosin polyarlagsmasi bas vermir. Bununla da
struktur-faza kegidinin yaranmasi imkani konarlasdirilir.

INFLUENCE OF IN ATOMS ON KINETIC PROPERTIES OF Pbo.oGeo1Te

Afandiyeva I.G., Jafarova A.N., Ahmedov R.A.
Baku, Azerbaijan State University of Oil and Industry
Summary

Influence of Indium atoms on kinetic properties of PbooGeo1Te was studied. It has been
established that the dependences of the thermoelectric power a(T) and the Hall coefficient
Rx(T) at T=128 K in undoped solid solutions of PbogGeo1Te undergo an inversion due to the
structural-phase transition in PbixGexTe. It is shown that, upon doping of PbooGeo1Te solid
solutions with indium, indium atoms anchor Ge atoms in the lattice, as a result of which
lattice polarization is prevented and thereby eliminates the possibility of a structural phase
transition.
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TEMIIEPATYPHBIE 3ABUCUMOCTH BTOPUYHOI DJIEKTPOHHOM
YMUCCHUH (B33) MOHOKPUCTAJLUIMYECKOI'O BOJIb®PAMA U
MOJUBJAEHA

oouenm Kacamannu I'./[»c., 0okmopanum Ackeposea P.U
A3zepoaiioncanckuii Texnonozuueckuit Ynusepcumem
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Agar sozlar: volfram, molibden, kristal, omsal, enerji, azot
Keywords: tungsten, molybdenum, crystal, coefficient, energy, nitrogen
Knioueswie cnosa: Bonbdpam, MonubdieH, KpucTaul, KO3QPHUIMESHT, SHEPTHs, a30T.

[Ipn u3ydeHun BnusiHMS TeMmIiieparypbl Ha BOD MoHokpucramioB Bosibppama (W) u
MommbaeHa (MO) ocHOBHOE BHHMMaHHE OBIJIO COCPEJOTOYEHO HAa MU3MEPEHMSIX MPH HU3KHUX
TeMIlepaTypax, COOTBETCTBYIOUIUX npuMmepHo Temmnepatype T =~ 80K xwunakoro aszora [1]. .
D10 00YyCIOBJIEHO TEM, YTO MMEHHO IpPU HU3KHX TEMIIEpaTypax MOKHO ObUIO OXKHUIATh
Haubojee cuibHble MposiBieHUs d¢¢dekToB aHuzoTponuu BDOD  pasHbIx rpaHeit
MOHOKpHUCTAJIOB. BUJIHO, 4TO MOHMIKEHUE TeMIIEpaTyphl KpUCTalljia OOHApYXKUBaeTCs, BO
IIEPBBIX, B CYIIECTBEHHOM YBEJIMYECHHH aMIUIMTYZ yxe umeromuxca npu T = 300K He
MOHOTOHHOCTEH CTPYKTYphl 2 — TO MOpSAJKa W BO BTOPBHIX, B MOSBJICHUM HOBBIX (HE
Habmogaemsbix pu T = 300K) MakcuMyMOB 1 MUHUMYMOB TaK)K€ CTPYKTYpPBI 2 — ro MopsijiKa.

Heckonbko mo — nHOMY BemyT ceOsi mpu OXJaXACHUH KpucTauiel Mo. [lns Hux,
Hapsily C YyKa3aHHBIM BBIIIE YCHUJICHHEM CTPYKTYphl 2-r0 TOpsAKa, Kak MpaBuio, B
OOJILITMHCTBE CITydaeB HAOJF01aeTCs TaK)Ke B OOJBIIEH WITM MEHBIIIEH CTETICHU OOIINI CABUT
3Ha4eHUE B CTOPOHY yMEHbIIEHUs K03 ¢uireHToB. JleranbHoe n3ydeHus GopMbl HyJIEBOTO
MaKCUMyMa HaM IPEJICTaBISUIOCh BaXKHBIM U MHTEPECHBIM B CBA3H C BBIACHEHHEM BOIIPOCA O
BO3MOJKHBIX ITPUUUHAX MOSBIECHUS CTPYKTYpBI | — ro mopsaka Ha 3aBUCUMOCTH SHEPTIHH.

Bce oOnapyxeHHble B Hacrosimieil padotre 3(p¢deKThl aHWU30TPONHH BTOPHYHO —
SMHCCHUOHHBIX XapaKTepUCTUK MOHO — KpuctaisioB W n MO cBs3aHbl ¢ ITU(pPaKIHOHHBIM
paccessHUEM 3JIEKTPOHOB MEPUOJNYECKUM II0JIEM pPELIeTKH TBepAoro tena. Ilockosbky s
paccMaTpuBaeMoi 00JIaCTH CpeTHUX SHEPruil 3JeKTPOHOB AUHAMHUUECKas TeOpus AU(paKkLUU
70 CUX IOp MOJHOCTBIO HE Pa3BUTA, Mbl OIPAHUUYUMCS 37€Ch PACCMOTPEHMEM JIMIIb psijia
Ka4eCTBEHHBIX COOOpa)KEHUH, YTOUYHSIOIUX NPUYMHBI MOSABICHUSA YKAa3aHHOW aHHU30TPOIHHU
IUI OCHOBHBIX I'PaHE MOHOKPHCTAILJIOB.

Ananmu3upyst TuGpakLUOHHbIE SIBIICHUE, BO3HHUKAIOLIUE NPH OOJYYEHUHM STHX TpaHel
3JIEKTPOHAMM CPEAHUX SHEPruil, Ux I1erecooOpa3HO pa3fenuTh Ha JBa TUMa. Bo-mepBsIx,
najas HOPMAJbHO HA TpaHb, OJJIEKTPOHHBIE BOJHBI JAU(PArUpylOT Ha IUIOCKOCTSX,
NePIEeHANKYIIPHBIX TOBEPXHOCTH KpHCTAILIA.

Bo-BTOpBIX, 3JEKTPOHBI MOTYT HpeTepneBaTh AU(PAKLIUOHHOE pacCesHUEe Ha JIIOObIX
JPYrUX IVIOCKOCTAX, OPUEHTUPOBAHHBIX HE MEPIEHAUKYIISPHO K €r0 MOBEPXHOCTH.

Jlumepamypa
1. Anues b.3. Kpucramnorpapuueckass aHU30TPOIUS BTOPUYHOM 3JIEKTPOHHOM 3MHUCCHH U
OTpa)KEHHsI AEKTPOHOB OT MOHOKpHUCTaJUIMYeckoro Bojbdpama. Cankr-Ilerepoypr. Tpyna
OTU um. A.d.Nodpdpe AH POCCH, 2000.
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MONOKRISTALLIK VOLFRAM VO MOLIBDENIN iKiNCIiLi ELEKTRON
EMISSIYASININ (iIEE) TEMPERATUR ASILILIQLARI

dosent Kasamanli H.C., doktorant Osgarova R.L
Azarbaycan Texnologiya Universiteti
Xilasa

Volfram vo molibden monokristallarinin IEE-na temperaturun tasirini todqiq edorkan,
asas digget maye azotun gaynama temperaturuna uygun goalon asagi temperaturda dlgmalora
yOnoldilmisdir. Bu ona osaslanir ki, agagi temperaturlarda monokristallarm miixtalif tizlorinin
IEE anizotropiyasinin daha da qiivvatli tozahirlorinin gézlonilmosidir.

TEMPERATURE DEPENDENCES OF SECONDARY ELECTRON EMIiSSION (SEE)
OF MONOCRYSTALLINE TUNGSTEN AND MOLIBDENUM

dos.Kasamanli H.C., PhDc. R.1.Asgerova
Azerbaijan Technological University
Summary
When studying the effect of temperature of tungsten and molybdenum single crystals on
SEE, the main focus was on measurements at low temperatures corresponding to the boiling
point of liquid nitrogen. This is based on the expectation of stronger manifestations of SEE
anisotropy of different surfaces of single crystals at low temperatures.

KOSIK KONUS SOKILLI PUTADAKI ORINTIDON DARTMAQLA
QIDALANDIRICININ TOTBIQI iL9 BINAR BORK MOHLUL
MONOKRISTALLARININ ALINMASI (11-MORHOLO)

f.r.e.d. prof. Qahramanov N.F, Mammadli L. A.
Baki Dévlat Universiteti

Acar sozlari: gidalandirici, kasilmazlik tonliyi, binar bark moahlul, monokristal
Key words: nutrient, continuity equation, binary solid solution, single crystal

Bork cisimlor elektronikasinin  miiasir soviyyasinda cevirici Vo cihazlarin istehsali
zamani istifado olunan materiallar yarimkegirici maddalorin zaif vo ya qat1 bark mohlullari
bircins monokristal soklinds olmalidir.

Gibbsin fazalar qaydasindan aydmdir Ki, binar bork mohlullarin kristallagmasi zamani
sistem divariant olur va bu zaman bork vo maye fazanin temperaturlari eyni oldugda onlarin
torkibi muxtslif olur. Ona gors sabit torkibli kristal olds etmoak tiglin maye fazanin torkibinin
sabit galmasini tomin etmok lazimdir. Bunu maye fazani uygun torkibli xolito ilo
qidalandirmaqla oldo etmok olar. Alinan bark fazanin monokristalligimmn tomin  edilmasi
Ucun osas ¢atinlik monokristal 6zoyinin olmamasi vo kristallasma cabhasindo maye fazanin
ifrat soyumus halda olmasidir [1, 2]. isdo Ge-Si bork mohlullar1 misalinda bu ¢atinliklorin
aradan qaldirilma yollar1 gdstorilmisdir.

Qarstya qoyulmus moasalonin hollinds kristallasma prosesi tigiin ikinci komponent
maddoasi selinin kasilmozlik tonliyinin mixtalif baslangic vo sorhod sortlori daxilinda
hollorinin aragdirilmasindan genis miqyasda istifado edilmisdir. Onu timumi sokilds yazaq:

C, (t)+P®C, () =Q() (1)

Burada
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V, () +kV, (1)
Vi ()

1, 2 vo 3 indekslori ilo uygun olaraq qidalandirici xalitays, yetisdirilon Kristala vo putadaki
arintiys aid olan parametrlor isara edilmisdir; Cz - ikinci komponentin konsentrasiyasi, k -
ikinci komponentin birincido paylanma omsali, Vi(t) — t middstinds gidalandirict xalitonin
sorf olunmus hocmi, Va(t) - yetisdirilmis kristalin hacmi, V3(t) — t aninda putadak: arintinin
hocmidir. Parametrlorin giymatlorini verilmis tacriiba soraitinds kristallasma rejimino uygun
sokildo ifado etmok lazimdir. Qizdirilma zamani temperatur sahasinin mono-kristal alinmasi
ticlin daha yararli olmas1 baximindan kasik konus sokilli puta silindr sokilli putadan daha
istiin oldugu tiglin isdo Kosik konus sokilli putadan istifads edilmisdir. Qidalandiricinin
hondasi qurulusuna goldikds, o, ikinci komponentin konsentrasiyasmm orintido sifirdan
baslayaraq tadricon artmagla doyma giymatine ¢atmasmma imkan vermalidir. Bitiin hacmda
sabit torkibo malik olan xolitodon istifado etdikdo bu tolobi yerino yetirmok Ggin
qidalandiricinin baglangicini konus, davamini iso silindir soklinds segmok kifayatdir.

Isdo gidalandiric1 baslangici konus olan silindr soklindo gétiiriilmiisdiir. Kristallasma
rejiminin sabitliyi baximindan yetisdirilon kristalin formasini qidalanduct xalito soklindo
se¢mok daha alverislidir. Onlarm en kosiklorinin sahasini eyni S;=S;=S, yerdoyismo stratlori
Umumi halda forglidir: 9; # 9,

Monokristalligi tomin etmok mogsadi ilo proses iki marholods hoyata kegirilir. Birinci
morhalo gidalandiric1 xalitanin konus hissasinin sarf olunma muiddastini (t ) shato edir. Bu
morhoalo prosesdo monokristalligin tamin edilmasi Gg¢lin nozards tutuldugundan onu olverisli
variantda hoyata kecirmok olar. Bu gqidalandirici xalitonin vo kristalin en kasiklorinin
sahalarinin va yerdoyisma siratlorinin eyni olmasi halidir [3].

Ikinci morholoda gidalandirici xalits silindr soklindodir vo bu moarholo gidalandiricinin
silindr hissasinin sorf olunma middstini shato edir. Texnoloji baximdan kristalin da onunla
eyni diametrli silindr soklinds olmasi alverislidir. Onun radiusu r alverisli sokildo secildikda
kristal silindrinin radiusunu da r-o barabor gotirib prosesin sonuna godar sabit saxlamag
miimkiindiir. Bu halda kristallasma rejimi elo secilir ki, S;=S;=S wvo 9, <9, sorti
odanilsin.

Secilmis sortlor daxilinds kasilmoazlik tonliyinin hallindan ikinci marhals Gglin ikinci
komponentin konsentrasiyasmin doyismasi

C3(t)=%{1—exp(— ksot=t) _ Vier j} t>t, 3)

/ C
P(t) - . Qn= g; . K =C2—§3 @

V5(0) V5(0)

olar.
Hor iki pillode alman hollori birlosdirsok, yetisdirilon monokristal boyunca ikinci
komponentin konsentrasiyasinin doyismasini belo alariq:

Vv

C,q1—exp ke T , 0<t<t,
V.(0)
C,(t)= (4)

Cl{l—exp —~ kSU(t_tl)-k Vier J} t>t,.

V,(0)  V.(0)

Ikinci komponentin konsentrasiyasinm yetisdirilmis monokristal boyunca (4)-don
hesablanmis doyisma qanununda C, (t) sifirdan baslayaraq tadricon artir, ikinci komponentin

qidalandiricidaki qiymotine ¢atdigdan sonra doyismoz qalir. C,-nin bu ciir doyismo qanunu
kristallagsma cobhosinds ifrat soyumani aradan qaldirmaga imkan verir.
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C, (t) —nin doyismo siiratini onun zamana géra birinci tortib toramosi ilo gdstora
bilarik. (4)-don alariq:

2 3
| k\ﬁ.g’igexp(—kv&.t—s} 0<t<t,
CO_| Vb V,0) .
C, ksv_ [_ ksot—t,) | Vi, ] (2t
1V:(0). V,(0) V,;(0)
9
C2(t)

Sokil 1-do -in t-don asililig1 verilmisdir.

1

Ca(t)
Cl
02 +

01

5 10 t, saat

Sokil 1.

Gorindiiyt kimi bu asililiq sifirdan baslayaraq hamar ayri ilo artir, maksimumdan kegir
Vo yeno sifira yaxinlasir. Mohz bu ciir asililiq tacriibanin ugurlu alinmasmi tomin edir.
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Xiilasa

Isdo kosik konus sokilli putadan dartmagla Ge-Si binar bork mohlulun miikommol
monokristallart alinmigdir.
Annomauus

B pa60Te MOJIY4YCHBI COBCPIHICHHBIC MOHOKPHUCTAJIJIbI 6I/IHapHBIX COe€IMHEHUI TBEPABIX
pacTBOPOB IMYTEM BTATHBAHUEC U3 THUI'CIIA B (bopMe YCCUCHHOI'O KOHYCA.

Summary

Ge-Si binary solid solution single crystals were obtained by drawing from a crucible in
the shape of a truncated cone.
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ASPE+X HOCM% in2Se; KOMPOZITLORININ MEXANIKIi MOHKOMLIKLORI

Prof. Quliyev M.S., Dos. Quliyev N.I, Abdullayev S.M.
Ganca Dovlat Universiteti

Acar sOzlar: kompozisiya materiallari, nanodlgiilii doldurucu, polimer, mexaniki,
kinetik
Key words: composite materials, nanoscale filler, polymer, mechanical, kinetic

Mbolum oldugu kimi yiiksok hossasliql, ¢evik cihazlarin, onlarin elementlorinin
hazirlanmasinda istifado olunan materiallara miioyyon toloblor qoyulur: onlarin hondosi
Olciilorinin vo kiitlolorinin miimkiin godor kicik olmasi, is proseslorindo enerji sorfinin az
olmasi, funksional imkanlarinin genis olmasi vo konar tosirloro qarst doziimlii olmalari.
Bununla yanasi, calisilir ki, homin materiallardan hazirlanmis qurgular vo onlarin elementlori
genis tezlik vo tempertur diapazonlarinda 6z fiziki - texniki parametrlorini sabit saxlaya
bilsinlor. Bu mogsadlora ¢atmagq liglin miixtolif istigamotlords tadqiqat islori aparilir. Onlardan
on baglicas1 miixtalif mongali, tobii va silini yolla alinmis nanohissaciklordon istifado etmoklo
miixtolif sixhigli polimer matrisalar1 osasinda, torkiblori vo parametrlori doldurucularm
kimyavi torkibindon, handssi 6lciilorindan vo miqgdarindan asili olaraq idare oluna bilon yeni
tip kompozisiya materiallarinin almaraq todqiq olunmasi hesab oluna bilor. Ciinki, homin
materiallardan hal - hazirda moisot ogyalarindan tutmus miasir qurgularin vo kosmik
aparatlarin elementlorinin yaradilmasina qador artiq ugurla istifads edilir.

Hazirda homin mogsadlora ¢atmaq Uglin on olverisli materiallar kimi nanodlgiilii
dolduruculu polimer kompozisiya materiallar1 hesab edilir. Yeni tip, tolob olunan sortlori
0doya bilon kompozitlorin alinmasinda doldurucunun, onun handasi 6l¢isinin va optimal
migdarmin se¢ilmasi xiisusi shomiyyat kasb edir.

Hazirda materiallarin vo onlarin osasinda alinmis momulatlarin - méhkomliklorino 3
yaxilagma var: mexaniki, termodinamik vo kinetik yaxinlagmalar. Mexaniki yaxinlasma
muxtalif mihondis nozariyyslorinin asast kimi materiallarin dayaniqli hallarinin konar vo
daxili tasirlor naticasinds doyisilmasi kimi basa diisiiliir.

Mexaniki mohkomliys termodinamik yaxinlasmada polimerin dagilma prosesindo
elastiki enerjinin sopilmosi vo onun istilik enerjisino cevrilmoasi nazordo tutulur. Bels
mexaniki itkilorin nazors alnmasi termodinamikanin birinci prinsipine  asaslanir.
Termodinamik yaxinlasmada dagilma sorti olaraq gorginliyin elo kritik qiymoti nozordo
tutulur ki, bu gqiymotdo niimunanin elastiki enerjisi, dagilmaga sobob olan enerji itkilorini vo
mexaniki itkilori tomin etmis olsun.

Dagilmaya kinetik yaxinlagmada dagilmanin atom molekulyar prosesi nazaro almir vo
maddanin mikrogatlarmm molekulyar saviyyads bOyllyarok dagilmasma sabab olmasi qoabul
edilmisdir.Polimer osasli In2Ses kompozitlorin bir sira xassolorinin [1,2,3,4] 6yranilmasilo
yanas1 onlarin mexaniki méhkomliklarinin ds tadqiq olunmasi xiisusi maraq kosb edir. Malum
oldugu kimi maddanin elektrik méhkamliyi Eq = Ug/h nisbati ilo toyin edilir.

Mexaniki gorginliyin tosiri ilo kompozitlorin  mdhkamliklorinin  doyisdirilmasini

aragdirmaq tigtin méhkomliys havada elektrik bosalmasinin tosiri aragdirilmisdir.
Miioyyan edilmisdir ki, tomiz polimera vo onun osasinda alinmis YSPE + xhecm%ln,Ses
kompozitlorino elektrik bosalmasinin tosiri artdiqca (o)-nin azalmasi bas verir, amma
kompozitlorin torkibinds In2Ses doldurucusunun miqdar1 artdigca mexaniki mdhkomliyin
azalmasi koskin olmur. Yani, saho intensivliyinin eyni giymatinds kompozitin torkibins daxil
edilmis doldurucunun miqdarinin artmasi ilo onun mohkomliyi artir.

Qeyd edok ki, materialin mexaniki mohkamliyinin onun elektrik sahasinds saxlanma
muddotindon asili olaraq azalmasi destruksiya prosesi ilo olagodardir. Tomiz polimerin
mohkamliyinin t - don asili olaraq kaskin azalmasini polimer zancirlorin destruksiya prinsipilo
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asagidaki kimi izah etmok olar. Dagilmanin aktivlosmo enerjisi Up Vo To sabit oldugundan
yani molekulyar kitlodon va istigamotlonmadon asili olmadigindan, maddanin méhkamliyi
onun struktur omsalinin doyismasi ilo alagodar olmalidir.
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ASPE+X HOCM% in,Sezs KOMPOZITLORININ MEXANIKIi MOHKOMLIKLORI

Prof. Quliyev M.S., Dos. Quliyev N.I., Abdullayev S.M.
Ganca Dovlat Universiteti
Xulasa

Qeyd edok ki, materialin mexaniki mohkamliyinin onun elektrik sahasinds saxlanma
muiddstindon asili olaraq azalmasi destruksiya prosesi ilo olagodardir. Tomiz polimerin
mohkamliyinin t - don asili olaraq kaskin azalmasini polimer zancirlorin destruksiya prinsipila
asagidaki kimi izah etmok olar. Dagilmanin aktivlosmo enerjisi Ug Vo To sabit oldugundan
yani molekulyar kitlodon va istigamotlonmadon asili olmadigindan, maddanin méhkamliyi
onun struktur omsalinin doyismasi ilo alagadar olmalidir.

MEXAHUYECKAS IPOYHOCTHh KOMITIO3UTOB ASPE + X OB BEMHBIN %
In2Ses

Ilpogh. I'ynuee M.C., /lou. I'vauee H.U., Aooynnaes C.M.
I'anoxncunckuit I'ocyoapcmeennwtii Ynueepcumem
Pe3zrome

Crnemyer OTMETUTh, YTO CHW)KEHHE MEXaHHMUYECKOH MPOYHOCTH Marepuayia B
3aBUCHMOCTH OT CpPOKa €ro XpaHCHHs B OJIEKTPUYECKOM I0Jie OOYCIOBJIEHO IPOIECCOM
paspymienus. Pe3koe cHMkeHHe MPOYHOCTH YHCTOTO IMOJMMEpa B 3aBUCHMOCTH OT t MOYKHO
OOBSCHUTH NMPUHIMIIOM PA3pyLICHUS MOJUMEPHBIX IIeneil cieayronmmM oopa3oM. [lockonbky
SHeprus aktuBanuu pacnazna nocrostuaa UO u 10, T. . He 3aBUCUT OT MOJIEKYJISIPHOM Macchl U
HAlpaBJICHUs, TPOYHOCTh BEIIECTBA JOJDKHA 3aBHCETh OT HM3MEHEHHUS €r0 CTPYKTYPHOTO
KoapuLreHTa.

MECHANICAL STRENGTH OF ASPE + X VOLUME% In.Ses COMPOSITES

Prof. Guliyev M.S., As.pr. Guliyev N.I., Abdullayev S.M.
Ganja State University
Summary

It should be noted that the decrease in the mechanical strength of the material depending
on its shelf life in the electric field is due to the process of destruction. The sharp decrease in
the strength of the pure polymer depending on t can be explained by the principle of
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destruction of polymer chains as follows. Since the activation energy of decay is constant UO
and 70, ie it does not depend on the molecular mass and direction, the strength of a substance
must depend on the change in its structural coefficient.

ASPE+In;Se; KOMPOZITLORINDO TERMOSTIMULLASDIRILMIS
DEPOLYARLASMA SPEKTRLORININ TODQIiQi

Dos. Quliyev N.1I., dos. Ismayilov E.X., Abdullayev S. M.
Goanca Dovlat Universiteti

Acar sozlor: kompozit, depolyarlagsma, termostimullasdirilmis, spektr, doldurucu,
piklor
Key words: composite, depolarization, thermostimulated, spectrum, filler, peaks

Polimer kompozitlordo bas veron relaksasiya proseslorinin mexanizminin hartorafli
todqiqi Ugiin relaksasiya spektrometriya tisullarina aid olan miixtolif dielektrik {isullarindan
istifado edilir. Dielektrik iisullar1 ilo polimer kompozitlorinde molekulyar yiiriikliiyiin 10°-10"
! Hs tezlik diapazonunda todqiqi zamani sabit corayan iisulundan istifado edilir. Bu mogsadlo
termodepolyarlagsma coroyaninin temperatur asililigindan istifado edilir. Yoni depolyarlasma
vo niimunadon kegon coroyandan asili digor parametrlors aid funksiyalardan istifado edilir. Bu
iisul infraqirmizi tezlik oblastmda todqiqat aparmaga imkan verdiyindon, o, yavas molekulyar
proseslorin todqiqindo xiisusi ohomiyyat kosb edir. Bu proseslor seqmentlorin dipollarmm
istigamot  doyismolorino uygun tezlikk 0-a yaxmlasdigda kompozitlorin seqmental
yiiriikliiklorin baglangici ilo slagodar olur. Qaliq polyarlasmasmm relaksasiya kinetikasmm vo
elektretlorin injeksiya yiiklorinin Oyronilmosi ¢ox vaxt aparwr. Belo Olgmolor zamani
niimunonin temperaturunu, riitiiboti vo s. sabit saxlamaq ¢ox ¢otin oldugundan, adoton homin
Olemolor otaq temperaturunda aparilir. Elektret yiiklorinin stabilliyinin prognozlasdirlimasi vo
onlarin amolo golmo mexanizmlarinin todqiqi tigiin termostimullagdirilmis depolyarlagsma
tisulundan istifado edilir. Bu iisul termoaktivlosmo spektroskopiyasi iisullarindan biri olub
dielektriklordo vo kompozisiya materiallarinda yilik hallarinin vo relaksasiya proseslorinin
todqiqindos ugurla istifads edilir. Son illords yarimkegirici olavali kompozisiya materiallarinda
da termostimullagdirilmis depolyarlagsma spektrinin todqiqine hosr edilmis molumatlar vardir

InoSes olavasinin miqdarindan asili olaraq TSD spektrlorino aid maksimumlarin
intensivliklori koskin doyisir. Belo ki, kompozitdo In,Sesz doldurucusunun miqdarmin
Shocm% olmas1 halinda 418K-do ikinci maksimum meydana ¢ixir. Bundan slave homin
kompozit Gcglin birinci maksimum 405K-do miisahido edilir vo bu maksimumlar arasinda,
409K-do minimum askar edilmisdir. Torkibindo 7hacm% In2Ses olan kompozitin spektrindo
410K vo 420K temperaturlarinda iki maksimum, onlarm arasinda 418K-do minimum
miisahids edilir. 10 hocm% InzSes dolduruculu kompozitin TSD corayant spektrinds 410K vo
43 OK temperaturlarda iki aydiq ifads olunmus maksimum va onlarin arasinda 417K-do iso
dorin minimum miisahido edilmisdir. Beloliklo, alinmis noticolordon goriinlir ki,
ASPE+xhocm%In,Ses  kompozitlorinin  TSD  spektrlorinds  asagidaki  qanunauygunluq
miisahido olunur. 9lavonin miqdarmin Shocm% In>Sez-o catmasi halinda ASPE+3hocm%
In2Ses kompozitinde miisahido olunan maksimum ikilosir. ©lavonin 7Thacm% In,Ses-o ¢catmasi
halinda maksimumlarm intensivliklori artiq va biitiin hallarda ikinci maksimumun intensivliyi
birincidon az olur. ASPE+10hocm%In2Ses kompozitinin  TSD  spektrinin  xarakteri
digorlorindon koskin forqlonmir.

Bizim gonastimiza goro birinci maksimumlar yiklorin dorin talolordon azad ounmasi ilo
olagodardir vo onlar1 polimer matrisa kristallitlorinin yumsalmasi ilo mah etmok olar.
Doldurucunun miqdarinin artmasi ilo Sarhod toboagonin effektiv sothi artir vo piklorin yenidan
paylanmasi bas verir. Todqiq olunan spektr tglin xarakterik olan yuksok maksimumun ytksok
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temperaturlara dogru siirtismoasidir. Toarkibindo 3hacm% In,Sez olan kompozitin TSD
spektrinds 410K-ds yegans maksimum miisahido edilir.
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Bizim gonastimizo gora olavonin Shocm%-o qodor artmasi halinda sorhad tobogasinin
effektiv sothi artir, amma olavonin sonraki artmasi sorhad otrafi tobogonin effektiv sahasini
azaltdigindan kompozitlordo doldurucularin algomerat hissociklori amolo golir.

TSD spektrindon goriinlir ki, olavonin miqdart 10hacm%In2Ses-o ¢atdigda ikinci
maksimumun intensivliyi koskin azalir. Bu iso o demokdir ki, InoSes slavasinin torkibds 5-7
hacm%In,Ses olmasi elektret yiiklorinin sothi sixliglarinin on optimal qiymatlorine uygun
golir. Bu naticolor heterogen sistemlords elektret effekti ilo olagodar aparilmis todqiqat isinin
naticolori ilo do yaxs1 uzlasir.

Molum oldugu kimi, @imumi halda depolyarlasma coroyanmnin sixligi t aninda
polyarlasmadan, temperaturdan vo polimerin qizdirilma siirotindon q=dT/dt asilidir. Istilik
rogsi hesabina zaman kegdikco polyarlasma zaifloyir. Sarbast homoyik omik keciricilik
hesabma doyisir vo polimerds todricon qorarlasan polyarlasma borpa edilir. Polyarlasma
prosesini dyronmok Uclin adoton bdyuk I1=f(T) asihiligindan istifado edilir. Mioayyan
temperatur intervalinda depolyarlasma coroyanmin temperaturdan asililigl asagidaki kimi
ifads edilir.

KT
Burada io — sabit komiyyatdir, AU — prosesin aktivlosmo enerjisidir. Ogor U
temperaturdan asili deyilso Vo U>>RT sorti 6doanilirss, onda funksiyasmi inteqrallamaq va
siraya ayirmaq olar. Bu sartlor daxilinds P-nin temperaturdan asililigin1 nazors almamaq olar

V5 bu halda depolyarlasma carayaninin temperatur asililigini asagidaki kimi toyin etmok olar.
|(|-)= Poexp[_(p(T)]: P
z(T) z(T)

i) =, exp[— &}
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ASPE+In;Se; KOMPOZITLORINDO TERMOSTIMULLASDIRILMIS
DEPOLYARLASMA SPEKTRLORININ TODQIQi

Dos. Quliyev N.1I., dos. Ismayilov E.X., Abdullayev S. M.
Goanca Dovlat Universiteti

Bizim gonastimizo gora olavonin Shocm%-o godor artmast halinda sorhad tobagosinin
effektiv sothi artir, amma olavonin sonraki artmasi sorhod otrafi tobagonin effektiv sahasini
azaltdigindan kompozitlorde doldurucularin algomerat hissoaciklori omolo golir.

TSD spektrindon goriinlir ki, olavonin miqdart 10hocm%In2Ses-o ¢atdigda ikinci
maksimumun intensivliyi koskin azalir. Bu iso o demokdir ki, In2Ses slavasinin torkibde 5-7
hacm%In,Ses olmasi elektret yiiklorinin sathi sixliglarinin on optimal qiymatlorine uygun
golir. Bu naticolor heterogen sistemlords elektret effekti ilo olagodar aparilmis todqiqat isinin
naticolori ilo do yaxs1 uzlasir.

NCCIEAOBAHUE TEPMOCTUMYJIMPOBAHHBIX CITEKTPOB JAEITOJIUPHI B
KOMITIO3UTAX ASPE + In2Se3

Jouy. I'vnuee H.U., /loy. Hemaitvinos E.X., A6oynnaee C.M.
Ianoxncunckui I'ocyoapcmeennwtii Ynueepcumem
Pe3zrome

[To wamemy wmHeHuto, 3(h(EKTUBHAS IUIOMAAb MOBEPXHOCTH MOTPAHUYHOTO CIIOS
YBEITUYMBACTCS MPH yBEIWYEHUU TpuMecHu 10 5%, HO MO Mepe JanbHEHIIEero yBEeTUYCHUS
npuMecu ymeHbInaeTcsi d(h(QeKTuBHAS TIIOMAMs, TMOTPAHUYHOTO CJOS, B HEM OOpa3yroTcs
aIIbrOMEPHUPOBAHHBIE YAaCTHUIIbl HATIOJTHUTENEH. KOMITIO3UTHI.

Cnextp TCJI mnoka3plBaeT, 4YTO MHTEHCHUBHOCTH BTOPOTO MAaKCHUMyMa pPE3KO
YMEHBINAETCs, KOorja KoiaudecTBO Ao00aBku pocturaetr 10% InpSes. DTo o3Haudaer, 4TO
Hamuune InpSes B oObeme 5-7% IN2Ses coOTBETCTBYET ONTHMAIBHBIM —3HAYCHHSIM
MOBEPXHOCTHBIX IUIOTHOCTEH AJIEKTPUYECKHX 3apsAoB. OTHU  pe3ylbTaThl  XOPOIIO
COTJIACYIOTCSI C pe3yJlbTaTaMU HCCIEJOBAaHUM 3JIEKTPEeTHOTO 3(PdeKkTa B TeTepOTEHHBIX
cUCTEeMaXx.

STUDY OF THERMOSTIMULATED DEPOLYRA SPECTRAMES IN ASPE + In;Ses
COMPOSITES

As.pr. Guliyev N.I., As.pr. Ismailov E.X., Abdullayev S.M.
Ganja State University
Summary

In our opinion, the effective surface area of the boundary layer increases when the

admixture increases by up to 5%, but as further increase in the admixture reduces the effective
area of the boundary layer, algomeraty particles of fillers are formed in the composites.
The TSD spectrum shows that the intensity of the second maximum decreases sharply when
the amount of additive reaches 10% In,Ses. This means that the presence of In;Ses in the
volume of 5-7% In,Ses corresponds to the optimal values of the surface densities of electric
charges. These results are in good agreement with the results of research on the electret effect
in heterogeneous systems,
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YUYULMA USULUNUN METAL-DIELEKTRIK -YARIMKECIRICININ
AYRILMA SORHODDININ XASSOSINO TOSIRI

dos.Hiiseynov R.K., dos. Quliyev N.I., Hasanli §. E.
Ganca Dovlat Universiteti

Agar  sozlor:  yarimkecirici  kristallar,  konsentrasiya, xiisusi = miigavimat,
mikroelektronika, emissiya, spektroskopiya

Key words: semiconductor crystals, concentration, special resistance, microelectronics,
emission, spectroscopy

Knrouegvie ciuoea: MOJIyIpOBO AHUKOBBIC KpHCTaJlJIbI, KOHLCHTpanus,
YACIBHOC COMMPOTHUBIICHUE, MUKPOJJICKTPOHUKA, SOMHUCCHU, CIICKTPOCKOIIHA

Metal-dielektrik-yarimkegirici  sistemi (MDY) miiasir mikroelektronikanin asas
elementidir, yarimkegirici cihazlarin vo integral sxemlorin ¢ox ndvinun parametrlorinin
stabilliyini vo keyfiyystini muoyyanlosdirir. Yarmmkegirici altliqda, dielektrik tobagodo,
sorhad kegid qatlarinda vo bitovlukdo MDY sistemindo bas veron hadisolor haqqinda
biliklorimizi todgigat vo MDY sistemloro nozarot metodlarmm meydana golmasi ilo
naticalondi (OJE-spektroskopiya, ikinci emissiya, elipsometriya, S-U metod vs s.) [3]. S-U
metod, saho elektrodu vo yarimkegirici arasinda tutumun tohlili ilo yiikdastyicilarin
konsentrasiyasinin 6lglilmasine osaslanir [2;4]. Bu metod MDY strukturun asagidaki
parametrlorini toyin etmoys imkan verir: a) dielektrik gatin qalinligmi (d) vo ya onun nisbi
dielektrik tutumunu(e&); b)yarimkegiricinin sothyan1 qatinda Nd asqarlarinin  orta
konsentrasiyasini; c)siiratli soth hallarinin sixligint (N3) vo onlarin yarimkegiricinin qadagan
zolaginda energetik vaziyyotini, yarimkegiricido tololorin konsentrasiyasmi (Ny), mixtalif
yavas hallarin vo talolorin mastavilorini (Ntg);d) suratli soth hallarinin zaman sabitini vo
onlarin tutma kasiyini.

Yuxarida deyilon parametirlori toyin etmok ti¢iin biz 6l¢ti qurgusu hazirlamisiq (sakil 1).
Qurgu asagidaki qayda ils isloyir:

MDY-struktura (Cwmpy) iki signal verilir: ayirict Cp kondensatoru vasitasilo |
generatorundan kicik sinisoidal signal vo mohdudlayic1 Rmsn rezistoru vasitssilo 2 lgbucaq
generatorundan Xotti qanunla yavas doyison siiriisma garginliyi. Bu halda doyisdirici agar K |
vaziyyatinda yerlogir. Rmon rezistorundan gotirilon doyison

I‘-‘J N |-

X— D
1 -Saho elektrodu 4] J_ B
2 -Dielektrik c R
3 -Yanmkeeirici :[
4 -Omik kontakt

Sakil 1. C-V xarakteristikasim1 6l¢ma cihazimin blok-sxemi.

signal, 3(B3-38) guclondiricisinin girisine, onun ¢ixisindan iso amplitud detektora (D1) verilir.
Detektorun ¢ixisindan (CR) signal 6ziiyazan potensiometrin (PDS-021) saqul ¢ixisma (4)
verilir. Oziiyazanm ,,X* girisina Uichucaq gorginlik generatorunun ¢ixisindan signal verilir. C-
Y asililigr doracolomak Uglin MDY -strukturun avazine qosulmus doyison kondensator (Crar)
istifada edilir (11 doyisdirici agar 2 vaziyyatindo).
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Qurgunun asas texniki parametrlori:

1. Olgii signalinin tezlik diapazolnu (fsic) : 20Hs - 4MHs.

2. MDY strukturda 6l¢ii signallarmin amplitudu- 20mV.

3. Olgii tutumlarmin diapazonu: 5-500pF.

4. Ugbucaq gorginlik generatorunun parametrlori:

a) tezlik 0,001-100Hs,
b) amplitudun konara ¢ixmasi 0-100V.

d vo & koamiyyatlorini toyin etmok tglin zonginlosma rejimindo MDY strukturun tutum
giymeati istifads edilir. Bu halda MDY strukturun tutumu 6zinin maksimal giymatine (Cmax)
catir ki, bu da dielektrikin handasi tutumu (Co) kimi gobul oluna bilar. Bels oldugda d vo ¢
asagidaki ifadonin kémayilo asanca tapila bilar:

C, = &;OS
burada S- saho elektrodunun sahosidir.
Ng- nin gqiymatini asagidaki ifadanin kdmoyils tayin etmok olar:
1|n|\1d:szggsq2( 1 1 j
N, n; 4T \C... C
burada ni- moxsusi yarimkeciricido yiikdasiyicilarm konsentrasiyasi, q=1,6107KI-

elektronun yiikii, k=1,38 102°C/K- Bolsman sabiti, T-miitloq temperatur, €s-yarimkegiricinin
dielektrik niifuzlugu, Cmaks-inversiya rejimino uygun yuksok tezlikli C-Y ayrisinin tutumudur.
C-Y oyrisinin istonilon ndqtasinds soth hallarinin sixlig1 bels tapilir:

min mak

dCy
_ Chaks dys Gy
* q Cmaks ch Cmaks_cbr ’
[Cmaks_cer a

burada ¥s - yarimkegiricinin sathinds zonanin ayilmasi,
Csc- yarimkegiricinin sathinin tutumu,

dc
dv . eksperimental yuksaktezlikli C-Y ayrisinin ayriliyidir.
ays
Cor = Cscrg  1-e KT
2 [avsavs
eKT KT
gggN
C — S'Vd
scrs =0 KT
CFB — CmaksCSCFB
Chaks T Cscre

ni konsentrasiyasi agagidaki diisturun komayilo toyin edilir:
3
mm )¢ 3 &
n =49-10° | ——+ 1% e KT
Mo
burada E- verilmis temperaturda yarimkegiricinin qadagan zolagnin enidir.
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YUYULMA USULUNUN METAL-DIELEKTRIK -YARIMKECIRICININ
AYRILMA SORHODDININ XASSOSINO TOSIRI

Hiiseynov R. K., Quliyev N.I., Hasanli S. E.
Xiilasa
Yuyulma dsulunun metal-dielektrik-yarimkegiricinin ayrilma sorhoddinin xassasino
tosiri Oyronilmis vo moalum edilmisdir ki, yarmmkegiricinin sothinin ammiak peroksidi ils
yuyulmasi, tursu peroksidi ilo migaisads effektiv ylkin giymotini azaldir.

BJIMAHUE METOJA CITOCOBA ITPOMBIBKH HA PA3JAEJI METAJLJIO -
AUIJIEKTPUKTPUYECKOTI' O-ITIOJIYITPOBO/JHUKA

TI'yceiinog P. K., I'vauee H.U., I'acannwu I11. 3.
Pe3rome
HccnenoBano BimMsHUE METOJAa MPOMBIBKA Ha CBOWCTBO TPaHMIIBI paszeia MeTasll-
JUDJICKTPUK-TIOJTYTIPOBOTHUK U YCTAaHOBJIEHO, YTO NMPOMBIBKA TIOBEPXHOCTH TOJTYITPOBOIHUKA
MEPEKUChI0 aMMHaKa CHIDKACT CTOMMOCTh J(PQPEKTUBHON 3arpy3kd 10 CPaBHEHUIO C
MEPEKUCHIO KUCIIOTHI.

INFLUENCE OF THE METHOD OF THE WASHING METHOD ON THE
SECTION OF THE METAL-DIELECTRIC-SEMICONDUCTOR

Huseynov R.K., Guliyev N.I., Hasanly Sh. E.
Summary
The influence of the washing method on the property of the metal-dielectric-
semiconductor interface was studied and it was found that washing the semiconductor surface
with ammonia peroxide reduces the cost of effective loading compared to acid peroxide.

ASPE+in.Se. KOMPOZITLORINDO RADIOTERMOLUMINESSENSiYA
SPEKTRININ TODQIQi

Dos. Quliyev N.I, prof. Quliyev M.S.
Ganca Dovlat Universiteti

Acar sozlor: polimer, kompozisiya, radiotermoliminesensiya, kompozit, spektr,
relaksasiya

Key words: polymer, composition, radiothermoluminescence, composite, spectrum,
relaxation

Malum oldugu kimi polimer vo ya onun asasinda alimmis kompozisiya materiallarinin
bazilori asag1 temperaturlarda (adoton 77K) siialandiraraq, daha sonra qizdirdigda 6zlorindon
goriinon oblastda siia buraxirlar. Bu hadiso radiotermoliiminessensiya (RTL) adlanir. RTL
zamani1 molekullarm isiqlanmasi adaton cox kicik 107° san miiddati tortibinde olur. RTL
isulunun totbiqi li¢ amaliyyatdan ibaratdir: asag1 temperaturlarda niimunanin
stialandirilmasi, stialandirilmig niimunonin qizdirilmast vo isiqlanmanm qeyd olunmasi.
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Niimuns siialandirildigda elektronlarin vo desiklorin tololor torofindon tutulmasi bas verir. Bu
talolor polimerin va ya onun osasinda alinmig kompozitlorin miixtolif struktur defektloridir.
Adston RTL intensivliklorinin temperatur asililiqlarinda bir vo ya bir ne¢o maksimum
miisahida edilo bilir ki, bu da stialandinlmis niimunads bir va ya bir neg¢o tip tolonin mdéveud
olmasini gostorir. Qeyri-Uzvi maddslor {iglin bu maksimumlar @imumi halda onlarin
moleykulyar yiiriikliiklori ilo olaqadar olmur. Uzvi maddslordo RTL-in xarakterik olamoti, ilk
novbads polimerlords, onunla slagadardir ki, RTL maksimumlar1 miixtslif kinetik vo struktur
kegidlori bag veron temperatur intervallarinda miisahido edilir ki, bu da makromolekullarin
miixtolif manqgalarinin vo seqmentlorinin yiiriikliiklorinin donmasi, homg¢inin polimerin
kristallik vo qeyri kristallik oblastlarinda molekulyar horokotlori ilo slagodardir. RTL-in
intensivliyi makromolekullarin miixtolif hissolorinin yiiriikliiklori meydana ¢ixdiqda artmis
olur. RTL ayrilorinin temperatur asililiqlarmin xarakteri polimerin qurulus xiisusiyystlorindon
vo niimunonin termomexaniki mongoyindon asihidir. Kristallik polimerlordo | = f(T)
oyrisindaki maksimumlar kinetik vo faza ke¢idi oblastlarinda, polimer ¢evrilmslorindas, geyri-
kristallik niimunslords iso kinetik c¢evrilmolor (kecidlor) oblastlarinda miisahido edilir. RTL
polimerlords termoliiminessensiya, homg¢inin talalorin tipi vo yiiklori tutma xiisusiyyastlori
barado molumatlar almaga imkan verir. RTL disulu ilo struktur kegidlori temperaturlarmin
qiymatlori (siisolosma, orima va s. temperaturlar) 77 - 300K temperatur intervalinda hesablana
bilir. RTL oyrilorinds isiglanma maksimumlarinin formalar1 analiz edilir ki, bu da struktur
kecidlorinin xarakterini arasdirmaga imkan verir. Bu iisulla yiiksok molekullu birlosmalorin
iki komponentli qarisiqlarmin  bircinslilik doracasini  vo  komponentlorin  bir-birilo
uygunlagmasini miioyyon etmok miimkiindiir. RTL {isulunun kémoyilo torkibindo asagi
molekullu doldurucular olan ¢oxkomponentli polimerlorin analizini aparmaq olur. Qeyd
olunanlar1 ayani sokildo reallasdirmaq

liclin asag1 sixligh polimera In,Ses birlosmosindon olavalor etmoklo alinmis yeni torkibli
kompozitlordo RTL spektri tadqiq edilmisdir.

ASPE+xhacm% In2Ses kompozitlorinds radiotermoliiminessensiya spektrinin tadqiqinin
naticolori sokildo verilmigdir. Sokildon goriindiiyii kimi tomiz polietilenin RTL oyrisindo
131K, 165K va 241K temperaturlarinda 3 maksimum va 144 vo 197K temperaturlarinda iso 2
minimum miisahids edilir (oyri 1).

Sokil.

ASPE+3hacm% In2Ses kompozitinin RTL oyrisinds aydin ifade olunmus 3 maksimum
126K, 150K vo 250K temperaturlarinda, 2 minimum iso 134 vo 174K temperaturlarinda
miisahide olunur (ayri 2). Kompozitin torkibindoki doldurucunun Shacm% In2Ses qiymstinda
(eyri 3) 118K, 144K vo 215K temperaturlarinda 3 maksimum vo 120K vo 168K
temperaturlarinda iso 2 minimum miisahido edilmigdir. ASPE+7hocm% In2Ses kompozitinin
RTL oyrisindo 121K, 146K vo 198K temperaturlarinda agkar edilmis maksimumlarin
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intensivliklori bir qadar zaifloyir, minimumlar isa 127K va 165K temperaturlarinda miisahido
edilir (oyri 4). ASPE+10hocm% In2Sez kompozitinin RTL oyrisindo maksimumlar 110K,
132K ve 203K temperaturlarinda, minimumlar iss 115K vo 160 K temperaturlarinda
miisahids edilmisdir (oyri 5).

Belolikla, ASPE+xhacm% In2Ses kompozitlorindo RTL spektrlorinin tadqiqinden alinir
ki, ASPE - ya In,Ses birlosmasindon alavalor edilmasi RTL - do (3 relaksasiya prosesinin
tormozlanmasina gatirir. Bu alamat polimer olavo sistemi iiclin xarakterik hesab edilir. 110-
115K (y-kecidlor) temperatur oblastmda kompozitlorin relaksasiya kegidlori doldurucunun
yurikliyinin donmasmm temperatur intervalint miioyyon edir. Maksimumlarin vaziyyatlori
iso ke¢id hiidudunda doldurucunun ndviindon vo onun konsentrasiyasindan asili olur.
Yuxarida alinmig naticalor gostorir ki, adoton geyd olunmus polimer oyrilori onun tarkibindoki
asqarlardan vo olavolordon asili olur, amma ayriligqda no polimerin, no asgarm, no do
doldurucunun xarakteristikasi olmayib, imumilikdo sistems aid hesab edilir.

ASPE+xhacm% [n2Sez kompozitlorinin RTL spektrlorinin todqiqi gosterir ki, tadqiq
olunan bitiin kompozitlor ti¢iin iki asagi temperaturlu, bir yiiksok temperaturlu maksimum
xarakterikdir. Cox ehtimal ki, In;Sez doldurucusunun polimer matrisasina daxil edilmosi 3
relaksasiya prosesinin tormozlanmasima sobab olur. Asanliqla miisahido etmok olur ki, biitiin
xarakterik polimer maksimumlar1 bork cisimlordo xiisusi temperatur noqtolorinin kvant
sisteminin movcud olmasi miilahizosi ilo yaxsi uzlasir vo ya 12,5K temperaturunun tam
misillorindo miisahids edilir. [1,2,3]

Polimerlordo relaksasiya prosesinin xisusi temperatur nogtolori sisteminin olmasi
barado milahize movcud olan relaksasiya hadisslorinin izah olunmasi igiin istifado edilir.
Adoton belo hesab edilir ki, temperatur artdiqca relaksasiya miiddsti monoton olaraq
doyismolidir. Aktivlosmo enerjisinin kvantlanmasi bizi o noticoys gotirir ki, onlar yalniz
kristallik fazalar Gglin vo ya kicik hocmli cisimlor Uglin 6doanilo bilor. Bununla yanasi,
eksperimental malumatlar elo ganunauygunlarin askar edilmasina gatirir ki, bu tip hadisalorin
izah edilmoasina yenidon digqget yetirilmasino ehtiyac duyulur. Amma nozars almaq lazimdir
Ki, homin temperatur intervali miiayyan daxili sobablor Gizlindan doyisikliklors ugraya bilar.
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ASPE+in.Se. KOMPOZITLORINDO RADIOTERMOLUMINESSENSiYA
SPEKTRININ TODQIQi

Dos. Quliyev N.1I., prof. Quliyev M.S.
Ganca Dovlat Universiteti
Xiilasa

Adston belo hesab edilir ki, temperatur artdiqca relaksasiya miiddoti monoton olaraq
doyismolidir. Aktivlosmo enerjisinin kvantlanmasi bizi o naticoys gotirir ki, onlar yalniz
kristallik fazalar tgun vo ya Kigik hocmli cisimlor giin 6danilo bilor. Bununla yanasi,
eksperimental molumatlar elo ganunauygunlarin askar edilmosine gatirir ki, bu tip hadisalorin
izah edilmasina yenidon digqgat yetirilmasinoe ehtiyac duyulur. Amma nozars almaq lazimdir
ki, homin temperatur intervali miiayyoan daxili sobablor Gizlindan dayisikliklora ugraya bilar.
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NCCIEAOBAHME CIIEKTPA PAJIMOTEPMOJIIOMUWHECIIMU B
KOMIIO3UTAX ASPE + In2Se3

Jou. I'vnuee H.U., IIpogh. I'yauee M.C.
Ianoxncunckuit I'ocyoapcmeennwvtii Ynueepcumem
Pe3ztome

[IpuHsATO cCuUMTaTh, 4YTO MPOJOJLKUTEIBHOCTh pEeJaKcaluu JOJKHA MOHOTOHHO
U3MEHSTBCSI C POCTOM TemIiiepaTrypbl. KBaHTOBaHHE SHEpruM aKTUBALlMM IPUBOJUT HAC K
BBIBOJIY, YTO OHM MOTYT OBITh 3apsDKEHBI TOJIBKO JJIsi KpUCTAUIMYECKUX (a3 WM Jyis
00BEKTOB Majoro oowemMa. B To ke BpeMsi SKCIIEPUMEHTAJIbHBIE JIaHHBIE MPUBOJAAT K
O0OHapy)KEHHIO TaKMX 3aKOHOMEPHOCTEH, 4YTO BO3HUKAET HEOOXOJUMOCTh MEPECMOTPETh
00BsicHEeHHE MMOJA0OHBIX cOOBITUN. OJTHAKO CIeAYeT UMETh B BUJY, UTO 3TOT TEMIEpPaTypHbIN
JMarna30H MOXKET U3MEHATHCS B CUITY OINPEIEICHHBIX BHYTPEHHUX IPUYMH.

STUDY OF RADIOTERMOLUMINESSENSION SPECTRIUM IN ASPE + In;Se;
COMPOSITES

As.pr. Guliyev N.1., Prof. Guliyev M.S.
Ganja State University
Summary

It is generally believed that the duration of relaxation should change monotonously as
the temperature rises. The quantization of activation energy leads us to the conclusion that
they can only be charged for crystalline phases or for small-volume objects. At the same time,
the experimental data lead to the discovery of such regularities that there is a need to
reconsider the explanation of such events. However, it should be borne in mind that this
temperature range may change due to certain internal reasons.

ASPE+In;Ses KOMPOZITLORININ DIELEKTRIK PARAMETRLORININ TEZLIK,
TEMPERATUR XARAKTERISTIKALARI

Tahirova T.T., Dos. Quliyev N.I.
Gonca Doviat Universiteti

Acar sozlar: kompozisiya, material, polimer, electret, yarimkegirici birlosmo, dielektrik
niifuzlugu, temperatur

Key words: composition, material, polymer, electret, semiconductor compound,
dielectric constant, temperature

Yeni perspektivli materiallarin  axtarilmas1 istigamatindo, yeni kompozisiya
materiallarmin  askar edilmosi dovrimiiziin aktual problemlorindon biridir. Belo ki,
polimerlords elektret xassalorinin yaradilmasi yiiksak dispersiyali doldurucularm kémoyi ilo
mumkindiir. Bu halda yiiklor ti¢iin tololor rolunu oynayan yeni strukturn elementlori meydana
cixir. Bu iso o demokdir ki, bork yiiksok disperisyaya malik doldurucular, kristal
riigeymlorinin omals galmasing vo ya onlarin geyri miikommaolliklorine gotirs bilir.

Kompozisiya materiallarmmpraktikaya totbiq olunmasi {igiin onun dielektrik
niifuzlugunun vo dielektrik itki bucaginin tangensinin tezlikdon vo temperaturdan
asililiglarinin todqiqi zaruridir. Qeyd olunan parametrlorin doldurucunun konsentrasiyasindan
asililiginin dyronilmasi ilo tolob olunan parametro mali kompozitin alinmasi, onun praktiki
imkanlarmi artirir. Digor torofdon, hazirda ¢ox yiiksok dielektrik niifuzluguna vo Kigik
dierlektrik itkisinin optimal giymstina malik kompozitlorin alinaraq todqiq edilmosi adi,
yiksok vo ifrat yliksok tezliklordea isloys bilon qurgularin yaradilmasinda ovozedilmoz
materiallar hesab olunur.
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Son zamanlar doldurucu kimi ¢oxkomponentli, perspektivli  yarimkegirici
birlogsmolordon istifado edilmoasi praktikast genis yaylmisdwr [1,2,3,4]. Bu clr
dolduruculardan istifade etmoklo alman kompozitlorin tadqiqi xtisusi elmi praktiki shomiyyat
kasb edon naticalor alinmasma sabab olmusdur. Bu materiallarin tomiz polimerlordon onlarla
dofo yliksok yasama miiddotino malik elektretlor olmalar1 artiq askar edilmisdir. Qeyd
olunanlar1 nazoro alaraq asagi sixliqlt polietilena Inz2Ses birlosmosindon olavalor etmokls
alman yeni torkibli vo yeni xassali kompozitlorin dielektrik niifuzluqlarinin (8) vo dielektrik
itki bucagmmtangensinin (tgd) 300-450K temperatur intervalmda vo 1kHs tezlikdo temperatur
astliliglart todqiq edilmigdir. Alinmis naticolor sokil 1-do verilmisdir. Homin sokildon
goriindityli kimi tomiz ASPE {i¢lin dielektrik niifuzlugu 300- 450K temperatur intervalmda
sabit qalir. ASPE+ lhocm% In2Ses kompoziti ii¢iin &(T) asililig1 da analoji xarakterlidir. Bu
kompozitin € - nu da 300-450K :emperatur intervalinda sabit qalir. ASPE+ 3hacm%Iln;Ses
torkibli kompozitin dielektrik niifuzlugu 300 - 335K temperatur intervalinda artir, daha sonra
iso 360K - o godor koaskin azalir, hamin temperaturdan sonra isa nisbaton zoif azalir.
ASPE+5hacm% In2Sez

Hor ii¢ kompozit iiclin dielektrik niifuzlugunun artmast 300 - 330 K temperatur
intervalinda bas verir vo bu temperaturdan etibaron € - nun ovvalco koskin, daha sonra iso
nisboton zoif azalmasi miisahido edilir. Qeyd edok ki, todqiq olunan temperatur intervalinda
kompozitin torkibindoki In2Ses doldurucusunun hacmi miqdari artdiqca dielektrik niifuzlugu
artir, &- nun an yiiksok qiymoti ASPE+ 10hacm% In,Ses kompozitinds miisahida edilir. Bu
kompozit iiclin € otaq temperaturunda tomiz ASPE - don 3,4 dofo bdyiik qiymat alwr. Yoni,
kompozitin torkibinds In,Ses slavesinin miqdarin1 artirmagqla dielektrik niifuzlugunu azaltmaq
olar.

Yuxarida qeyd olunan temperatur intervalinda ASPE+xhocm%in,Ses kompozitlorinin
dielektrik itki bucaqlarinin tangensinin temperatur asililiglar1 da todqiq edilmisdir. Alinmis
naticalar sokil 1b-do verilmisdir.

Sakil 1. ASPE + x.hecm%In2Ses kompozitlorinin dielektrik niifuzlugunun
a) vo dielektrik itki bucagnin tangensinin (b) temperatur astliliglart:
1-x=0; 2-x=I; 3- x=3; 4- x=5; 5-x=7; 6-x=10
Almnmis noticolor gostorir ki, tomiz ASPE {iglin tgd temperaturdan asili olmur.
ASPE+lhocm% In,Ses torkibli kompozit iigiin tgd, 300 - 360 K temperatur intervalmda artir
vo daha sonra 450K - o qodor azalir. Analoji noticolor ASPE+3hocm% In»Ses,
ASPE+5hacm% In2Ses, ASPE+7hocm% In2Ses, ASPE+10hocm% Inz2Ses torkibli kompozitlor
liclin do miisahido edilmisdir. ASPE+3hocm% In.Ses kompoziti ii¢iin tgd - nin artmasi 300 -
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365K, ASPE+5hacm% In>Ses kompoziti tgtin 300 - 360K, ASPE+7hocm% In2Sez kompoziti
ucln 300-350K, ASPE+10hocm% In»Ses kompoziti {igiin tgd - nin artmast 300 - 352K
temperatur intervalinda miisahids edilir.

Kompozitlorin dielektrik niifuzluglarmm vo dielektrik itki bucaqlarinin tezlikdon
asililiglarinin todgigi 10%-10* Hs tezlik intervalinda aparilmisdir. Miioyyon edilmisdir ki,
todgiq olunan tezlik diapazonunda tomiz polietilen do daxil olmagla dielektrik niifuzlugu
tezliyin doyismosi ilo praktiki olaraq doyismir. Torkibdo In.Ses doldurucusunun miqdar:
artdiqca dielektrik niifuzlugunun komiyyatca artmasi bas verir.
ugramadig1 halda doldurucunun faizls miqdar1 1, 3, 5, 7, 10 olan kompozitlordo 10 Hs tezlik
otrafinda maksimum miisahdo edilir vo bu tezlikdon etibaran tezliyin 10° Hs qiymatino qodor
dielektrik itkisi azalrr. Tezliyin sonraki 10'*Hs - o godor artmasi halinda iso sabit qalir.
Doldurucunun miqdar1 artdiqgca dielektrik itki bucaginin tangensinin artmasi miisahido edilir.

Beloliklo, dielektrik niifuzlugunun va dielektrik itki bucagmin tadqiqinin naticalorinin
tohlilindon belo qonasto golinir ki, kompozitlorin torkibde in,Ses doldurucusunun miqgdar:
artdigca hom dielektrik niifuzlugunun, hom do dielektrik itki bucaginin tangensinin artmasi
miisahido edilir. Dielektrik niifuzlugunun yarimkecirici alave edilmis kompozitlords belo
doyismosi osason Maksvel - Vagner polyarlasmasi, matrisanin vo doldurucunun soth
enerjilori, sistemin keciriciliyi vo onun perkolyasiya astanasma yaxin olmasi ilo slagadardir.
Dielektrik niifiizlugu Maksvel - Vagner polyarlasmasi hesabina dolduracularim soth
enerjilorinin forqli olmasi naticasinds kompozitin geyri dayaniqli olmasi vo sathlori onlari
toskil edon hissociklorin omolo gorirdiklori sothdon kigik olan klasterlor omalo gotirirlor.

Dielektrik niifuzlugunun tezlikdon asili olaraq doyismosini yarimkegirici klasterlorda
daxili sahonin meydana ¢ixmasi ilo izah etmoak olar. ASPE+xhocm%In,Sesz kompozitlorinda
dielektrik niifuzlugunun tezlik dispersiyasini asagidaki kimi izah etmok olar. Tezliyin
doyismosi kompozitin qurulusunda formalagsmis hacmi yiklorin otalotliliyina tasir edir ki, bu
da 6z ndvbasinds dielektrik relaksasiyasma sabab olur. Asagi tezliklords yiklor sahani izloys
bilirloar vo bununla slagadar olaraq elektrik itkisi Kicik olur. Yiksak tezliklords polyarlagsma
sahonin yarim periodu arzinds Qgorarlasa bilmir vo noticads dielektrik itkisi azalir. Orta tezlik
oblastinda In2Sez dolduraculari olan kompozitlords miisahids edilon maksimumlar onlarda bas
veron relaksasiya itkilori ilo olagodardir, tgd - nm tezlik artdiqgca artmasi polyarlasma
proseslori ilo onun azalmasi iso elektrik keciriciliyindaki itkilorlo slagadardir.
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ASPE+In;Se3 KOMPOZITLORININ DIELEKTRIK PARAMETRLORININ TEZLIK,
TEMPERATUR XARAKTERISTIKALARI

Tahirova T.T., Dos. Quliyev N.1I.
Goanca Dovlat Universiteti

Tezliyin doyismoasi kompozitin qurulusunda formalagmis hacmi yuklarin otalotliliyino
tosir edir ki, bu da 6z novbasindo dielektrik relaksasiyasma sobab olur. Asagi tezliklords
yuklor sahoni izloys bilirlor vo bununla olagodar olaraq elektrik itkisi kigik olur. Yuksok
tezliklords polyarlagsma sahonin yarim periodu arzinds gorarlasa bilmir va naticods dielektrik
itkisi azalir. Orta tezlik oblastinda In2Ses doldurucular1 olan kompozitlordoe miisahido edilon
maksimumlar onlarda bas veran relaksasiya itkilori ilo alagadardir, tgd - nin tezlik artdigca
artmas1 polyarlasma proseslori ilo onun azalmasi iso elektrik keciriciliyindoki itkilorla
olagadardir.

SPEED, TEMPERATURE CHARACTERISTICS OF DIELECTRIC PARAMETERS
OF
ASPE + In,Ses COMPOSITES

Tahirova T.T., As.pr. Guliyev N.I.
Ganja State University

The change in frequency affects the inertia of the volumetric loads formed in the
structure of the composite, which in turn leads to dielectric relaxation. At low frequencies,
loads can follow the field, and therefore the power loss is small. At high frequencies,
polarization cannot settle within half the period of the field, resulting in reduced dielectric
loss. The peaks observed in composites with In2Ses fillers in the medium frequency range are
due to the relaxation losses that occur in them, while the increase in tgd with increasing
frequency is due to polarization processes and its decrease is due to losses in electrical
conductivity.

JIEKTPUYECKAS IPOYHOCTD MMOJIMMEPHBIX KOMITIO3UITUIA
ITPU PA3JIMYHBLIX YCJIOBUAX IKCIINIYATAIIUA

Hou. Tazueea M. /c.
I'anoscunckuii I'ocyoapcmeennviit Ynueepcumem

KiaroueBble CJI0Ba: IOJIMMCPHBIC KOMIIO3UIIUH, KHMHCTHUKA QJICKTPHYCCKOI'O
pa3spymieHus, SJICKTpUICCKad JOJITOBEYHOCTD, HpO6I/IBHa$I HAIIPps’KECHHOCTDB, TEMIIEpAaTypa.

Keywords: polymer composition, electrical dissipation Kkinetics, electrical life,
perforation intensity, temperature.

M3BectHo [1, 8, 9], 4TO B KadyeCcTBE XapaKTEPUCTUKH AJIEKTPUUECKON MPOYHOCTH
MOJMMEPHBIX M KOMIIO3UIMOHHBIX JMUAJIEKTPUKOB HCIOJB3YETCS KaK BEJIMYMHA UX
AIIEKTPUYECKOM JTOJITOBEYHOCTH (T), TaK U NMpoOUBHAsE HANpsHKeHHOCTH (Ernp). Kunetnueckue
3aKOHOMEPHOCTH 3JIEKTPUUYECKOTO MpOo0O0s MOoJIMMepoB U moiduMepHbix kommosuruii (I1K)
M3Yy4aroT, UCCIIeysl 3aBUCUMOCTb T OT BenuuuHbl E unu, npu onpexaenenue Erp, OT ckopoctu
€ro BO3pACTaHUA.

Ecnum nupnexTpuk HaxoauTcs B CpeAe € MEHbUIEH JJIEKTPUYECKOW MIPOYHOCTBIO,
HarpuMep, B BO3[yXEe, TO BO3MOXHO BO3HHMKHOBEHHME pa3psioB Y KpaeB 3JEKTPOAOB, YTO
MPUBOJIUT K MCKAXKEHHUSM OJHOPOJHOTO pacHpeleieHusi MOoJisl, MOCKOJIbKY KaXKIbli pa3psin
MOXHO paccMaTpHBaTh KaK UTOJIbYATOE MPOJOJDKEHUE deKTpoaa. st ycTpaHeHus: KpaeBbIX
pa3psAloB PEKOMEHYeTCs MPOBOAUTH HCIBITAHMS B CpElle, UMEIOIIEH BBICOKOE 3HAUYECHHE
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SIIEKTPUYECKOW  TMPOYHOCTH M JMAJIEKTPUYECKYI0  MPOHUIAEMOCTb  ONM3KYIH0 K
JUBJIEKTPUUECKON MPOHUIAEMOCTH IOJMMEPHOIO U KOMIIO3MLIMOHHOIO JM3JIEKTPHUKA, HO
3HAYUTENbHO ©0Jiee BBICOKYIO MPOBOJMMOCTb, HAlpUMep, IMOMeHare o0pas3en B
KOHJICHCATOPHOE MAacj0 WM KPEMHUHOpPraHMYecKyr IKuakocth [8, 9]. B pabore
[10]moka3aHo, 4TO MpH IOCTOSHHOM HANpPSDKEHUM OKpYXKarollas cpela HE BIUSeT Ha
pe3yiabTaThl U3MEPEHUM MPOOMBHOW HANpSKEHHOCTU JUAJIEKTPUKA IMPU BBINOJHEHUU
ycnoBus (G Enp)cpens™(0 Enp)ospasua, T/I€ G - yACTbHAS IPOBOIUMOCTb.

JUia yTO4YHEHMsI BIMSHHUS Cpelbl Ha D3JEKTPUUECKYI0 IPOYHOCTh IOJUMEPHBIX MU
KOMIIO3UIIMOHHBIX TUICHOK, OBLIM OMNpEJeNICHbl BEIMYMHBI TPOOWBHOW HANPSIKEHHOCTH
menku bO o6pasnos komnosuruu [T — [TOHIT ogHoro n3 kKOMmoHeHToB ero — rieHku bO
oo6pasnos IIIl B paznumunbix cpemax. CkopocTh moabeMa HampsbkeHust (VE) Ha oOpasie
BapbupoBamuck oT 8 10 220 B/c. B kauecTBe cpen HCHOIB30BAINUCH OYHUIIEHHOE
KOHJIEHCATOPHOE Macio (HemonspHas KUIKoCTh ¢ £=2.2 u p=10™® Om-cm) u Bo3ayx. ONBITHI
MIPOBOJMIIMCH TIPU KOMHATHOW TeMIIepaType.

B kaxmoil cpene M mpu KaxaoH CKOPOCTH IOJbEMa HaNpsDKeHHs Ha oOpasie
MPOBOJMIIOCH MO 14 uCHBbITaHUM, HA OCHOBAaHWU KOTOPBIX ONpPENENSUIMCh BEITUYMHA CpeHel
MPOOMBHOM HaIpsKEHHOCTH U ee pa3dpoc (AEyp). pe3yapTaTsl UCIBITAHUN TPEICTABICHBI B
tabmuue 1 u 2. BugHo, 4To 3HAaYeHUS NMPOOMBHON HAMpPSDKEHHOCTH HCCIEAYEMBIX IUIEHOK
Onu3KHM U c1ab0 3aBUCAT OT GUBMKO-XUMHUYECKUX CBOMCTB cpebl. M3 Tabmuipl 1 u 2 Takxe
BHUJIHO, YTO UCHBITAHUS B KOHJIEHCATOPHOM Maciie U BO3AyXe JalT (C YydeTroMm
CTaTHUCTUYECKOTO pa3zdpoca)IpakTUYeCKH OJWHAaKOBble 3HaueHuss Enp, ans mieHoxk BO
obpaszuos IIII (tabmuua 1) u III — IIOHII (tabmuua 2). [lostomy B nanbHeliem npu
NIEKTPUUYECKUX UCIBITAHUAX B Kau€CTBE CPEbl UCIOIb30BAINCh KOHJIEHCATOpHOE Macio. B
TOKE€ BpeMs IIPU CONOCTABJIECHUHU PE3YJIbTATOB HCCIEIOBAaHUN OBLIM BKIIOYEHBI HEKOTOPBIE
JAHHBIE IS CPEAbl BO3YyX.

3nauenus Enp u AE,, nmnenku BO o6pasnos [1I1 tonmuHoi 20 MKM Ipu 3IEKTPUYECKUX
UCIBITAHUSX B DJIEKTPOJHON cucTeMe cdepa — MIOCKOCTh Ha MpoOOH B pa3iIMuYHBIX
cpenax. T=293K.

Tabmuua 1.
Tum cpes dU/dt=8B/c dU/dt=12B/c dU/dt=136B/c | dU/dt=220B/c
Eup, A Eqp, Eup, A Eqp, Eup, A Eup, | Enp, A Eup,
MB/Mm | MB/Mm MB/m | MB/M MB/m | MB/m | MB/M | MB/Mm
KonneHncaropHoe 410 100 420 90 450 60 510 110
Macio
Boznyx 420 90 420 80 460 100 500 50

3nauenus Eyp u AE, nnenku BO o6pasuos [TTIHIIDHII=80+20 macc% Tommunoii 20
MKM TpHU DJIEKTPUYECKUX HCIBITAHUAX B DJIEKTPOAHON cucTteMe cdepa — IMIOCKOCTh Ha
po0oii B pa3nuuHbix cpegax. T=293K.

Tabmumna 2.
Tumn cpens dU/dt=8B/c dU/dt=12B/c dU/dt=136B/c | dU/dt=220B/c

Enp, A Ewp, | Enp, A Euwp, | Enp, A Eup, | Enp, A Enp,
MB/m | MB/M | MB/m | MB/M | MB/M | MB/m | MB/M | MB/m
Konnencaropnoe 470 60 480 100 540 90 610 50

MacJo
Boznyx 460 90 470 80 540 50 620 80
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[Ipu cpaBHEHHMH pPE3yJbTAaTOB  DJEKTPUYECKUX  HUCHBITAHUN  TMOJUMEPHBIX U
KOMIIO3UIIMOHHBIX IJICHOK, BBIMIOJHEHHBIX B Pa3JIMYHBIX JIEKTPOJHBIX CHUCTEMaX, HallpuMmep
MPYKUMHBIX 3JICKTPOJIaX TUMA «cdepa - TIOCKOCTh) HE0OXOUMO YUHTHIBATh, YTO OJHHUM M3
BAKHBIX MAapaMeTpPOB, OMNPEIACISIONINX 3ICKTPUUYECKYI0 IPOYHOCTh H3OJISIIIUH, SIBISETCS
iomaab AmekTpoaoB [11-13]. B uaeane, uisi MOTHOCTHIO OJHOPOJHOTO M 0e3/1e(heKTHOTO
Marepuaiga 3aBUCUMOCTh Enp, OT IUIOmamM 3JIEKTPOJOB  JOJDKHA  OTCYTCTBOBATh
(cymiecTBOBaHME HAIMOJEKYIAPHBIX 0Opa3zoBanuil B nojaumepax u [IK oObiuHO HE siBIIseTCA
JOCTAaTOYHBIM OCHOBAHHMEM JIJIsl MCKIIIOUCHUS X U3 KJIacca OJHOPOIHBIX JTUAICKTPUKOB), HO
peanbHble TOJMMEPHBIE M  KOMIIO3UIIMOHHBIE AUAJIEKTPUYECKUE TUICHKH COJAEpXkKaT
pPa3IMYHOTO poJa MHUKPOACPEKTHI W MHKPO HEOJAHOpoAHOCTH. Hambomee wacto
BCTPEYAIONTUMHUCS MHUKPO HEOJHOPOJHOCTSIMU SIBJISIIOTCS Ta30BbI€ TOPBI, 3arpsi3HSIONINE
MPUMECH, TPEUIMHBI W JIOKAJIbHbIE YTOHBIICHHS TUICHOK, a TaKXe HECOBEPIICHCTBA
MMOBEPXHOCTHU DJIEKTPOIOB.

Takum oOpa3om, Kaxjgas U3 PACCMOTPEHHBIX BBINIE DJIEKTPOIHBIX CHCTEM,
WCIIOJIb3YEMBIX JIJIi TIPOBEICHUSI WCIBITAHUN SJIEKTPUYSCKON MPOYHOCTH TOJUMEPHBIX M
KOMIIO3UITMOHHBIX TIEHOK, IMEET CBOM JOCTOMHCTBA M HEJAOCTAaTKHU. BhIOOP TOTO MM MHOTO
TAMA  DJIGKTPOJHOM  CHCTEMBI  ONpeaenseTcs  3aJadaMH,  CTOSIIIIUMHU  Tepes
IKCIIEPUMEHTATOPaMHU, U OCOOEHHOCTSIMU HCCIIEAyeMbIX TIeHOK. Hanmpumep, eciu Tpedyercs
BBISICHUTH JJICKTPHUYECKYI0 MPOYHOCTH COOCTBEHHOTO IOJMMEPHOTO W KOMIIO3UITMOHHOTO
Marepuana, 0e3 ydera BO3MOXHBIX Je(EeKTOB, TO IUIOMAL JJIEKTPOJOB TOJDKHA OBITh
HEBEJIMKa ¥ HAa00OpOT, KOrjJa HEOOXOIUMO OMNPEACIUTh dJICKTPUUYECKYIO MPOYHOCTH
Marepuaga C y4eTOM BO3MOXHBIX AE€(PEKTOB, ILEIECO00pa3HO HCIOJIB30BaTh AJIEKTPOIbI
OoubImoi ruromazu [ 13].

W3 BBIIEN3NTOKEHHOTO, CIAEAYeT BaXXHbIM B MPAKTHUYECKOM OTHOUIEHHMH BBIBOJ O
HEBO3MOXXHOCTH  O€30THOCHUTENbHOM  XapaKTepUCTUKU  AJIEKTPUUYECKOW  MPOYHOCTHU
KOMITO3UIIMOHHBIX AUAJIEKTPUKOB. CpaBHEHUE 3IEKTPUUYECKON MPOYHOCTH KOMIO3UIIMOHHBIX
U TOJIMMEPHBIX JUAIEKTPUYECKHUX MAaTepHalioB, KaK IO BEJIWYMHE WX DJJIEKTPHUUECKON
JOJITOBEYHOCTH, TaK U MO MPOOWMBHOMN HANPSHKEHHOCTH, HEKOPPEKTHO 0€3 yKazaHUs yCIOBUI
UCHBITAHUN (HAIPSDKEHHOCTU TOJsl, IPU KOTOPOM OMpeensercss JO0JrOBEYHOCTb, WIIU
CKOPOCTh MOJbeMa HANPSHKEHHOCTU SJIEKTPUYECKOTO TOJisA, MpU KOTOpOoW (ukcupyercs
po6oit).
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Xulasa

Miixtalif molekulyar {tstli qurulusa malik PP-ASPE kompozitinin sabit elektrik
sahasinda, 293-370K temperatur araliginda, miixtalif tocriibi soraitlords elektrik méhkamliyi
todqiq edilmigdir. Gostorilmigdir ki, PK desilmo intensivliyi gorginliyin galxma suratinin
artmasi ilo yUksalir, oksina temperaturun artmasi ilo azalir. ©(E) u Egi(Ve)asililigmin méveud
olmas1 PK elektrik dagilmasmin kinetik xarakterli olmasmi goéstarir, onun sirati isa
temperatur va elektrik sahs intensivliyi ilo muoyyon edilir.

Abstract
The electrical strength of PP-ASPE composite with different molecular surface structure
in the stable electric field, in the temperature range of 293-370K, under different experimental
conditions was studied. It has been shown that the intensity of PC piercing increases with
increasing voltage, but decreases with increasing temperature. The existence of the
dependence t(E) and E.y(Ve) indicates the kinetic nature of the electrical dissipation of the
PC, the speed of which is determined by temperature and electric field intensity.

MnGalnSe; MONOKRISTALININ DIiELEKTRIK NUFUZLUGUNUN DOYIiSON
ELEKTRIK COROYANININ TEZLiYINDON VO TEMPERATURDAN ASILILIGI

F.ii.e.d. Niftiyev N.N., k.ii.f.d. Mommadov F.M.”
Azarbaycan Dovlat Pedaqoji Universiteti
Az-1000, Baku, U. Hacibayli, 68
AMEA Kataliz va Qeyri — iizvi Kimya Institutu”
Az-1143, Baki, H. Cavid pr., 29
namiq7@bk.ru
Acar sozlor: monokristal, dielektrik niifuzlugu, corayan, tezlik, temperatur, aktivlosmo
enerjisi, zona-sigrayls mexanizmi.
Key words: single crystal, dielectric constant, current, frequency, temperature,
activation energy, zone-jump mechanism

Son illor geyri-adi fiziki xassolori vo praktik totbiqlori sayssindos d vo f tobogolori
tamamilo dolmayan elementlor daxil olan ii¢lii xalkogenit birlogmolor intensiv tadqiqatlarin
obyektino ¢evrilmigdir. Bu birlosmolor igorisindo miiasir yarimkeciricilor elektronikasinin
funksional imkanlarini geniglondiran asas monbolordon biri kimi AB2X4 ( A- Mn, Fe, Co, Ni;
B-Ga, In; X-S, Se, Te) tipli birlosmalori gdstormok olar [1-6]. Bu birlogsmalor miixtalif
toyinath elektron qurgularm yaradilmasi {i¢iin perspektivlidir. Bu materiallarin osasinda
fotohossas sturukturlar hazirlanmigdir [5-6]. Feln:Ss birlosmosindon nanokristal sintez
edilmisgdir [2]. MnGalnSes birlogsmosi tetraqonal quruluslu MnGa,Ses (foza qrupu 14) vo
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heksagonal quruluglu Mnln,;Ses (foza qrupu R3m) — {in 1:1 miinasibatindon sintez edilmisdir.
MnGalnSes monokristali Bricmen metodu ilo alinmigdir. Rentgenoqrafik metodla analiz
naticosinde miioyyan edilmisdir ki, MnGalnSes monokristali kristal gqofos parametrlori a
=3,9812(4) A, ¢ =12,9904(1) A olan triqonal sinqoniyaya (foza qrupu R3m) kristallasir [3].
Elektrik tutumunu 6lgmak tigiin galinligi ~0,3mm olan kristal 16vhalora giimiis pastasi vuraraq
kondensatorlar hazirlanmis vo 6lgiilmalor E7-20 ( 25 + 10° Hz ) rogomli immetans 6lgii
cihazimin komayi ilo aparilmigdir. Niimunays 1V 6lgmo gorginliyi verilmisdir.

Sokil 1 — do MnGalnSes monokristal (glin miixtalif temperaturlarda dielektrik
niifuzlugunun hoqiqi hissosinin (g') tezlikdon asililiq qrafiki tosvir olunmusdur. Miioyyon
edilmisdir ki, 5-10* + 10° Hz tezliklorindo 295,5 + 368 K temperatur oblastinda &' — in
qiymeoti 40 =+ 1000 intervalinda doyisir. Buradan gériniir ki, bu monokristalda 5-10%+10° Hz
tezlik oblastinda ohomiyystli dorocodo dispersiya bas verir. Todqiq olunan temperaturlarda
dielektrik niifuzlugunun hoqiqi hissosi avvalca tezlik artdiqca yavas -yavas azalr vo 1,5-10°
Hz tezlikdon baslayaraq €' daha stiratlo azalir. Sokildon goriiniir ki, temperaturun artmasi ilo &'
— in artmas1 miisahido olunur. Temperatur yiiksoldikca dielektrik niifuzlugunun artmasi asason
yiikdastyicilar konsentrasiyasinin artmasi ilo baghdir.

Sokil 2 — do miixtalif tezliklords MnGalnSes layli monokristallarinin dielektrik
nifuzlugunun xoyali hissasinin temperaturdan asililiqlar1 gostorilmisdir. Sokildo tezlik
artdigca €" - in azaldig1 miisahids edilir. Asag: tezliklords (1-4 oyrilori) 1ge" ~ 1/T asililig:
miixtolif meylloroa malik iki diiz xotdon ibarst olur. Bu asililiglarin meyllorindon aktivlogsmo
enerjilori toyin olunmusdur, bu enerjinin qiymaotlori asagi temperaturlu hissodo demok olar ki,
eyni olur - 0.14 eV, yiiksok temperaturlu hissados iso 0,02+0,11 eV intervalinda doyisir.
Daha yiiksok tezliklordo (5 vo 6 oyrilori) bir diiz xot meyli askara ¢ixarilir. Bu asililigin diiz
xott meylindon aktivlosdirma enerjisi toyin edilmis vo 0,16 eV qiymoti tapilmisdir.
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Sakil 1. MnGalnSe; monokristali iglin miixtalif temperaturlarda dielektrik niifuzlugunun haqiqi
hissasinin elektrik sahosinin tezlivinden ashiligi. T. K: 1- 295.5, 2-308. 3-323. 4-343. 5-360. 6-368.
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Sakil 2. MnGalnSes monokristalinin miixtalif tezliklords dielektrik niifuzlugunun xoyali hissesinin
temperaturdan asliigi. f. Hz: 1-10%, 2-5-10°% 3-10°, 4- 2-10°, 5-5-10° , 6-10°.
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Buradan belo ¢ixir ki, aktivlogmo enerjisinin qiymati tezliyin funksiyasidir. Aktivlogsmo
enerjisinin tezlikdon asililig1 sigrayis mexanizmindon istifado etmoklo izah edilo bilor [7].
Homginin malumdur ki, MnGalnSes monokristallarinda elektrik kegiriciliyinin temperaturdan
asililig1 aktivlosmo xarakterino malikdir [3]. Bu o demokdir ki, MnGalnSes birlosmasinda
keciricilik zona-sigrayls mexanizmlori ilo xarakterizo olunur.
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MnGalnSe;s MONOKRISTALININ DIELEKTRIK NUFUZLUGUNUN DOYiSON
ELEKTRIK CORDYANININ TEZLiYINDON VO TEMPERATURDAN
ASILILIGI

F.ii.e.d. Niftiyev N.N., k.ii.f.d. Mommadov F.M.”

MnGalnSes monokristalinin miixtalif temperatur vo tezliklords dielektrik niifuzlugunun
hoqiqi vo xayali hissesi tadqid edilmisdir. Miioyyen edilmisdir ki, bu monokristalda 5-10%+10°
Hz tezlik oblastinda ohomiyyatli dorocodo dispersiya bas verir. Temperatur yiiksoldikco
dielektrik niifuzlugunun artmasi osason yiikdastyicilarin konsentrasiyasinin artmasi ilo
baghdwr. MnGalnSes monokristalinin miixtalif tezliklordo dielektrik niifuzlugunun xoyali
hissasinin temperatur ashiligindan aktivlosmo enerjisi hesablanmigdir. Miioyyon edilmisdir ki,
MnGalnSes birlosmasinds kegiricilik zona-sigrayis mexanizmlori ilo xarakterizo olunur.

3ABUCUMOCTD JUIJEKTPUYECKOMN MPOHUIIAEMOCTH
MOHOKPUCTAJLJIOB MnGalnSe; OT YACTOTHI IEPEMEHHOM TOKH U
TEMIIEPATYPbBI

Hugmuee H.H., Mameooe ®@.M.

[IpuBossATCS  pe3ynbTaThl HUCCIEAOBAHMUS  JEHCTBUTEIBHOM M MHUMON  4YacTH
JMAJIEKTPUYECcKasi MPOHULAeMOCTh MOHOKpHcTaiioB MnGalnSes mpu pa3nuuHbIX yacToTax
U Temmeparypax. beuto oOHapyXeHO, YTO B 3TOM MOHOKPUCTAJIJIE MUMEETCS 3HAYUTEIbHAas
mucrepcuss B auamnasoHe wactoT 5-10*+10° T'm.  YBenuuenuwe —aMdIEKTpUYECKOM
MPOHUIIAEMOCTH TMPU TOBBILIEHUH TEMIIEpaTypbl B OCHOBHOM CBS3aHO C YBEIMYCHHEM
KOHIICHTpalluu HOCUTeNeH 3apsaaa. Ha pasnuuHbIX 4acToTax U3 TeMIEpaTypHOH 3aBUCUMOCTH
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MHHUMOH YacTU TUAJICKTPUUYECKOHN MpoHUIIaeMocTd MoHOKpHcTamioB MnGalnSes paccuntana
SHEpPrusl aKTHUBAllMM. YCTaHOBJIEHO, YTO MPOBOAUMMOCTh B coeauHeHun MnGalnSeq
XapaKTEpU3YEeTCsA 30HHO-IIPBIKKOBBIM MEXaHU3MOM.

DEPENDENCE OF DIELEKTRIK CONSTANT OF SINGLECRISTALS MnGalnSes
ON FREQUENCY OF ALTERNATING ELECTRIC CURRENTS AND
TEMPERATURE

Niftiyev N.N., Mammadov F.M.

The results of a study of the real and imaginary parts of the permittivity of MnGalnSes
single crystals at various frequencies and temperatures are presented. It was found that in this
single crystal there is a significant dispersion in the frequency range 5-10%+10° Hz. The
increase in permittivity with increasing temperature is mainly due to an increase in the
concentration of charge carriers. The activation energy is calculated from the temperature
dependence of the imaginary part of the permittivity of MnGalnSe, single crystals at different
frequencies. It has been established that the conductivity in the MnGalnSes compound is
characterized by the band-hopping mechanism.

W3YUYEHUE MATHUTOSJIEKTPUYECKNX CBOMCTB KOMIIO3UTOB HA
OCHOBE MATHUTHBIX YACTHUII Fe;Os 1 BEHTOHUTA NPUMEHEHUEM
TEOPUU TIEPKOJIALINHN

Hmanosa C. P., oou. I'yrues H.U.
I'anoxcunckuil 2ocyoapcmeenHulil yHugepcumem
sevinc_imanova81l@mail.ru

KiaoueBblie cioBa: 6€HTOHI/IT, mopor mnepKOJIIOUH, KOMIIO3UT, IMMPOBOAMMOCTD,
YAEIBHOE COIIPOTUBIIEHUE, KOPPEIILIMOHHAS JJINHA.

Acar sozler: bentonit, perkolyasiya hoddi, kompozit, keciricilik, migavimat,
korrelyasiya uzunlugu.

Keywords: bentonite, percolation threshold, composite, conductivity, resistivity,
correlation length

IlonsaTue nopor MnepKoJAIunu 0003Ha4YaeT BCPOATHOCTD IMPOXOKIACHUA TOKA OT OAHOI'O
Kpasa 10 Jpyroro Iio ysjiamM TOYCYHOM PEHICTKH. I[pyrI/IMI/I CJIoBaMM 3TO €CThb MaTEMaTHYCCKast
MOACIIb paCCManHBaCMOﬁ HaMM 3a1a4u.

PaCCMOTpI/IM KY6I/I‘ICCKYIO YIIaKOBKY, KOTOpasa OrpaHn4YCHa CHH3Y U CBEPXY
miockoctaMu Z=0 1 Z=H COOTBETCTBEHHO. Hpnqu, JaHHas KY6I/I‘IGCK8.$I YIIaKOBKa B CBOIO
oucpeab COCTOUT U3 IIPOBOAAIINX U HEIIPOBOAAIINX KY6I/IKOB, PAaCIIOJIOKCHHBIX B CHy‘I&ﬁHOM
IOPAOKE.

HYCTL pasMCp SBIJIIEMCHTOB CHCTEMbl HAMHOI'0O MCHBLIIC TOJIIMHBI CJIOs H. Torga
PaBEHCTBO

-V,

&= a| P—Pes (1)
CBA3BIBAOMICC KOPPCIALIUOHHYO TJIUHY TpeXMepHOﬁ HCpKOJ’IfIHHOHHOﬁ CUCTEMBI C
TOHHIHHOﬁ H ONpCHALCIIAACT CBOMCTBA MEPKOJIAIMUOHHOIO CJIOA (FI[C \)320’9 — KpI/ITI/I"IeCKI/Iﬁ

WHJIEKC TIEPKOJISIIIMOHHON UTNHBI, P = pFe304 ).  Jlns pemieHus 3agadd O MPOBOJUMOCTH

YCTaHOBUM CBSI3b MEXIY MPOBOJUMOCTBIO CIIOS O, M TOPOTOM MEPKOJISIIHU pPe, KOMOPAs
onpeoensiemcs pageHcmeom (2)

o, ,=0 =0—1(p_pc,3)t3 t3=5‘/3—2_'83z1,6

@)
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Opghexmusnas Komnaekchas npogoOUMOCms TIEPKOJIUOHHOW CHCTEMBI, OyJeT

ONpCACIIATHECA PaBCHCTBOM
(@)= al(w)[%][ g +Ag; [%]U

B pabore wucnonws3zoBaH OeHToHUT  Jlam-CanaxJaMHCKOTO — MECTOPOXKICHUS.
[IpuMeHeHHEM  CKEHIMHTOBOW  TCOPHUH  HCCIIEAyeM  DIIEKTPOPHU3NYCCKHE  CBOMCTBA
MEPKOJISIIMOHHOTO CJI0si KOHEYHO# ToymuHbl [2¢.24-89] B KOMIIO3MTaX Ha OCHOBE
MOAU(UIMPOBAHHOTO MAarHUTHBIMH YaCTUIIAMH OCHTOHUTA B CIIEIYIOUINX COCTaBaXx:

40%5T+60%Fe,03(M1)  40%5T+60%Fe,03(M2)

50%5T+50%Fe;03(M1)  50%57+50%Fe;03(M2)

60%5T+40%Fe,O3(M1) 60%5T+60%Fe203(M2)
M1-MoauduiupoBannsie ¢pepputoBble yacTulpl npu odopore 3000 o6/mMuH B TeueHun 10
MuHYT. M2-MomudunmpoBannasie ¢GepputoBsle dacTuibl npu obopore 6000 06/MuH B
TedyeHuu 10 MUHYT.

OnHOM W3 OCHOBHBIX XapaKTEPUCTUK MEPKOJSIMOHHON CHCTEMBI CIYKUT TOpPOT
nepkoJiAuuu pe. CucreMa COCTOUT U3 MPOBOJAALIMX U HEMPOBOISIINX 3JIEMEHTOB UMEIOIINX
pazMepHocTh a. O0O3HaYMM uepe3 p - JOJI0 MOJIYIPOBOJHMKA B HAIllEeM HCCIIEIOBAHUU
deppura (Fe203), a gepe3 (1-p) - m0I0 HEMPOBOIAIMIMX DJIEMEHTOB (MOIU(MHUIIMPOBAHHBINA
oearornt MBT). Ha mXx OCHOBE M3rOTOBHM KOMIIO3UT W PACCMOTPUM €ro B BHJIE CJIOS

MEPKOJISALUOHHON CHUCTEMBI. KoppenaunonHas anMHa TpeXMEPHOW NEPKOJSIMOHHON
CHCTEMBI ¢ TONIIMHOW H ompesesnsiercs: paBeHcTBOM [1c.611-626]
v,
&= a| P—Pcs (3)
rjae v3~0.9 — KpUTHYEeCKUI WHICKC TIEPKOJISAIIMOHHON JUTHHBI, P = p,:ezo3 ). Jlost

pelleHns 3a7a4d O MPOBOJMMOCTH YCTaHOBHM CBSI3b MEXIY POBOJMMOCTBIO CIIOS O, U
IOPOTOM MIEPKOJISIIIUH P, KOTOPAs OTpeaeseTcst papeHcTBoM [1c.611-626]

o, =0 =0,(p- pc,s)t3 4)

HOpOF MEPKOJIALIUN OIIPEACIACTCA PaBCHCTBOM
H -1/ Va 5
Pe=Pg 3+ (Pe = pc,S)(EJ ()

Pe3ynbTaThl BHIUKCICHUM TIOKa3aHbl HA pucyHkax. Kak BugHo wu3 puc. 1 ¢
NpUOIIKEHUEM K MOpory mepkoiisiuuu pe=0,35 ynenbHOe compoTuBiIeHHE yObIBaeT [3 c.
1333-1337].. DTO TOBOPUT O TOM, YTO BCE OOJIbIIEE YHUCIO OTAEIbHBIX (epPPOMArHUTHBIX
HaHorpaHyn B komno3utax (p)Fe203 — (1-p) MBT cMmbikatorcsi ¢ 06pa3oBaHUEM OTIEIBHBIX
kiactepoB rpanyn FeoOs B marpuiie MBT [3 c¢. 1333-1337].  OtaenbHbIe ke KIacTephl
rpanyn Fe;O3 nocturas X. oo0beaunstorcs, u B Mmarpuie MBT gopmupyercs criioniHas ceTka

KiactepoB. Eciiu p > pe TO p KOMIIO3UTOB OyIeT U3MEHSITHCS HECIHIIIKOM 3aMeTHO [4 €.287-
289].
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Pucynok 1. 3aBHCHMOCTH p ¥ G OT OPOTa MEPKOJISIIHH ISl KOMIIO3uToB (X)-Fe203 — (1-
X)BT npu KoMHaTHOI1 TemmnepaType.
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Ha ocHoBe mpoBeneHHBIX SKCHEPUMEHTAIBHBIX HMCCIEJOBAHUN OBUIO MOJYYEHO, YTO
UCTOJB3Yysl TEOPHIO MEPKOJSUH Ui KOMIIO3UTOB C Pa3IMYHBIM MPOLEHTHBIM COCTaBOM
MaTpUIBl ¥ HANOJIHUTENS, MOXXHO HCCIIEOBaTh 3JIEKTPOMArHUTHBIE CBOMCTBA CO3JaHHOMN
MEPKOJIMPOBaHHON cpeabl. Ho, mpu 3TOM, HEOOXOAMMO YUMTHIBATH 3a7aydl 00 y3/lax Ha
KyOWYeCcKOl pemIeTKH. pa3Mepa YacTULl H3MEHSET OJIIeKTPO(U3NYeCKue, MarHUTHBIE U
IMAJIEKTPUYECKUEe TapamMeTpsl kKomMmno3utoB. Ha oOpasme ¢ moamdukanumein (heppUTOBBIX
gactull 1pu 300000/MUH BETMUYMHBI  AMAIEKTPHUYECKOW MPOHHUIIAEMOCTH, MAarHUTHOM
MIPOHHUIIAEMOCTH M DJIEKTPOIPOBOJHOCTH Oouiblie yeM Ha oopasne npu 600006/MuH.

O6HapyxeHO YTO, C MNpUOMIKEHHEM K Topory mnepkoysimuu pe=0,35 ynerapHOE
COIIPOTHUBIIEHUE YOBIBAET COOTBETCTBEHHO BO3PACTaeT 3JIEKTPONPOBOAHOCTh. Bce Gombimee
YHUCJIO OT/ACNBHBIX (EPPOMArHUTHBIX HAHOTpaHyl B kommosutax (p)-Fe20s—(1-p)MBT
CMBIKAIOTCSI ¢ 00pa3oBaHMEM OTAEIbHBIX KiacTtepoB Fe2O3 B marpume BT (6eHTOHUT),
KOTOpPBIE 00BETMHAIOTCS, U (POPMHUPYETCS CIUIONTHAS CETKA KJIACTEPOB.

MarHuTHbIE MaTepUaNbl, UMEIOIINE BHICOKHE 3HAYCHHUS MAarHUTHOW MPOHUIIAEMOCTH U
Mayble TOTEPH MOTYT OBITh TPUMEHEHBl KaK pPaJIdOKOMIOHEHTHI BBICOKOYACTOTHOU
anmaparypsl JUIsl M3TOTOBJICHHS SJIEMEHTOB PaJMO3JIEKTPOHHBIX yCTpoiicTB. KommosutHbie
MarHuTHbBIE MaTepHaNbl, B KOTOPHIX IPOUCXOJUT CHIIPHOC YMEHBIICHHE MAarHUTHOU
MPOHHUIIAEMOCTH, C POCTOM YacCTOTHl MAarHUTHOTO TIOJSl YCIIEUTHO HWCHOJB3YIOTCS TpH
W3TOTOBIICHUH PaIUOTIOTIIONIAIONINX MaTEPHAJIOB.
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W3YYEHUE MATHHUTOSJIEKTPUYECKUX CBOMCTB KOMIIO3UTOB HA
OCHOBE MATHUTHBIX YACTHUI Fe;03u BEHTOHUTA NIPUMEHEHUEM
TEOPHUMU ITEPKOJIALINU

Hmanosa C. P. ooy. I'yruee H U.
I'anoxcunckuil 2ocyoapcmeenvlil yHugepcumem
Pezrome

OO6napyxeHo 4YTO, ¢ HOpuOMDKEHHEM K Tmopory nepkoisuuun pc=0,35 ynenbHoe
COMPOTHBIIEHNE YOBIBAET COOTBETCTBEHHO BO3pAacTaeT AJIEKTPONPOBOJHOCTh. Bce Ooubliee
YHUCJIO OTACTBbHBIX (EPPOMArHUTHBIX HAHOTpPaHyd B kommo3utax (p)-Fe.0z—(1-p)MBT
CMBIKAIOTCS C oOpa3oBaHMEM OTHCNbHBIX KiacTtepoB Fe;Oz B marpunie BT (GeHTOHHMT),
KOTOpbIe 00BEUHSIOTCS, U (POPMHUPYETCs CIUIONTIHASI CETKA KIIACTEPOB.

Fe20O3 MAQNIT HISSOCIKLORI VO BENTONIT 9SASLI KOMPOZITLIRIN
MAQNITOELEKTRIK XASSOLORININ PERKOLYASIYA NOZ9RIYYO9SINDON
ISTIFADO ETMOKLO OYRONILMOSI

Imanova S. R. dos. Quliyev N.1I.
Ganca Dovlat Universiteti
Xulasa
Mioyyon edilmisdir ki, perkolyasiya sorhoddino pc=0,35 yaxinlasdiqca XUsusi
mlgavimat azalir vo miivafiq olaraq elektrik kegiriciliyi artir. (p)-Fe203—(1-p)MBT
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kompozitlorinds artan sayda ayrica ferromagnit nanogranullar BT (bentonit) matrisinds ayrica
Fe>0s Kklasterlorinin amala galmasi ilo birlosarok davamli klasterlor sobokasi amala gatirir.

STUDY OF MAGNETIC PERMEABILITY PROPERTIES OF COMPOSITES
BASED ON MAGNETIC PARTICLES OF Fe>0O3 And Bentonite Using The
Theory Of Filtration

Imanova S. R. As.pr. Guliyev N.I.
Ganja State University
Summary

It was found that, as the percolation threshold pc=0.35 is approached, the resistivity
decreases and the electrical conductivity increases accordingly. An increasing number of
individual ferromagnetic nanogranules in (p)-Fe203—(1-p)MBT composites merge with the
formation of separate Fe203 clusters in the BT (bentonite) matrix, which combine to form a
continuous network of clusters.

Er-Bi SISTEMININ TODQIQIi

Mammadova S.H., k.e.n., Sadigov F.M., k.e.d., Sultanova S.Q.
Baki Dovlat Universiteti, Baki, Azarbaycan,
e-mail: zakir-51@mail.ru

Acar sozlar: hal diagramu, orinti, termoct, temperatur
Key words: case diagram, alloy, thermocouple, temperature

Er-Bi-Te (cli sistemini biitiin qatiliq vo temperatur intervalinda todqiq etmak Ggun,
ucli sistemin yeni toroflorindon biri olan Er-Bi binar sisteminin hal diagrami hagqinda olan
molumatlar xisusi oshamiyyst kasb etdiyindon sistemin tokrar tadgiqi vo hal diagraminin
qurulmasi qarsiya asas moqsad kimi qoyulmusdur.[1-5]. Er-Bi sistemini tadqigq etmok glin
onun oarintilori asagidaki tomizlik markasinda olan komponentlordan istifads edilmisdir. Er—
“Erbm-0, Bi-“B-4”markasinda. Orintilor icorisindo  havast  10-3mm.c.sut.  gadar
seyroklosdirilmis kvars ampulalarda bir temperaturlu sobada komponentlorin birbasa iisulla
aridilmasi ilo hazirlanmisdir. Torkibdon asili olaraq orintilor ~ 1100-1200K-do sintez
edilmisdir. Orintilordo homogenlik vaziyystinin yaranmasi {igiin onlar kvars ampulalarda
vakuum soraitindo mufel sobada, codvaldo verilmis temperatur rejimindo termiki emal
edilmisdir.

Cadval 1. Er-Bi sisteminin arintilorinin termiki emal rejimi

Torkibi, at % Bi Temperatur , K Zaman, saat Faza torkibi
0-60 1200 35 Er; ErBi
60-70 1150 30 ErBi ; ErBi>
70-100 500 40 ErBi> ; Bi

Termiki emaldan sonra sistemin btun orintilori fiziki-kimyoavi analiz tsullari- DTA,
YTDTA, RFA, MQA, homginin mikrobarkliyin vo sixligin toyini tsullar1 ilo tadgiq
edilmisdir. Orintilorin DTA analizi, Termoskan-2 markali pirometrdo 5 doroca doagigliklo
toyin edilmisdir. Bu halda Pt-Pt/Rh termocutindon istifado edilmisdir. Yiiksok temperaturlu
differensial termiki analiz BTA-987 markali cihazda, BYTY 51-681-75 markali arqon
muhitinds 1300-2500K temperatur intervalinda aparilmisdir. Termiki analiz zaman1 W-W/Re
termocutiindon istifado edilmis, +10 doroco doqigliklo toyin edilmisdir. DTA osason
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termoqramlarda komponentlorin 1:1 nisbatindo olan arintidon basga galan niimunalorin
termoqramlarinda iki endoeffekt miioyyon edilmigdir. Biitiin effektlor endotermik olub
donenlordir. 50at% torkibli nimunonin termoqraminda 1850K-do bir effekt alinmisdir. Bu
onu gostarir ki, sistemdo 1850K-do a¢iq maksimumla ariyan ErBi torkibli birlosmo omals
galir.(Codval 2)

Codval 2. Er-Bi sisteminin arintilorinin mikroboarkliyi

Torkib, at% | Termiki qizma Mikroborklik, MPa Sixhq,
Er Bi effektlori, K Er ErBi | ErBi; | Bi q/sm3
100 |0 1798
90 10 1500, 1700
80 20 1500 E VTEK TIKA
70 30 1500,1700
60 40 1500, 1800
55 45 1500, 1825
50 50 1850
45 55 1450, 1825
40 60 1450, 1830
33,3 | 66,7 1450, 1800
30 70 1450,1700 Olculmoyib
20 80 525, 1450 912
10 90 525,1100 912
0 100 544 912

Orintilorin RFA D2 Phaser vo Bruker D8 difraktometrinds (Cuka siialanma) 20-10-700
bucaq intervalinda tohlil edilmisdir. Ovuntu orintilorinin rentgenfaza analizi noticasinda
alinmig difraktogramlarin miiqayisasi aparilmisdir. Miiayyan edilmisdir ki, 50 vo 66,7 at% Bi
torkibli arintilorin difraktoqramlarinda alman refleklor ilkin maddslarin reflekslorindon tam
farglidir vo yenidir. Bu onu gostarir ki, sistemdo komponentlorin 1:1 vo 1:2 nisbatinds ErBi
Vo ErBiz torkibds birlogsmalor amals golir. Er vo ErBiz birlosmalorinin bozi kristallografik va
fiziki-kimyoavi xassalorini 0yronmak dcin, bu birlosmalor yenidon sintez edilmisdir. Sintez
1200K-ds birbasa ampula tsulu ilo aparilmigdir. Ovvalco temperatur 400K godor yavas-
yavas qaldirilmis vo homin temperaturda 1 saat saxlanilmis, sonra temperatur 1200K-o
qaldirilmis vo homin temperaturda 3-5 saat saxlanilmis, sonra iso sobanin temperaturu 1500K-
o godar qaldirilmis vo homin temperaturda da 5 saat saxlanilmis, soba sobokadon ayrilmus,
otaq temperaturuna gadaq soyudulmusdur. Sonra aruntilor ozilorak yiiksok tozyiqds sixilaraq
hob halina salinmis vo mufel sobasinda 1200K-do 35 saat termiki emal edilmis, sonra iso
nimuna yenidan azilorak toz halina salinmis, qgrafit putaya doldurularaq YTTA-da W-W/Re
termocut istifado edilorok 1850 K-do aridilmisdir. ErBi2 birlogsmoasi 1450 K-do inkongruent
ariyir.  NUmunalorin difraktoqramlarina osason onlarmn qofos parametrlori vo qurulus tipi
mioyyan edilmisdir. ErBi kubik singoniyada NaCl tipinds kristallasir, a=6,18A0. ErBiz iso
zombik sinqoniyada kristallasir, qofos parametrlori: a=5,83; b=3,15; ¢=7,89A0. Alinmis
noticalor odobiyyat molumatlar1 ilo tam uzlagir. Cilalanmis vo Sothi parlaglasdirilmig
orintilorin mikroqurulug analizi MUM-7 markali mikroskopda aparilmigdir. Analizin
naticasing asason miayyan edilmisdir ki, sistemdo 50 vo 66,7at% Bi torkibli numunalordir.
Qalan niimunalor iss ikifazalidir. Bu fakt siibut edir ki, 50 vo 66,7at% torkibdo ErBi vo ErBiz
birlogsmalori amalo galir. (sokil 1)
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Sakil 1. Er-Bi sistemi orintilorinin mikroqurulus analizinin naticalori: a)80; b)50;
C) 66,7; d)70; e)95at%Bi

Sistemin arintilorinin mikroborkliklorinin toyini mikroqurulusu dyronmok tgiin  hamin
tsulla hazirlanmig nimunolorin - mikroborkliyi TIMT-3 markali cihazda  aparilmigdir.
Olgmolor noticasinds 4 sira fargli giymatlor alinmisdir: 1650 MPA-Er metalina, 2150 MPa
ErBi, 1250 MPA ErBiz, 1250 MPA ErBi> birlosmasina va 912 MPA Bi metalina uygundur.
(Cadval 2). Orintilorin yuxarida qeyd edilon todgigindon alinan noticalora va oadobiyyat
molumatlarina osason Er-Bi sisteminin hal diaqrami qurulmusdur. (Sokil 2).
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Sokil 2. Er-Bi sisteminin hal diagrami

Sokildan gorunduyi kimi Er-Bi sistemi kvazibinardir. Sistemin likvidusu 4 fazanin ilkin
kristallasma orisindon ibarotdir: Er, ErBi, ErBi2 vo Bi. Sistemdo komponentlorin  1:1
nisbatinde 1860 K-do kongruent oriyan ErBi torkibli vo 1:2 nisbatindo 1450 K-do
inkongruent ariyan ErBi2 torkibli birlosmalor omalo golir. ErBi birlosmasi Er-la 20 at% Bi
torkibdo vo 1500K-do oriyan evtektika omolo golir. ErBi2 ilo Bi arasinda evtektika Bi
Uzorindo 525K-do kristallasir. Basqa sozlo evtektika Bi torafdon cirlasir.
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Xulasa
Fiziki-kimyavi analiz metodlarinin kdmayi ilo, o climladon DTA, YTDTA, RFA, MSA
vo mikrobarkliyin 6lgulmasi ilo Er-Bi sistemi todqigq edilmisdir vo sistemin hal diagrami
qurulmusdur. Sistemds ErBi va ErBi> birlosmoalori tapilmisdir. ErBi birlosmasi 1860 K-da
kongruent ariyir, ErBiz birlogsmasi iso 1450 K-do inkongruent ariyir.

Abstract
The Er-Bi system was studied by methods of physico-chemical analysis, including
DTA, DTA, RFA, MSA, as well as by measuring microhardness and density, and a diagram
of the state of this system was constructed. Compounds of the following compositions were
detected in the system: ErBi, ErBi>. ErBi compounds melt congruently at 1860 K, and ErBi>
incongruently at 1450 K.

AHM30TPONUS DJEKTPUYECKUX CBOMCTBA DKCTPYIHUPOBAHHBIX
OBPA3LOB TBEPJOI'O PACTBOPA BiogsSho s JETUPOBAHHBIX TEJIJTYPOM

npog. Tazuee M. M., npo.I'ynuee M.C., ooy.A6ounosa I'. /., [lupueea T. H., A6oynnaesa
HU. A., Anuesa X. @., Hcmuesa C.A.
A3zepoaiioncanckuit I'ocyoapcmeennwlit Ikonomuueckuil Ynueepcumem
Hucmumym ¢pusuxku HAH Aszepéaitorncana, baxy
e-mail: mail tagiyev@mail.ru

KuroueBble ci10Ba: TBEP/IbIN PACTBOP, OTHKUT, SKCTPY3HSI, aHU30TPOIIHS
Key words: solid solution, annealing, extrusion, anisotropy

AHM3O0TpOTIHBIE TepModJieMeHThl (ATD) HaxomAT NMpUMEHEHHUE B KaJOPUMETPUUYECKUX

YCTpOICTBaX U TEIJIOMEPaX, OTINYAsICh UCKIIIOUYUTEIHHO BBICOKUM OBICTPOJICHCTBHEM.

CrutaBbl Bi-Sb  TepMosnekTpuueckuii MaTepual ¢ CHJIbHO aHHU30TPOIHBIM JJICKTPHUSCKUM
CHEKTpOM 35IeKTpoHOB L 30HBI. IlosTOMy MexaHMYECKH MPOYHBIX SKCTPYIUPOBAHHBIE
o0pasiel  TBEpAbIX pacTBOpoB BI-Sh  sBISAIOTCS MEpCHEKTUBHBIM MaTEepPHAIOM TULST
co3manus ATD B cocTaBe pa3IMUHBIX AIEKTPOHHBIX MpuOopoB [1,2].

B cBs3u ¢ 6onblION MOJMBUKHOCTBIO HOCUTENEH W aHU30TPONUH (HU3UUYECKHUX
MapamMeTpoB BUCMYT M  CIUIaBbl Ha €r0  OCHOBE SBJIAIOTCS YHHMKAJIBHBIMU OOBEKTaMHU
UCCIIETIOBAHUS U MMPAKTUYECKOTO IPUMEHEHHS.

C uenplo BBISICHEHHMS BIMSHUS NPUMECEH Teulypa W OTKHMra Ha aHHU30TPOIHUIO
AIEKTPHUUECKUX CBOWCTB O3KCTPYAMPOBAHHBIX 00pa3lloB TBEpHOro pactBopa BiogsSho1s
MOJIy4€HBI AKCTPYAUPOBAHHBIE OOpa3llbl 3TOTO COCTaBa C Pa3IMYHBIMH KOHIEHTPAIUSIMU
MpUMecel TeJulypa U MCCIEN0BaHbl UX 3JEKTPONPOBOAHOCTH (G), K03 (PULIMEHTHI TepMO3C
(o) m Xomma(Rx ) B mapayuieslbHOM M MEPIEHANKYISIPHOM HANPABICHUH OTHOCHTEIBHO OCH
3KCTpy3uu B uHTepBaie ~77-300 K.

Jlo6Gapnenue Temtypa B kosnudectBe 107107 ar.% mccienoBaHHOMY TBepIOMY
pacTBOpY CYIIECTBEHHO CHMKAeT yJeNbHOE CONPOTUBJIECHUE (p) B MapajuIeIbHOM U
MEPHEeHIUKYIIPHOM  HampaBlIE€HUH  JIKCTPY3UHU  OTHOCHUTEIIBHO HEJIETMPOBAHHOTO
obpasua  BiogsSho1s. OcoOeHHO CHJIBHOE HM3MEHEHHE MPOUCXOAUT TPHU  HHU3KHX
TeMIreparypax, MpH KOTOPbIX IpeBaUpyeT  MpuMecHas mpoBoaumMocts. C  poctoMm
TEeMIIepaTyphl BIUSHUE TpUMeEced Telulypa Ha p ocialnsercs. AHAJIOTMYHOE BIIMSHUE
TeJUTypa HaOmonaercs U Ha koddduuuentsl Tepmodc (o) u Xosa (Ry).

C npyroit cTopoHbl, p 00pa3oB TBepAoro pactsopa BiogsSho s, 6e3 oTkura, npu
MajblX KOHIEHTpalUAX OoJiee YyBCTBUTENBHBI K MpUMecsaM Te, 4eM K OTOMXKCHHBIM
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oOpasumam. Bo Bcex cmydasx, nmpu ~77K TepMooOpaboTKa MPHUBOAUT K YMEHBIICHHIO
AIIEKTPOCOTIPOTUBIICHUS U POCTY Rx B mapamienbHOM U NEpHEeHAUKYISIPHOM HAIpPaBICHUSAX
ocu 3kcTpy3un. B oOpazuax c 0,1at.% Ttemnypa BiMsSHHE OTXHUIa Ha p, o0 U Rx cUiIbHO
ocnabmsiercs.

[Tpu skcTpy3un TBepAbIX pacTBOpoB BiogsShois o00pasyercs akcuanbHas Tekcrypa, T.e.
YacTh 3€pEH IMOJIMKPUCTAIIIA OPUEHTHPYETCS TaK, YTO WX TPUTOHAIBHAs OCh CTAHOBUTCS
napajyieIbHOW OCH JKCTpY3uu. B pesynbraTe miacTudeckoi nedopMamuyd MpH IKCTPY3UU
BO3ZHUKAIOT U Pa3JIMYHbIC NE(PEKTHl KPUCTAJUIMYECKON PEIISTKH OTICIBHO B3SATHIX 3€pEH,
KOTOPBI YyMEHBIIAET MMOJABWKHOCTb HOCHUTENIEH 3apsaja. [IpoMcXOmnT Takke U yBEIMYEHHE
KOHIICHTPAIlMM HOCHUTEIEH 3apsiia 3a cdeT 0Opa3oBaHMS DJICKTPUYECKU aKTHBHBIX IICHTPOB
Ha aedekrax. CTpyKTypHBIE W3MEHEHHs, BBI3BaHHBIE jaedopMalfeld, IpUBOIAT K PE3KOMY
W3MEHEHHWIO CTPYKTYPHO-UYBCTBHTEIBHBIX, B TOM YHCJIE  DJIEKTPUYECKHX ITapaMeTpPOB
KpHUCTaJIa.

IMIpu omkure o06pasnoB BiogsSho1s B HUX coBepimaercss peKpUCTALTU3AIMS, T.€
M3MEHEHHE XapaKTepa TeKCTYpbl[3] U yMEHbIIEHHE KOHIEHTPALlMU CTPYKTYPHBIX J€(PEKTOB,
YTO NMPHUBOJUT K POCTY MOJBWXHOCTH ([1) ¥ COOTBETCTBYIOIIMM HW3MEHEHHsSIM G, oL U Ry
(Tabmn.). He3nauutenpbHOoe M3MEHEHHE 0O IpPU OTKUIE CBUICTEIBCTBYET, O TOM, YTO
u3MeHeHne Ry mnpu omxkure  oOYyCIOBIEHO, B OCHOBHOM, HW3MEHEHHEM [apaMmerpa
XapaKTEPU3YIOIIETO MEXaHU3M PacCesHUS dJICKTPOHOB.

B HenermpoBaHHBIX M HEMPOUICHIINX OTKHT 00pa3lax G BO BCEM HHTEpBale
TeMIepaTyp B TEPHCHIUKYSIPHOM HANpaBI€HHH OCH OKCTPY3UH G. BBINIE, YeM B
napajyieIbHOM HampaBleHuH of|. [locme omkura  3TO COOTHOIIEHWE H3MEHSETCS Ha
oOpaTHOe, T.€. aHU30TPOMHS G MEHSET CBOM 3HaK. [IpM ManbIX KOHIICHTpAIUAX MPUMECEH
Te anmsorpornus ¢ mpu 77K B oOpasiax 6e3 oTKUATa, CHUIBHO OCIA0IsIeTCss. AHU30TPOTHEH
ob6maaroT Takke KodppuueHTsl o u Rx 00pa3IoB JIETHPOBAHHBIX TEILTYPOM.

N3-3a Toro, uro kpuctauibl cucteM BI-Sb mmeer crioucryio crpykrypy, aedexTsl,
o0Opa3oBaHHbIE TPU ITUIACTUYECKON JePOopMaIum, COCPEAOTOUEHBI TPEUMYILIECTBEHHO MEXIY
mockocTsimMu (111) kpucramioB. B pesynbrare, OTOXXKEHHBIX 00pa3liax, JerHpoOBaHHBIX
TEJUIypOM, D3JEKTPOHBI PACCEMBAIOTCS CUJIbHEE B MEPIECHIUKYISIPHOM HAIpPaBICHUU
SKCTPY3HH, YE€M B HAIIPaBJICHUU OCH JKCTpy3uH. [Ipu oTxure aedpopmanrioHHble 1edeKThI,
oOpa3oBaHHbIE MPU IUIACTUYECKON Aedopmaliy, SBISIONIMECS IEHTpaMU JUIsl JIEKTPOHOB
«3aJIeYMBACTCSA», G YHUCTBIX U JISTHPOBAHHBIX TEIUTYPOM 00pa3iioB BiogsSho 15, mpu ~77K B
HaIpPaBJIEHUU OCU SKCTPY3UU CUIIBLHO PACTET, U aHU30TPOIUS G MEHSIET CBOM 3HAK.

CrpykrypHble JnedekThl, OOpa3oBaHHbIE IPH OJKCTPY3UH, a TaKkKe, CO3JaBacMble
npuMmecsiMi Te mnpu OOJbIIMX KOHIEHTPAIMSIX CUIBHO YMEHBINAIOT | 3NEeKTpOHOB. [lpu
~77K  obpazen TBepmoro pactBopa BiogsShois, neruposanmsiii 0,001at1.% Te. sBmsercs
MPUMECHBIM TOJYIPOBOJHUKOM C 3JIEKTPOHHBIM THUIIOM TMPOBOJUMOCTU. B 3Toil oGnactu
npuMmecu Te, co3aaBas IOMOJHUTENbHBIE SJEKTPOHBI B 30HE MPOBOJUMOCTH. MPHUBOIAT K
ymenblieHuto p. [Ipu Beicokux Temmepatypax (~300K) oOpasubl TBepmoro pacrtsopa
BiogsSho,15  sBsIFOTCS  COOCTBEHHBIMH  TIOJIYITPOBOJHUKAMH, 3JEKTPOHBI, B OCHOBHOM,
pacceuBaroTCs Ha aKyCTHYECKUX KOJIeOaHHUAX PEIIETKH. .

CunbHoe BiusHUE TpuMecH Te Ha 3JeKTpUUeckue cBoiicTBa oOpasuoB mpu ~77K
OOBSICHSACTCS  HMX «YIOPSJIOYMBAIOIIMMY»  JCUCTBHEM Ha CTPYKTyphl cuctem Bi-Sb.
VBenn4yeHne KOHIEHTpauuu Te MNpUBOJUT YMEHBIIEHHIO 0, OCOOCHHO NpU HHU3KHUX
TeMIieparypax. B CHIIbHOJNErHpOBaHHBIX cIutaBax BiogsSho1s<Te> tepmosnc craHoBHTCS
aHM30TPONHOM. AHHU3OTPONHUS O MOXKET OBITh CBsi3aHA C HAIMYMEM HECKOJIBKUX
HEOKBUBAJIEHTHBIX JKCTPEMYMOB B 30HE IMPOBOJUMOCTH MJIM HECKOJBKUX MEXaHHU3MOB
paccessHUS ¢ Pa3IMYHOM aHU30TpoIuel BpemeHu penakcanuu. [losenenune Rx monrBepxaaet
HaJMuue OOJIBIIOTO JJIEKTPOHHOTO BKJIAAa B SIBICHWM TMepeHoca B oOpasnax BiogsSho s
<Te>.
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JlerupoBaHue TPUBOIWT K TMOHIKCHHUIO YPOBHS XHMHUYECKOTO IMOTEHIMANA BIIIyOb
BAJICHTHOW 30HBI, YTO TIPUBOJMT K W3MEHEHUIO aHWU30TPONUH P, OTHOCHUTEIHHO
HEJIEeTHPOBaHHOTO o0pasma. C pocToM TeMIiepaTypbl JJIMHA CBOOOJHOTO Mpodera 3apsioB
YMEHBIIIAETCS U BIIMSHUE aHU30TPONIMH TOBEpXHOCTEH DepMU HAa aHU3OTPOIUIO P BUCMYTA
u cruiaBax Bi-Sb ymensbiraercs.

Takum 00pa3oM aHHU30TPOIHS JICKTPUUCCKUX CBOMCTB 00pas3ioB BiogsSho 15, BbI3BaHa
TEKCTYpaoOpa3oBaHUEM BJIOJIb OCH IKCTPY3UU TpH IutacTudeckuii jepopmanmm. [Ipu aToM,
KOO (UIIMEHT aHU30TPOTUS 3aBUCHT OT KOHIIGHTpAIMH Te€ M OTXKUTa, 4TO 00YCIIOBICHO, B
OCHOBHOM, H3MEHEHHEM BKJaja B IIPOBOJMMOCTh PA3JIMYHBIX HOCHTEJCH 3apsma OT
COOTBETCTBYIOMUX DepMU-3KCTPEMYMOB.

Tabnwuna.
DJIeKTPUUECKUE ITapaMeTPhl SKCTPYAPUPOBAHHBIX 00pa3IoB TBEPOro pacTtBopa BiogsSho 15
B MMapaJIJICIIbHOM | MTEPIICHANKYIIPHOM HAMPABICHUHA OTHOCUTEIIEHO OCH KCTPY3UU

He oTosxeHHbIe 00pa3ubl

Cocrasbl o, Omlem? o, MkB/K Rx, em*/Ka U, em?/ B-c
77K [ 300 | 77K [ 300 | 77 [ 300K | 77K | 300K
K K | K
Bio,ssSho1s 2414 | 6456 | 172 | 94 | 14.| 0.97 | 34569 | 6262
32
" Bio,ssSho,1s 3025 |6287| 177 | 93 |13, | 1,13 | 41109 | 7104
2 +0,0001Te 59
5 Biog5Sho.15 5910 |6015| 161 | 98 | 11, | 1.22 | 67374 | 7338
2 +0,0005Te 4
= Biog5Sho 15 7354 | 6741 109 | 92 | 4.6 | 1.08 | 34343 | 7280
g +0,001 Te 7
= Biog5Sho.15 8210 |6255| 103 | 95 |89 | 1,19 | 73315 | 7443
= +0,005Te 3
Biogs5Sho.15 19585 |8617 | 11 | 30 | 01| 019 | 2937 1637
+0,1Te 5
BiogsSho 15 2735 | 7053 | 177 | 98 | 11.| 076 | 32218 | 5360
78
" Biogs5Sho.15 4231 [ 7230| 174 | 89 |14, | 1,03 | 60080 | 7447
é_ +0,0001Te 2
= BiogsSho.15 8921 |6222| 160 | 91 | 46| 1.03 | 41661 | 6409
i +0,0005Te 7
= Biog5Sho.15 7421 6890 | 102 | 90 | 42| 1.01 | 31539 | 6959
= +0,001 5
2 BiogsSho 15 9471 | 7483 73 | 67 | 42| 008 | 13165 599
& +0,005Te 5
BiogsSho 15 22057 | 9453 | 12 | 33 | 02| 001 | 5514 95
+0,1Te 5
Otox:KeHHbIe 00pa3ubl
BiogsSho 15 5230 | 752 | 18 | 95 | 265 | 1.43 | 13859 10754
5 0 | 1 5
3§ BiossShos 7574 | 658 | 15 | 88 | 23,6 | 1,43 | 17912 9412
= %  +0,0001Te 2 |1 5 5
e BiogsSho 15 7695 | 907 | 16 | 95 | 23.9 | 1.15 | 18444 10441
+0,0005Te 9 | 1 7 9
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Bio,s5Sho,15 6360 | 633 | 11 | 97 [ 9,71 | 1.52 | 61756 9622
+0,001Te 0 8
Bio,s5Sho,15 9861 | 733 | 11 | 89 | 51 1,3 | 5029 9541
+0,005Te 9 3 1
Bio,g5Sho,15 2007 | 866 | 9 20 | 0.14 | 0.14 | 2810 1213
+0,1Te 1 7
Bio,s5Sho,15 4308 | 582 | 16 | 87 | 217 | 0.75 | 9357 4365
0 9 2 0
2 Bio,s5Sho,15 7121 | 623 | 14 | 84 | 19,8 | 0,92 | 14099 5733
= +0,0001Te 1 9 6
= Bio,s5Sho,15 6785 | 811 | 16 | 91 | 20.8 | 1.08 | 14173 8762
= +0,0005Te 3 0 9 9
5 Bio,s5Sho,15 5158 | 580 | 87 | 101 | 7,8 1.4 | 40232 8121
= +0,001Te 1
= Bio.ssSho 15 9475 | 697 | 11 | 86 | 4,7 | 1,01 | 44533 7048
= +0,005Te 8 1
Bio,s5Sho,15 1851 | 854 | 7 | 19 | 0.03| 0.43 | 556 3675
+0,1Te 9 7
Jlumepamypa
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AHM3O0TPOIIUA JIEKTPUYECKAX CBOMCTBA SKCTPYJIUPOBAHHBIX
OBPA3IIOB TBEPJOI'O PACTBOPA Blog5SBo,15s JETUPOBAHHBIX TEJIJTYPOM

Tacuee M. M., I'yauee M.C., Aoounoea I /I., Ilupuesa T. U., Aooynnaesa U. A.,
Anueea X. @., Hemueesa C.A.
Pezrome

HccnenoBanbl BAUSHUS IpUMECEN TEIUTypa U OT’)KUTA Ha aHU30TPOIHUIO 3JIEKTPUUYECKUX
CBOWCTB 3KCTPYIMPOBAHHBIX 00pa3iax TBepaoro pactBopa BiogsSho,1s B unrepsaie ~77-300
K. BbisicHEHO, 4TO aHU30TPOMHMS JICKTPUUYECKUX MapaMeTPOB 3aBUCUT OT KOHILICHTpAIUU
Telypa U TepMooOpabOTKy, 4TO OOYCIOBIEHO, B OCHOBHOM, H3MEHEHHEM BKIaJa B
MIPOBOJIUMOCTh Pa3IUYHbIX HOCUTEJIEH 3apsAia OT COOTBETCTBYHOIIUX DEepMU-3KCTPEMYMOB.

STUDY OF ELECTRON TRAPPING CENTERS SURROUNDED BY A REPULSIVE
COULOMB'S BARRIER IN CdIn;Ss SINGLE CRYSTALS

PhD in Physics, Dosent Kadiroglu Zafar
Azerbaijan National Academy of Sciences, Institute of Physics, Baku

Keywords: electronic states (localized), photoconductivity, recombination and
trapping, optical quenching, photoluminescence, thermally stimulated currents, CdIn,Sa
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Introduction.Cadmium indium sulfide (CdIn.S4) is a semiconducting ternary chalcogenide of
A"B,""C,V! type. It has an indirect band gap energy E4' =2.28 eV at 300K. The CdIn,S; is an
attractive material with a potential capability for applications in photoconductors, solar cells
and light emitting diodes [1,2]. It has been shown that there are centers surrounded by
repulsive Coulomb barrier for the majority carriers in CdIn.Ss crystalsto. In the presence of a
repulsive center, only electrons with sufficiently high energies can overcome the repulsive
barriers. It may therefore be a noticeable increase in the capture cross section of charge
carriers with increasing temperature. Capture rate for repulsive barriers depends on
temperature as follows: Bo = Bo exp (- @ / KT), where o-is the height of the barrier , o - the
rate - of electron capture, Bo- the effective rate for trapping centers. In the case of the
surrounding barrier free carriers and the effective tunneling through the barrier, the
temperature dependence of the capture cross section described by the expression S ~ So exp
(- To / T), where T, - is a constant with the dimension of temperature. So, the study of
temperature effects on photoelectron processes seems to be powerful tool investigating the
parameters of repulsive Coulomb's barriers in CdIn2Ss single crystals. The main goal of the
present investigations was to study the influence of centers surrounded by repulsive potential
barrier on the photoelectron processes in CdIn,Ss single crystals.

Experimental methods.CdIn;S4 single crystals have been grown by gas transport method.
Samples were cut into plates of about 3x2x1 mm?® in size. Investigated samples have a
resistivity of about 10°+108 Q-cm, in the dark, and R gar / R 1ight = 102 + 10° ratio for a white
light with 200 Lx intensity at T=300K. Electric field applied to the samples does not exceed
20 V-sm. Experiments were carried out in the temperature region of 100+300 K, by steady
state method in the spectral range of 400+2000 nm, under various conditions of the optical
excitation. For TSC measurements samples have been kept in darkness and intensity has not
been applied. Samples are cooled up to T =110 K. Sample illuminations are made out at 110
K by light with energy more than band gap (hv > Eg) during the certain time. After turning off
illumination in order to create quasi-equilibrium state samples have been kept at 110 K for a
few minutes.

Experimental results.Fig.1 shows the TSC spectra obtained at different durations of
illumination. As it follows from the figure, TSC curves have two peaks with maxima at
Tm1=165K and Tm2=190K. Increasing the irradiation dose leads to an increase in the values of
the currents corresponding to the maxima of the TSC. In this case position of the maxima
does not change. If the sample was illuminated at room temperature, and then without
interruption of illumination cooled down to a T =110K, the third peak in TSC spectrum
appears in the region 200+250K. We investigated an optical quenching of the PC in the
presence of the secondary light beam of different wavelengths. It was found that the intensity
of the illumination and the temperature of the sample affect the magnitude of the optical
quenching. Fig.2 presents The temperature dependence of the PC optical quenching i=ipnh—iir,,
where ipn is the primary photocurrent, i.e. photocurrent passing through the crystal when it is
illuminated  from the region of intrinsic absorption, iir is the secondary current, i.e. current
when the sample is simultaneously illuminated from intrinsic and impurity regions. The
wavelength of secondary light corresponds to the maximum value of PC quenching A=850nm
(1.46 eV). The intensities of intrinsic and impurity lights were kept constant. Form of the
curve allows distinguishing of two temperature ranges: 100+200K and 200+250K.
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Figurel. TSC spectra of CdlIn,Ss single crystals
at different durations of illumination.
Increasing numbers on the curves denoted
increasing  exposure  time. Curves 1-3
correspond to illumination at 110K; curve 4
corresponds to illumination started at room
temperature and continued up to 110 K.
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Figure 2. Temperature dependence of the
photocurrent optical quenching i=iph—iir
Figure3. Thermal quenching of photocurrent at
different wavelengths of exciting light

Thermal quenching of PC has been investigated using intrinsic and impurity excitation
wavelengths. The results showed that the shape of the thermal quenching spectra is strongly
depending on the wavelength of the excitation light (Fig.3). New shoulder appears in the
temperature range 200+-250K under excitation with A =560 nm (curve 4).

It was established earlier that the (PL) spectrum is complex and consists of four individual
PL bands with maxima at about 1.89, 1.67, 1.45 and 1.35 eV. Taking into consideration that
in monopolar photosensitive semiconductors capture on slow centers is usually radiative, it is
earlier suggested that bands with maxima 1.67 and 1.45 eV are due to radioactive electron
capture on r- and m-centers of slow recombination. We investigated the thermal quenching of
PL intensity for 1.67 and 1.45 eV bands. PL intensity decreases with increasing the
temperature, and plateau appears in the 200+250K temperature region.

Discussion. If samples were illuminated at low temperatures (for example, about 110K)
from the region of intrinsic absorption these centers remain unfilled because they do not
appear in the TSC spectra. If the illumination was produced at higher temperatures, the
centers started to fill. With increasing the temperature and duration of illumination the
occupancy of these centers increases. Heating the preliminarily illuminated samples, electrons
are exempted from centers surrounded by a repulsive barrier, and peaks appear in the TSC
spectra in the 200+250K temperature region. Decrease of the quenching with increasing
temperature due to the fact that the thermal release of holes from sensitizing (slow) centers
starts with temperature. The changing of the character of the quenching in the temperature
range 200+250K can be explained by the releasing of electrons from trapping centers
surrounded by a repulsive barrier. Released electrons are transferred to the conduction band
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and as a result conductivity increases. These electrons are subsequently involved in the
processes of recombination. We believe that the appearance of a shoulder on the curve of
thermal quenching of photocurrent for excitation with A=560 nm is also associated with the
emptying of the centers surrounded by a repulsive barrier. Apparently, excitation with A=560
nm creates a favorable conditions for the filling of these centers. Released from the center
electrons are transferred to the conduction band and then they are captured by holes on
localized centers which are the centers of radiative recombination. As a result, decreasing of
the intensity PL slows down with increasing temperature in the region 200+250K.

Thus, the behavior of the spectra of the TSC, the temperature quenching of photocurrent, the
temperature quenching of photocurrent and the value of the optical quenching of photocurrent
in the temperature range 200 + 250K due to the release of electrons from trapping centers
surrounded by a repulsive barrier in CdIn,Ss crystals.

Conclusion. Have been investigated TSC, temperature dependence of optical quenching of
photocurrent, thermal quenching of photoconductivity and photoluminescence in CdIn,Ss
single crystals. It is established that centers surrounded by a repulsive potential barrier for
electrons plays important role on the photoelectron processes in CdIn,Ss single crystals
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STUDY OF ELECTRON TRAPPING CENTERS SURROUNDED BY A REPULSIVE
COULOMB'S BARRIER IN CdInzSs SINGLE CRYSTALS

Kadiroglu Zafar

Thermally stimulated currents (TSC), optical and thermal quenching of photocurrent
(PC), and thermal quenching of photoluminescence (PL) in CdIn,Ss4 single crystals have been
studied. The experiments are explained taking into account the existence of trapping centers
surrounded by a repulsive Coulomb’s barrier for electrons.

_ CdIn;Ss MONOKRISTALLARINDA iTOLOYICi KULON COPORLORI
ILO OHATO OLUNMUS ELEKTRON YAPISMA MORKOZLORININ TODQIiQi

Qadiroglu Zafor
CdIn2Ss monokristallarinda termostimuloedilmis corayan, fotocarayanin optik vo termal
iisulla sondiiriilmasi, habels fotoliiminessensiyanin termal iisulla sondiiriilmosi tadqiq
edilmisdir. Tocriibolor elektronlar iiclin itsloyici Kulon g¢opori ilo ohato olunmus yapigsma
markozlorinin mdvecudlugu nazors alinmagqla izah edilmisdir.

NCCIEJOBAHME HEHTPOB INTPUJIMITAHUA AJIA DJIEKTPOHOB,
OKPY>KEHHbIX OTTAJIKUBAIOIIIUM KYJIOHOBCKHUM BAPBEPOM B
MOHOKPUCTAJIJIAX CdIn2Ss

Kaowipoznot 3aghap

N3y4eHbl TEepMOCTUMYIMPOBAHHBIE TOKH, ONTHYECKOE M TEMIEPATypHOE TalleHUs
¢doTOoTOKA, a TaKKe TeMIepaTypHOE TyIIeHHEe (OTOTIOMUHECHEHIIMM B MOHOKpHCTaJIax
CdIn2Ss. DkcriepuMeHTbI OOBSCHSIOTCS CYIIECTBOBAHHEM IICHTPOB 3aXBaTa OKPYKEHHBIX
OTTAJIKMBAIOLIUM KYJIOHOBCKMM MOTEHIMAIbHBIM 0apbepoM ISl SJIEKTPOHOB.
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BJVSIHUE TEPMOOBPABOTKH HA DJIEKTPHYECKHUE CBOMCTBA Ge1,Six

Jlou. 3eitnanoe 3.M., oou. /[rcasaoos .M.
Ianoscunckuil I'ocyoapcmeennvtit Ynueepcumem

KnioueBble cjioBa: mpuMec, TOIYIPOBOIHUK, TEPMHUUECKas, 00pabOTKa, AIICKTPHICCKUC
CBOMCTBA
Key words: impurity, semiconductor, thermal, processing, electrical properties

Marast pacTBOPMMOCTb IIMPOKOTO Psiia TTyOOKMX IMPUMECHBIX LIEHTPOB TPU TOUKE TIABJICHHS
TIOJTY[IPOBO/THAKOB  JIETIAIOT KpalHe 3aTpyJHHUTEIBHBIM TIOJy4eHHE KPUCTAIUIOB, IPOBOMMOCTh
KOTOPBIX OOYCIIOBJIEHa TPEMMYIIIECTBEHHO aTOMaMM 3THX TpUMecel, BBEICHHBIMHA B Marepuanl B
MPOLIECCE BbIpAIlMBAHUS. PeTporpaHblil XapakTep pacTBOPUMOCTH TAKUX MPUMECEH IMPUBOJIUT K
TOMY, YTO PaCTBOPUMOCTb MX TIPH TEMITEpaTypax CKOJBKO HIDKE TEMITEPATyphl IUIABJICHHS MATPHITHI B
psiie CITydaeB Ha |1Ba Mopsika MPEBBIIIAET PACTBOPUMOCTD TpH T TuiaBiieHus [98]. bosbiias ckopocts
mddysun Cu, AQ, Au, S, Se, Te, M u Fe u oTHOCHTEIbHO OOJIBIIIAs PACTBOPHMOCTh MX HIDKE
TEMITepaTyphbl IUIABJICHHUS CIUIABOB CEIANN LIEIecO000pasHbIM BBeNieHHE UX B Ge1xSix M dy3noHHBIM
MeTo1oM. OTHAKO TIPH STOM BO3HHKAECT HEOOXOIUMOCTh N3YUeHUS! BIMSHUSI TEPMIIECKON 00paOOTKH
Ha 3JICKTPUYECKHE CBOMCTBA KPUCTA/LIOB. PaObOTHI B 3TOM HalpaBJIeHHUH IPOBOIIHCH Kak it Ge u Si
, TAaK 1 X TBEPIBIX pacTBOPOB (10 15 at% Si) (cm., Hanpumep [24, 25, 171-180]).

OGpasiel TBepabIX pacTBOpoB Ge1xSix I U P - THIIOB MPOBOJAUMOCTH C KOHIIEHTpaIei
MENKMX TPHMECHBIX IIeHTpoB mopsmka 10™ + 10 com® mocme Mexanmdeckoil NUMGOBKH W
XUMHYECKOTO TPABJICHHSI TO/IBEPTATIMCh TEPMUYUECKON 00pabOTKe B KBAPIIEBBIX aMITyllax B BaKyyMe.
M3orepmuaecknii omxur npooawics npu 700 + 950°C B teuenune Bpemenu ot 3-x 1o 500 ygacos.
OxutakzieHre 00pastoB MOCIIE OTKUTA MPOM3BOIIIIOCH OITyCKAHMEM aMITyJT B POTOYHY0 Boy. [Tocie
OKOHYAHHSI OT)KUTA 00pasilbl CHOBA NMUTH(OBAIICH M TIOABEPTAIMCH TPABJICHHIO C LEBIO YAAICHUS
BO3MOXKHBIX 3arpsi3HEHHH MTOBEPXHOCTH. BimsiHIEe TepMOOOpabOTKH M3ydanoch CpaBHEHHUEM U @ 0 U
ToCJIe TepMOOOPAOOTKH. Pe3ysbTarsl! MHOTOYMCIIEHHBIX SKCIIEPUMEHTOB TTOKA3bIBAIOT HA TOSIBIICHUC
JIOTIOJTHUTEIBHBIX  JICKXPOAKTHBHBIX IICHTPOB AaKIICTITOPHOTO Xapaktepa. KoOHIEHTpamwst 3THX
nentpo mopska 10% om® mpu Temmeparypax omxmra 800-850°C M mamaeT ¢ TOHWKEHHEM
TemIiepaTypbl. BO3HUKHOBEHHE TEPMOHMHITYIIMPOBAHHBIX AKIICITOPOB MOXKET OBITh 00YCIIOBJICHO KaK
00pa3oBaHMEM SICKTPOAKTUBHBIX CTPYKTYPHBIX JE(EKTOB B TIPOILECCE BHICOKOTEMIIEPATYPHOTO
ODKWTa, TaK W TPOHMKHOBEHHEM YY)KEPOIHBIX ObICTpOAMGMPYHIUPYIONMX aTOMOB B OOBEM
KpHCTaJlIa Yepe3 UX MOBEPXHOCTH. B Tabmuiie 5.1 Ha mpuMepe HECKOIBKUX 00pa3tioB Ge1xSix p U 1-
THIIA TIPOBOJMMOCTH TIPEJICTABIICHBI JAHHBIC, TOKA3bIBAIONIAEC BIMSHHE TEPMOOOPaOOTKU Ha
KOHIICHTPAILIMIO CBOOOJIHBIX HOCUTENICH M THI TPOBOJMMOCTH KPHUCTAUIOB. J[aHHBIC MOIydeHBI
n3MepeHreM R 1py KOMHATHBIX Temrieparypax. Kak BUIHO U3 TaOHIIbI, TIPU BBICOKHX TEMITEPATypax
OoDKHMra B 00pa3iax OTYETIMBO TIPOSBISIOTCS TEPMOMHIYIIMPOBAHHBIE IEHTPHI AKICIITOPHOTO
xapakrepa. B psge ciydaeB 3TO NPUBOJAMT K W3MEHEHHIO THUIIA IPOBOMMOCTH OOpasloB C
AJIEKTPOHHOTO Ha JILIPOYHBII.

Tepmudeckas KOHBepCHsI HAOJIOAAIACh U B YUCTOM T'€PMaHUU 35E€KTPOHHOTO TUMa. [Ipn
3TOM OBUIO YCTAHOBJICHO, YTO Takash KOHBepcHs uMeeT mecto B Ge u mpu Oosiee HU3KUX
TemmnepaTrypax oTxkura, BmiIoTh 10 550°C. IlpuueMm, KoHBepcusi OoJjiee BBIpaXeHa B
BBICOOMHBIX OOpasnax Ge. MccienoBaHue 3J€KTPHUECKUX CBOWCTB KOHBEPCHPOBAHHBIX
00pa31oB repMaHus MOKa3alo, YTO TEPMOAKLIETOPBI CO3/1at0T YPOBHH, pactiosnokeHHsle Ha .04 3B
BBIIIIE BEPXHETNO Kpasi BaJICHTHOM 30HbI Kpuctawia [181]. ITo3aaee o Takoil ke SHEpruM aKTUBALU
TEPMHYECKHX aKLIETTTOPOB COOOLIAIOCH B psijie padoT IPYrux aBTOPOB.

CpaBHeHue 3Hepruil akThBalMy, kod(uimenToB Mdpdy3nn 1 3aBUCUMOCTEN KOHIIEHTPALH
akuenTopoB oT T 0TKHUra, ¢ apamMeTpamMy PasiIMIHbIX PHMeceii B repMaHuH MPUBEJIO K 3aKITFOUEHHIO,
YTO OTBETCTBEHHOM 3a TEPMHMYECKYIO KOHBEPCHIO 3JIEKTPOHHOIO IFepMaHus B psiie paboT sBIseTCs
Me/Tb, TIOTIA/TAIOIIAst HA TIOBEPXHOCTH 0OPA3IIOB MPH MX 00palboTKe.

AgTOpHI pabots! [182] coolmraroT, 4To eciu MoBepraTh TepMooOpPabOTKe KPUCTAIT TepMaHHs
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HE BBIHMMAs €r0 U3 YCTAaHOBKH, B KOTOPOW OH BBIPALIMBAICS, TO TEPMOAKIICITOPbI HE BO3HUKAIOT U
COTIPOTUBJICHHE 00pa3lia He M3MEHseTCs. TepMuyuecKasi KOHBEPCHsI 00pas3LoB MPOMCXOHUT TOJBKO B
TOM Cllydae, KOrja Iepell OTKUATOM oOpasell MOJBEpPracrcsi MPOMBIBKE .TPABJICHHIO WM JIPYTHM
MaHumymsiusiM. B pabore  [183]  TepmooOpabOTKy TpOM3BOMIIA HA 00paslax TIepMaHus,
TIOJIBEPTHYTHIX OYEHb TIIATENHHOM MOBEPXHOCTHON OUMCTKE M B BBICOKOM Bakyyme ~107 MM pr.cr.
[Tocne m3otepmudeckoro omkura mpu ~800°C KOHIIEHTpaIWsl BO3HHUKIIIMX AKIIEITOPOB COCTaBMIIA
~1-108cm®, T.e. 3HAUMTENBHO HIDKE, YeM B APYruX padoTax. [Tpi 5TOM aBTOPBI OTMEYAIOT, YTO JIAKe B
STHX YCJOBHSIX BOCIIPOM3BOAMMOCTE B KOHIIGHTPAIMHM AKLENTOPOB OTCYTCTBYET. ITOT (pakT
CBUJIETEIILCTBYET O TOM, YTO JIXKe HAHICHHYIO MUHUMAIbHYIO KOHLICHTPALIMIO HE CIIETyeT OTHOCHTD K
nedeKraM M OHa CKOpee OTHOCUTCS K TIOBEPXHOCTHBIM IPUMECSM,, JU(GGyHIMpyommM B 00beM B
TpoIIecce OTXKUTA.

BrlieykasanHple  TUTEpaTypHBIC JAaHHBIC TIO3BOJIIOT TPEANOJarath, 4YTO MPUIHHON
MOSIBICHUSI ~ TEPMOAKIENTOpOoB B cmaBax  GenSix  SBIAETCS  NPUMECh  MEIH,
mayHaupyIOmas ¢ TOBEPXHOCTH KpPHUCTAJUIA B TIPOIECCE HM30TEPMUYECKOTO OTXKHUTA.
[ToaTBep)A€HUEM 3TOTO TMPEANOJIOKCHHS SBISIETCS COBIAJACHUE OJHEPTHA aKTUBAIUU
TEPMOAKIENTOPOB B KpucTaiuiax 1 GeixSix ¢ pa3IMYHbIM COCTABOM C SHEPTHE CBSI3U MEPBOTO
aKIENTOPHOTO COCTOSIHMSI MEIW B COOTBETCTBYIOIIMX COCTaBax Marepuaia. [IpuMeHeHue
Pa3IL.UHBIX CIOCO00B isi 0ojIee TTyOOKOW OYHMCTKH MOBEPXHOCTH 00pastioB GeixSix W amIyil, B
KOTOPBIX TPOHM3BOIMIICS OTXKUI TIPHBEIO K TOMY, YTO KOHIICHTPAIWsI TEPMHUYECKUX aKIECITOPOB
OCTaBaJIaCh TOCTOSTHHOM B Tipenenax ~30%. D3To TO3BOJSET CUMTaTh, YTO OCHOBHOE KOJMYECTBO
npuMecr Memu JUG@PyHAMpYeT B 00pasilbl HE BCIENCTINII 3arpsi3HEHUST MX TIOBEPXHOCTH, a B
pe3ynbTare npetida n3 oobeMa KBapia B KPUCTAILI, Yepe3 TIOBEPXHOCTH CONPUKOCHOBeHMsL. K TakoMy
YK€ pe3yJSIbTaTy MPUIILIA U B [25] u3ydas 3aBUCUMOCTh KOHIIEHTpAIMK TEPMOAKIIETITOPOB B CILIABAX
Ge1xSix OT BpeMEHH OT/KHTa.

JInist mpeaoTBpaIlieH s TTOTIaIaH|sT HEKOHTPOJIMPYEMBIX OBICTpOU((yHIMPYIONHX TIpUMecei B
obpasiel  Ge1xSix w3 o0beMa KBapia MPH OTKHIE, TMOCIEAHHE MOMEIIAMCh B KOHTCHHEP
IUTMHAPIYECKOH (OPMBI M3 CIIEKTPATBLHO YUCTOTO TpaduTa, KOTOPHIA 3aTeM pas3Meliaics B
KBapIeBoil ammyne. Kak mokasam pe3ylbTaThl MHOTOYHCIICHHBIX OITBITOB B 3TOM HaIpaBJICHUH
AJIEKTPUYECKUE CBOMCTBA KPUCTALIOB TMOCIE TEPMOOOPAOOTKM B OSTHX YCIOBUSX MPAKTUUCCKU
OCTAOTCSl HEM3MECHHBIMU. YUUTBIBAsI 3TO OOCTOSITENIECTBO JICTUPOBAHKE OOpa3IOB MCCIICIYeMBIMU
ObIcTpo M GYHAUPYIO IIUMH IPUMECSIMU TIPOU3BO I IMEHHO B 9THX YCIIOBHUSIX.
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BJUAHUE TEPMOOBPABOTKH HA DJIEKTPUYECKUE CBOMCTBA

Mou. 3eitnanos 3.M., oou. 3.M. /casados
Ianoscunckuit I'ocyoapcmeennwiit Ynueepcumem

Jnst ipenoTBpartieHyst moraaHysi HEKOHTPOIUPYEMBIX ObICTPO I YHAMPYIONINX MIPUMECEH B
obpasibl Ge1xSix W3 o0beMa KBapua TpPU ODKHIE, TOCICIAHHE MOMEIIAINCh B KOHTCHHED
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ITMHAPUYECKONH (OPMBI M3 CIIEKTPATBHO YUCTOTO TpaduTa, KOTOPHIA 3aTeM pasMeliaics B
KkBapLeBor amiryne. Kak mnokazaim pe3yabTraTbl MHOTOYHCIIEHHBIX ONBITOB B 3TOM HAIpaBJICHUU
AIEKTPUYECKUE CBOIMCTBA KPUCTALIOB MOCIE TEpMOOOPAOOTKM B ITHX YCIOBUSIX HPAKTUUECKU
OCTalOTCSl HEM3MEHHBIMU. YUUTBIBAS 3TO OOCTOSTENLCTBO JIETMPOBAHKE OOpa3IoB MCCIEIYEMBIMU
ObICTPO (DD YHIUPYFO IIMMHU TIPAMECSIMH TTPOU3BOIHIIA UIMEHHO B 3THX YCIIOBHSIX.

EFFECT OF HEAT TREATMENT ON ELECTRICAL PROPERTIES

As.pr. Zeynalov Z.M., As.pr. Cavadov E.M.
Ganja State University

To prevent the ingress of uncontrolled rapidly diffusing impurities into Gel-xSix
samples from the bulk of quartz during annealing, the latter were placed in a cylindrical
container made of spectrally pure graphite, which was then placed in a quartz ampoule. As
shown by the results of numerous experiments in this direction, the electrical properties of
crystals after heat treatment under these conditions remain practically unchanged. Considering
this circumstance, the doping of the samples with the investigated rapidly diffusing impurities
was carried out precisely under these conditions.

HOBBIH B3TJISII HA SIBJIEHASI TEPEHOCA B KPUCTAJLJIAX TlInSe,

Yo0.p.m.n. Anuee B.A., %0.¢p.m.n., Hoguroe B.IL., *00ou. Pycmamoe B./[»c., \Omepoe H.B.
"Unemumym puszuxu HAH Azepéaiioncan
2HIII] no mamepuanoeedenuio HAH Benapyco
Sranoncunckuit F'ocyoapcmeennwiit ynugepcumem, Azepoaiidycan

KinwueBbie cji0Ba: TMOJYyNPOBOJAHUKH, SBICHHUS TEPEHOCA, BJIEKTPONPOBOIHOCTD,
HOHHAasd IMPOBOJUMOCTDL, aHU30TPOIIUA

Key words: semiconductors, conduction phenomena, electrical conductivity, ionic
conductivity, anisotropy

Tpoiinele xanpkoreHnmsl rpymmsl  ASB3CS;  cocrapmsror Gonbmioe cemeiicTBo
KPUCTAJJIOB CO CJOUCTOM U CIOHMCTO-IETIOYEYHON CTPYKTypoH. DTH KpHUCTaJUIbl ObLIN
OTKPBITBl U 3asiBICHBl KaK HOBOE CEMEHCTBO COEAMHEHUH C MOJYINPOBOJIHUKOBBIMU
cBoiictBamu B 1967 rony. Ilpuopurer B HX OTKPBITUM MPUHAICKUT COTPYIHUKAM
HNucturyra dusukn HanmonanpHOW Akanemun Hayk AsepOaiimkana [1].

SpkuM mpeAcTaBUTENEM JaHHOM TPYIIBI SBJIAETCS CIOUCTO-LIETIOYEYHbIE KPUCTAILIBI
TlinSez. Kpucramibl UMEIOT CIOUCTO-ICTIOUEUHYIO CTPYKTYPY U XOPOIIO CKAJIBIBAIOTCS IO
JIBYM B3aWMHO-TIEPIEHAUKYISIPHBIM TUIOCKOCTSIM. YHHKAJIbHAS KpUCTANIMYECKas: CTPYKTypa
KpPUCTAIIJIOB MO3BOJISIET PelIaTh CIOXKHBbIE TEXHUYECKHE 3aJaund 0e3 HEeOOXOJMMOCTH PE3KH,
HUTH(OBKH U MOJMPOBKH KPUCTAJIIOB.

Hamu cucremartuyeckre WCCIIEAOBAaHUSA HM30CTPYKTYPHBIX KpucTtamuioB TlInSey,
TIGaTe, u TlInTe2 mo3Bosniin 0OHAPYKUTH B HUX MHOXKECTBO TAKUX HEOOBIYHBIX CBOWCTB:
CTPYKTypHBIE (ha30BbI€ MEPEXO/Ibl, BKIIOUAs MEPEX0/ibl B HeCOU3MepuMyto (azy [2]; noHHas
IPOBOJUMOCTh,  A(PQEKTbl  MmamMATH  Npd  NOPOTEKAaHUHM  TOKA,  OTPULATEIHHYIO
middepeHInanbHyI0  TPOBOJUMOCTb, 3(QeKThl mnepekiaoueHus [3]; oTpunarenbHas
¢doTonpoBoAMMOCTS [4]; TemnepaTypHOe rameHue (GoTonpoBOIUMOCTH [S]; MHAYLHPOBaHHAS
ANIEKTPUYECKUM T0JIeM (OTONPOBOAUMOCTD [6]; TUTAaHTCKUH Mbe30pe3uCcTUBHBIN 3 ekt [7];
¢doroaxycTrueckuii 3¢ ekt [8]; aHu30TpONUS HNEKTPOIPOBOIHOCTH [9].

BaxHbIM sBIIsSeTCS TO 0OOCTOATENHCTBO, UYTO B OJHOM COEAWHEHHHM COCYIIECTBYIOT
HECKOJIBKO TaKUX CBOHCTB. DTO OOCTOSITEIHCTBO IO3BOJISIET CO3/laBaTh Ha HX OCHOBE
BBICOKOYYBCTBUTEIIBHBIC JATYNKU PA3IUIHOTO (PYHKIIMOHAIBHOTO HasHadeHus [10-13].
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Takum 00pa3oMm, POBEACHHBIN BHINIC aHATM3 HAIUX IMyOJIMKAIUN IMOKA3BIBAET, YTO
kpuctauibl T1INSe> MHTepecHbl Kak ¢ TOYKH 3pCHUs (PYyHIAMEHTAJIbHBIX HMCCIICIOBAHUN B
o0nacTi (GU3UKHU TBEPJOTO TEJA, TAK U KaK MEPCIEKTUBHBIN MaTepual JJIsi CEHCOPOB.

B [3] Hamm ycTaHOBIIEHO, YTO IMPOXOXKACHHE MOHHOrO ToKa B Kpuctamiax T1InSe;
MPUBOJUT K HM3MCHCHHIO KOHICHTPAIMU TAJUTHS B TMPUAICKTPOJHBIX 001acTX. DTOT (PakT
TOBOPUT O TOM, YTO BO3MOXKHO YIIPAaBICHHUE CBOWCTBAMH COCIUHEHUH TPYIIBI  ITyTEM
HOHHOTO MEPEHOCa, 3a CYeT OOHAPYKEHHOW B HUX MpOBOJMMOCTH 1o Wonam TI°. B
pe3yibTaTe MOHHOTO IEPEeHOCAa HM3MEHSIETCS CTEXHOMETpPHUsS, W KaK CJIEJICTBHE, MEHSCTCS
AJIEKTPOHHAS IMPOBOJAMMOCTh KpucTaiuia. Kpome Toro, W30BITOYHBIE HWOHBI MOTYT
WHUIIMUPOBATh Kackaa (ha30BBIX IEPEXOJIOB 3a CYET OOpa30BaHUsS YMOPSJOUYCHHBIX CBEpX-
pemérok. KoHTakTel Mexay da3zamu B 00beMe MOHOKPHUCTAJIA, BOZHUKAIOIINE B PE3YIIbTaTe
dopmupoBarust (pa3 MOTYT UIpaTh poOJb HEIWHEHHBIX DIIEKTPUYCCKHX DJIEMEHTOB.
Bo03MOXXHOCTh TaHHOTO SIBJICHHS TIOJITBEPKAAeTCS HaMu B pabote [3], B KOTOPOIi MoKa3aHo,
9TO MPOXOXKJIECHHH TOKA COTPOBOXKIAETCS CTYNMEHYATHIM M3MEHEHHEM 3JICKTPOTIPOBOIHOCTH
moHokpuctaiia TlInSe,.

JlanHasi paboTa TOJOXHIO HAa4yaJO0 HOBOTO TMOJXOJAa B HMHTEPIPETAIMH paHee
oOHapyXCHHBIX (U3nUeCKuX cBOMCTB kpuctamuioB T1INSe; u TlGaTes.

B./I.PycTamoB u apyrue, emuie B 1976 roay o6Hapykuiu GpoToBosibTandeckuii 3pdext u
BBICOKYIO TEH30YYBCTBHTEJIBHOCTh B KpucTaiiax 11InSez, koTopwle  yIpaBIsuIHCh
aAKyCTHYECKUM W CBETOBBIM BO3JICHCTBHEM. JTH Pe3y/IbTaThl BIIEPBBIC OBLIN OIMyOIMKOBAHBI B
JBYX cTathsx [7, 8].

Hamu mocnenyronme nccneqoBanus moka3aim, 9To oOHapykeHHbie B 1976-1977 rogax
3¢ dexTr, OBITM Ha3BaHBI U MHTEPIPETHPOBAHBI HEMpaBWIbHO. B mepBom ciydae [8], Obur
oOHapy)XeH »5.1.C. TPU OJHOBPEMEHHOM BO3JCHCTBMM CBETa M aKyCTHMYECKHUX BOJH Ha
kpuctaisl  T1InSe2.  CormacHo CyIIECTBYIOIIMM  MIPEACTABIACHHUAM, (POTOAKYCTHUESCKHIA
3¢ deKT — 3T0 KoT1a Mo BO3ACHCTBUEM CBETA HA KPUCTAIEe MOSBIISIFOTCS 3BYKOBBIE BOJIHEIL. B
ciydae kpuctauioB TlINSe; omHOBpeMeHHOE BO3JCHCTBHE CBETa M aKyCTHUYECKHX BOJIH
HHIyIHpYeT 7.a.c. Bo BTopom cmydae [7], Obul OOHapyKeH aHAJIOTHYHBIA d(hdexT
BO3HMKHOBEHHUS 3.J.C. IPU OJTHOBPEMEHHOM BO3JICWCTBUM CBETA U OJTHOOCHOM JedopMaiuu.
dakTruecku HAOIIOIAICS HE ThE30PE3UCTUBHBIN (D PEKT, a TEH30PE3UCTUBHBIN ID(DEKT.

B oboux cnyyasx, 6e3 akyCTHUeCKOro Wid J1e(hOopMalMOHHOIO BO3ACUCTBUS 3.1.C. HE
oOHapyXHBaeTcs, T.€. aKyCTHUeCKOoe M Je(pOpMalMOHHOE BO3JEHCTBUE UTPaeT POiH 3.1.C.-
3aTBOpa 3amycKa.

Ho, Bce, Bblllle omucaHHbIE PE3YylbTAThl, MO Ceil JE€Hb, OJHO3HAYHO OOBSCHUTH HE
ynainocb. OOHapyxkeHHble 3((deKkTbl He ObUIM HUCHOJIB30BAaHBI B MPHUKIAIHBIX IIEIIAX.
Vkazanubie 3G HeKThl B M30CTPYKTYPHBIX KprcTaiax TlGaTe,, BooOIie He HCCIeI0BAHCH.

CoyeraHre HOHHOTO MEPEHOCA U MOTYIIPOBOIHUKOBBIX, (POTOANEKTPUIECKIX CBOHCTB B
kpuctauiax T1InSez co3maer MpearnochUIKd BO3HUKHOBEHHS B MaTepHalie HEIHHEHHBIX
3¢ deKToB, TakUX, HampuMep, Kak HHIYLHUPOBAHHBIX H3MEHEHUEM cocTaBa (a3oBbIMU
nepexoiaMu, aBTOKOJeOaHWs ToKa TMpU NOJSpU3aluu  Kpuctamia. OTH A eKTs
MIPEJICTaBJISAIOT OOIIEHAYYHBIH HHTEPEC KaK YacTh SIBJICHHUI CaMOOPTaHU3aI[MH M HEIMHEHHBIX
3¢ (dEKTOB B TBEPABIX TENaX.

JlaHHBIE TIO HMCCIEOBAaHUI0O HOHHOTO TMEpPEeHOCa MOTYT YYHMTHIBATHCS MPH CO3JIAaHUU
¢dboTo- U TeH304aTUMKOB. Kpome TOro, MOHHBI TEPEHOC MOXKET HCIOIb30BATHC IS
W3MEHEHUS U ONTHUMH3AIMK CBOWCTB MaTepHala C IEeNbI0 ONTHMHU3AIUN UX XapaKTEPHUCTHUK.
Pesynbratel mccnenoBaHui MPOEKTa MOTYT OBITh MPUMEHEHBI B HU3KOBOJBTHOW OMTO- H
(OTOINEKTPOHHKE, HAHOTEXHOJIOTHSIX, M3MEPEHUU CBEpXMaJbIX HeGopMaruii, a TakkKe B
ITUPOKOM CTIEKTpPEe MPUIIOKEHUN aBUaKOCMHUYECKOM OTpaciu.

3a mpoineamue rojibl Mbl MOJYYHIM MHOXKECTBO MMAaTEHTOB HA Pa3JIMYHBIE YCTPOMCTBA
Ha OCHOBE JIETMPOBaHHBIX KpuctaiwioB TlInSe;. Omnako, Bompoc CyTH OOHApy)KEHHBIX B
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1976-1977 romax »ddexToB ocrtaercs TaitHo#l. [Ipomomkas mcciegoBaHus, Mbl HAMEPEHBI

NOJHATh 3aBeCy Haja TaitHo# KpuctayuioB T1InSe; m paspaborarh MOIYNPOBOJIHUKOBBIN

HCTOYHUK HAIIPSDKEHUS ¢ aKyCTUYECKMMH M TEH30METPUUECKUMU 3aTBOpaMH [ 14].
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HOBBI B3I'JISA 1 HA ABJIEHUSI IEPEHOCA B KPUCTAJLUIAX TlInSe,

Anuee B.A., Hoeukoe B.I1., Pycmamoeg B./Dc., Omepoe H.B.
Pezrome

B cratee B XpOHOJOTMYECKOW MOCIEAOBATEIBHOCTH aHAIM3UPYIOTCA PE3yJbTaThl
HCCIICIOBAHUS SBJCHUS JJIEKTPOIEpeHoca B MOHOKpHucTaiax 11InSe;. Ycranosieno, 4urto
3JIEKTPOINPOBOHOCTD ATHUX KPUCTAJIOB MMEET CMEIIAHHBIA AJIEKTPOHHBIA W HMOHHBIA THII
NpoBOAUMOCTH. [IpoXO’KJIeHHME HMOHHOrO TOKa B KPUCTAJIaX MPUBOJAUT K H3MEHEHHIO
KOHILIEHTPALlMM TauIUs B TMPHUANIEKTPOJHBIX 0OnacTsax. V30bITOUHBIE HWOHBI MOTYT
WHUIMUPOBATh KackaJ (ha30BBIX MEPEXOJ0B 3a cueT oOpa3oBaHMs YHMOPAJOUYEHHBIX CBEPX-
pemérok. Konraktel Mexay (azamu B 00beMe MOHOKpHCTaIAa, BOSHUKAIOIIUE B PE3YyIbTaTe
dbopmupoBanust (a3 MOTYT UrpaTh poJb HEIHMHEHHBIX DIIEKTPUYECKHX DIEMEHTOB.

B03M0XXHOCTb JaHHOTO SIBJIEHUS MOATBEPKIAETCA UCCIEA0BaHUSIMU aBTOPOB.

TlinSe; KRISTALLARINDA ELEKTRIKKECIRMO HADISOLORINO YENI BAXIS

Aliyev V.O., Novikov V.P., Ristamov V.C., Omarov N.V.
Xulasa
Mogaloda TlInSe, kristallarinda elektrikkegirma hadisalorinin tadgigindon alinmis
naticalor xronoloji ardicilligla tahlil olunur. Bu kristallarda elektrikkegirmonin qarisiq tipli,
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hom elektron, hom do ion tipli oldugu miisyyan olunmusdur. Bu kristallarda ion corayani
kecdikda elektrodun yaninda talliumun konsentrasiyasi doyisgir. Nizamlanmuis ifrat-gofoslorin
yaranmasit naticasinds bu olave ionlar faza kegidlori kaskadinin yaranmasmni stimullagdira
bilor. Kristalin hacmindoki fazalar arasindaki tomaslar geyri-xatti elektrik elementlori rolu
oynaya bilor. Bu hadisonin mimkinluyt maolliflor torafindon eksperimental olaraq subut
edilmisdir.

A NEW VIEW ON TRANSFER PHENOMENA IN TlInSe; CRYSTALS

Aliyev V.A., Novikov V.P., Rustamov V.C., Omerov N.V.
Abstract

The article analyzes in chronological order the results of studying the
electroconductivity in TlInSe, single crystals. It has been established that the
electroconductivity of these crystals has a mixed electronic and ionic type. The passage of an
ion current in crystals leads to a change in the concentration of thallium in the near-electrode
regions. Excess ions can initiate a cascade of phase transitions due to the formation of ordered
superlattices. Contacts between phases in the volume of a single crystal, which arise as a
result of the formation of phases, can play the role of nonlinear electrical elements. The
possibility of this phenomenon is confirmed by the research of the authors.

INn,Tes VO InTe OSASINDAKI BOZI BORK MOHLUL TORKIBLORINDO
KIMYOVI OLAQONIN TOBIOTI

obilov C.1., tex.e.d., Hasanova M.S., f.-r.e.n., Qastmova E.K., fiz.f.d.
Azarbaycan Texniki Universiteti, Baki sah.

Acar sozlar: bark mohlul, kimyavi alags, mikrobarklik, fonon istilikkeciriciliyi
Key words: solid solution, chemical contact, microhardness, phonon thermal

conductivity

Molumdur ki, A2"'"TesV! tipli birlosmolorinin bozilori kubik (sfalerit) kristallik qurulusa
malikdirlor vo onlarda sp? hibrid olage mévcuddur. Lakin normal tetraedrik fazalardan forgli
olarag, bu sinfin nimaysndisi olan In2Tes birlosmosinds kation sobokasinin 1/3-nin
bosluglardan, yani vakansiya tipli defektlordon ibarstdir. Belo defektlor In,Tesz birlosmasi ilo
yanast onun asasinda askar edilon bark mohlul kristallarinda da 6z mévcudlugunu va tabistini
saxlayrr [1]. InTe-da iso defektlor dislokasiya tobistlidir vo onlarin xassalora tasiri
nozaragarpacaq dorocadadir. ©vvalki todqiqatlarimizda (InzTes)1x(CrsTes, CosTes)x bork
mohlul arintilorinds kimyavi slagenin tabisti aydinlasdirilmis vo gostorilmisdir ki, (InoTes)s-
x(CraTes)x bark mohlullarinin torkibinds CrsTes-iin konsentrasiyas1 artdigda orintilords
kimyavi alagsnin glict zsiflayir [2]. In2Tes-CosTes sistemindaki bark mshlullarda iss tarkibde
CosTes -iin miqdar1 artdigca kimyavi alagonin kovalentlik doaracasi azalir. Belo notica fonon
istilikkeciriciliyinin &y, mikrobarklikdon H, asililigina gora ¢ixarilmisdir , ¢iinki odobiyyatdan
molumdur ki, [3] analoji asililiq kristallarda kimyavi olagonin gostericisi sayilir. Digor
torofdon, fonon istilikkegiriciliyi maddonin kristallik qurulusunun miikommolliyinin
doracasini mloayyanlosdirir. Homcinin, askar edilmisdir ki, 3d elementlori sirasinda Xromdan
kobalta, sonra da nikelo dogru goldikds d-orbitinin kdmayi ilo elektronlarin kompensasiyasi
(tarazlagsmasi) bas verir ki, bu da kobaltla olan orintilords kimyavi slaganin kovalentlik
daracasinin zaiflomasine sabab olur.

Bu islorin davami olaraq torofimizdon asqarsiz InoTes vo InTe birlosmalarinds, eloco do
onlar asasinda alinmis bozi bork mohlul tarkiblorinds tadqiqatlar aparilmisdir ki, onlarm da
noticalori qisa olaraq bu molumatda isiglandirilir. Fonon istilik kegiriciliyinin
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mikroborklikdon asililigi  (Inz2Te3)1x(CdoeZno,1Te)x bark mohlullarinda yerin yetirilon
todgigatlarin naticalori sokil 1-do verilmisdir. Burada da InzTes-Un torkibinds ikinci
komponentin miqdart ¢oxaldiqca, mikroborkliyin artmasi ilo fonon istilikkegiriciliyinin
azalmasi prosesi bag verir. Yani, bu bark mohlullarda da kimyavi alagonin gucunin zaiflomasi
miisahido olunur. &~ f(H,) asihgindaki dayisilmanin tobioti InTe asasinda askar edilon bark
mohlullarda da 6ziins yer tapir.

Saokil 2-do (InTe)1x(CuCraTes)x Vo (INTe)1x(Cu2ZnSnSs)x bork mohlul torkiblorinin
fonon istilikkegiriciliyinin mikrobarklikdon asililigi gostorilmisdir. Hor iki sistemdoki bark
mohlullarda mikrobarkliyin artmasi ilo fonon istilikkegiriciliyinin azalmasi prosesi bas verir.
Yoni bu bark mohlullarda da torkibds ikinci komponentin artmasi ilo InTe birlosmoasi ilo
mugayisada onlarda kimyavi slaganin guciinin zaiflomasi bas verir.
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Sakil 2. (InTe)1-x(CuCr2Tes)x Vo (INTe)1x(Cu2ZnSnSa4)x bark mahlul tarkiblarinds fonon
istilikkeciriciliyinin mikrobarklikdon asihiliglar:

Beloliklo, torkiblori forgli olan bark mohlullarda kimyoavi slagenin giiciiniin azalmasi
onu gostorir ki, bu bark mohlullar, osasinda yarandiglar1 In;Tes vo InTe birlosmolori ilo
migayisada gismon stabil fazalardir.
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In;Tes VO InTe OSASINDAKI BOZi BORK MOHLUL TORKIBLORINDO
KiMYOVi OLAQONIN TOBIOTI
Xulasa

InoTes vo InTe birlosmoalori, onlarin asasnda alinmis (InzTes)1x(CdoeZno,1Te)x Vo
(InTe)1x(CuCrzTes; Cu2ZnSnSa)x bork mohlullarinda mikrobarkliyin fonon istilikkegiriciliyin-
don asililig1 todqiq edilmisdir. Alinan naticalora asasan indium telluridlori birlosmalarindan
bark mahlul tarkiblarina kegdikda kimyavi alagonin gliciiniin zaiflomasi agkar edilmisdir. Belo
vaziyyat bark mohlullarda ikinci komponentin miqdari artdiqca davam edir.

B HEKOTOPbBIX TBEPJABIX PEHIEHUAX HA OCHOBE In;Tes U InTe
IMPUPOJA XUMHUYECKOM CBSI3UN
Annomauus

HccnenoBana 3aBUCUMOCTh (DOHOHHOW TEIJIOMPOBOJHOCTH OT MHKPOTBEPIOCTH
coenuuenuit IN;Tez u INTe, a Takke TBepabix pactBOpoB (IN2Tes)1x(CdoeZno1Te)x u (INTe)1-
x(CuCraTes; Cu2ZnSnSs)x, MONYyYCHHBIX HA MX OCHOBE. BBISBIIEHO, YTO MPH MEpPEXoje OT
COCTMHEHHUI TEJUTYPUIOB HWHOWS K TBEPABIM pPacTBOpaM, CHJIa XHMHYECKOW CBS3H
ociabnsiercsi. Takoe COCTOSIHME TMPOJOJDKACTCS TPH YBEIMYCHHUH KOJIMYECTBA BTOPOTO
KOMIIOHEHTA B COCTaBE TBEP/IbIX PACTBOPOB.

IN SOME SOLID SOLUTIONS BASED ON Inz;Tes AND InTe
THE NATURE OF CHEMICAL RELATIONSHIP
Summary

The dependence of the phonon thermal conductivity on the microhardness of the In,Tes,
InTe compounds as well as (In2Tes)1x(CdoeZno1Te)x, (INTe)1.x(CuCraTes; CuaZnSnSa)x solid
solutions obtained on their basis was studied. It was found that when passing from indium
telluride compounds to solid solutions, the strength of the chemical bond is weakened. This
state continues with an increase in the amount of the second component in solid solutions.

NEYTRON SELININ TOSIRI ILO SILISIUM NiTRID (SisNa)
NANOHISSOCIKLORINDO® MUMKUN (n, o) CEVRILMOLORI
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Acar sozlar: nano SisNs, nanomateriallar, (n, o)) ¢cevrilmolori, effektiv en kosiyi.
Key words: nano Si3N4, nanomaterials, (n, o)) transformations, effective cross section

Forgli enerjilordo neytronlarin SisNs4 nanohissociklorinds yaratdigi (n, o) ¢evrilmolori
kompiiter modellogsmasi ilo dyronilmigdir. Neytronlarin nanomaterialda yaratdigi ¢evrilmalor
SisN4 nanohissociklorini toskil edon Si vo N atomlar1 {igiin ayri-ayriligda todqiq edilmisdir.
Silisium va azot atomlarmin forqli tip izotoplarinda ¢evrilmanin miimkiin ehtimalinin effektiv
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en kosiyi forqli oldugundan hor bir stabil izotop iiciin modellosmo ayr1 — ayriliqda
aparimisdir. Sivo N atomlari ligiin (n, o) ¢cevrilmalorinin effektiv en kasiyiklorinin spektrlori
garsiligli 6yronilmisdir.

Silisium nitrid (SisNs) mitkommol fiziki xassoloro malik oldugu figiin genis totbiq
sahosino malikdir [1-2]. Eyni zamanda SisN4 oksidlosmo vo ionlasdirici siialanmaya qarsi
yiiksok miiqavimoto malik materialdir [3-5]. Silisium nitridi togkil edon Si vo N atomlar1
miixtolif modifikasiyalarda formalasaraq forqli politiplor yaradir. Mitkommoal mexaniki vo
kimyoavi davamliliginin osas sobobi mdvcud politiplorin  oksoriyyotindo atomlararasi
mosafonin az olmasidir. Multifunksional xassolors malik olan nano SisNs hissociklori
nanoelektronikada genis istifado imkanma malikdir.

SisNs forqli politiplordo polikristallik vo ya monokristallik hallarda formalasa bilir.
Onun politiplori igorisindo on genis totbiq olunanlar1 a vo B modifikasiyali birlosmaloridir.
Mbohz bu sobobdon, toqdim olunan isds o modifikasiyalt SisN4 nanohisaciklori tizarinds
neytronlarin yaratdigi (n, o) ¢evrilmalorin modellosmasi aparilmisdir.

Neytronlar yiiko malik olmadiglar1 ii¢lin onlar proton vo digor yiiklii zorraciklorle
miigayisado niivoyo daha asan niifuz eds bilir vo orda forqli tip ¢evrilmolor yarada bilir. Bu
isdo neytron selinin SizNs4 nanohissaciklorindo yaratdigi (n, o) g¢evrilmalorinin effektiv en
kosiyi nozordon kegirilmigsdir. Homg¢inin Si vo N atomlarinin forqli tip izotoplarinda
cevrilmonin effektiv en kosiyi forqli oldugundan hor bir stabil izotop {i¢iin modellosmo
individual analiz edilmisdir.

Neytron selinin SisN4 nanohissaciklorindo genis enerji araliqlarinda yaratdigi (n, o)
cevrilmalori vo onlarin ehtimalli effektiv en kosiklori miixtalif bazalardan istifads olunaraq
kompiiter modellosmasi ilo Oyronilmisdir. Neytron selinin SisNs nanomaterialinda oamolo
gotirdiyi (n, o) cevrilmolori materiali togkil edon Si vo N atomlari ti¢lin ayr1 - ayriligda todqiq
edilmisdir. Modellosmo silisiumun miimkiin ii¢ (tobii torkib 92.23% 28Si, 4.67% 2°Si vo 3.1%
%0Si izotopu) stabil izotopu iiciin aparilmisdir [6-7]. Si vo N atomlarinmn forqli tip
izotoplarinda (n, o) c¢evrilmolorinin ehtimallar1 forqli oldugundan hor bir stabil izotop ii¢lin
modellosma ayr1 — ayriligda aparilmigdir. Qeyd etmok lazimdir ki, biitiin Si izotoplarinda (n,
a) cevrilmolori enerjinin 20 MeV qiymotine qgodor intensiv oldugundan modellosmoa bu
qiymota qadar aparilmisdir [8-15].

IIk olaraq qeyd etmok lazimdir ki, Si izotoplar1 (n, a) cevrilmolorinde uygun Mg
izotoplarma gevrilir. 2Si izotoplarinda 28Si(n,0)®Mg ¢evrilmolorinin bas vermasi ii¢iin diison
neytronlarm minimal enerjisi 2.65 MeV otrafindadir. ?8Si izotoplar1 iiciin 2Si(n,a)>>Mg
¢evrilmoalorinin rezonans hali enerjinin toqribon 5 MeV-17 MeV araliginda miisahido olunur.
29Si izotoplarinda 2°Si(n,a)?®Mg cevrilmalori zamani talob olunan minimal neytron enerjisi
0.035 MeV — dir. Enerjinin ki¢ik giymaotlorindon prosesin bas verms ehtimalinin oldugunu
nozaro alaraq demok olar ki, 2°Si(n,0)®®Mg ¢evrilmolori digarleri ilo miigayisode daha gox
chtimallidir. Lakin, bu halda da, 2°Si(n,a)*®Mg ¢evrilmoalori zamani rezonans hal enerjinin 10
MeV atrafindadir. *°Si izotoplarinda *°Si(n,a)?’Mg ¢evrilmolorinin bas vermosi iigiin 4.2 MeV
minimal enerjili neytronlarin olmasi talob olunur. *°Si(n,a)?’Mg ¢evrilmoalorinds rezonans 10
MeV-15 MeV enerji intervalinda olur.

Digor torofdon, SisN4 nanohisociklorinds olan N izotoplar1 ii¢lin do anoloji modellosma
aparilmisdir. Tobii halda azotun iki stabil izotopu mévcuddur vo hor iki izotopda (n, o)
cevrilmalori miimkiindiir [8-15]. Alinmis noticolorden onu géstarmisdir ki, *N izotopunda (n,
o) cevrilmalori enerjinin toqribon 2-20 MeV intervalinda daha ¢ox ehtimallidir. Prosesin
effektiv en kosiyi maksimummu enerjinin toqribon 4 MeV qiymotins uygundur.

Digor torafdon N izotopunda (n, o) ¢evrilmolori nozordon kegirdikdo bir qodor forqli
hallar miisahido olunur. Belo ki, N izotopunda (n, o) gevrilmolori enerjinin 7-20 MeV
qiymotlorinde daha ¢ox ehtimallidir. Nozora alsaq ki, tobii halda N izotoplarr iistiinliik togkil
edir, 0 zaman molum olar ki, *N izotopunda mévcud ¢evrilmolorin ciddi praktik ohomiyyati
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yoxdur. Qeyd edok ki, hor iki azot izotopunda bas veron (n, o) ¢evrilmolori zamani1 azot
izotoplar1 miivafiq bor atomlar1 ilo ovaz olunur. Hom ¥N(n, o)'B hom do ®N(n, a)'’B
cevrilmolorinds minimal enerji 2 MeV toskil edir.
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Xiilasa

Si3sN4 nanohissaciklorini togkil edon miixtalif izotoplarin (n, o) ¢evrilmolorinin kompiiter
modellogsmasi ilo analizi gdstormigdir, hor bir stabil izotop liglin ¢evrilmo prosesi forqli
enerjilordo baslayrr. Molum olmusdur ki, mdveud 28Si, #Si vo 3°Si izotoplarinda (n, «)
cevrilmolorinin bas vermosi li¢lin neytronlarin minimal enerjisi uygun olaraq (n, o)
cevrilmoalari ii¢lin 2.65 MeV, 0.035 MeV, 4.2 MeV kimi qiymatlondirilmigdir. Eyni zamanda,
biitiin Si izotoplarinda (n, o) g¢evrilmalorinin rezonans halinin enerjinin toqribon 10 MeV
otafinda olmasi miioyyon edilmisdir. Si izotoplarinda fargli olaraq **N(n, a)'B vo *N(n,
a)!?B ¢evrilmolorinds minimal enerji 2 MeV toskil edir.
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Abstract
(n, o) transmutations in various isotopes of SizN4 nanoparticles has been studied by
computer modeling and obtained results have shown that the transmutations process starts at
different energies for each stable isotope. The energies are determined as 2.65 MeV, 0.035
MeV and 4.2 MeV for %Si, 2°Si and 3°Si isotopes, respectively. At the same time, the
effective cross-section of (n, o) transmutations has a maximum when the energy of neutrons is
around 10 MeV. Unlike the Si isotopes, the minimum energy was found 2 MeV for N(n,
o)!B and **N(n, a)'?B transmutations.
Abcmpakm
KoMmmnbroTrepHoe MozenupoBaHue TpaHCMyTaluid (n, 0) pa3Iu4yHbIX M30TOIOB B
HaHouacTunax SisNs mMokaszano, 4To Mpolecc TpaHCMyTallui HauWHAETCS IPH Pa3HBIX
SHEPTUSIX IS KaXKJIO0T0 CTA0MJIBHOTO M30TOINA. 3HAYEHHUS SHEPTHH OMpeAesieHbl Kak 2,65
M5B, 0,035 MaB u 4,2 MsB st uzotonos 28Si, 2°Si u %°Si coorsercrBenHo. B 10 e BpeMs
¢ dekTuBHOE ceueHue (n, o)-MpPeBpaleHHl MMEeT MaKCUMyM IIpU SHEPrud HEUTPOHOB
okosio 10 M»aB. B otnuuue ot n3oTomnoB Si MUHMMaNbHas SHEPrus coctaBiseT 2 MoaB s
tpancmyTarmii “*N(n, o)*'B u ®N(n, a)'?B.

SUALANMANIN GaSe KRISTALININ LOKAL SOVIYYOLORINO TOSIRi

f.r.e.n. Hasanova L.H., f.r.e.d. Abasova A.Z., f.r.e.n. Mahammadov O.Z.,
f.r.e.n. Cahangirova S.O.
Baki Dévlat Universiteti, Azarbaycan, AZ1148, Baki,Z.Xalilov kig., 23.
E-mail: ludmilahasanova@mail.ru

Acar sozlar: GaSe, lokal saviyys, elektron siialanmasi, optik vo termik sénmao.
Key words: GaSe, local level, electron radiation, optical and thermal attenuation

Son illor sfalerit vo vyursit tipli normal struktura malik yarimkegirici birlogsmolorlo
yanast defekt quruluslu hallogenidlorin spesefik xususiyyatlorino goéra diqgst colb edir.
Hazirda A"'BY! tip birlosmolor, onlarin osasinda yiiksokeffektli radiasiyaya davamli giinos
elementlorinin yaradilmasi sahads genis todgiq olunur. Tobii halda bu kristallardak: yiiksok
konsentrasiyaya malik defektlor, onlarda yiikdasiyicilarmin rekombinasiya vo generasiya
proseslorinds shamiyyatli rol oynayaraq fotoelektrik xassslorine tasir edon lokal saviyyslor
yarador.

Baxilan isdo p-GaSe kristalin lokal saviyyslorino elektron siialanmasinin tasirino
baxilmisdir. Bu moagsadlo monolit kristaldan tlgliclo kasilorok hazirlanmis miixtalif qalinligh
nimunalora giimiis pastasindan omik kontaktlar qoyularaq genis temperatur intervalinda
termik stimulyasiya coaroyani, optik vo termik sénmo todqiq olunmusdur. Lokal saviyyaloarin
todgiginds termik stimulyasiya coroyani iisulu, hamginin fotokegiriciliyin optik vo termik
sonmasi tisullar1 6z sadaliyi vo ayaniliyi ilo xususi yer tutur.

Termik stimulyasiya coroyanmnin mahiyyati ondan ibaratdir ki, baxilan niimuns hor-
hans1 hoyacanlasdirict ilo tarazligsiz hala gotirilir vo asagi temperatura qodor soyudularaq
“dondurulur”. Sonra temperaturun monoton artirilmasi yolu ilo nlimuns tarazligsiz haldan
tarazhiqli hala kegirilir vo bu keciddo relaksasiya prosesi naticosinds yaranan carayan geyd
olunur [1]. Olgllon corayanm temperatur asililigi oyrisinda bir vo ya bir neco maksimum
miigahido olunur, onlarin voziyyoti vo formasi coroyani yaradan prosesin fenomenoloji
parametrlori ilo alagodardir.

Miisahido olunan oayriyo bir gayda olaraqg TSC ayrisi deyilir. Umumi halda TSC
ayrisinin galxma va enmo hissalori var. TSC ayrisinda bir ne¢o maksimum o zaman miisahido
olunur ki, qadagan olunmus zonada bir ne¢o lokal soviyys var. Qeyd etmok lazimdir ki, TSC
ayrilorinin nozori arasdirilmasinin oksoriyyati fotokeciricidoki lokal saviyyalori muoyyan
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etmok tciindiir. Olgmolordos istifade olunan GaSe birlosmasinin xiisusi migavimati 2x10°
Om-sm, yirikliyt 50 sm?/V-s, yiikdagiyicilarin konsentrasiyast 3x10'2 — 3x10% sm?,
qadagan olunmus zolagin eni 2,0 eV olmusdur [2].

Isdo GaSe kristalinin TSC oayrisina elektron siialanmasinin tasiri 77 — 295 K temperatur
intervalinda arasdirilmigdir. Sokil 1-do siialanmadan avval va stialanmadan sonra TSC ayrilori
verilmisdir. Ilkin kristallarda 230 K temperaturda pik miisahido olunmusdur. 6 MeV enerjili
vo integral seli 10 hissocik/sm? olan elektron siialanmasindan sonra pik daha asag:
temperaturda T~166 K-do miisahido olunmusdur. Stialanma 170 — 180 K temperatur
intervalinda qaranliq carayanin azalmasima sabab olur, bu iss siialanmanin ham akseptor, hom
do donor soviyyslorinin yaratdigmi gostorir. TSC oyrisinin pikino uygun olan Tmax ilkin
isiqglanmadan asilidir. Termik stimulyasiya coroyaninin Imax-un Vvoziyysti isiqlanma
muddatindin asilidir vo 20 dagigadan boylk giymatlords, doyma alir. Tmax-un giymati do,
analoji olarag, doyisir. Gostarilonlor talolorin isiglanmadan asili olaraq dolmasi ilo izah
olunur.

Itsc

10°}F I+

6 7 8
10%/T, K*

Sok.1. GaSe kristalinin siialanmadan avval (1) va elektron siialanmasindan sonra (2)
TSC oyrilari.

TSC maksimumunun temperaturun siirismasi TSC-na uygun tolonin “cold” morkoz
oldugunu gostarir. Tolonin mixtalif isullarla hesablanmig dorinliyi ~0,18 eV olmusdur [2].
Yapisma morkozindoki desiklorin konsentrasiyasi TSC ayrisinin ohato etdiyi ayrinin
sahasidon hesablanmisdir vo pr~ 5x10** sm olmusdur. Niimuno gozdirilmaga basladig: anda
tolonin tam dolu oldugunu gabul etsak, cald markazinin konsentrasiyasi pt tortibinds olur, pr=
5x10% sm. Rekombinasiyanin effektiv en kasiyi iso Sg=0,2x10* sm? hesablanmisdir.

[lkin vo siialanmis GaSe niimunoalorinds fotokegiriciliyin temperaturdan asililig
gOstormiidir ki, stialanma maddado s6nmoys sobob olur. Bu effekt moxsusi defektlorin
diiziiliigtiniin  doyismosi noticasindo asas yiikdasiyicilarin  yasama miiddotinin azalmasi
hesabma olur. Yarmmkegiricido sénmo hadisasi ¢ saviyyali model, yoni kristalda cald (S),
yavas (r) rekombinasiya morkazlarinin v asas yiikdasiyicilar tigiin tolalorin (t) olmasi ilo izah
olunur [3]. Optik sonmanin miisahide etmok Ugun fotokeciriciliyin maksimum giymatino
olavo uzundalgali oblastdan isiqla isiqlandirilir. Fotokegiriciliyin sénmosi GaSe nimunasindo
yavas (r) rekombinasiya moarkozinin varligi ilo izah olunur (sokil 2). Bir gayda olaraq bu haisa
elektronlar Gglin tutma en kasiyi boylk vo desiklor Gglin tutma en koasiyi Kigik olan nisbaton
kompensasiya olunmus akseptorlar saviyysloridirs Elektron seli ilo siialanma sénma ayrisinin
dorinliyini doyisdirir. S6nma oyrisinin uzundalgali sarhoddindan rekombinasiya markazinin
dorinliyi hesablanmigdir (0,72 eV).
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lf, nisbi vahid
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Sok.2. GaSe kristalinda 100 K-da 1Q-s6nmoasi: 1 — siialanmadan avval; 2 — 6 MeV
elektron dostoasi ilo siialanmadan sonra.
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Abstract
In this study, the effect of electron radiation on the local levels of the p-GaSe crystal
was considered. Thermal stimulation current, optical and thermal attenuation over a wide
temperature range have been studied. The depth of the “quick” center of the trap according to
TSC was ~ 0.18 eV, the depth of the recombination center was 0.72 eV.

III QRUP ELEMENT ATOMLARI iLO ASQARLANMIS STEXiOMETRIK
YARIMKECIRICI KRISTALLARIN ISTILIKKECIRICILIYININ
OYRONILMOSI

Prof. Quliyev M.S., Dos. Quliyev N.I., Qarayeva §S.E.
Ganca Dovlat Universiteti

Acar sOzlar: yarimkegirici kristal, istilikkegirmo, elektron, yiksok temperatur,
diffuziya, atom ¢okisi, energetik gadagan zonasi, elektronlarin diffuziyasi.

Key words: semiconductor crystal, thermal conductivity, electron, high temperature,
diffusion, atomic weight, energy barrier, electron diffusion

Yarimkegirici kristallarin atomlar ilo asqarlanmasi akademik Ioffenin vo onun bu giino
godor dovam edon moktobina aiddir. 1950-ci illorde istilik enerjisinin bir basa elektrik
eneljisino ¢evrilmosi ideyasi yeni ndv generatorlarin yaranmasima sobob omusdur. loffe 6z
elmi iglorindo PbSe vo PbTe stexiometrik yanmkegkigilorin termogeneratorlarda istifadosini
nazoro alaraq onlarmn istilikkegiriciliyinin [1] asqar atomlar1 ilo idaro edilmosi ideyasini
vermigdir. Oxsar atomlarmm hom faizi, hom do atom ¢okisi stexiometrik qurulusun
istilikkegiriciliyino tosiri azdir. Todgigatlarimizin sonunda PbTe, PbSe, PbS stexiometrik
yarimkegirici materiallara atom ¢okisi 69,72; 114,73; 127,60 olan Ga, Jn vo Tl atomlarinin
faizlori olavo edilib, asqar materiallarin istilik keciriciliyi Oyronilmesidir. Asagidaki
grafiklordas istilikkegirmonin doyismolori gostarilib.

Olgmolor osasinda qurulmus qrafiklordon aydin olur ki, As - fononlar hesabma
istilikkegirmonin temperaturundan asili azalmas: klassik ganunlara uygundur, yoni A ~T™
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qanunu Sdonilir. fon istilikkecirmonin azalmasi, fonon dalgasinin qofds atomlarinn istilik
tosirindon yaranan raqsi horokotinin artmasi hesabma sopalonmas yaranir, bu iso istikkeg¢irmoni
azaldir, ionlarin istilikkegirmo qrafiki Ga, Jn, Tl atomlarmnin eyni faizindo (1%) tosiri,
temperatur qrafikindo qanuna uygundur. A¢(T) oyrisindon goriiniir ki, 300° K temperaturda
asqarlarin atom ¢okicilorinin artmasi ilo istilikkegirmo azalir. Masalon Ga iiglin atom ¢okisi
69,72 istilikkecirmo 15,10 oldugu halda, J, iigiin (atom cokisi 114,73) 8102 Tl 1igiin iso (atom
cokisi 127,60)

4,2-10'31k olur. Tadqigat igindo asqar atomlarin 0,2; 0,5 vo 1,0 at faizi ilo tocriibalor tokrar
m

olunmusdur; 6lgmo naticolori qrafikdo gostorilmass do ganunauygunluq miioyyon edilmisdir;
yoni aggarlarin hamisinda faiz miqdarinin artmasi ilo istilikkegirmo azalir. Fiziki hadisoni izah
etmok ticlin kristal gofosin atomlar arasi fozasinda asqar atomlarin say1 artir, ona gorado fonon
dalgasmin olava sopoalonmo morkazlori yaranir.[2]

Taocriiba grafikinds elektronlar hesabina yaranan istilikke¢irmonin Ae pay1 da (Videman-
Frans qanunu ilo hesablanan) temperaturdan asili doyismasina gora yarim metal materiallara
fiziki olaraq oxsayir.

PbTe yarimkegiricilorino oxsar olarag, PbSe vo PbS materiallarda, Ga,Jn, T1
elementlorinin 0,2;0,5 vo 1,0 atom sairlori ilo asgarlanib, eyni texnologiya ilo sintez olunub,
Olgmolori  aparilmigdir.  Digor  yarimkegiricilorin  istilikke¢irma  ganunauygunlugu,
PbSe+(af%Ga, JnT) vo PbSe+(at- GA,Jn,T1) tiglin do ddanilir.

Tadqiqatda istifado etdiyimiz istilikkegirmonin A=Af + Ae + Adiffuz toplananlarmin yiiksok
temperaturda yaratdigi olavo istilikkegirmonin hesablanma {isulu vo m gofoslorin atom qurulus
modeli do tocriibalordo tosdiq olunur; [3] yoni, 600°K temperaturdan sonra duffuziya hesabina
yaranan istilikke¢irmo, az miqdarda qiymot alir,(0,2+0,3)- 10Nt/m-K; temperatur artdiqca, bu
toplanan toxminon diizxotli qrafikdo artir. Tocriibo gostordi ki, diffuziya hesabina yaranan
olavo istilikkegirmo atom gokisi ¢ox olan T1 atomda (127,6) nisboton ¢ox, moesolon (4+6)-6°

o qiymota c¢atir. Nozori adobiyyat momulatlarina géra Videman - Frans ganununa daxil
m

2 2
olan Lorens omsal1 bipolyar diffuziya tigiin, L, = [Kj 24 % %n (4+£j istifado ilo toyin
" e c,+0, KT

edilir, [4] burada op vo on - desiklor va elektron hesabina elektrikkegiriciliyidir, AE - kristalin
energetik qadagan zonasmin enidir. Ona gorado diffuziya hesabina

Abdif = LpairoT
kimi hesablanib. Sonra , tacriibs ilo tosdiglonmisdir.[5]

Asqarlanmis yarimkegirici kristallarm iimumi istilikkegiriciliyinin yiiksok temperaturda
(600°K - don sonra) artimi da tosdiq edir ki, istilikkecirmonin artimi, adi g¢okilon vo
¢okilmoyan yarimkegirici kristallarin elektrikkegiriciliyi vo yiiksok temperaturda elektronlarin
diffuziyasi ilo izah olunmalidir.

Sokil. PbTe+1at% (Ga,In, T) torkibda yarimkegiricilarin istilikkegiriciliyinin temperaturdan
Vo asqarlarin miqdarindan asililig1
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III QRUP ELEMENT ATOMLARI iLO ASQARLANMIS STEXIOMETRIK
YARIMKECIRICI KRISTALLARIN ISTILIKKECIRICILIYININ OYRONILMOSI

Prof. Quliyev M.S., Dos. Quliyev N.L, Qarayeva S.E.
Ganca Dovlat Universiteti
Xiilasa

Olgmolor osasinda qurulmus grafiklordon aydin olur ki, A+ - fononlar hesabma
istilikke¢irmonin temperaturundan asili azalmasi klassik qanunlara uygundur, yoni As ~T?
ganunu ddonilir. fon istilikkegirmonin azalmasi, fonon dalasinin gofos atomlarinm istilik
tosirindon yaranan rogsi horokotinin artmasi hesabma sopolonma yaranir, bu is9 istikkegirmoni
azaldir, ionlarin istilikkegirmo qrafiki Ga, Jn, Tl atomlarinin eyni faizindo (1%) tosiri,
temperatur qrafikindo qanuna uygundur. A((T) oyrisindon goriiniir ki, 300° K temperaturda
asqarlarin atom c¢okicilorinin artmasi ilo istilikkecirmo azalir. Asqarlanmis yarimkegirici
kristallarin iimumi istilikkegiriciliyinin yiiksok temperaturda (600°K - don sonra) artimi da
tosdig edir ki, istilikkegirmonin artimi, adi ¢okilon va ¢okilmayan yarimkegirici kristallarin
elektrikkegiriciliyi vo yiksok temperaturda elektronlarin diffuziyasi ilo izah olunmalidir.

NCCIEAOBAHME TEIIJIOITPOBOJHOCTH CTEKCUOMETPUYECKHUX
KPUCTAJIJIOB IIOJYITPOBOJAHUKOB, OIIPEAEJEHHBIX C ATOMAMMU
SJIEMEHTOB III I'PYIIIIbI

Ilpogh. I'ynuee M.C., /lou. I'vauee H.U., I'apaesa III.E.
I'anoxncunckuit I'ocyoapcmeennwtii Ynueepcumem
Pe3zrome

W3 rpadukoB, OCHOBaHHBIX HA M3MEPEHUsX, BUIHO, YTO 3aBUCSIIEE OT TeMIIEpaTyphbl
YMEHBIIIEHUE TEIIOOT/Ia4M 3a CUeT Af - (POHOHOB COOTBETCTBYET KJIACCUYECKHM 3aKOHaM, T.€.
BHINIOJIHACTCA 3aKOH Af ~ 1. CHWKEHHE MOHHOM NPOBOJMMOCTH, yBEIHYEHHE
K0JIe0aTeNbHOIO JIBUXKEHHS AaTOMOB peleTKH (OHOHHONW BOJHBI 32 CYET TEIUIOBOIO
paccesiHUs, YTO CHIDKAeT TEIUIONPOBOJHOCTb, BIMSHME rpaduka TEmIo0THaud Ha TOT Ke
npoueHT (1%) Ga, Jn , aromoB Tl, cornacyercst ¢ TemneparypHbiM rpadukoM. M3 kpuBoi As
(T) Buano, uro npu Temneparype 300°K TemionpoBOJHOCTh YMEHBIIACTCSA C YBEJINYECHUEM
aTOMHOTO Beca J100aBOK. YBeiauueHHe OOmield TEeIUIONpPOBOJAHOCTH  JIETMPOBAHHBIX
MOJTyITPOBOIHUKOBBIX KPUCTAJUIOB TpU BBICOKMX Temmeparypax (mociae 600° K) Taroke
MIOATBEPXKIAET, 4TO yBEIMYECHHE TEIIOPOBOJHOCTU cienyer OOBSICHATD
3JIEKTPOIPOBOIHOCTHIO YIIOMSHYTBIX U HEBBITSHYTHIX MOJYNPOBOJAHUKOBBIX KPUCTAJIJIOB U
mddy3ueit 377eKTPOHOB MPHU BBICOKHX TEMIIEPATypax.
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STUDY OF THE HEAT CONDUCTIVITY OF STEXIOMETRIC
SEMICONDUCTOR CRYSTALS DETERMINED WITH GROUP Il ELEMENT
ATOMES

Prof. Guliyev M.S., As.pr. Guliyev N.I., Garayeva Sh.E.
Ganja State University
Summary

It is clear from the graphs based on the measurements that the temperature-dependent
decrease in heat transfer due to A - phonons corresponds to the classical laws, in the law As ~
T is satisfied. A decrease in ionic conductivity, an increase in the oscillating motion of the
lattice atoms of the phonon wave due to heat scattering, which reduces the thermal
conductivity, the effect of the heat transfer graph on the same percentage (1%) of Ga, Jn, Tl
atoms, is consistent with the temperature graph. From the curve A (T) it can be seen that at a
temperature of 300 ° K the thermal conductivity decreases with increasing atomic weight of
the additives. The increase in the total thermal conductivity of the alloyed semiconductor
crystals at high temperatures (after 600 ° K) also confirms that the increase in thermal
conductivity should be explained by the electrical conductivity of the mentioned and non-
drawn semiconductor crystals and the diffusion of electrons at high temperatures.
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Il BOImo

Fizikanin iimumi problemlari

SU-POLIMER IKiFAZALI SISTEMLOR VO ONLARIN TOTBIQ
PERSPEKTIVLORI

f.r.e.d. Masimov E.O.
Baki Déviat Universiteti
masimovspektr@rambler.ru

Acar sozlor: ikifazali sistemlor, polimer, binodal oyrisi, birlosdirici xott, ayirdetmo
gabiliyyati
Key words: two-phase systems, polymer, binodal curve, connecting line, resolution

Tibb, farmokoloji, yeyinti sonayelorinin bioloji preparatlarin tomizliyino, bioloji
materiallarin ayriligda tadqiq etmoak ti¢iin separasiyasina qoydugu taloblor glinii-gtindan artir.

Kimyoavi maddoalorin ayrilmast va tomizlonmasi  Ug¢lin movcud olan coxlu sayda
metodlar - Gsullar bioloji materiallar {iglin yaramir, ¢iinki miixtalif faktorlarin tasiri ilo bu
materiallar 6z bioloji aktivliyini itirirlor, denaturasiyaya ugrayirlar.

Bioloji materiallarin ayrilmasi va tomizlonmasi tigiin islonib hazirlanmis xiisusi yumsaq
metodlar iso adoton baha, mirokkab va boylk hocmli olurlar.

Son vaxtlar bu mogsad tiglin maddalorin su polimer ikifazali sistemlordo (SPIS-lordo)
geyri-barabor paylanmasima osaslanan sados, yumsaq vo ucuz metod islonib hazirlanmisdir.
Belo Ki, kecon asrdo Albertson [2], iki mixtalif xassali polimerlarin eyni hoalledicids (suda)
mohlullarinin qarisiglarinin komponentlorinin konsentrasiyalarinin miioyyan qiymotlorindon
boyilk giymatlorinds iki fazaya ayrildigini miisahido etmisdir. Fazalarm biri polimerlarin biri
ilo, ikincisi iso digar polimerlo zongin olur. Hor iki fazada holledici olan suyun
konsentrasiyasi 70+90% tortibinds olur. Bu ikifazali sistemoa zllallar va ya hliceyralor garisigi
daxil etdikds har bir hiiceyra vo ya zilal sistemin bu vo ya digor fazasinda toplanir. Bioloji
materiallarin (hiiceyralor, zllallar, viruslar vo s.) ikifazali sistemdo paylanmasi onlarin
spesifik xususiyyatlorindon vo sistemi amalo gatiron komponentlarin (polimerlorin va s.)
tobistindon asilidir [1]. Belo sistemlordo paylanan on zorif bioloji hissaciklor bels, gati
zodolonmir. Bu metodu laboratoriya saraitindon kasilmaz olaraq sonaye rejimino kegirmok
cox sados basa galir vo mirakkab avadanliglar talob etmir.

Bu metodun totbigi ¢ox genis viisat aldigindan sistemin fazalara ayrilma vo maddalorin
bu sistemlordo paylanmasi mexanizminin arasdirilmasi xeyli gecikmisdir. Qeyd etmok
lazimdir ki, gostorilon mexanizmlora aydinliq gatirilmasi prosesindo BDU-nun “Maddo
qurulusu” kafedrasinin omoakdaslarmin shomiyyatli rolu olmusdur.

Aydindir ki, miixtalif cut polimerlordon vo polimer-duz-su sistemindan amolo galon
ikifazali sistemlor muxtalif xassalors, xtsusi halda mixtalif ayirma qabiliyyatlorina malik
olurlar. Bu ssbabdon mixtalif torkibli ikifazali sistemlorin axtarisi, todqiqi vo totbiginin
aragdirilmas1 ¢ox vacibdir. Ikifazali sistemlari tosvir etmok {iciin onlarin faza diagramlarmnin
Oyranilmasi gobul edilmisdir. Belo tipik diagram sokil 1-do gOstorilmisdir. Goriindiyii kimi
koordinat oxlarinda klassik faza diaqramlarmdan forqli olaraq fazasmolagatiron polimerlorin
konsentrasiyalar1 gostorilmigdir.
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Sokil 1.

Diagramin binodal adlanan ayrisi sistemin homogen vo geterogen oblastlarini ayiran
nogtalorin hondoasi yeridir. Diaqgramin A ndqtosine uygun yerindo sistem iki fazaya ayrilir vo
polimerlorin fazalardaki konsentrasiyalar1 C vo B nogtalorinin koordinatlarina uygun golir. Bu
noqtalori birlosdiran xatt birlosdirici xott adlanir. Binodalin kritik néqte adlanan K ndqtasi
hocmi va torkibi eyni olan hipotetik ikifazali sistemi xarakterizo edir. Maddoalorin CPiS-lordo

paylanmast maddonin fazalardaki konsentrasiyalarinin nisbati olan paylanma omsali ilo

. C
xarakterizo olunur (K = C—’ .
11

Toqdim olunan isdo muxtolif clit komponentlorin suda yaratdig: ikifazali sistemlorin hal
diagramlarinin qurulmasma vo onlarin ayirma qabiliyyatlorinin toyinino hosr olunmusdur.
Bunun dgiin, markerlor adlanan metilen qruplarinin say1 ilo forglonon eyni homoloji siraya aid
olan dinitrofenillogdirilmis amin tursularinin natrium duzlarinin tadqiq olunan sistemlards
paylanmasina baxilmisdir.

In K 4

K=C+E-n,,

RT In K =-RTC — RTE - ng,,

/ 3 6 Ncw
a1k

Sokil 2.

Sokil 2-do markerlorin paylanma omsalinin metilen qruplarinin sayindan asililigi
verilmisdir. Bu asililiq asagidaki xotti funksiya ilo tasvir olunur:

InK= C+Ench2 1)
AG<<KT oldugunu nozors alsaq vo Bolsman paylanmasindan istifads etsok, yazariq:
AG
K=e Rr (2)

(1) va (2)-don
-AG = RTINK=RTC+RTCn¢y, (3)
Vo sonra
AGMAdd = RTINK (4)
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AGIC:IIZI =-RTncy, (5)

AGPS, =-RTC  (6)

Diz xottin bucag amsali E, bir metilen qrupunun fazalararasi kegid Gibbs enerjisini
(AG), ordinat oxunu kasan parca iss C markerlarin doyismayan hidrofil qrupunun fazalararasi
kecid sorbast Gibbs enerjisini, InK iso molekulun bitdvlikds fazalararasi kegid sorbost Gibbs
enerjisini gostorir. (2) asililigindan goriiniir ki, InK=0 qiymotine uygun olan metilen
gruplarmin say1 n = n* =% vo K=l olur. Bu onu gostorir ki, polimerlorin fazalardaki
konsentrasiyalar1 borabordir, yoni sistem homogendir, fazalaraayrilma yoxdur, maddonin
fazalararas1 kecid enerjisi sifra borabordir (KT InK=0). Hidrofil vo hidrofob fragmentlorin
fazalararasi kecid enerjilori bir-birino boraber va oks isaralidirlor (KTC = -RTEN") gorinduyi
kimi n* maddolori bir-birindon ayirma qabiliyyatini gostorir. Codvaldo bir sira ikifazali
sistemlorin tocriibodon tapilmis qiymaotlori gostorilmisdir. Bu iisulla bir sira suda miixtolif
ciitlordon omalo golon SPIS-lorin ayirdetms qabiliyyatlori (n”) hesablanmisdir.
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SU-POLIMER IKIFAZALI SISTEMLOR VO ONLARIN TOTBIQ
PERSPEKTIVLORI

f.r.e.d. Masimov E.O.
Baki Doviat Universiteti
Xulasa

Toqdim olunan isdo su-polimer ikifazali sistemlorin elmi osaslar1 sorh edilmisdir.
PEQ-limon tursusunun Na duzu-su ikifazali sistemindo marker (etalon) maddslor paylanilmis
vo sistemin ayirdetmo gabiliyyatlori toyin edilmisdir.

BOJHO-ITOJIMMEPHBIE /IBYX®A3HBIE CUCTEMBI U ITEPCIIEKTHUBbI UX
IHPUMEHEHUWA

J.cp.m.n. npogh. Macumos 3. A.
baxunckuiit I'ocyoapcmeennwitii Ynueepcumem
Pezrome

B pa60Te H3JIOKCHBI HAYYHBIC OCHOBBI BOJHO-TIOJIMMCPHBIX ,Z[BYX(l)aSHLIX CHUCTCM.
OHpeI[eJ'ICHLI Pa3aACIIUTCIbHBIC CIIOCOOHOCTH I[BYXq)aSHBIX CHUCTEM HaF'I_II/ITpaT HaTpuA-BOJA.
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WATER-POLYMER TWO-PHASE SYSTEMS AND THEIR APPLICATION
PROSPECTS

Proph. Masimov E.A.
Baku State University
Summary

in the presented work the scientific basis of water-polymer two-phase systems is
explained. The seperating abilities of the system PEG-sodium citrate-water were determined.

PACCESTHUE HEMTPOHOB C BO3BY KJIEHUEM BUBPAIITMOHHBIX
COCTOSIHUM SJIPA
Aboyneacaboea C.K. —npoghecco,p baupamoea T.0. -0ouenm
bakunckuiit I'ocyoapcmeennwiit Ynugeepcumem, baky

KutoueBrble ciioBa: paccessHue, BUOpPAllMOHHOE COCTOSIHUS, JHKOHaNb, 3PPEeKTUBHOE
ceueHue

1. BBenenmue

[To mepe ynmameHus OT 3alOJHEHHBIX 000JI0YEK Yy c(HEepUYecKOro siapa HU3MEHSIOTCS
OJTHOYACTUYHBIE YPOBHH, HM3MEHSETCS YacToTa KOJICOaHWH, eCli sIpo BO3OYXKIaeTCs
BO3HHKAIOT BUOPAIIMOHHBIC YPOBHHU.

Teopernueckne Monenu OMHCHIBAIOT  HEKOTOPHIE 3aKOHOMEPHOCTH BpalllaTEIbHbIX
cnekTpoB: auddepeHmanbHoe A(P(HEKTUBHOE CEUEHHE YIPYroro HEHUTPOH-SAEPHOTO
paccesiHUsl AKCIOHEHLMAIbHO YOBIBAET C POCTOM SHEPTUU; YHCIO YaCTHUI], POKICHHBIX B
TaKMX CTOJIKHOBEHHSX, OUYEHb OBICTpPO NaJaeT € POCTOM HMITyJIbca B HaIlpaBJICHUHU,
MEPIEeHIUKYIIPHOM TMajaoneMy MNydky dvactull. OAHaKoO HENOCTaToO4Has TOYHOCTh U
CUCTEMAaTUYHOCTh OKCIIEPUMEHTAJIBHBIX JAHHBIX HE I03BOJISIOT OJHO3HAYHO BHIOpATh
JTYYIIYI0 MOJIeNb B3auMoieicTBUs. B HacToseit paboTe paccMaTpuBaeTcsl B3auMOJICHCTBUE
HEHUTPOHOB C YETHO-YETHOM SIAPOM IPH SUKOHATBHOM HPUOIIMKEHUU.

2. CeueHue paccesiHUsI HEHTPOHA HA siApe

[Tycte V(r) — noTeHuManpHasi SHEPTUsi B3aUMO/JICHCTBUS YaCTHIL C IEHTPOM, |L — Macca
yacTuiel. Hama nens — Halitu nuddepennnanbaoe ceuenue paccesuust do/dQQ nmpu ycnoBuw,
YTO Ha SAPO U3 OECKOHEYHOCTH MaJAeT MIOCKOMApalJIeNbHbIN MTy4OK HEUTPOHOB C 3aJaHHON
HaYyaJlbHOM CKOPOCTHIO Vo = NoVo.

B siikonanbHOM npuOnmkenuu perienue ypasuenus Llpenunrepa umiercs B BUje

w(r)=e®p(r), (1)
rae @(r) — GyHKIHsI, YAOBIETBOPSIONIAS IPAHUYHOMY YCIIOBHIO:

o(r),,_, =1. 2
[Moxcrasmsist (2) B ypasuenue Lpeauurepa, moiaydaem ypaBuenue it ¢(r):
2 2
ki 8_(0 + h_ AQ’ =V¢7
U 0L 2u
(3) ®Oynkims () cyuTaeTcs CTOIb MEIIEHHO W3MEHSIOIIEHCS, YTO BKIaJI0M BTOPBIX

MIPOU3BOIHBIX MOXKHO NpeHeOpeub. Torna ypaBHeHue (3) NpuHUMAET BUI:

2
K~ op _\,
y 7o/
WHTErpupys 3TO ypaBHEHHE C YYETOM IPaHHYHOTO YCIOBHU (2), HAXOIUM

(4)
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o(%,Y, z)=exp{—|;i2_fV(x, y,z')dz'] 5)

BBens npoekuuio b BekTopa I Ha III0CKOCTh, MEPICHAUKYISPHYIO BeKTOpY K:
r=>b + kz,
ISl aMILTUTY]IBI TIEPEX0/ia MOIyvaeM

f(k,k') = —zmizje—imv (r) exp[— kihiz_fv (b + kz’)dz’}d 3, (6)

rne, Kak o0bruHo, g = K - K', q=2ksin (0/2), 0 - yron paccesnus 0 < 1/kd << 1.

Takum 00pa3zom, COTIIACHO SHKOHATBHOMY HPUONIMKEHUIO, MPU BBICOKUX SHEPTHSIX
paccesiHie COCpEOTOUYEHO B Y3KOM KOHYCE, OChb KOTOPOTO COBIAJAET C HalpaBlI€HUEM
UMITYJIbca O0MOapAUPYIONIUX YaCTHII, & yroJI pacTBOpa xapakrepusyercs: BenuuuHoit 1/(kd).

Jlia onpenenenus 3¢ ¢GeKTUBHOTO ceueHus, ya1o0Ho nepeiiti k T onepaTopam:

T(2)=V +VG(2)V, @)
rae G(z) dbynaknus ['puna.
Ammuutyna  mepexoga B T omeparopHoM  ¢gopmanu3mMa  MMEET  BHI:
47r2,u
72

f(k,k')=— lim <K'T(E +igk>, (8)
e—>+0

rae E — sHeprus yacTuibl, BeM4rnHa KOTOPOH OJJTHO3HAYHO OTpe/iesicHa uMmiyabcamu K u K'.
JuddepennnanbHoe cedeHUE HEUTPOH-SIIEPHOTO PACCESHUS C MIEMEHTOM T MaTpHIIBI
B JI.C. maetcs popmynoit [1]

doy 2
dQﬂ =g(a’v<9ii‘9)‘Tfi‘ ' 9)
rae
E;
7 2 A Ei—¢
g(E,g,H):( 2) ' : (10)
27h°) A+l | |Ei—¢& coso
Ei (A+1)
Tfi :Z\P:\PlG(E‘Fé‘). (11)

B stuX BbIpaweHusx, E; =h?k?/2u, E; =h°k? /2u sHeprum HeHTpPOHA 1O M IOCIE

pacCCiaHuA; & -pasHOCTb DHECPTHUH B PA3HLBIX COCTOAHUAX, A 4ancno HYKJIOHOB d1pa;; 51/] u l[/f

BOJIHOBbIE (DYHKIMHU SiApa J0 U TOCJIE B3aUMOJEHCTBUS C HEUTpoHOM. TouHas (GyHKIUS
I'puna G B HyneBOM HPUOMIKEHUH TO COOCTBEHHO SHEPreTUYEeCKOW YacTH COBMANAeT C
¢byukueit ['puna go(r,r’,g) oaHoyacTUYHOro ypaBHeHus lllpenuHrepa ¢ moTreHHHAIOM

obosoueyHoi MoaemH [2].

Jns muddepeHanbHOT0 CeueHMsI, TPUMEHIUMOE K OTIMCAHHIO HEYIPYTrOTO PacCesTHUS
HEHTPOHA C BO30YXICHHEM COCTOSIHUH KOHEYHOTO sJpa, B KOHTHHyyMme [3] moiydaem
CIIC/IYIOIIEEe BhIPAXKECHUE

d? 1 .
dédol-E = Q(E’Eﬂ)gagf Eoé(E - En)|l%§0f @iTit (5’ Ei - €)|2, (12)
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Teneps paccMOTpUM paccessHUsI HEHTpOHA C BO30OYKICHHEM N —T0 BHOPALMOHHOTO
YPOBHS si7jpa C 3HEpruen
E,=nhw (n=n,+n, +n,). (13)

1
[Ipn mansIx yriiax paccesHus 62<<k— B IOJBIHTEIPAJIBHOM BBIPAKEHUH MOXKHO
a

npeHeOpeysb MPOI0ILHON (BJOIL OCH Z) KOMIIOHEHTOU NIEPEeIaHHOTO UMITYJIhCa

=G =k )5 (14

Otmetum, uto yuutbiBas (8) 3¢pdekTuBHOE ceueHHe 3aBUCUT HENOCPEACTBEHHO HE OT
yria paccesHus, a OT nepegaHHoro wummyiabca (. Ilostomy B nanbHeimeMm Oyaem

HCII0JIB30BATh €TI0 B KAUYCCTBC apIryMCHTa CCUCHUA:
2n

do q g2 42
do=—do O gegqe2. 15
T Elre m-. (19

Takass ke BbIpaKEHHE C KYJIOHOBCKOW (hazoi exp(— qcr) MOJTYYUIIOCh ISl CE€YEHUS

paccesiHus MpoToHA [4].

3. 3akiI0oueHue

Ob6nacTh mNpuUMEHEHHs] MPUOIMKEHHs] »SIKOHala Uil HEPEeNSITUBHCTCKOIO Cilydas
IIOKAa3bIBACT, YTO OHO HE TOJIBKO SBIACTCS XOpOI]_II/IM METOOOM IJIA yqua KHMHCMATHUYCCKUX
0COOEHHOCTEH BBICOKOOHEPIreTUYECKOTO PACCESIHUSI, HO M TIO3BOJISIET BBECTH JUHAMUKY
B3aUMOJICMCTBHUSI B TEOPETHUECKU MOAXOJ. PaccesHue 4dacTHIl BBICOKUX HEPrUl HMeEET
CBOM OCOOCHHOCTH, CBSI3aHHBIC, MPEXKJEC BCErO0 C ydYacTHEM NapIHAIbHBIX BOJH. YUeT
MPSIMBIX  TIEPEXO0JI0OB  TOHMKAET 3HA4YeHHS dJ(PPEKTUBHOTO CEUCHHs IS Pa3TUIHBIX
MapIyaIbHbIX BOJH M0 BCEM BUOPAIIMOHHBIM COCTOSIHUSIM.

Jlumepamypa
1. G.R. Satchler Direct nuclear reactions, N.Y., Oxford Univ. Press, 1993.
2. B.B Camoiinos., M.I'. Ypun, AD, 1992, T.55, ctp. 2041-2049.
3. A.1.Mazyp, C.A.3aiines, D, 2009, T. 62, ctp. 656-663.
4. B.W. KoBamuyk , Snepuas pusuka u suepretuka 2013, Tom 14 Ne 4. cTp. 217-224.
5. C.K.A6xynBarabosa, H.III, bapxamosa, T.O.baiipamoBa . Marepuansl MexyHapOIHOM
Hayunoii Kondepenmuu, I'smxa, 03-04 Maii, 2019, ctp. 48-52.

Xiilasa
Isdo neytronlarm ciit-clit niivolorlo qarsiligl tesirina eikonal yaxinlasmada baxulir.
Neytronlarin niive ilo qarsiliqh tesiri niivolorin vibrasiya hallarinin hayacanlanmasina sobob
olur. Birbasa neytron kecidlorinin nozore alinmast miixtolif parsial dalgalar iiclin sopilmonin
kasiyini azaldir.
Aocmpakm
B ,HaHHofI pa60Te paccMaTpruBaCTCA B3aHMOHeﬁCTBHC HeﬁTpOHOB C YCTHO-YCTHBIM
AIpOM B TpUOMMKEHUM SHKOHana. B3ammopelcTBHe HEWTPOHOB C SAPOM IMPHUBOAMUT K
B036Y)KI[CHI/IIO BI/I6paI_II/IOHHBIX COCTOSIHUI AACP. Yuer MpsMBIX TMEPEXOL0B HefITpOHOB
CHMKACT CCUCHUC PACCCAHUNS I PA3JIMYHBIX MAPIHUAJIBHBIX BOJIH.
Summary
In this paper, we consider the interaction of neutrons with an even-even nucleus in the
eikonal approximation. The interaction of neutrons with the nucleus leads to the excitation of
the vibration states of the nuclei. Accounting for direct neutron transitions lowers the
scattering cross section for various partial waves.
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HCCJEJOBAHUE B3AUMOJAEACTBUA MEXIY I-MEHTOJIOM U
AIHETOHOM B BEH30JIbHBIX PACTBOPAX METOJAMMU NNOJIAPUMETPUU U
KPUOCKOIINUN

bazupoe K.H., k.x.n. oouy. lllaxeepoues A.X., 0.¢h.x.n. Mycaesa H./[xc.,
Hckenoeposa K. A.
bakunckuii I'ocyoapcmeennwiit Ynueepcumem, baky.

KoaroueBsie ciioBa: | -mMeHTOI1, alieToH, OCH30JIbHBIC PACTBOPHI, ONTHYECCKAs
AKTUBHOCTD, IOHMKCHUEC TCMIICPATYPhI 3aMECp3aHrs PaCTBOPOB.

Key words: I-menthol, acetone, benzene solutions, optical activity, decrease in the
freezing point of solutions

Agar sozlar: I-mentol, aseton, benzol mohlullari, optik aktivlik, mohlullarin donma
temperaturunun asagi diismosi

UccnenoBanue OWHApHBIX CHCTEM B pacTBopuTene (KBa3uOMHApPHBIE CHUCTEMBI)
pPa3IMYHBIMU MeTOJaMU  (PU3MKO-XMMHUYECKOTO AaHajdu3a COCTABIISIOT OCHOBY W3y4EHUS
XUMHUYECKUX U PU3NKO-XUMUYECKUX MTPOLIECCOB, MPOTEKAIOIINX B pacTBOpax.

JlanHass paboTa TMOCBSIICHA HCCICAOBAHHIO B3aUMOJCHCTBUS MEXay |-MeHToloM W
alleTOHOM B OEH30JIbHBIX pacTBOpax METOAAMM MOJSIpUMETpUHM M Kpuockomuu. Crenyer
OTMETUTh, YTO METObl MOJIAPUMETPUU U KPHUOCKOMHUHU XOPOIIO JIOTOJHSIOT APYr Apyra.
[lepBhiit MeTOH CBSI3aH CO CBOMCTBOM PpPACTBOPEHHOTO BEIIECTBA, €€ ONTHYECKOU
aKTUBHOCTBbIO, BECbMa UYBCTBUTEJIBHOM K PA3JIMYHBIM CTPYKTYPHBIM H3MEHEHUSM,
MEXMOJIEKYJIIPHOMY B3aUMOJICMCTBHIO, BTOPOM — METOJ KPUOCKOIHUHM, OCHOBAHHBIA Ha
M3MEpPEHUHU TOHWKEHHUSI TeMIIepaTypbl 3aMep3aHHsi PacTBOPOB, CBS3aH C KOJUIUTAaTHUBHBIM
CBOWCTBOM pacTBOpa (pacTBOPHUTEINSA) U JAET IEHHYI0 HH(POpMaIHi0 00 M3MEHECHHH YHCIIa
CTPYKTYPHBIX €IUHHUILL B pacTBope. OlLieHKa B3aUMOJCHCTBHS MEXK Ty KOMIIOHEHTaMU pacTBOpa
TpeOyeT CpaBHEHHUS OSKCIIEPUMEHTAJIbHBIX KPUBBIX COCTaB-CBOMCTBO C  KPHUBBIMH,
paccuMTaHHBIMU B MPENOJI0KEHUS OTCYTCTBUS B3aUMOACHCTBUSA MEXK]y KOMIIOHEHTaMH, HO
C y4eTOM TeX H3MEHEHUN, KOTOpPBIM IOJBEPraeTcsi KaxJbld OTAEIbHBIM KOMIIOHEHT B
pactBope [1-2], 4TO, B CBOIO ouepeb, TPEOYeT ypaBHEHUN 3aBUCUMOCTEH COOTBETCTBYIOIIHMX
CBOMCTB pacTBOPOB OT/AEIbHBIX KOMIIOHEHTOB OT KOHIIEHTpauuu ux B pactBope. C 3Toit
LUEeIbl0 B CPAaBHUTEIHHO IIMPOKOM HWHTEpPBaje KOHIEHTPAIMM W3YYEeHbl TOHMKEHUS
TEMIIEPaTypbl 3amMep3aHusi OCH30JbHBIX PAacTBOPOB |-MeHTOMa M OEH30JIbHBIX PacTBOPOB
alleTOHa OT KOHIEHTPAIlMU PAaCTBOPEHHOTO BEIIECTBA. bbUIM MOIy4YeHbl ypaBHEHUS, XOPOIIO
OTHCHIBAIOLIME COOTBETCTBYIOLIUE 3aBHUCHUMOCTH TOHMKEHUS TEMIepaTypbl 3amep3aHus
pactBopoB (AT2N) OT KOHIIEHTpAIMU PacTBOPA, BHIPAKEHHOM uepe3 MOJISUIBHOCTH (m;).
[TonyueHHBIE COOTHOIIEHUS TMO3BOJISIIOT BBIYMCIUTH BKJIAJbl YKa3aHHBIX KOMIIOHEHTOB B
MOHM)KEHHE TEMITEPaTyphl 3aMEP3aHUs H30MOJISIIBHBIX OCH30JbHBIX pacTBOPOB |-MeHTONA 1
alleTOHa B MPE/TONOKEHAN OTCYTCTBUS B3aMMOJEHCTBUS MeXay HUMH (kpuBble AT . = =
f(x), roe x — MosibHas 0151 | — MeHTOJ1a B U30MOJIS/IbHBIX pacTBopax). B mmpokom
WHTEpBAJIE COCTaBa, OBUIM TakKe OMpPENENICHbl MOHIDKEHUE TEMIEpaTyphl 3aMep3aHus
W30MOJISTIBHBIX ~ OEH30JBHBIX  pacTBOpoB I|-MeHTONMa ¥ amerona |m = 1 MoJib/KT,
kpuBast AT = f(x)|. PaccumraHsl OTKJIOHEHHS ONBITHBIX 3HAYEHUH MOHIKEHUS
TEMIIEpPAaTyphbl 3aMEp3aHus 3TUX PAaCTBOPOB OT 3HAYEHMH, PACCUUTAHHBIX B NPEATOJI0KECHUH
OTCYTCTBHsSI B3aUMOJIEHCTBHS Mex Iy KommoneHtamu |kpuBas §(AT) = f(x)| u mocrpoena
KPUOCKOIIMYECKasi uarpaMMa HCCIeIyeMOil CHUCTeMbl. YCTAaHOBJIEHO, 4TO HabJrogaeMoe
3HAUUTEJILHOE YMEHBIIEHUE OMbBITHBIX 3HAYCHWHM TIOHWKEHHUS TEMIEpaTypbl 3aMep3aHus
MU30MOJISJIBHBIX PAacTBOPOB IO CPaBHEHHMIO C PACUETHBIMM 3HAYEHUSAMH, MAKCHUMYM
OTKJIOHEHHUSI KOTOPBIX MPUXOJUTCS Ha COOTHOLIEHWE KOMIOHEHTOB 2:1, IOKHO OBITh
CBSI3aHO C 00pa3oBaHWeM MpojykTa mnpucoeaunenus A,M (A — anetoH, M — | — MeHTOJ).
IIporekaHnue B cHCTEME XMUMHUYECKOW pEaKkUUU IPUCOECAUHEHUS IOIATBEPKIACTCS TAKKE
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pe3yibTaTaM MCETOJa NOJIAPHUMCECTPUH. Hamu Obura HU3y4YCHA 3aBUCUMOCTb BCJIMWYHHBI YIJia
BpalllCHUA TIJIIOCKOCTH IIOJIApU3aAlUU OCH30JIBHBIX PaCTBOPOB OT KOHICHTPAUHUU OITHYCCKHU
AKTUBHOI'O KOMIIOHCHTA -MCHTOJIA. Honyquo COOTHOIICHUEC, OINHUCBIBAOIICC  ITY
3aBUCHUMOCTB, KOTOPOC JACT BO3SMOKXHOCTb BBIYUCINTD BCIIMYMHY YyIJia BPpAallCHUA IMJIIOCKOCTU

ImoJiApru3alvii U30MOJIAPHBIX PaCTBOPOB, B HNPCANOJIONKCHUU OTCYTCTBHA B3aHMOIIefICTBPI§I
pacy.

MEKIY KOMITIOHEHTaMH | aAJMTHUBHAs KpuBas a;, = f (x)l OmnpeienieHbl  OIBITHBIE
BEJIMYMHBI yIila BPAICHUs TNIOCKOCTH MOJIIPU3AIIMU U30MOJISIPHBIX OCH30JIbHBIX PacTBOPOB -
Mentona W arnerona mpu 298,15K |kpuBas ap™ = f(x)| u paccuuraHbl OTKJIOHECHUS
onbITHEIX AaHHBIX (a9™) or ammurusHOCcTH |KpuBas af = f(x)|. Iocrpoena muarpamma
ONTHYECKON aKTUBHOCTH HCCIEAYeMO#l KBa3MOMHApPHOW cucTeMbl |-MeHTONI—areToH
(pactBopuTenb—06en30i1, Cv =1 MOJB/). YCTaHOBIEHO, YTO MAKCUMYM OTKJIOHEHUS 3HAYCHUI
yria BpalleHHs MIOCKOCTH MOJIIPU3aLMU PacTBOPOB OT PACUYETHBIX, TaKKe MPUXOIUTCS Ha
COOTHOIIIEHNE KOMIOHEHTOB 2:1. Takum oOpa3om, pe3yabTaTbl METOJIOB MOJISIPUMETPUU U
KPUOCKOTIMH TIO3BOJISIIOT TPEAIIOJIOKUTh, YTO B JTAHHOW CHCTEME MMEET MECTO NPOTEKaHHE
XAMHUUYECKOH peakiui MeXIy |-MeHTOIOM U ameToHoOM ¢ 0O0pa3oBaHUEM MPOJIYKTa
npucoeaunenuss A,M (A — aneton, M — | — meHTO/1). Hekoropas acuMMeTpust KpUBBIX
OTKJIOHEHUS] OTBITHBIX 3HAYCHUH TOHIKEHUS TEMIIEPATyphl 3aMep3aHusi W BEIMYMHBI yriia
BpamleHus] ITUIOCKOCTH TOJSPU3allMd  PAacTBOPOB OT 3HAYCHHIA, pACCUYMTAHHBIX B
HPENOJIOKEHAN OTCYTCTBHUS B3aUMOJENHCTBHS MEXIy KOMIOHeHTamu |kpusble &§(AT) =
f(x) maf = f(x)|, yxa3piBaeT Ha UPPAMOHAIBLHOCTH CUCTEMBI M HA 00pAa30BaHHE B CHCTEME
Hapsay C OCHOBHBIM MPOJYKTOM B3aumojaenctBus A,B, mpoaykra AB. Ha mepBoii craguu
B3aUMOJICHCTBHE MEXIy |-MEHTOJIOM M aleTOHOM IMPHUBOJIUT K O0Opa30BAaHUIO TMOJTyalleTalis
(mosykeTansi), a BO BTOPOM CTaaWM MMEET MECTO B3aUMOJCHCTBHE MEXIy 00pa3yeMbIM B
CUCTEMeE IMOoJIyaleTajleM U alleTOHOM, ¢ 00pa30BaHHEM OCHOBHOIO MPOIYKTa B3aUMOJICHCTBUS
A2B.
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UCCJIEJJOBAHUE B3AUMOJAENCTBHA MEXIY |-MEHTOJIOM U
AIHETOHOM B BEH30JIbHBIX PACTBOPAX METOJAMMU INOJIAPUMETPUU U
KPHOCKOIINHU

Pezrome

MerogaMu  MOJMSAPUMETPHM W KPUOCKOTIMM  HCCIEAOBAaHBI  HM30MOJISIPHBIC
(M30MOJIsIIIbHBIE) OEH30JIbHBIC PAcTBOpPHI |-MeHTONA M arneroHa. [lojydeHbl COOTHOIICHHMS,
XOPOIIO OIMUCHIBAIOLINE 3aBUCUMOCTH TOHIDKEHHS TEMIEpaTyphl 3aMep3aHus OEH30JIbHBIX
pacTBOpPOB OT KOHIEHTpanuu |-meHTonaa W amerona. IlocTpoeHbl AMarpamMma ONTHYECKOM
AKTUBHOCTH M KPHUOCKOIHMYECKAas auarpaMMa KBa3HOWHApHOW CHCTeMbI |-MeHTOI—areToH
(pacTBOpUTENH-0€H30/T). YCTaHOBIEHO, YTO B3aHUMOJCHCTBHE MEXIYy KOMIIOHEHTaMH
NPUBOIUT K OOpa30BaHMIO B CHCTEME MPOAyKTa mpucoemuneHus A»B (A-—aneron, B-I-
MEHTOJ). YKa3aHO Ha UPPAIMOHAIBHOCTH UCCIIEYEMOI CHCTEMBI, UTO JIOJDKHO OBITh CBSI3aHO
C HaIM4YUMeM B PABHOBECHOM CHUCTEME NPOMEKYTOYHOTO TMPOAYKTa MPHUCOEIUHEHUS
noJtyarerans (Mmoiaykerans), 00pa3yeMoro Mpu COOTHOIIEHUU ONTUYECKH aKTUBHOTO CIHPTA
U quMeTuiakeToHa 1:1.
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POLYARIMETRIYA VO KRIOSKOPiYA METODLARI iLO BENZOL
MOHLULLARINDA |- MENTOL VO ASETON ARASINDA
QARSILIQLI TOSIRIN TODQIQI

Xulasa

Polyarimetriya va krioskopiya metodlar1 ilo I-mentol vo asetonun benzolda izomolyar
(izomolyal) mohlullar1 tadqiq olunusdur. Benzol mohlullarinin donma temperaturunun asagi
diismoasinin qatiligdan asiliigimi ifado edon tonliklor oldo edilmisdir. |-mentol-aseton
(haolledici-benzol)  kvazibinar sisteminin  optiki aktivlik vo krioskopik diaqramlari
qurulmusdur. Komponentlor arasi qarsiliqli tasir naticasinds sistemds A:B (A—aseton, B— |-
mentol) birlosmo mohsulunun alinmasi qeyd edilmisdir. Todgiq olunan sistemin irrasional
oldugu gostorilmis, bu da tarazligda sistemds optiki aktiv spirt vo dimetilketonun 1:1
nisbatindo omolo golon aralig birlosmo mohsulu olan yarimasetalin (yarimketalin)
movcudlugu ilo izah edils bilor.

INVESTIGATION OF INTERACTION BETWEEN - MENTHOL AND ACETONE IN
BENZENE SOLUTIONS BY POLARIMETRY AND CRYOSCOPY METHODS.
Summary

Isomolar benzene solutions of I- menthol and acetone were studied by polarimetry and
cryoscopy. Relations were obtained that well describe the dependences of the decrease in the
freezing point of benzene solutions on the concentration of I-menthol and acetone. An optical
activity diagram and a cryoscopic diagram of the quasi-binary system I-menthol-acetone
(solvent-benzene) were constructed. It has been established that the interaction between the
components leads to the formation of the addition product A2B (A-acetone, B-I-menthol) in
the system. It is indicated on the irrationality of the test system, which should be associated
with the presence in the equilibrium system of an intermediate product of the addition of a
hemiacetal (hemiketal) formed at a ratio of optically active alcohol and dimethyl ketone 1:1.

MOISOT TULLANTI SULARININ NANO-Y -AL,0; iISTIRAKINDA RADIOLIiZiI
ZAMANI BAS VERON FiZIiKi VO FiZiKi-KiMYOVI DOYISIKLIKLOR

Mammadova N.T., Quliyeva U.A., Qurbanov M.O.
Azarbaycan Milli EA-min Radiasiya Problemlari Institutu
AZ-1143 Baki sah, B.Vahabzada 9
E-mail: ulviyequlieval3@agmail.com
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Moigot tullant1 sularmin torkibi ¢ox mirokkobdir. Torkibindo Uzvi vo qeyri-Uzvi
maddaloarla birlikdo ~99% su var. otraf muhitin ¢irklonma moanbalorindan biri maisoat tullant1
sularinin axidilmasi problemidir. 1 milyon nafar ohalisi olan boyuk saharlords sutka orzinda
300 min m® sudan istifado olunur ki, onun da ~75-80%-i cirkab sulara cevrilorok
kanalizasiya sistemlorina axidilir [1]. Baxmayaraq Ki, tomizlonma istigamatinds islor goralr,
yeni innovativ metod vo texnologiyalarin islonib hazirlanmasina ehtiyac var.

Moisot tullant1 sularinin iizvi (fenol, neft vo neft mohsullari, sintetik sathi aktiv (SSAM)
maddalordan) va geyri-uzvi ionlardan tomizlonmasi t¢tin mixtalif kKimyavi va fiziki-kimyavi
metodlardan istifado olunur. Bu isullar bir sira ndqsanlara malikdir. Mas, xlorla islomo
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zamani xlorlu birlosmalor  yaranir ki, onlarin da olave tomizlonmasina ehtiyac var.
Elektrokimyavi tomizlonmo zamani iso yiksok enerji sorfiyyati lazimdir [2]. Tomizlonma
metodlarinda istifade olunan oksidlosdiricilorin qiymatlorine asasan deya bilarik ki, H2O ila
tomizlonmo an ucuz metod hesab olunur. Tullant1 sular1 miirokkab tarkiba malikdir.

Moisot tullant1 sularinin tamizlonmasi ¢tin kombina olunmus radiasiya metodlarindan
istifado olunur. y-siialarinin tasiri altinda tullanti sularinin tasiri altinda bioloji tasiri altinda
goxunun, rongin itmasine,  ¢irklondirici maddslorin qatiliginin azalmasina sabab olur. Bunun
Uictin 0,4-0,5 kQr doza talab olunur [3,4].

Radiasiya-kimyavi va onunla kombina edilmis tsulun digor Gsullardan forgi ondan
ibarotdir ki, burada kimyavi tomizlonmos ilo yanasi, eyni zamanda bioloji tomizlonmo prosesi
do gedird¢moli vo tullanti sularinm tomizlonmosinds istifado olunan metodlar siratli,
birmarhalali vo texnoloji cohstdon sado olur. Bu metodlar mévcud metodlardan iqtisadi
cohatdon do sorfolidir. Belo ki, kombinoedilmis radiasiya vo koaqulyasiya metodu ilo
tomizlonmoa ononovi metodlarla miigayisede ~ 2+2,5 dofo ucuz basa golir. 1m3suyun
tomizlonmosi tictin 0,25 ABS dollari togkil edir [5].

Todqiq olunan isdo Baki Neft Emali zavodunun moisot tullant1 sularmmin qamma
stialarmin tosiri altinda fenollardan, neft vo neft mohsullarindan, sothi aktiv maddslordon
tomizlonmo prosesi Oyronilmisdir. Radioliz prosesi qamma siialar tosiri altinda otaq
temperaturunda 50 nm o6lculi nano katalizatorun (USA Skyspring Nanomaterials, Inc.
(S=262,09 m?/q)) istiraki ilo aparilmisdar.

Todgigat obyekti kimi maoisat tullantis1 niimunasindan 70 ml gotirarak Gzarina 50 nm
Olctlu 0,1 g nano-y-AlxOs alava edilorok mohlul hazirlanmigdir. Tacrlibalor stasionar saraitds
vo Co0% izotop qurgusunda aparilmis, todgigat middetinds qurgunun giicii P=0,1 Qr/san
olmusdur. Olgmoalor udulan dozanin 0,3+55 kQr giymotindo aparilmis, ampulanin {imumi
hacmi 110 ml olmusdur.

Isin mogsodi Baki Neft Emali zavodunundan axidilan moisot tullant1 sularinin gamma
stialarmin tosiri altinda nano-y-AlQOs3 istirakinda radiolizi zaman1 bas veroan fiziki vo fiziki-
kimyavi doyisikliklorin dyranilmosidir.

Asagidaki codvalds todgiq olunan orazidon gotiiriilmiis moisot tullant1 sularinm ilkin
torkibi hagqinda naticalor verilmisdir.

Parametrlor Olcu
vahidi

pH 7,79
Elektrik kegiricilyi uS/sm 1758
Duzlulug %00 0,73
Qoxu ball 3
SSAM ma/I 0,254
Fenollar ma/l 0,123
OKT ma/I 3,14
Neft mohsulu vs yaglar mq/I 15,2
Xiisusi goki g/sm® 1,0017
pH uS/sm 7,79
Elektrik Kkegiricilyi %00 1758
Duzlulug ball 0,73

Cadvaldon goriinduyd kimi, neft mohsulu vo yaglarin miqdar: digor girklondiricilorlo
mugayisads daha ¢ox, fenollar isa nisbaton azdir.

Sokil 1-do udulan dozadan asili olaraq moisot tullant1 sularini xarakterizo edon bazi
parametrlorin qatiliqdan asili olaraq doyisms kinetikas1 verilmisdir.
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Sakil 1. Moaisat tullant1 sularinin miixtalif parametrlor {igiin gatiligin udulan dozadan
asil1 olaraq doyismo kinetikasi. 1-pH, 2-Qoxu, 3-Elektrik kegiriciliyi,4-Xususi ¢oki, 5-
Duzlulug (P=0,1Qr/san)

Sakil 1-don goriindlyu Kimi, maisat tullant1 suyunu xarakterizo edon qoxu, xisusi ¢aki
Vo Vo duzlulug parametrlori udulma dozasmdan asili olaraq demok olar ki, doyismir.
Tursulugu xarakterizo edon pH dozanimn 0,3 kQr qiymatinds artir, sonraki dozalarda iso azalir.
Elektrik kegiriciliyi iss udulma dozasindan asili olaraq monoton azalir.

Alman noticalora osason demok olar ki, 0,3 +55 kQr dozada stialandirilmis moisot
tullant1 suyu niimunasinde SSAM, fenol, neft vo neft mohsullari, OKT-nin ¢evrilma doracasi
uygun olaraq 95%, 92%,86% va 73 % olmusdur.
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Xulasa

Baxilan isdo Baki Neft Emali zavodunundan axidilan moigat tullant1 sularmin gamma
stialarinin tosiri altinda nano-y-Al>Os istirakinda radiolizi zamani bas veroan fiziki vo fiziki-
kimyavi doyisikliklor Oyronilmisdir. Qamma siialarinin tosiri altinda moisot tullant1 suyu
nimunoasi fenollardan, neft vo neft mohsullarindan, sintetik sothi aktiv maddslordon (SSAM)
Vo geyri-Uzvi ionlardan tomizlonmo prosesi aparilmisdir. Miisyyon edilmisdir ki, ilkin
nimunads neft mohsulu vo yaglarin miqdar1 digar c¢irklondiricilorlo miigayisods daha ¢ox,
fenollar iso nisbaton azdir. Maisot tullant1 suyunu Xarakterizo edon qoxu, Xususi ¢aki vo va
duzluluqg parametrlori udulma dozasindan asili olaraq demok olar ki, doyismir. SSAM, fenol,
neft vo neft mohsullari, OKT-nin ¢evrilmo daracasi uygun olaraq 95%, 92%,86% vo 73 %
olmusdur.

o krwnPE

Summary
The study examined the physical and physicochemical changes that occur during
radiolysis in the presence of nano-y-Al203 under the influence of gamma rays of domestic
wastewater discharged from the Baku Oil Refinery. Under the influence of gamma rays, the
domestic wastewater sample was cleaned of phenols, oil and oil products, synthetic
surfactants (SSAM) and inorganic ions. It was found that the initial sample contained more oil
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and oils than other contaminants, and relatively less phenols. The odor, specific gravity, and
salinity parameters that characterize domestic wastewater are virtually unchanged depending
on the absorption dose. SSAM, phenol, petroleum and petroleum products, OCT conversion
rates were 95%, 92%, 86% and 73%, respectively.

SUYUN VO SULU MUHITLORIN STRUKTUR TEMPERATURU

ohmadov N.F., Sahbazova G. M.
Baki Déviat Universiteti

Acar sozlar: Struktur temperaturu, sarbast Gibbs enerjisi
Key words: Structural temperature, free Gibbs energy

Mayelorin noazoriyyasi bir sira hallar mos., kvant mayesi olan — maye helium Ggln
istisna olmagla halo do qurulmamis olaraq galir. Bununla belo, yari nazori, yart montigqi —
analitik mdalahizalorin kdmayilo mixtalif modellor vermoklo mayelorin bozi xassalori vo
onlarin xarici amillordon asililiglar1 izah edilmis, bu asililiglarin analitik sokli mloayyon
edilmigdir. Masalon, struktursuz mayelorin ozliliiyliniin temperaturdan asililigt moshur
Frenkel-Eyring nozariyyasina gors

n(T) = noerr 1)

soklindadir. Burada 7, verilmis maye Ucin sabit kamiyysatdir, fiziki monaca ¢ox boyik
temperaturlarda mayenin, daha dogrusu artiq homin “maye”’nin qaz halda malik oldugu
ozlulukddr, AG -verilmis maye molekullarinin 6zlii axinmin aktivlosmo Sorbast Gibs
enerjisidir.

Frenkel-Eyring dusturu, oksar struktursuz mayelorin 6zIUluytunin temperaturdan
asitliligini ¢ox yiiksok korrelyasiya omsali doqigliyi ilo ifads edir. Daxili strukturu hidrogen
rabitalorindan ibarat foza toru ilo mioayyan edilon, yani misyyan struktura malik olan su va
sulu moahlullarin 6zliliiklorinin temperatur asililigindan iso Frenkel-Eyring dlsturu ssasinda
belo analitik ayri eksperimentin aparilma daqiqliyindan asili olmayaraq ideal sokilda kegirilo
bilmir.

Moslumdur ki, su canli orqanizmlords gedon bitin proseslors midaxilo edir va bu
proseslora 6z koklu tasirini gostarir, suya slave olunan maddslor onun strukturunu doyisdirir
Vo bu doyismolor 6z névbasinds canli orqanizmlords bas veran biokimyoavi proseslords 6z
tosirini gostorir.

Qeyd edok Ki, suyun strukturu dedikdos, su molekullarmin orta kinetik enerjisi,
molekullararasi hidrogen rabitalorinin uzunlugu, enerjisi, paylanma konfiqurasiyasi,
oriyentasiyasi kimi fiziki parametrlor toplusu nozords tutulur vo hor bir struktura uygun
termodinamik hal uygun golir. Maddonin suyun strukturuna tesirini Xxarakterizo edon
parametrlordon biri Bernal vo Fauler torofindon su haqqinda elmo daxil edilon “struktur
temperatur” anlayisidir.

[k baxigdan sade, maraqli vo anlagilan gériinmosino baxmayaraq Bernal vo Faulerin
muoyyan etdiklori monada struktur temperaturu anlayismimn bir sira ¢atigmayan cahatlori var
va 0 ciimlodan tatbig sahasi mahduddur.

Struktur temperaturu anlayisi yenidon Uberreyter torofindon islonilmisdir [1]. O,
mayelorin ozliliiyiiniin temperaturdan asililigi {i¢in molum olan ¢ox sayli empirik

disturlardan biri olan:
B

n(T) = AeT-To )
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Vogel disturundan istifado etmis vo mayenin ozlullyli sonsuz olan, yoni daxili
sorbostlik doracolori donmus temperaturu “struktur temperaturu” (To) adlandrmisdir.
Gorlndiyd kimi (1) dasturu nazori milahizalorin kémayi ilo alinmig (1) diisturuna ¢ox
banzayir.

Hom Bernal torofindon, ham do  Uberreyter torafindon muxtalif monalarda daxil
edilmis “struktur temperaturun”anlayigi fiktiv komiyyot olmasina baxmayaraq, maddalorin
suya strukturlagdirici vo ya dagidici tasirlorinin sads yolla, qisa miiddotds askar etmok (gln
cox miihiim rol oynayir.

Lakin bu anlayisa yanasmalarda vo To-1n hesablanmasinda miisyyon qiisurlar olmusdur.

Toqdim olunan isdo struktur temperaturu metodunda moévcud olan qusurlar aradan
qaldirilmig, tokmillosdirilmis vo inkisaf etdirilmisdir. Belo ki, optimallagdirma metodu ilo
strukturlu tamiz mayeds (suda) 6zIi axmin aktivlosmo sarbast Gibs enerjisi ilo sulu mohlulda
Ozl axmin aktivlosmo Sorbost Gibs enerjisi arasinda olan forglo, mohlulun struktur
temperaturu ilo tomiz suyun struktur temperaturunun foqri arasinda korrelyasion olago
muayyan edilmisdir.
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SUYUN VO SULU MUHITLORIN STRUKTUR TEMPERATURU

ohmadov N.F., Sahbazova G. M.
Baki Doviat Universiteti
Xulasa
Isdo suyun strukturunun mahiyyati va canli orqanizmlordoki rolu sorh edilmisdir. Suyun
vo sulu mohlullarin strukturunu xarakterizo edon “struktur temperaturu” parametri vo onun
tacriibads toyin olunmasi metodu tosvir edilmisdir.
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Pe3rome
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STRUCTURAL TEMPERATURE OF WATER AND WATER ENVIRONMENT

Ahmedov N.F., Shahbazova G.
Baku State University
Summary
The paper presents various ideas about the structure of water, experimental studies of its

role in living organisms. The parameter "structural temperature" introduced into the science of
water, methods for determining its values are described.
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Acgar sozlar: Yiksok tvist, aparici tvist, renormalon effekti
Key words: High twist, leading twist, renormalon effect

Pion-proton toqqusmasinda fotonun birbasa inkliiziv yaranmasi prosesi Enriko Fermi
adina todqiqat laboratoriyasinin asas proqramidir. Bu isdo fotonun birbasa yaranmasi ii¢lin
osas proses olaraq zp — yX prosesi Js =624 QeV do dondurulmus vo doyison garsiliql
tosi sabiti metodu ilo todqiq olunmusdur. Burada bizim osas moqsodimiz yiiksok tvist
effektlorinin prosesin effektiv kasiyina verdiyi alavalori iki metodla, dondurulmus va dayison
qarsiliglt tosir sabiti metodu ilo hesablamqdir. Qeyd etmok lazimdir ki, yiiksok tvistlorin
todqiqi miixtalif sobablordon maraqlidir. Masalon, protonla bagli olan modellordo qurulus
funksiyalarmin todqiqi gostorir ki, yiiksok tvistlorin prosesin effektiv kosiklorino verdiyi
olavalar paylanma vo fragmentasiya funksiyalarinin torsins ¢evrilmasina ekvivalentdir.

Yiiksok-tvistlorin miixtolif olavalori osas prosesin vo alt prosesin paylanma
funksiyalarmin va partonlarin fragmentasiya funksiyalarmin 6yronilmasine imkan yaradir.

Molumdurki, yiliksok enrjilorde fotonun birbasa yaranmasi hadron kollayderindo
miisahido oluna bilon osas vo fundamental proseslordon biridir. Birbasa yaranan foton ele
fotondurki, o bilavasito asas parton qarsiliql tosirindon yaranir. Bu fotonlarla hadronlarin
qurulusunu kifayst godor kicik mosafolordo dyronmok miimkiindiir. Homginin bu fotonlar
Standart Modelin parametrlorino vo yeni fizikanmn dyronilmosine hossasdirlar.

Osas tortibdo iki osas proses mdvcuddur ki, birbasa foton yaransin: annihilaysiya
prosesi qq — gy ve virtual Kompton effekti gg — 5q.

Bu isdo zp — yX prosesinin yiiksok tvistinin alt prosesi 1iiglin  uygun olaraq
mq, — 9  prosesi gotiirtilmiigdiir. Burada (|- protonun kvarklarindan biridir. Analoji
olarag, 7*p— )X, 77p — yX proseslorinin dyronilmasi iigiin 7 "d p >N U, > alt
proseslori se¢ilmisdir.

7, — 9 alt prosesinin Mandesltam invariantlar1 asagidaki formadadir:
§:(pl+py)2!f:(py_pﬂ')21 lj:(p;/_pﬂ)z' (1)

7, —> 9 prosesinin matris elementini agagidaki formada yaza bilorik:

_diegs; M*e,

T _ ' 2
H (ﬂqp _)7'q) 3\/6 X1X2§f0 ( )
M# =T (py)ys(Fy” +G{' B )u(p2). 3)
R =—(§-0)(e,8+ey), )

G{' = 4e,0p{" +4e,5p4 +2(e,5—€,0) py:. ®)

7p — yX prosesinin amplitudu Brodskii-Lepaje formulu ilo tapilir[1]:
1 1
M (S,E) = [dx [dx,8(0L— X = X) Dy (4, % QT (8.5 %.%,). ()
0 0

Burada T, prosesin Feynman diagraminda o,g, — 77y alt prosesino olavalor veran sort

sopilmoloarin comini tosvir edir.
Hesablamalarda pionun asagidaki paylanma amplitudlarindan isitfads olunmusdur:
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asy(x) D"(x), CDCSEGL(X) cD(:Z(XQ ) cDBMS(XQ ) Vo cDHW(XQ ):

@, (X) =~/3f x(A—X), (7)
"0, 1) = 1 XE). ®)
2
Doy (x, ) =2 X=X x p[ mj , (©)
Doy (4,48) = 04y (OICS 221 -1+ 2 22 2x-1)], (10)

Dy (%, 1) = Dy, (V|CE2 (2x 1) +0,20C8 2 (2x ~1) - 044C3 2 (2x-1) |, (11)
A,B°
p

Oy (X) = Py

1/2 U200y _ m’
- [1+B,C; 7 (2x-1)+C,C;"“ (2X 1)]exp( Zﬂzx(l—x)) (12)

Yiiksok tvisitn olavosini hesablamaq liciin  7zp — yX prosesinin diferensial effektiv
kosiyi asagidaki formada hesablanir:

1
EdTa(ﬂp—>7/X)=fdx5(§+f+l])§Gq,p(x,Q2)ld?- ). (13)
d°p 0 m dt
70, — )Q alt prosesinin diferensial effektiv kosiyi asagidaki sokildodir:
2 & (Y12
do ,. §.f lj):167r aCe [DES,UA)] [%Jriz} (14)
df 9 §°(-t) Lu° s

burada

D($,0) = &t (Qf jdx{q’x((1 Q;)}Fez (@ gdx{q) e Qﬂ (15)

p — yX prosesindo yiiksok tvist diferensial effektiv kosiyi hesablamaq iigiin yekun formula

asagidaki ifado ilo toyin 01unur[2]'
1670 Cr [D(S,0 1
£ P 70 = xS t))] [ *ﬂ (16)

(15) inteqral 1fad951 doyison qars111q11 tosir sabiti yaxmlasmasmda asagidaki ifado ilo toyin
olunur:

Lag (4, L2 YDy (X, 42)dX
D(u},) = [——— . (17)
0 X(1—X)
(17) ifadasini (15)-do nozars alsaq onda alariq:

2 2 2 2
D($.0) = eﬁ}dx{as G izfi)(x’Ql )} e2§} dx{“s(ﬂ“"io(fi)(x'% )} =
0

0

b Dy (%, Q) dX ®,, (X, Q?)dx
=gl (S) | dx — M= e S ()t ME2 (18)
el O & a2 | X=Xt +2,)
burada t, =4z /a,(S)f, vo t =4xla,(-0)p4, .
D 5y (X) paylanma amplitudu giin onda  D($,U) iigiin alariq[3]:
p(s,a) = A e“jd [ 1 }‘%fﬂe ® [due ‘tzuB[ 1 } (19)
ﬂo 1-u ,Bo 1-u
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®"'(X) paylanma amplitudu iigin onda D($,0) iigiin alariq:

o 16f el [1 1 j 16f e,$ e (1 1 j
D(§,0)=—== due B —u due 2Bl =,=-u|. 20
&0 NEY:A { 2'2 38, I 2'2 (0)

@, (x,Q%) paylanma amplitudu tgiin onda D($,0) iigiin alariq:

D(§a):4\/—7zfe1ujd | 1 084a(Q1) /1{ _24+30}
’ By 1-u a, (142) 1-u 2-u 3-u
50/81
4\/_f N3 f e Id —t2u|: 1 084{05(&)} { 4 24 30 ﬂ 1)
B 1-u 2-u a (1) 1-u 2-u 3-u

Isdo 7p — yX prosesindo yiiksok tvist diferensial effektiv kosiyi pionun baxilan
paylanma amplitudlar ii¢lin fotonun enina impulsandan va yeyinliyinden asililiqlart hor iki
yaxinlasmada, dondurulumus vo doyison qarsilighh tosir sabiti yaxinlagmalarinda otrafli
Oyronilmisdir. Prosesin effektiv kasiyi liciin Borel comi hesablanmigdir. Dayison qarsiliqh tosi
sabiti metodu ilo hesablamlarda yaranan infraqirmizi renormolon sinqulyarligi inteqralin bas
gqiymot monada hesablanmasi metodu ilo aradan qaldirilmigdir. Biitlin paylanma amplitudlar
iclin yliksok tvist effektiv kosiyinin adadi qiymatlori aparici tvistin adoadi qiymatori ilo
miigayiso edilmisdir. Hesablamalrda alinan noticolordon goriinlir ki, 7zp — X prosesindo

fotonun birbasa yaranmasini Boyiik Hadron Kollayderindo miisahido etmok miimkiindiir.
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Pezome
B nanHO#i pabGoTe wMccnenoBaHa 3aBUCMMOCTH  CEUEHHUsS — MpoIecca  MPSMOTO
WHKJIFO3UBHOTO POXACHUS (POTOHA TPHU MHOH-IPOTOHHOM 770 —> X  CTOJKHOBEHHH OT

IOIIEPpCYHOI0 UMITYJIbCa U GBICTPOTBI (I)OTOHa A1 pa3HbIX ME30HHBIX aMIUIUTYIQ
pacapeaciCHus METOA0M 3aM0p0)KeHHOfI u 661"}’1116171 KOHCTAaHTbI B3aHMOHCﬁCTBHH B paMKax
nepTypoaTUBHOM M TroJIOTpaUYeCKO  KBAaHTOBOM  XpoMmoJauHaMuKu.  [lomydeHo
AHAJIUTHYCCKOC BBIPAXXCHHUC 60peJ'IOBCKOI71 CYMMBbI 3(1)(1)6KTI/IBHOFO CCUCHUA JJIs1
HCIIOJIb3YEMBIX IIPU BBIYUCICHUAX aMIUIATYIA pacCcIIpCaCIICHUA. BBI,HCJ'ICH H IIPOaHAIIN3UPOBAH
YHCTBIN BKJIaJl BBbICHIMX TBHCTOB B 3(1)(1)6KTI/IBHO€ CCUCHUEC AJId Kax(noﬁ AMIIIMTYIbL
PacCpeaciICHuA.
Summary

In this paper, we study the dependence of the cross section for the process of direct

inclusive photon production in a pion-proton zp — »X  collision on the transverse

momentum and rapidity of photon for different meson distribution amplitudes by the
methods of frozen and running coupling constants in the framework of perturbative and
holographic quantum chromodynamics. An analytical expression is obtained for the Borel
sum of the cross section for the distribution amplitudes used in the calculations. The pure
contribution of higher-twist effects to the cross-section for each distribution amplitude is
extracted and analyzed.
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Muasir dovrda konstruktiv vo funksional ndgteyi-nazordon mihim shomiyyat kash
edon xassoalorin daha yiiksok saviyyasi ilo segilon materiallarin yaradilmasi bir gox sonaye
sahalorinin, o cimlodon avtomobil vo dozgah istehsali, cihazqayirmada, energetika
masinqayirmasi, aerokosmik vo midafio sonayesinin inkisafinda holledici rol oynayir. Bu
baximdan son dovrlords todqiqatgilarin metal matrisali kompozit materiallarin yaradilmasina
Vo onlarin todqigine olan margi digqoti colb edir [1]. Qeyd olunan materiallar arasinda
aliminium va onun orintilori asasinda yaradilan kompozisiyalar aparici yerlardan birini tutur.
Istehsal va totbiq miqyasma gora aliminium domirdon sonra mdasir sonaye Vo texnikanin
ikinci metali hesab edilir. Lakin onun ovuntu metallurgiyasmnin sonaye inkisafi domirin
ovuntu metallurgiyasmin inkisafindan hiss olunacaq doracods geri qalir. Buna baxmayaraq
aliminiumun ovuntu metallurgiyasinin perspektivlori inkisaf etmis sonaye Olkalorinds ona
daha c¢ox diqqot yetirilmasino sobab olmusdur. Molum oldugu kimi Azorbaycan
Respublikasinda aliiminium filizi yataglar1 mévcuddur. Olkomizdo aliiminium istehsalmim
gadim tarixi vo ononssi vardir. Biitiin bunlar1 nazoro alaraq demok olar ki, Azarbaycanda
aliminium osasli ovuntu kompozisiya materiallarmmn islonmasino dair tadgiqgatlarin
aparilmasi ovuntu metallurgiyasmin prioritet istiqgamatlorindan biridir.

Aliminiumun Kimyoavi aktivliyi ilo olagedar olaraq onun osasinda hazirlanan
ovuntularin preslonmosi posesindo metalin pres-golibin divarlarina yapismasi bas verir.
Bunun qarsisini almaq tiglin konteyners ovuntu ilo burlikds boyiik miqdarda stirtkii materiali
vo ya maye daxil edilir [2]. Boylk miqgdarda sttrkinln slavs edilmasi ¢iy prespastahlarin vo
XUsuson bisirlmis arintilorin dartilmada mohkomliyini asagi salir. Bundan basqa stirtkiiniin
boyiik miqdar1 soba avadanhiginin tez ¢ikrlonmasina gotirir. Siirtkiiniin miqdarinin
azaldilmasi, eloco do pres-galiblor Uc¢lin uygun materialin se¢ilmaSi Vo ya onlarm sathino
aliminiumla tutusmayan miihafizoedici Ortiiklorin ¢okilmasi istigamatindo edilon ¢oxsayli
cohdlor halalik mishat noticalor vermomisdir. Siirtkiilii qarisiqlardan bisirilmis momulatlarin
mdhkamliyi sirtklisiz momulatlarin méhkamliyindon az olur. Lakin siirtkiisiiz prespastahlarin
hondasi Olcilorinin orta giymotdon sapmasi siirtkiilii prespastahlara nisboton iki dofo gox
olmusdur [3]. Bunun sababi ondan ibaratdir ki, qarisigda siirtkiiniin mévcudlugu onun pres-
golibda axmasini asanlasdirir vo prespastahi sixliga gora daha bircins edir.

Maye fazanim istiraki ilo aliiminiumun bisirilmasinds bas veran fiziki proseslor Kifayat
godar mirokkob vo bir ¢ox parametrloro hassasdir. Ona goro do aliiminiumun bisirilmo
prosesinin texnoloji rejimi diggatli nozarat tolob edir. Mosalon azotda bisirmoda halledici rolu
sehlik noqtasi (-40°C) vo temperaturu saxlama doaqigliyi (x3°C) oynayir [4]. Digor metal
ovuntularindan detallarin bisirilmoasi Ugln nozards tutulan mévcud sobalar gostarilon hodlorda
temperatur vo sehlik ndqtosini tonzimlomoys imkan vermir. Ona goro do aliminiumun
bisgirilmasi {igiin standart soba avadanliginin iglonmasi onun mixtslif sonaye sahslorindo genis
totbiginin zoruri sorti sayilir.
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Yuksok korroziyaya davamliliqla yanasi masinlarm ¢okisinin vo Xxisuson otalot
kitlosinin azalmasi tolob olunan hallarda bisirilmis domir aliminiumla avaz olunur, naticods
killy vo titroyis azalir. Bu haqda fikir yiirlitmays imkan veran realliq ondan ibaratdir Ki,
aliminium ovuntu detallarmin istehsalinin artim tempi bisirilmis domirin istehsalinin artim
tempini xeyli Ustaloyir. Bu giin ovuntu aliiminium detallar1 elektronikada, avtomobil, kosmik
Vo digor sonayelords genis istifado olunur [5,6]. Bura hom do qayis 6tiirmalorinin intigallari,
tokarlor, gapaqlar, oymaqlar, yag nasoslarinin disli ¢arxlar1 vo digor detallar aiddir.

Ovuntu pastahdan almmis yayigin mexaniki xassolori anoloji torkibli (7,3% Zn, 2,0%
Mg, 0,6% Cu, 1% Co, 0,15% Fe, 0,12% Si, 0,35% O3) arintinin toékmo pastahlarindan alinan
yay1gm mexaniki xassalorinin saviyyasina uygun golir. Bu tsulla aliminium va Al-Pb arintisi
ovuntularindan siirlismo yastiglariin hazirlanmasi tigiin ikiqgat lent alirlar[7]. 7090 vo 7091
yuksokmohkom ovuntu aliiminium orintilorinin ilk sonaye numunoalori «Alkoa»firmasi
torafindon islonmis va totbiq edilmisdir [8,9]. Bunlar, tarkibinds 1,6 va 0,4% kitlo pay1 kobalt
olan Al-Zn-Mg-Cu torkibli tez kristallasmis materiallardir. 10-12% deformasiya doracasi ilo
dartilmada bu orintilorin méhkamlik haddi toxminan 60 MPa togkil edir [10]. Rusiya
Federasiyasinda (RF) TIB-90 markali yiiksokmohkom orinti islonmisdir. Bu mdvcud
aliminium orintilorindon on mohkomidir (op=780MPa, o,,=740MPa, &=8%) [11]. O,
istismar soraitindo vo uzunmiddatli ylklomalordo yiksok antifriksion xassolorini saxlayir
[12]. Tez kristallasan ovuntulardan alinan yiiksokm@hkom aliminium orintilori yluksak
yorulma mohkomliyine vo artirilmis korrozion déziimliys malikdirlor [8, 9, 13]. «Alkoa»
sirkati torafindon otaq temperaturunda 457MPa vo 315°C-do 255MPa axma haddino malik
Cu78 (Al-8Fe-4Ce) perspektivli ovuntu orintisi islonib. Onun otaq temperaturundaki
mdhkamliyi 1000 saat arzinds 230°C-ds saxlamadan sonra tamamils doyismoz qalir [8].

Ovuntu aliiminium orintilorinin elastiklik modulunun ohomiyystli artimina onlara
xirdadispers biglarm vo liflorin daxil edilmasi ilo nail olmaq olar [14, 15]. Masalon,
torkibindoa silisium torkibli biglar1 olan eksperimental orintilor tozyiq altinda tokiilmiis
arintilorlo miigayisads elastiklik modulunun (170 GPa) vo dartilmada mdhkomlik haddinin
ikigat (1170MPa) gostoricilori ilo forglonir [9]. Ona gora do liflorlo méhkomlondirilmis
yuksokmohkom alliminium orintilorindon  hazirlanan matrisalar osasinda yaradilan
kompozitlor bu guiniin va galacayin materiallaridir [8,9].
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ALUMINIUM O9SASLI OVUNTU KOMPOZiYA MATERIALLARININ
ISLONMOSI PERSPEKTIVLORI

Yaqubov E.K. (emin.yagubov@mail.ru)
Ganca Dovlat Universiteti

Ovuntu kompozisiya materiallarmin miiasir dovriin sonaye istehsalinda oynadigi rol va
bu materiallarin inkisaf etdirilmasi istigamotindo mévcud olan maraqli tendensiyalar sistemli
sokildo tohlil edilmisdir. Aliiminium osashh kompozisiya materiallarinin potensial tatbig
sahalori haqqinda molumat verilmis, onlarin totbigini asaslandiran bir ¢gox maraqli cohatlorlo
yanasi, inkisafin1 longidon problemlor do ayrica sorh edilmisdir. Bu qobildon olan yeni
materiallarin yaradilmasi vo ugurlu tatbigi tctin prioritet hesab etdiyimiz texniki va texnoloji
mosalalarin hallinin vacibliyi 6n plana ¢okilmisdir.

HNEPCIIEKTUBbBI PASBUTUA KOMIIO3UIIUOHHBIX MATEPHUAJIOB
HA OCHOBE AJIIOMHUHMUA

3.K.Azyb06 (emin.yaqubov@mail.ru)
I'anoxncunckuu I'occyoapcmeennwiii Ynueepcumem

CucremMaTHyecKu IMpOaHaJIM3UPOBAHBI COBpPEMCHHEIC TCHACHIIM IIPUMCHCHUA
KOMIIO3MIIUOHHBIX MATCPpHUaIOB B COBPECMCHHOM IIPOMBIINIJICHHOM IIPOU3BOACTBC MU HX
Pa3BUTUC B 3TOM HaAIIpABJICHUH. beiu OpeaACTaBJICHbI CBCACHHUA O IMMOTCHIHUAJIBHBIX o0macTIx
HCIIOJIb30BAHUA KOMIIOBUIIMOHHBIX MATCpHUAIOB Ha aJIIOMMHUEBOM OCHOBE. HepeqncneHLI
MHOXXCCTBO HMHTCPCCHBIX ACIICKTOB 06OCHOBLIBaIOH_[I/IX INPpUMCHCHHUC JaHHbLIX MAaTCpPpHaIOB,
Hapsaay ¢ HpO6J'ICMaMI/I 3aMCIJIIIOIMMHA UX PAa3BUTHUC. Ha Hepe,[[HI/Iﬁ IUIaH IPOBCACHHBIX
pa60T MIOCTaBJICHA BA)KHOCTDb PCHICHHA TCXHUYCCKUX U TCXHOJIOI'MYCCKUX BOIIPOCOB, KOTOPLIC
Ha Hall B3N ABJIIFOTCA MPUOPUTCTHBIMU JIS1 CO3JAaHUA U YCIICHIHOI'O BHCAPCHUS HOBBIX
KOMITIO3UITUOHHBIX MAaTCPUAJIOB.

PROSPECTS FOR THE DEVELOPMENT OF COMPOSITE
MATERIALS BASED ON ALUMINUM

E.K. Yagubov (emin.yagubov@mail.ru)
Ganja State University
Modern trends in the use of composite materials in modern industrial production and
their development in this direction are systematically analyzed. Potential uses for aluminum-
based composite materials were presented. Many interesting aspects are listed that justify the
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use of these materials, along with problems slowing down their development. The importance
of solving technical and technological issues, which, in our opinion, are a priority for the
creation and successful implementation of new composite materials, has been put at the
forefront of the work carried out.

OU3NKO-XUMHNYECKOE UCCJIEJOBAHUE BOJAHbBIX PACTBOPOB
JEKCTPAHA

*Tcagpaposa @.A., " JI.¢p.m.n. npogp. Macumos 3.A.,
** 0.¢h. no 6uon. Oosxcazeepouesa C.A.
*bakunckuii Huscenepnulit Yuueepcumem, Azepoaiioxncan
**bakunckuit I'ocyoapcmeennsvtit Ynueepcumem, Azepoaiiorycan

KiroueBbie cj10Ba: TapHUaibHBIM  MOJBHBIH 00BEM, ONTHYECKas IJIOTHOCTD,
IIOKa3aTeCJIb IMPCIIOMIICHHA, OIITHYCCKAsA aKTUBHOCTDh, IIPUBCICHHAA BA3KOCTD.

Key words: partial molar volume, optical density, refractive index, optical activity,
reduced viscosity.

Agar sozlar: parsial molyar hocm, optik sixliq, sindirma oamsali, optik aktivlik,
gotirilmis ozliiliik

XOTs UCCIENOBAHUIO PEOJIOTHYECKUX W OOBEMHBIX CBOWCTB BOJHBIX PacTBOPOB
JEKCTPAHOB YNEJSETCS JOCTaTOYHOE BHUMaHWE [1-3], HEKOTOpBIE APyrue CBOMCTBA ITHX
pacTBOpOB: TMOKa3aTeiab MpeilomieHus (np), BEIMYMHA Yyrila BpalleHUs IUIOCKOCTU
noJisipu3aluu (0lp), AJIEKTPOHHBIE CIEKTPhI MOTJOLIEHUS, HEJOCTATOYHO XOPOIIO HU3YYEHBI.
[Ipu uccnenoBaHuu pacTBOPOB, AJS MOJYUEHHUS] KOMILIEKCA B3aMMOCOTIACOBAHHBIX JIaHHBIX,
MOJIE3HO HCIOJb30BaTh CPABHUTEIBHO IIUPOKUM CHEKTP pa3iMYHBIX METOJ0B (U3HKO-
XMUMHUYECKOTo aHanu3a. [lanHas palGoTa MOCBsIlEHA MCCIEIOBAHUIO BOJHBIX PacTBOPOB
nexkcrpasa (M= 40000 r/Moibp) MeTOIaMU  BOJIOMOMETpUH, pedpakToMeTpuw,
MOJISIPUMETPUH, CHEKTPOHOTOMETPUM U BHUCKO3UMETPUU. B OTHOCHUTENBHO HIMPOKOM
untepBaie kouuentparmii (W < 10 Bec. %) mpu 298,15 K Obuti ompeseneHbl MIOTHOCTh
(p?%), nokaszarens npenomnenus (n*), BeNMUMHA YIyIa BPAIEHUS MUIOCKOCTH MOJAPHM3AIIHI
(ocZDS), a pu 293,15, 298,15, 303,15, 313,15, 323,15 K nunamuueckasi BI3KOCTbh (1)) BOJHBIX
pacTBopoB JekcTpaHa. llogydeHbl COOTHOIIEHMS, XOPOILO OIMCHIBAIOIIME 3aBUCUMOCTHU
COOTBETCTBYIOIIUX CBOMCTB PacTBOPOB OT KOHIIEHTPALIMM JIeKCTpaHa. B ciiyuae BS3KOCTH,
TaKk)Ke HalJIeHbl YPaBHEHHUS 3aBUCHMOCTHU BSI3KOCTH PACTBOPOB Pa3IUYHbBIX KOHIIEHTPAIUHA OT
TEMIIepaTypbl U BBIYUCIICHBI SHEPTUM aKTUBALIMU BA3KOTO TEUEHHUS ITHX PAacTBOPOB. bbutn
TaKXK€ CHSTBl JJIEKTPOHHBIE CHEKTPHl MOIJIOMICHUS BOJHBIX pAcTBOPOB JEKCTpaHa B
uHtepBane MH BoaH 190-1000 HM. YCTaHOBIIEHO, YTO MAkKCHUMYM MOTJIOLIEHUS BOJHBIX
pacTBOpoB AeKcTpaHa (A,,4,) Habmogaercs npu 278 HM. Beruuciensl ontudeckast MIOTHOCTh
(D), ynensHoe Bpamenue ([o<]3°), MosbHbIi 00beM (V&®) BOAHBIX pacTBOPOB JACKCTpaHa, a
TaKKe MapIHaTbHBIe MOJBHBIE 00beMbl gekctpana (Vp) B 9THX pactBopax. ITomydeHo
ypaBHEHHE 3aBUCHUMOCTH MapIMaIbHOTO MOJBHOTO 00beMa JIeKCTpaHa OT KOHIEHTpPAlluU
nonvcaxapuaa B pacTBope. KpuBas 3aBHCHUMOCTH MaplUaibHOTO MOJBHOTO 00beMa
JEKCTpaHa OT KOHILIEHTpaluW MNPOXOJUT depe3 MHUHUMYM. [loka3zaHo, 4YTo HalIm4yue
MUHHMyMa Ha KPHBOW 3aBUCHUMOCTH TaplUajJbHOTO MOJBHOTO o0OBEMa JEeKCTpaHa OT
KOHIIEHTPAllMd  MOXET CIYKWUTh TPU3HAKOM OOpa3oBaHHMs B  pacTBope Ooiee
CTPYKTYPUPOBAHHBIX 00Opa3oBaHMil. 3aBUCHMOCTh BEJIMYUHBI DHEPTHH AKTHUBAIIUU BSI3KOTO
TE€UYEHUs JJI1 PACTBOPOB PA3IMUHBIX KOHLIEHTPALUNA MOATBEPKIAET BHIBOJIBI BOJIOMOMETPHUHU.
N3 3aBUCMMOCTM TPHUBEAEHHOM BS3KOCTH OT KOHIEHTPAIMd pPAcTBOpPa OIpPEAENIEHbI
XapaKTepUCTUUYECKasi BA3KOCTh M KOHCTaHTa XarrmHca NpH yKa3aHHBIX TeMIleparypax.
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HaGmogaercst yBelMYeHHE XapaKTEPUCTHUECKOHW BS3KOCTH W YMCHBIICHHUE KOHCTAHTHI
XarruHca Ipyd MOBBIIMIEHUM TEMIEPATypbl, KPHUBBIE 3aBUCHUMOCTEM KOTOPBIX IHPOXOIAT
COOTBETCTBEHHO u€pe3 IOJIOTUH MAaKCUMyM U MHUHHUMYM. 3HAu€HUE XapaKTEepHUCTUYECKOU
BSI3KOCTH HCIOJIb30BAHO B KA4ECTBE KPUTEPHsl ISl OLICHKH KOHIICHTPAIIMU, HIDKE KOTOPOU
PaCTBOPLI MOI'yT CUHUTATBHCA pa36aBJI€HHBIMI/I. PC3y.]'II)TaTI)I BOJIIOMOMCTpPHHU,
criektpodoToMeTpun, pedpakTOMETPUU U TOJSPUMETPHH, TOATBEPKIAIOT CYIICCTBOBAHHE
TaKOW TIpaHMIBI pa30aBICHHBIX PACTBOPOB B Ciydae BOJHBIX PAcTBOPOB JIEKCTpaHa C
MoutekyssipHoit maccoi 40000 r/Moub.
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OU3NKO-XUMHNYECKOE UCCIEJOBAHUE BOJHBIX PACTBOPOB
JEKCTPAHA
Pe3zrome

MeTto1aMu BOJIFOMOMETPHH, pepPaKTOMETPHUH, MOJIIPUMETPUH, CIIEKTPOPOTOMETPUN U
BUcKo3uMeTpun npu 298,15 K m3ydeHs! BOAHBIE pacTBOPBI ACKCTPaHa ¢ MOJSIPHOM Maccoil
40000 r/Mosb. Onpenenensl TUIOTHOCTh, MOKa3aTeNNb MPEIOMIICHUS, TUHAMUYECKasl BSI3KOCTh
Y BEJIMYMHA YyTJia BpallleHUs IMIIOCKOCTHU MOJISIPU3AlMU BOJHBIX PacTBOPOB AeKcTpaHa. CHSTHI
AIIEKTPOHHBIE CIIEKTPBI ATUX PACTBOPOB. BhIUuKCiieHb! MOJBHBIA 00bEM, YAETbHOE BpallleHHUE,
ONTHUYECKas MJIOTHOCTh, MPUBEJIEHHAS BSI3KOCTh PAaCTBOPOB, MapIHAbHBIN MOJBHBIH 00beM
JeKCTpaHa B BOJHBIX pacTBopax. Iloka3zaHo, 4T0 HanMuWe MUHMUMYMa Ha KpUBOM
3aBUCHUMOCTH TMapUUaIbHOTO MOJBHOTO 00beMa JEKCTpaHa OT KOHIIEHTPAlUH MOXET
CIIYKUTh TPU3HAKOM OOpa3oBaHHUs B pacTBOpax 0oJjiee CTPYKTYpPUPOBAHHBIX OOpa30BaHMUIA,
YTO TMOJATBEPHKAACTCS pe3ylbTaTaMd  METOJIOB pedpakToMeTpuu, CHeKTpo(hOTOMETpUH,
MOJIIPUMETPUN U BUCKOZUMETPUU.

PHYSICAL AND CHEMICAL STUDY OF AQUEOUS DEXTRAN SOLUTIONS
Abstract

Aqueous dextran solutions with a molar mass of 40,000 g/mol were studied by
volumemetry, refractometry, polarimetry, spectrophotometry, and viscometry at 298.15 K.
The density, refractive index, dynamic viscosity, and the angle of rotation of polarization
plane of aqueous dextran solutions were determined. The electronic absorption spectra of
these solutions were taken. The molar volume, specific rotation, optical density, reduced
viscosity of solutions, and partial molar volume of dextran in aqueous solutions were
calculated. It is shown that the presence of a minimum in the curve of dependence of the
dextran partial molar volume on concentration can serve as a sign of the formation of more
structured formations in solutions, which is confirmed by the results of refractometry,
spectrophotometry, polarimetry, and viscometry.

DEKSTRANIN SULU MOHLULLARININ FiZiKi-KiMYOVi TODQIiQIi
Xulasa
298,15 K temperaturda molyar Kitlosi 40000 g/mol olan dekstranin sulu mohlullar
volumometriya, refraktometriya, spektrofotometriya, polyarimetriya vo viskozimetriya
metodlar1 ilo Oyronilmisdir. Mohlullarin sixligi, sindirma omsali, dinamik O6zliliyli vo
polyarizasiya mustavisinin firlatma bucagi toyin edilmisdir. Bu mohlullarin elektron udulma
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spektrlori gokilmisdir. Mohlullarn molyar hocmi, xiisusi firlatma bucagi, optiki sixligi,
gotirilmis Ozlililyli vo mohlullarda dekstranin parsial molyar hocmi hesablanmigdir.
Dekstranin  parsial molyar hacmin qatiligdan asililiq  ayrisinds minimumun olmasi
mohlullarda strukturlagdirilma prosesinin bas vermasinin alamati Kimi gostorilmisdir. Bu da
refraktometriya, polyarimetriya, spektrofotometriya va viskozimetriya metodlarinin naticalori
ilo tasdiq olunur.

FiZIKADA PARADOKSLARA YENi YANASMA

Basirov M.B., Dos. Quliyev N.I., Dos. Imanov R.M.
Ganca Dovlat Universiteti

Acar sozlar: fiziki, paradoks, nazoriyys, elektrodinamika, kvant mexanikasi, dalga
funksiyas1

Key words: physical, paradox, theory, electrodynamics, quantum mechanics, wave
function

Fiziki paradokslarin tobiotini anlamaq tiglin yeni yanagma toklif olunur. Paradokslar
tokco fiziki nozoriyyolorin miikommoal olmasini oks etdirmoyib, hom do fiziki hadisalorin
ziddiyatli realliglarma sahidlik edir. Giiman etmok olar ki, tobiot gapali vo miitkommal sistem
deyil, lakin daha nohong (“fizikadan xaric”) sistemin hissasi olub, ondan oshomiyyatli doracods
asilidir.biz burada fizikada ziddiyatlor problemins yeni yanasmaya tosobbiis edacayik. Qeyri -
klassik fiziki nozoriyyo (XNN, UNN, kvant nozoriyyosi) ziddiyotlorlo doludur. Bu
nozoriyyonin meydana golmosi fiziki obyektlorin tobistindo askarlanan ziddiystlorin izahina
tosobbiislo ohomiyyaetli doracods slagodar olmusdur.

Nisbilik nozoriyyosi elektrodinamika ilo klassik mexanika (miioyyon olunmusdur ki,
Qalileyin nisbilik prinsipi is1q dalgalarinin harokotini 6domir, bels ki, is1q siirati no monbayin,
no do gobuledicinin horokotindon asili deyil, vakuumda homiso eyni qiymoto malikdir)
arasindaki ziddiyatlori hall etmoyo ¢aligmisdir.

Kvant mexanikasma formal olaraq mikro obyektlorin paradoksal ikili tobistinin izahina
tosabbiis kimi baxmaq olar: bir halda onlar 6zlarini ndgtavi obyekt (maddi zarrocik) kimi
aparir, digor halda iso - dalga xassasini gostarir. Belo Ki, bu nozariyyslor bir paradoksu hall
etmoklo, yeni paradokslar (XNN - ekizlor paradoksu, firlanan ¢axr paradoksu (“Erenfest
paradoksu™), “sualt1 qayiq” paradoksu, ling paradoksu va s. kvant nozariyyssindo dalga
funksiyasmin reduksiyasi paradoksu, Sredingerin pisiyi paradoksu, Eynsteyn - Podolski -
Rozen paradoksu vs s.) yaradir.[1,2]

Belos tosovviir yaranir ki, biz, he¢ bir zaman ziddiyatlordon xilas ola bilmoyacayik - bir
ziddiyati aradan qaldirarkon homin andaca ¢oxlu yeni ziddiyatlor agkar edilir.

Ziddiyastlorin omalo golmosinin sobabi nadir? Bir qayda olaraq gliman edilir ki, ziddiyst
- bizim nazoriyysalorin mitkommol olmasinin naticosidir. Bizo deyirlor: tobiot he¢ vaxt 6z -
ozlilylinds ziddiyatli ola bilmoz. Demsli milkommal nozariyyelor paradokslardan azaddir. Bu
belodirmi? Fiziki ziddiystlorin xarakterino diqqetlo baxaq. Goriiniir ki, bir sira hallarda
ziddiyatlor xoyali xarakter dasiyir, paradoksalligin hiss olunmasi, adston qeyri adi goriinon
hadisolor zamani (mosolon ekizlor paradoksu) Oziinii gostorir. Digor hallarda iso tobii
ziddiyatlor meydana ¢ixir. Bu ziddiyastlori “nozeriyye daxili” vo “nozariyyelor arasi” kimi iki
qrupa bolmok olar. Birinci halda eyni nozoriyye daxilindo miixtslif voziyyastlor arasinda
ziddiystlor meydana cixir. Buna misal olaraq kvant mexanikasmda dalga funksiyasinin
reduksiyas1 paradoksunu gostormok olar. Bir torofdon istonilon fiziki prosesdo oldugu kimi
Olegmo prosesi Sredinger tonliyino tabe olan dalga funksiyasi ilo tosvir edilmolidir. Bels olan
halda biz 6lgmods miisyyon notico almiriq - mikroobyektlorin qarsiliglt tesiri naticasinda
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cihaz sadoco olaraq Olgiilon komiyyatin biitiin qiymotlorini oks etdiron makro halin
superpozisiya voziyyatine kecir. Buna gors do, riyazi aparatla real voziyystin uygunlugu iiciin
“dalga funksiyasmin reduksiyasi” kimi olave postulatin daxil edilmasi lazim golir ki, bu da
Sredinger formalizmi ilo heg ciir uzlagmir. Beloliklo, dalga funksiyasimin reduksiya postulati,
kvant sisteminin tokamiiliiniin Sredinger tosvirinin universal postulatlagdirilmasi ilo ziddiyot
togkil edir. Bagqga bir halda iso ziddiyet, realligi miixtalif soviyyads tosvir etmok iiglin fiziki
nozariyyalari birlogsdirmaya tosobbiis edilorkon meydana ¢ixir.[3]

Klassik mexanika ilo klassik elektrodinamika arasinda, klassik vo kvant mexanikasi
(kvant mexanikasi gostarir ki, “makroskopik superpozisiya” real miisahido olunmayan makro
vo mikro obyektlorin garsiliglt tosiri zamani meydana c¢ixmalidir (Sredingerin pisiyi
paradoksu), hmg¢inin makro obyektlorin dalga paketinin yayilmasi hagigotds miisahido
olunmur) arasinda ziddiyatlor mévcuddur. [5]

Klassik vo kvant mexanikasi arasindaki ziddiystlorin movcudlugu bir torofs, digor
torafdon iso termodinamika ilo (klassik vo kvant mexanikasi tonliklori zamana gors donondir,
onda, termodinamika ¢oxlu sayda mikrozarrociklorin tobiotindo real askarlanan donmozliyin
movcudlugunu postulatlasdirir) kvant mexanikasi arasindaki ziddiystlor hami torafindon gobul
edilmisdir. Kvant mexanikasi1 ilo timumi nisbilik nozoriyyasi (hansi ki, kvant qravitasiya
nozoriyyasinin yaranmasini ¢otinlogdirir) arasinda da ziddiyotlor mévcuddur.

Belo bir tosovviir yaranir ki, miixtolif voziyyotlordo tobiot obyektlori miixtolif foza —
zaman Ol¢iisiine basqa ciir bir — birino montiqi yerlosmoyon ganunla tabe olur, bu haqigotonmi
belodir, yoxsa biz, nozoriyyslorimizin miikommol olmamasindan yaranan illiiziya ilo
mosguluq?

Bizim noqteyi nozorimizco fiziki obyektlorin ziddiystli xiisusiyyotlora malik olmasi
ticlin miimkiin olmayan he¢ no yoxdur. Ziddiystsizliys tolob belo giimana asaslanir ki, “tobiot
alomi” miisahido etdiyimiz biitiin fiziki hadisolori miistoqil omolo gotirir vo 6zliiylindo hansisa
gapali tamamlanmig sistem deyil, oksino daha nohong sistemin bir hissosi olub, ondan
ohomiyyatli dorocoo asilidir. Bu halda etiraf etmoliyik ki, tobiot yoqin ki, biitiin miisahido
olunan fiziki fenomenlori miistaqil amolo gotirmoys qadir deyildir. Onda diinyanin fiziki
monzorasinin O6zlnill tosdiqini tolob etmoyo zorurat yoxdur. Miixtolif fragmentlor vo realliq
soviyyalori tamamils forqli vo hatta montiqi uzlasmayan qanunlara tabe ola bilor. Osas mosalo
budur ki, bu ganunlar eyni zamanda vo eyni fiziki voziyystdos agkar olunmasin.

Burada oayani nimuns kimi korpuskulyar dalga dualizmini gostora bilorik. Borun
alavalik prinsipina mivafig olarag mikro obyektlorin dalga vo korpuskulyar xususiyystlori
tamamilo mixtalif, kasismoyan vaziyyatlordo meydana ¢ixir. Beloliklo eyni bir obyektin hom
dalga, hom do zorracik kimi montigi uygun olamayan tosvirino baxmayaraq, aparilan
tocriibads heg bir nazars carpan ziddiystlor bas vermir.
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FiZIKADA PARADOKSLARA YENi YANASMA

Basirov M.B., Dos. Quliyev N.I., Dos. Imanov R.M.
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Bizim ndqteyi nozorimizco fiziki obyektlorin ziddiyetli xiisusiyyetlora malik olmasi
Ucln miimkiin olmayan he¢ na yoxdur. Ziddiyatsizliys tolob belo glimana asaslanir ki, “tobiot
alomi” miisahids etdiyimiz biitlin fiziki hadisolori miistoqil omolo gatirir vo 6zliiylindo hansisa
qapali tamamlanmig sistem deyil, oksino daha nohong sistemin bir hissasi olub, ondan
ohomiyyatli doracos asilidir. Bu halda etiraf etmoliyik ki, tobiot yoqin ki, biitiin miisahido
olunan fiziki fenomenlori miistaqil omolo gotirmoys qadir deyildir. Onda diinyanin fiziki
monzarasinin 0zinil tosdiqini tolob etmoyo zorurot yoxdur. Miixtolif fragmentlor vo realliq
soviyyalori tamamils forqli vo hotta montiqi uzlasmayan qanunlara tabe ola bilor. 9sas masalo
budur ki, bu ganunlar eyni zamanda vo eyni fiziki voziyyatds agkar olunmasim.

A NEW APPROACH TO PARADOXES IN PHYSICS

Bashirov M.B., As.pr. Guliev N.L, As.pr. Imanov R.M.
Ganja State University

From our point of view, there is nothing impossible for physical objects to have
conflicting properties. The requirement of non-contradiction is based on the assumption that
the "natural world™" independently forms all the physical phenomena we observe and is not a
closed complete system in itself, but is part of a larger system and depends significantly on it.
In this case, we must admit that nature is probably not able to independently form all the
observed physical phenomena. Then there is no need to demand self-affirmation of the
physical picture of the world. Different fragments and levels of reality can be completely
different and even subject to illogically incompatible laws. The main thing is that these laws
are not revealed at the same time and in the same physical condition.

HOBBIN MMOJIXO/I K APAJIOKCAM B ®U3UKE
bawupoe M.b., oou. I'vruee H.U., ooy. Umanoe P.M.
I'anoxncunckui I'ocyoapcmeennwtii Ynueepcumem

C Hameil TOYKM 3pEHHs, HET HUYEr0 HEBO3MOXKHOTO B TOM, 4YTOOBI (U3MUECKHE
00BEKTHI 00J1a1alIi TPOTUBOPEUMBBIMU CBOICTBamMU. TpeboBaHNE HEIPOTUBOPEUHUS OCHOBAHO
Ha MPENOJIOKEHUH, YTO CIIPUPOTHBIA MUP» CaAMOCTOATENBHO (hOPMUPYET BCe HAOII01aeMble
HaMu (pU3MYECKUE SBICHUS U HE SBISETCS 3aMKHYTOM IEIOCTHON CHCTEMOM caM 1o cebe, a
SIBJIIETCS YacThIO 0o0Jiee KPYMHOM CHCTEMBI U CYHIECTBEHHO OT Hee 3aBUCUT. B aTom cimydae
MPUXOAUTCA TPU3HATH, YTO TMPHPOJA, BEPOSTHO, HE B COCTOSHHUH CaMOCTOSITENILHO
dbopmupoBath Bce Habmogaemble (u3MUeckue sBieHHUs. Torja He HYXHO TpeOoBaTh
caMOYTBEpKIeHHs (PU3MUECKON KapTUHBI MUpa. Pa3Hble (parMeHThl U YPOBHU pPEaTbHOCTH
MOTYT OBITH COBEPILIEHHO PAa3HbIMU M JaX€ MOJAYUHATHCS HEJIOTHUYECKH HECOBMECTUMBIM
3akoHaM. [ 1aBHOE, YTOOBI 3TU 3aKOHBI HE MPOSBISUIMCH OJTHOBPEMEHHO U B OJTHOM U TOM XKe
(bU3MUYECKOM COCTOSTHHUH.

FOTOSINTEZ PROSESINDO FOTOSINTETIiK VAHID DAXILI VO
FOTOSINTETIK VAHIDLOR ARASI ENERJI DASINMASINA YENI YANASMA

Dos. Quliyev N.I., dos. Imanov R.M.
Ganca Dovlat Universiteti

Acar sozlar: fluorensiya, lazer, enerji Otiiriilmosi, reaksiya morkozi,
fluoresent
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Fotosintez prosesinin is1q morholosindo Fotosistem 1 (FS1) vo fotosistem
2 (FS2) piqment komplekslorindo bu sistemlorin mixtolif fiziki
xarakteristikalarinin Olg¢iilmosino osaslanmis enerji Otiirlilmasi silirotinin
qiymatlondirilmasi ilk dofo A.Y.Borisovun islorindo yerino yetirilmisdir.[1,2]
Xloroplastlarin vo FS2 hissociklorinin fluorensiyasinin yasama miiddoti
tocriibi olaraq olgiilmiisdiir. Miuolliflor FS1 {iglin Tf1 yasama miiddoti nozori
olaraq hesablanmisdir. Bu zaman istifado olunan komiyyatlor xloroplastlarda
vo onlarin FS1 vo FS2 ilo zonginlosdirilmis fragmentlorindo dl¢lilmiisdiir. Bu
komiyyotlor xloroplastlarda vo onlarin FS1 vo FS2 ilo zonginlosdirilmis
fragmentlorindo 6l¢iilmiisdiir. Bu komiyyoat <0,03ns olmusdur.

1973-cii  ildon Dbaslayaraq fotosintetik membranlarda xlorofilin
fluorensiyasinin yasama miiddoatinin lazer spektroskopiyasi iisulu ilo
O0lciilmoasi barodo xobarlor veron moqalalar ¢ap olunmaga baslayir. 1980-ci ilo
qadar yerino yiitirilmis totqiqatlarm icmali Moyya torofindon aparilmisdir.[3]
Impulsda fotonlarin yiiksok sixligina malik lazer monbolorindon istifado
olunmast pigqmentlorin matrisindo qeyri-xotti effektlorin inkisafina vo
fluorensiyasinin yasama miiddatinin xeyli azalmasina gotirib c¢ixarir. Lazer
stialarinin intensivliyinin azalmasi1 O6l¢moalorin doqiqliyinin azalmasi ile
miisaiyot olunur.[4]

70-ci illerin avvollorindon baslayaraq enerji Otliriilmosi prosesini tosvir
etmok iigiin FS1 vo FS2 spektrlorinin miixtolif zolaqlarinda fluorensiyasinin
miitlog kvant c¢ixislarinin temperatur asiliginin totqiqi Usulu inkisaf edir.
Molekulyar konstantlarin, o ciimlodon reaksiya morkozindo enerjinin tutulma
siirotinin hesablanmasi, roqsi realaksiyalar nozoro alinmaqla donor-akseptor
Otlirmosi nozoriyyosino osason aparilmisdir. Fotosintetik aparatin pigment
sistemlorinin fluoresent xarakteristikalarinin temperatur asiliginin 6l¢iilmosi
isulu enerji Otiiriilmosi prosesini ardicil komiyyot tosvirini almaga imkan
verir. Ancaq belo yanagsma Otlirmonin biitiin sabitlorinin hesabini aparmaq
iiclin kifayot godor molumat verir. Son zamanlar bir sira totqiqat¢ilarin bu
iisula miiraciot etmolori iroli siiriilon bu ndqteyi nozorin dogrulugunu siibut
edir.

Belalikla, fluoresensiyanin yasama miiddatinin 6l¢tlmasi Gzra tacribi naticalorin qisa
icmali FS2-nin isiqtoplama pigment sistemlarinda enerjinin reaksiya morkozlorino kifayot
godor tez Oturtlmasi naticesini ¢ixarmaga imkan verir. Mohz bunun sayasinds xlorofilin
fluoresensiyasiin yasama miiddati, bu kamiyyatin mohluldaki qiymati ilo miigayisads demak
olar ki, 100 dofa azalir.

Xloroplastlarin  va  FS2-nin pigment sistemindo  Sinqlet-Singlet
annihilyasiyasinin miisahido olunmasi, miiayyon nozori diisturlara asaslanaraq
enerji Otliriilmoasinin siirotini hesablamaga imkan verdi. Fotosintetik vahidin
(FSV)-nin statistik modelinin qobul oluna bilmoasi forziyyosi ilo
fluorensiyanin  nisbi  ¢ixisinin  hoyacanlasdirici lazer impulsunun
intensivliyindon nozori asilig1t  tUmumilesdirilmisdir. Onlarin  tocriibi
O0l¢molorlo miiqayisasi, annihilyasiya sabitinin qiymotini almaga imkan verdi.
Bu komiyyot xloroplastlarin piqment komplekslorindo hoyacanlagma
diffuziyasinin amsalin1 vo diffuziyanin uzunlugunu hesablamaq ii¢iin istifado
olunmusdur.

FSV-do enerji dtiirtilmoasina hasr olunmus totqiqatlarin icmali Moyyanin
yeni isinde 6z oksini tapmisdir. FS2-yo aid olan noticalorin analizinin asas
naticosi odur ki, FSV-lor arasinda effektiv enerji miibadilesinin mdvcudlugu
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haqqinda forziyyolor kifayot qodor siibut olunmus olur. Ona gdéro do bu halda
statistik model vo ya Jolio torofindon toklif olunan model qoabul oluna bilar.
Bu modelo goro fozada ayrilmis FSV-lor, FSV daxili 6tiirmonin siirotindon az
siirotlo enerji miibadilosinda olurlar. FS1-o goro roylor forqlonirlor. Bozilori
belo hesab edirlor ki, bu halda avto model isloyir. Digorlori iso FSV- lor
arasinda enerji miibadilosinin mévcud oldugunun bildirirlor. Géstormok olar
ki, Qiasitovun iglori axirincit ndoqtoyi noazori tastiq edir. Bu, FS1 vo FS2-yo
moxsus 685 vo 735 nm maksimumlu zolaqlarda fluoresensiyanin nisbi
cixisinin hoyacanlasdirict isi1gin intensivliyindon asililiglarinin {ist-iisto
diismosindon goriiniir. Oz ndvbosindo bu asililiqlar statistik FSV modelindon
hesablanmis nozori qiymotlorlo yaxsi list-listo diisiir, avto FSV modeli iso pis
uygunlasir. FSl-nin 1isiqtoplayict1 piqmentlorinin fluorensiyasinin kvant
¢ixisinin asagl olmasi, eloco do yasama miiddatinin ki¢ik qiymatlori gostorir
ki, FSI-in bu hissasinds enerji 6tiiriilmosi kifayoat qodor tez bas verir ki, bu da
avto FSV modelinin qoabul oluna bilmasinin aleyhina olan dalildir.

Belaliklo, miasir naticalor asasinda belo milahiza ylritmok olar ki, ham statistik, hom
do avto modellor praktik hallarda realizasiya oluna bilmir. Ustiinlilyli o modelo vermok
lazimdir ki, ona uygun olaraq fozaca ayrilmis FSV-lor enerji mibadilosinds olurlar. Bu
vaziyyati nozors alaraq, enerji 6tirtlmasinin orta sirstinin toqribi hesablamalari {igiin statistik
FSV haqqinda tosovvirlordon istifado etmok olar. Xlorofilin ayri-ayr1 formalar1 arasinda
enerji  Otdrilmosinin slrati barads naticolor alinmasi FSV daxili vo arasi Otiirmoanin
siratlorinin daha doaqigq giymatlorinin mioyyan edilmasina xidmat eds bilor. Bu isa FS1 va
FS2-do FSV-lor arasindaki masafoni giymatlondirmays imkan veror.
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FOTOSINTEZ PROSESINDO FOTOSINTETIK VAHID DAXILi VO
FOTOSINTETIK VAHIDLOR ARASI ENERJi DASINMASINA YENI YANASMA

Dos. Quliyev N.I., Dos. Imanov R.M.
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Muasir naticalor asasinda belo milahizo yiritmok olar Ki, ham statistik, hom do avto
modellor praktik hallarda realizasiya oluna bilmir. Ustiinliiyli o modelo vermok lazimdir ki,
ona uygun olaraq fozaca ayrilmig FSV-lor enerji mubadilosindo olurlar. Bu voziyysti nazara
alaraq, enerji Oturulmasinin orta srstinin toqribi hesablamalari tigiin statistik FSV haqqinda
tosovviirlordon istifado etmok olar. Xlorofilin ayri-ayri formalar arasinda enerji 6tiiriilmosinin
sroti barado noticalor alinmasi FSV daxili vo arasi otiirmonin sratlorinin daha doagiq
giymatlorinin miayyan edilmasina xidmat edo bilar.
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A NEW APPROACH TO ENERGY TRANSPORTATION BETWEEN
PHOTOSYNTHETIC UNIT AND INTERNAL AND PHOSYSTYNETIC UNITS IN
THE PHOTOSYNTHESIS PROCESS

As.pr. Guliev N.I., As.pr. Imanov R.M.
Ganja State University

Based on modern results, it can be assumed that both statistical and car models can not
be realized in practice. Preference should be given to the model according to which space-
separated FSVs are in energy exchange. Given this situation, statistical FSV assumptions can
be used to approximate the average speed of power transmission. Obtaining conclusions about
the rate of energy transfer between different forms of chlorophyll can serve to determine more
accurate estimates of the rates of internal and intermediate transmission of FSV.

HOBBI MMOIXO0JI K TPAHCIIOPTUPOBAHHWUIO DSHEPTUU MEXKY
®OTOCUHTETUYHBIMMU 3BE3/IAMU U BHYTPEHHUMU U
OOCUCTUHETUYECKUMM 3BE3/IAMMU B NIPOLECCE ®OTOCHUHTE3A

Hou. I'yvhuee H.U., /lou. Hmanoe P.M.
Ianoxcunckuir I'ocyoapcmeennwiii

Ha ocHOBanumn COBPCMCHHBIX PE3YJIbTAaTOB MOXHO IPCAINOJOXKUTE, UYTO KakK
CTaTUCTHYECKAs, TaK U aBTOMOOMIILHAS MOJACIIN HE MOTYT OLITH pCaIn30BaHbl Ha IMPAKTUKE.
[Ipennourenue cieayeT OTaaTh MOJENIH, COIVIACHO KOTOPOM MPOCTPAHCTBEHHO-pa3HECEHHbBIE
FSV mnaxomsarcs B sHeprooOMeHe. YUHTBIBash 3Ty CHTYallUI0, MOYHO HCIOJb30BaTh
cratuctudeckue nonymeHus FSV s anmpokcumanuu CpelHel CKOpOCTH Mepenayu
sHepruu. [logydyeHre BEIBOIOB O CKOPOCTHU MEPeaun SHEPTUU MEKIY Pa3IMUYHBIMU popMamMu
xjopodusia MOXKET CIYyKUThb [UIsl OmpenesieHuss Oojiee TOYHBIX OLIGHOK CKOpoOCTei
BHYTPEHHEH U NpoMexxyTouHoU nepenaun JICB.

SIRKONIUMUN (1V) ZEFiRAMIN ISTIRAKI ILO® QALEINAT VO
DIBROMQALLEINAT KOMPLEKSLORININ
SPEKTROFOTOMETRIK TODQIQI

k.ii.f.d.Ibrahimov H I.
Azarbaycan Dovlat Pedaqoji Universiteti, Baki s.

Agar sozlar: sirkonium, dibromgallein, zefiramin
KioueBble ci1oBa: IUPKOHUMN, JMOpOMTAIIIICHH, 3¢UpaMuH
Key words : zirconium , dibromgallein, zefiramin

Sirkoniumun (IV) tglii kompleks soklinda fotometrik toyini {iglin bir ¢ox iisullar islonib
hazirlanmigdir. Bu dsullar arasinda sirkoniumun (IV) kation tipli sathi aktiv madds olan
setilpiridinium bromid istiraki ilo t¢lii qalleinat vo dibromgqalleinat komplekslori yer
almamisdir.

Buna baxmayarag, bir COoX digor elementlorin, 0 cumladan
Al,Ga,Sn,Sc,Hf ,Nb,Ta,Mo,W [1-2;5-6] vo s.-nin {glii qalleinat vo dibromgqalleinat
komplekslori dyronilorok, onlarin asasinda fotometrik tisullar islonib hazirlanmisdwr. Bu
tisullarin oksariyyatinds tiglincii komponent kimi sathi aktiv madds olaraq  setilpiridinium
bromid (SP), bazi hallarda iso setiltrimetilammonium bromiq (STMA) tatbiq edilmisdir [3-4]/
Bu komplekslor asasinda iglonmis fotometrik analiz lisullarmm yiiksok hassaslifini nazors
alaraq, ti¢lincli komponent kimi digor sothi aktiv maddslorin totbiqi do mogsodouygundur.
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Bunu osas gotiirarok, toqdim edilon isdo sirkoniumun (IV) zefiramin (ZA, tetradesil
dimetilbenzilammonium [(C,oH,,)4N]CH,CcH,(CH5)5]) istirak1 ilo qalleinat (Q) vo
dibromgqalleinat (DBQ) komplekslorinin amoalogalma soraiti dyranilmisdir.

Tocribalorlo mioyyon edilmisdir ki, Zr(IV)-Q-ZA Ucli kompleksi pH 1,3-1,7
intervalinda, Zr(IV)-DBQ-ZA kompleksi iso pH 1,0-1,5 intervalinda maksimum isiqudmaya
malik olur. Molum olmusdur ki, zefiramin istiraki ilo hom Zr(IV)-Q-ZA Ucli kompleksi,
hom do Zr(IV)-DBQ-ZA Ugli kompleksi pH-mn yalmiz bir intervalinda  maksimum
isiqudmaya malik olurlar ki, bu da sirkoniumun (IV) har iki halda sabit torkibo malik yalniz
bir kompleksinin omolo goldiyini gdstarir.

Tocribalorlo mioyyon edilmisdir ki, Zr(IV)-Q-ZA kompleksi pH 1,3-1,7 intervalinda
qurmizimtil-bondvsayi rongs, Zr(IV)-DBQ-ZA kompleksi iss pH 1,0-1,5 intervalinda
gOyumtil-bandvsayi rongs malik olur. Bu komplekslorin optimal ¢iximina uygun golon dalga
uzunluglarini miioyyon etmok iiclin onlarin isiqudma spektrlori ¢ixarilmisdir.

Isiqudma spektrlorindon misyyan edilmisdir ki, Zr(IV)-Q-ZA kompleksi A= 580nm -
do, Zr(IV)-DBQ-ZA kompleksi iso A= 600nm -do maksimum optiki sixliga malik olur.
Zr(IV)-Q-ZA va Zr(IV)-DBQ-ZA komplekslorinin pH-dan asililiq ayrilorinds oldugu kimi,
isiqudma spektrlarindon do har iki halda sabit torkibs malik yalniz bir kompleksin amala
goldiyi gortindr. Molyar nisbatlor vo izomolyar seriya tisullar1 ilo Zr(IV): Q vo Zr(IV):DBQ
nisbatlorinin ikili komplekslords oldugu kimi 1 : 2 nisbatindo oldugu miisyyan edilnisdir.

[zomolyar seriya iisulu ilo alinmis qrafikdo ekstrapolyasiya edilmis diiz xottlorin
kasigsmo noqtasindon absis oxuna endirilon perpendikulyar homin oxu komponentlorin
0,66:1,34 = 1:2 nisboatinds kasir.

Zr(IV)-Q-ZA vo Zr(IV)-DBQ-ZA komplekslorindo Zr(IV):ZA nisbot- lorini
Oyronmok tiglin Starik vo Barbanelin nisbi ¢ixim vo tarazlhigin yerdoyismosi lisullarindan
istifado edilmisdir.

Starik vo Barbanelin nisbi ¢ixim tisulu ilo Zr(IV): ZA nisbotlorini dyronmak ligiin metal
ionunun gatiligini sabit saxlayaraq, zefiraminin miixtslif gatiliglarinda kompleks mohlulunun
optiki sixliglar1 6lgiilmiis vo alinmis naticolors asason AA/Cr — AA/ A, Kkoordinatlarinda
oyri qurulmusdur.

Tarazhigin yerdoyismasi Usulu ilo Zr(IV): ZA nisbatlorini mioyyan etmok (i¢lin metal
ionunun qatili§m sabit saxlamaqla zefiraminin miixtolif qatiliqlarinda alinan {icli
komplekslorin optiki sixlhiglar1 6lglilmiis vo alinmis naticalor osasinda lg A/Aqq — A
lg A/A,.. —A Vo —lg[ZA] koordinatlarinda grafik qurulmuidur. Alinan diiz xattlorin absis

oxu ilo amoals gatirdiyi bucagin tangensina osason stexiometrik omsallar nlisyyon edilmisdir.
Butlin hallarda komponentlorin stexiometrik nisbotlori Zr(IV):Q(DBQ):ZA = 1:2:2 kimi
olmusdur.

Sirkoniumun (IV) zefiamin istiraki ilo gallein va dibromgqalleinlo omolo gotirdiyi tiglii
komplekslorin spektrofotometrik xassalorinin tohlili gostorir ki, hor iki kompleks titanin (IV)
fotometrik toyini liglin perspektivli hesab oluna bilor. Bunu nozors alaraq, Zr(IV)-Q-ZA vo
Zr(IV)-DBQ-ZA komplekslorinin  metal ionunun gatiligindan asililiqlar1 Gyronilmis vo
muoyyon olunmusdur ki, Zr(IV)-Q-ZA kompleksi dctn sirkonium (IV) ionunun 3,1 —
43,7 mkq/25 ml qatihigmnda, Zr(IV)-DBQ-ZA kompleksi iiglin iso sirkonium (IV) ionunun
2,1 —25,1 mkq/25ml qatihgmmda bu asililiglar xottidir vo fotometriyanin osas qanunu olan
Ber ganununa tabe olur.

Alinmis naticolors osason sirkoniumun (IV) zefiramin istiraki ilo liglii qalleinat vo
dibromgqalleinat komplekslorinin molyar isiqudma omsallar1 hesablanmisdir.

Zr(IV)-Q-ZA kompleksi {igiin molrar isiqudma omsalinin qiymoti & = 3,9-10%,
Zr(IV)-DBQ-ZA kompleksi (glin iso molrar isiqudma omsalinin giymoti € = 6,8 -10*
& =8,21-10* olmusdur.

142



On kicik kvadratlar iisulundan istifado edorok, sirkoniumun (IV) zefiramin istiraki ilo
icli  qalleinat vo dibromgqalleinat komplekslorinin optiki sixliglarin1 hesablamaq iiciin
korrelyasiya tonliklori ¢ixarilmigdir . Bu tonliklorin kdmayile analiz edilon mahlulun 6l¢iilmiis
optiki sixligina asason, daracaloma ayrisindan istifads etmadan, niimunadaki sirkoniumun (1V)
miqdarin1 mkq va ya q — ion/l-lo hesablamaq olar (3,5.658; 4,5.249;) .

Alinmig naticolor gostorir ki, sirkoniumun (IV) zefiramin istiraki ilo G¢ll galleinat vo
dibromgqalleinat komplekslari onun fotometrik tayini tctin ¢ox perspektivlidir. Zr(IV)-Q-ZA
vo Zr(IV)-DBQ-ZA komplekslori asasinda islonmis yeni fotometrik toyin tisullar1 6z yliksok
hassasligi, sadsliyi v tez yering yetirilo bilmasi ilo forqlonir.

Elmi igin noticolori nozari vo praktiki ohomiyysto malikdir.Sirkoniumun (IV) sintez
edilmis iki yeni kompleksi bu elementin koordinasion birlosmolor kimyasini
zonginlosdirmoklo borabor, onun ciizi miqdarlarin1 miivafiq ayrma iisullar1 vo pardsloyici
reagentlor totbiq etmoklo on miixtalif niimunolords yiiksok hossasliq vo doqiqlikle toyin
etmoyo imkan verir.
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SIRKONIUMUN (1V) ZEFIRAMIN ISTIRAKI ILO® QALEINAT VO
DIBROMQALLEINAT KOMPLEKSLORININ
SPEKTROFOTOMETRIK TODQIQI

Ibrahimov H 1.
Azarbaycan Dovlat Pedaqoji Universiteti, Baki s.
Xiilasa

Sirkonyumun zefiraminin istiraki ilo gallein (Q) va dibromogalleinlo (DBQ) olan yeni
Ucli komplekslori sintez edilmis vo spektrofotometrik olaraq éyronilmisdir. Zr(IV)-Q-ZA vo
Zr(IV)-DBQ-ZA komplekslori asasinda islonmis yeni fotometrik toyin tisullar1 6z yiiksok
hassasligi, sadsliyi va tez yerina yetirilo bilmasi ils forqlonir.

Elmi igin noticolori nazori vo praktiki ohomiyysto malikdir.Sirkoniumun (IV) sintez
edilmis iki yeni kompleksi bu elementin koordinasion birlosmolor kimyasmi
zonginlogdirmaklo barabor, onun ciizi miqdarlarin1 miivafiq ayrma iisullar1 vo pordoloyici
reagentlor totbiq etmoklo on miixtalif niimunolorde yiliksok hassasliq vo daqiqlikle toyin
etmoyo imkan verir.
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CHHEKTPO®OTOMETPUUYECKOE UCCJIEJJOBAHUME I'AJINIEMHATHBIX U
JUBPOMI'AJUIEMHATHBIX KOMIIVIEKCOB IMPKOHMUS B
HNPUCYTCTBUU BE@OUPAMUHA

Hopazumos I'.U.
Pe3ztome

CuHTe3upoBaH M CIHEKTPOPOTOMETPUUYECKH M3YYEH HOBBI TpPOMHONW KOMIUIEKC
upkonus ¢ rajwienaoMm (Q) u aubpomramiensHom (DBQ) B mpucyrcTBuu 3edupamuna. Ha
ocHoBe TpoiHbix cucreM Zr(IV)-Q-ZA w Zr(IV)-DBQ-ZA paspabGoTaHbl HOBBIE
BBICOKOUYBCTBUTEJIbHBIE (POTOMETPUUECKNE METO/IbI ONIPEIEIICHUS LIUPKOHHUS.

Hayunbiii pe3ynpTar - CHHTE3 M MCCIEAOBAHHUE JIByX HOBBIX TPOMHBIX COCIWHEHUH
uupkoHus. Hayuynas u mpaktuyeckass IEHHOCTh MOJYYEHHBIX PE3YJbTAaTOB COCTOUT B TOM,
YTO OHM 00O0ramarmT XUMHI KOOPAMHALMOHHBIX COEJIMHEHUN U aHAIUTHYECKYI0 XHMHIO
LUPKOHUS U MO3BOJIAIOT ONPENENSTh €r0 MUKPOIJIEMEHTHI B PA3JINUHBIX 0OBEKTaX.

SPEKTROFOTOMETRICHAL RESEARCH OF THREEFOLD GALLEINATNY
AND DIBROMGALLEINATNY COMPLEXES OF ZIRCONIUM
IN PRESENCE ZEFIRAMIN

Ibrahimov H.I.
Summary

Synthesized and spektrofotometrichal is studied new triple complexes of zirconium
with a gallein (Q) and dibromgallein (DBQ) in presence zefiramin. On the basis of the triple
systems of Zr(IV)-Q-ZA and Zr(IV)-DBQ-ZA is worked out new highly sensitive
photometric methods of determination of zirconium .

A scientific result are a synthesis and research of two new complex connections of
zirconium. The scientific and practical value of the got results consists of that enrich
chemistry of coordinating connections and analytical chemistry of zirconium and allow to
determine his trace-elements in different objects.

STRUKTUR TEMPERATURU KOMiYY®Ti VO SULU MOHLULLARIN
STRUKTURU

f-r.e.n.Hasanov A. O., f.i.f.d. Hasanova X. T., Bagirova S. R.
Baki Doviat Universiteti

Acar sozlor: struktur temperaturu, sulu mohlullar, hidrogen slaqosi, Ozliilik, 6zli
axinin aktivlosmo enerjisi.

Key words: structural temperature, aqueous solutions, hydrogen bond, viscosity,
viscous flow activation energy

Mayelorin nozariyyasi bir sira hallar, mos., kvant mayesi olan — maye helium Ugin
istisna olmagla halo do qurulmamis olaraq qalir. Bununla belo, yar1 nozori, yar1 montiqi-
analitik miilahizolorin komoayilo miixtolif modellor vermoklo mayelorin bozi xassolori va
onlarim xarici amillordon asililiqlar1 izah edilmis, bu asililiqlarin analitik sokli miioyyon
edilmigdir. Mosalon, mayelorin ozliililyiiniin temperaturdan asililigit mashur Frenkel-Eyring
nazariyyasing [1] gors

AG
n(T) =neRt 1)
soklindodir. Burada 7, verilmis maye l¢iin sabit komiyyotdir, fiziki monaca ¢ox boyiik

temperaturlarda mayenin, daha dogrusu artiq homin “maye”nin qaz halda malik oldugu
ozliiliikdiir vo odadi qiymati qazlarin 6zliiliiyii (10+10° Pa-san) tartibindadir; AG — verilmis
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maye molekullariin 6zli axininin aktivlogsmo sorbast enerjisidir.
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Frenkel-Eyrinq diisturu, oksor mayelorin ozliliiyiiniin temperaturdan asililigmi ¢ox
yliksok korrelyasiya omsali doqiqliyi ilo ifado edir. Belo mayelordon olan etanolun
Ozliiliiylinlin temperatur asilili§in n — 1/T koordinatlarinda sokil 1-do verilmisdir. Sokildon
gorundiyu kimi Frenkel-Eyring disturu ilo ifado edilon analitik oyri tocriibi néqtolorden
kifayat qoder yiiksok korrelyasiya omsali (r?=0,9999) ils kegir.

Daxili strukturu hidrogen rabitslorindon ibarot foza toru ilo miioyyon edilon, yoni
miioyyon struktura malik olan su va sulu mohlullarin 6zliiliiklorinin temperatur asililiindan
iso Frenkel-Eyring diisturu osasinda belo analitik oyri eksperimentin aparilma doqiqliyindon
asili olmayaraq ideal sokildo kegirilo bilmir (sokil 2). Tabii ki, bunun sl fiziki sabobi ondan
ibarotdir ki, temperatur asililiginin baxildig1r temperatur oblastinda AG sabit qalmir vo
temperaturun funksiyasidir. Belo ki, temperaturun dayismasilo hidrogen rabitslorindon ibarat
foza toru da doyisir: temperatur artdiqca bu rabitolor qurilir, temperatur azalanda iso oksina,
belo rabitalorin sayi artir. Noticodo eksperimental ndqtalorin Frenkel-Eyring diisturu ilo ifado
olunan analitik oyridon sistematik konaragixmalart bag verir; temperaturun Kigik
qiymotlorindo mayenin 6zliiliiyli Frenkel-Eyrinq diisturu ilo hesablandigindan daha boyiik
olmaga baslayir.

XX asrin 70-80-ci illorindo Uberreyter suyun vo bir sira sulu mohlullarin 6zliiliiklorinin
temperaturdan asililigin1 daha yiiksok doqiqlikle ifade etmok {iglin coxsayli empirik
dusturlardan biri olan VVogel dusturundan

B

n(T)=ne" ™ (2)
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istifado etmusdir [2]. Uberreyter bu diisturdan istifado edorkon belo bir askar ideyaya
osaslanmisgdi ki, hidrogen rabitolorinin mévcudlugu hesabina su vo sulu mohlullarin 6zLiliyii
temperaturun azalmasi ilo struktursuz mayelordo olduguna nisboton daha siirotlo artir vo
ozliliyiin sonsuz boyiik qiymeti (tam strukturlagma) (2)-don goriindiiyii kimi, miitloq
temperaturun sifir qiymotindo deyil, struktur temperaturu adlanan vo miitloq sifirdan xeyli
boyiik qiymatlords (T=Tsr.) bas verir. Sokil 3-don goriindiiyii kimi tomiz su ti¢lin qurulmus 7
~ 1/(T-Tsy) asilihigi genis temperatur oblastinda tocriibadon alinmis qiymotlorlo tam ist-iisto
diisiir. Hom do bu qiymot tomiz su {i¢iin 146 + 3 K-dir (sokil 3).

1,6 1
1,4
1,2 1

n-mPa*san

0,8 -
0,6 -
0.4 -
0,2 A

0 T T T
0,004 0,005 0,006 0,007  1/(T-Tstr)

Sokil 3

Daxil edilmo formasma vo odadi qiymotino goro struktur temperaturu fiktiv komiyyot
olsa da, suda hall edilon maddonin tasirilo suyun struktur temperaturunun no godor vo hansi
istigamotdo doyismosi, homin maddonin suyun strukturuna neco tosir etmosi hagqinda
miloyyon informasiya vera bilir vo bu sobabdon do struktur temperaturu metodu bizim
tadgiqatlarda genis istifado edilmisdir [3-4].
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STRUKTUR TEMPERATURU KOMiYYOTIi VO SULU MOHLULLARIN
STRUKTURU

Jf-r.e.n.Hasanov A. 9., f.ii.f.d. Hasanova X. T., Bagirova S. R.
Baki Dovlat Universiteti
Xiilasa
Struktur temperaturu metodu ilo bir sira kicik vo yuksokmolekullu birlogsmalorin suda
mohlullarinda bas veron struktur doyisikliklori vo daxil edion maddolorin tosirilo suyun
termodinamik halinin doyismasi oyranils bilar.
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STRUCTURE TEMPERATURE QUANTITY AND STRUCTURE OF WATER
SOLUTIONS

Hasanov A.A., Hasanova X.T., Bagirova S.R.
Baku State University
Resume
The work was dedicated to explain the essence of the strukture temperature which is
applying to investigate the strukture changes which happens in water, those is differe from
other liguides for its physical and chemical properties, with the influence of the temperature
and ofter including matters.

MEXANIZMLORIN KINEMATIK TODQIiQi UCUN
ANALITIK USULUN TOTBIQi

T.f.d. Sadixova M.S.

Acar sozlor: mexanizm, funksiya, ¢ixis vo giris bondlori, tonlik, tocil, siirot, analitik
usul

Keywords: mechanism, function, output and input elements, equation, acceleration,
speed, analytics method

Mexanizmlor tadqiq olundugda ¢ox zaman texniki hesablamalardan yiiksok doqiqlik
tolob olunur, halbuki, qrafik qurmalar vasitasilo belo doqiqliyi aldo etmok miimkiin olmur.
Buna goro do belo hallarda analitik hesablama tisullarindan istifado etmok moslohot goriiliir.
Bu disullar xiisusilo akad. H.Q.Bruyevig vo prof. V.A.Zinovyev torofindon inkisaf
etdirilmisdir.

Mexanizmlorin kinematik todqiqinin analitik metodu giris vo ¢ixis bondlorin harokotinin
parametrlori arasindaki funksional asilili§in toyin olunmasi ilo slagodardir.

Alinan tonlik ¢ixis bondlorin (yerdoyigmasini, siirot vo tocilin) hesablanmasina imkan
verir. Belo tonliklorin praktiki holli bir ¢cox hallarda, asason, foza mexanizmlori (robot vo
manipulyatorlar) {i¢iin ¢ox miirokkobdir. Sadolik ii¢lin bir sorbastlik dorocosine malik
mexanizmlari nazardon kegirak.

Mexanizmlorin ¢ixis (aparilan) vo giris (aparan) bondlorinin uygun olaraq ¥ vo q
koordinatlar1 arasindaki asililiga voziyyst funksiyasi deyilir.

¥ =F(q) (1)

Voaziyyot funksiyast mexanizmdo hondosi olagolorin riyazi ifadesidir ki, horoketin
miioyyon ¢evrilmosini xarakterizs edir.

Cixis bondinin, yaxud onun ayr1 — ayr1 ndqtslorinin siirat vo tacili (1) ifadesinin zamana
goro diferensiallanmasi ils toyin olunur.

Siirot \Pt, = \P(; qt, 2)
Tec R G o

(2) vo (3) tonliklorino daxil olan \P(; Vo \PJ toromolor birinci vo ikinci Gtlirmo
funksiyalar1 vo siirat vo tacilin analoqlar1 adlanir. Bu funksiyalar da voziyyet funksiyast kimi
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mexanizmin yalniz struktur vo hondosi olagolorini ifads edir, yoni yalniz giris bondinin
voziyyetindon asilidirlar.

(3) tonliyindon goriiniir ki, mexanizmin ¢ixig boandinin tociling iki horokatin tocili kimi
baxmaq olar:
1. Giris bandinin J; siirati ilo miioyyan olunan asas tocil

2. Bondin 6z tocili ilo alagadar slava tacil
Ogor mexanizmin giris (k) vo ¢ixig (m) bandlori firlanma harokati edirsa, onda I 6tiirmo

funksiyasi \Pé (stirat analoqu) Gtiirmo nisbati adlanir. Belo ki,

,  d¥
‘Pq:a; dg=dg, vo d¥=dg,

1lo ovaz etsok onda,

(\P,)flz dq _do, _dg/dt o i
d¥ dep, de_ /dt o

Demok
(Fy) " =iy, @

Beloliklo, biitiin mexanizmlori sorti olaraq iki qrupa bélmok olar:

1. ¥ =a+bq xotti voziyyat funksiyasma malik ola 6tiirmo mexanizmlori (disli ¢arx
mexanizmlori).

2.V funksiyasi xotti olmadig1 halda icraedici vo ya gevirici mexanizmlor (yumruglu
vo lingli mexanizmlor).

Asagidaki misala baxaq:

Yumruglu mexanizm.

Sokil 1
Tutaq ki, yumrug (1) sabit @ bucaq siirati ilo firlanir (sokil 1). Yumrugun profili elo
secilmolidir ki, (2) ¢iyinliyinin (koramuslo) ‘¥ bucaq yerdoyismosi

Y=Asina (5)

funksiyas1 ilo toyin olunur. Bu funksiyani diferensiallamaqla ¢iyinliyin siirot vo tocili
analoqlarini tapa bilorik:

¥, =¥, =2Asin p-cosp = Asin 2¢ (6)
Yy =", =2A-cos2¢p (7)
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Belo ki, q=¢ vo @=uot
!_d¢_ " !
qt—a—w; (=0, o,=Yo

w, =Awsin 29 vs &, =Y 0 = 2Aw’ COS2¢p
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ANALYTICAL METHOD OF KINEMATIC STUDY OF MECHANISMS
M.Sh.Sadikhova
Summary
When studying mechanisms, it is advisable to use analytical methods of calculation to
achieve high accuracy of technical calculations. The article defines the functional relationship
between the motion parameters of the input and output points of the mechanisms

BIiR iISTIQAMOTLI DEFORMASIYA VO MEXANIKI GORGINLIYIN TOSIRI iLO
POLIMER ZONCIRINDOKI DOYISMOLOR

Prof. Quliyev M.S., Dos. Quliyev N.L, Karimli A.B.
Goanca Doviat Universiteti

Acar sozlar: polimer, mexaniki destruksiya, termodestruksiya, makromolekul,
mexaniki gorginlik, deformasiya

Key words: polymer, mechanical destruction, thermodestruction, macromolecule,
mechanical stress, deformation

B.R. Regel vo onun amokdaslarmin islorindo polimerlorin dagilmasi vo onlarin termik
distruksiya prosesi zamani yaranan kimyovi mohsullar todqiq edilmisdir.[2] Tocriibolor,
polimetilmetakrilat polistirol, polipropilen, polietilen, polioksimetilen, kapron, polimetilstirol,
poliak-nonitril vo sair polimer maddslor {izorindo aparilmigdir. Gostarilon bu polimerlarin
hamisinda mexanodestruksiya vo termodestruksiya naticosindo yaranan “ucan” mohsullarin
torkibi miiqayiso olunmusdur. Analiz naticosindo molum oldu ki, yuxanda adlar1 ¢okilon
polimerlorin oksariyyotinde ayrilan kimyavi qruplarin torkibi hor iki halda eynidir. Alimler,
oldo etdiklori molumatlara asaslanaraq belo bir naticoys goldilor ki, hom mexaniki destruksiya
vo hom do termodestruksiyanin osasmi istilik fliiktasiyalarmn tosiri ilo kimyavi slagslorin
qirilmasi kimi eyni elementar akt togkil edir.

Destruksiya zamani ayrilan mohsullarin  kinetikasmm Oyronilmasi naticasinda
termodestruksiya prosesinin aktivasiya enerjisini toyin etmok miimkiin oldu. Taocriibolor
gostordi ki, bir sira polimerlor {i¢iin (polistirol, polimetilmatkrilat, polietilen) bu {isul ilo
hesablanan aktivasiya enerjisinin destruksiyasmnin baslangicindaki qiymeti, polimer
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niimunasinin destruksiyasmin sonunda aldig1 qiymatdon kicikdir. Bu hal onunla izah edilir ki,
destruksiyanin baslangicinda ilk olaraq makromolekulun zoncirindoki zaif olagolor qurulur.
[1] Belo alagoalor polimer zoncirinin budaqlanmis yerlorindo mévcud olurlar. Miioyyan olundu
ki, zoif olagalorin parcalanma aktivasiya enerjisi mexaniki dagilmanin aktivasiya enerjisi ilo
eyni qiymoto malikdir. Bu fakt onu siibut etdi ki, zoif kimyovi slagalor polimerin mexaniki
xassolorindo miithiim rol oynayir.

Dogrudan da xarici mexaniki gorginlik yalniz dissosiasiya enerjisini zoiflodir vo
bununla da kimyavi olagonin qirilmasinda miithiim rol oynayir. Disosiasiya enerjisinin
mexaniki  yliklonmig cisimlordo azalmasi1 infraqirmizi  spektroskopiya iisulu ilo
tosdiqlonmisdir. Potensial ¢oporo iistiin golmoklo mexaniki olagolorin qirilmasi, isitilik
harokoti noticosindo bas verir. Basqa sozlo bu proses mexaniki yiiklonmis atomlar arasi
olagolorin termodestruksiyasi naticosindo yaranan atomlar arasi alagolorin termodestruksiyasi
naticosindo yaranan prosesdir.

Bu sahodo movcud odabiyyatlarin arasdirilmasinda aydin olur ki, termik destruksiya

zamani miixtalif polimerlords kifayot gqodar yeni stabil qruplar yaranir.[4] Bu qruplar kimyavi
olagalorin miixtalif tosirlor naticosinds qirilmast zamani sarbast radikallarin mohvi hesabina
omalo golir.
Ona goro do aparilmis todqiqatlarm naticalorine asason giman etmok olar ki, infraqirmizi
spektroskopiya metodunun komayi ilo polimerlordo mexaniki goarginlik vo deformasiya
naticasinds yaranan sonlu kimoyavi qruplar1 askar etmok miimkiin olacaqdir. Dogrudan da,
aragdirmalar gostordi ki, bir istiqamatli deformasiya vo mexaniki gorginliyin tasiri ilo polimer
zoncirlori qirilir vo bunun naticasinds 1 - ci va 2 - ci ndv sarbast radikallar yaranir. Naticodo
polimer daxilinds dayaniqli vo sonlu Kkimyavi qruplar yaranwr. Masalon, polietilen vo
polipropilen polimerlarinin infraqirmizi spektrinds bir cox xarakteristik tezliklors uygun golon
stabil (dayaniqli) qruplardan tursu (1710sm™), aldehid (1735 sm™?) vo efir (1745 sm?)
gruplarini misal géstarmok olar.
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BIiR ISTIQAMOTLI DEFORMASIYA VO MEXANIKI GORGINLIYIN
TOSIRI iLO POLIMER ZONCIRINDOKI DOYISMOLOR.

Prof. Quliyev M.S., Dos. Quliyev N.IL, Korimli A.B.
Ganca Dovlat Universiteti
Xiilasa

Ona goro do aparilmis todqgiqatlarin noticolorine osason giiman etmok olar ki,
infraqurmiz1 spektroskopiya metodunun koémoyi ilo polimerlordo mexaniki gorginlik vo
deformasiya noticoesindo yaranan sonlu kimoyovi qruplar1 askar etmok miimkiin olacaqdir.
Dogrudan da, arasdirmalar gostordi ki, bir istiqgamotli deformasiya vo mexaniki gorginliyin
tosiri ilo polimer zancirlori qirilir vo bunun noticosinds 1 - ci va 2 - ¢i ndv sorbast radikallar
yaranir. Naticads polimer daxilindo dayanigli vo sonlu kimyavi qruplar yaranir. Masolon,
polietilen vo polipropilen polimerlorinin infraqirmizi spektrinds bir ¢ox xarakteristik tezlikloro
uygun golon stabil (dayamqli) qruplardan tursu (1710sm™), aldehid (1735 sm™) vo efir (1745
sm™) gruplarini misal gdstormok olar.
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W3MEHEHMS B IOJAMEPHO HEINM MO/ AEVCTBUEM OJHOIPSIMOTO
HATIPABJIEHHSI U MEXAHUYECKOT' O PACTSKEHMS

Ilpogh. I'vnuee M.C., /loy. I'ynuee H.U., Kepumau A.b.
I'anoxncunckuit I'ocyoapcmeennwvtii Ynueepcumem
Pesztome

[Io pesynpraTaM HCCIEAOBAaHUM MOKHO INPEANOJIONKUTb, YTO C  IOMOIUBIO
MH(PPAKPACHON CIEKTPOCKOIMH MOXHO OyneT OOHapyXKHBaThb KOHEUYHBIE XHMHUYECKHE
IpyNIbl B TOJUMEpPAaX B pE3yJbTaTe MEXAaHWYECKOTO HAIpsDKEHUs W JAedopMaluu.
JlecTBUTENBHO, MCCIEAOBAHMS MOKAa3ajdh, 4YTO IOJIMMEPHBbIE LENHU pPa3phIBAIOTCS IPU
OJIHOCTOPOHHEHN JleopMallui U MEXaHUUYECKOM HaIPsLDKEHUH, YTO IMPUBOJUT K 00pa30BaHUIO
CBOOOJHBIX paaukaioB Tuna 1 um Tuma 2. B pesynabTare BHYTpU moOJIMMEpa 00pa3zyroTcs
cTaOuibHBIE M KOHEYHBblE XUMHUYeckue Trpynnel. Hampumep, B uH(ppakpacHOM CHEKTpe
MOJMMEPOB TOJIMATUIICHA M TOJHUIIPOTIMIICHA TPUCYTCTBYIOT Tpymmbl Kuciaot (1710 cm-1),
anpaeruioB (1735 cm-1) u sdupo (1745 cm-1) u3 CcTaOMWIBHBIX TPYII, KOTOPHIM
COOTBETCTBYIOT MHOTHE XapaKTE€PHbIEC YACTOTHI.

CHANGES IN THE POLYMER CHAIN UNDER THE EFFECT OF ONE-DIRECT
DIRECTION AND MECHANICAL TENSION

Prof. Guliyev M.S., Ass. Pr. Guliyev N.I., Karimli A.B.
Ganja State University
Summary

Based on the results of research, it can be assumed that with the help of infrared
spectroscopy, it will be possible to detect finite chemical groups in polymers as a result of
mechanical stress and deformation. Indeed, studies have shown that polymer chains are
broken by one-way deformation and mechanical stress, resulting in type 1 and type 2 free
radicals. As a result, stable and finite chemical groups are formed inside the polymer. For
example, in the infrared spectrum of polyethylene and polypropylene polymers, there are
groups of acids (1710 cm-1), aldehydes (1735 cm-1) and ethers (1745 cm-1) from stable
groups that correspond to many characteristic frequencies

DINAMIK VO STATIK QANUNLARIN MONIMSODILMO XUSUSIYYOTLORI

Dos. Quliyev N.I., Mammadova X.E., T.f.d. Mammadova S.O.
Ganca Dovlat Universiteti

Acar sozlar: dinamik ganunlar, Nyuton ganunlar, statistik qanunlar, kvant mexanikasi,
klassik mexanika, koordinat, impuls.

Key words: dynamic laws, Newton's laws, statistical laws, quantum mechanics,
classical mechanics, coordinates, momentum

Dinamik ganunlarin dyratmoyin yollarini sorh etmozdon avvel onlarin xiisusiyyatlori
barodo qisa molumat verok.Dinamik ganunlar bu vo ya horokot formasma vo ya gergoklik
oblastma monsub olan  butin hadisolordo tesir gOstorir. By qanunlarin forglondirici
xisusiyyati odur ki, mivafiq hadisonin bas veracayini, onun xarakterinin vo halinin
doyismasini avvalcadan Kifayat doracoda daqiq séylomoays imkan yaradirlar. [1]

Horokot ganunu, Nyuton ganunlari, {imumdiinya caziboa ganunu, bunun kimi do
mexnikanm oksar qanunlar1 Kulon qanunu, dévrs hissssi va tam dovrs iiciin Om ganunlari,
Coul-Lens ganunu, Faradey qanunlari, elektromagnit induksiyasi qanunu, isigm diiz xott
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Uzra yayilma, smma va gayitma qnunlari; mexaniki istilik vo elektromaqnit proseslorinda
saxlanma ganunlar1 va s. dinamik qanunlar1 daxildir.

Masalon, dovrs hissasi Gglin Om ganununa gora nagildon kegan carayan siddati onun
uclarindaki potensiallar forqi (goarginlik) ilo diiz, mugavimati ilo tors mitanasibdir. Bela
qanunauygunluq tokca masalon, mis, aliminium vo basqa metal {i¢iin deyil, biitiin metallar
tgiin  deyil, biitiin metallar tigiin dogrudur. Demoli, gOstorilon ganun bdtin nagillor
coxlugunu ohats edir va bu ¢oxluga daxil olan naqillarin har birinds foaliyyat gostorir.[2]

Coul-Lents ganununa gors nagildon corayan kegorkon ayrilan istiliyin miqdari carayan
siddotinin kvadrati, naqilin miiqavimati Vo Coroyanin kegmo muddstinin hasili ilo diz
mutanasibdir. Belo ganununauygunluq tokco hor hansl naqil uciin deyil, butin nagillor
coxlugunu ohats edir vo bu ¢oxluga daxil olan naqillorin har birinds ayriligda faaliyyst
gOstorir.

Nyutonun ikinci ganuna gora cismin aldigi bu tacil veran quvva ilo diiz, 6z kitlasi ils
mutanasibdir. Bu, istonilon makro cismas tatbiq olunur vo qlvva ilo kitlo molum oldugda
tacillo kiitlo malum oldugda isa qlivvanin avvalcadon godid tayin etmok homiso mumkuandir.

Faradeyin birinci ganununa go6ro elektroddan coroyan kegorkon elektrodda ayrilan

maddoanin kutlosi elekrtolitdon kegan caroyan siddati vo bu carayanin kegmo middati hasili
ilo dliz miatanasibdir. Bu ganun bitin elektrolitlords bas veran eyni proses {igiin dogrudur va
homisa eyni naticayaib ¢ixarir. Hom doa carayan siddsti ilo onun elektrolitdon kegcma middoti
molum olduqda, elektrodda ayrilacaq maddonin  kitlasinin homisa doqig hesablamag
miimkiindiir. Buradan aydmn olur ki, dinamik ganunlar1 todris edorkon ovvalca onlar1 konkret
bir mihit (maddi obyekt) osasinda ¢ixarmaq va sagirdlora anlatmag, sonra iss onlarin
muxtalif mahitlor (maddi obyektlor ¢oxlugu) tigiin  dogrulugunu siibut etmok lazimdir.
Buradan da natica ¢ixarilmalidir ki, 6yranilon bu va ya digor dinamik ganun maddi obyektlor
coxlugunu ohato edir, eyni zamanda ¢oxluga daxil olan obyektlorin ayriligda hor birinds
foaliyyat gostorir.[3]
Demoli, dinamik ganunlarin mahiyystini usaqlara basa salmaq ligiin avvalco  xususidan
Umumiys (moesalon, Om ganunu avvalca aliminium moftillo  aparilan tocriibo osasinda
¢ixarmagq, sonra toCriiboni eyni Glgiilii basqa metal moftillorlo tokrar etmok vo noticalori
tutusdurmag- Umumilosdirilmis), sonra tmumidon Xxdsusiys (Umumi naticoni ayri-ayri
hallarda sinamaq) dogru getmok, alinan naticalori tutsdurmaq va nitacalori Umumilasdirilmis
formada ifado etmok daha miinasibdir. Bu zaman sagirdlor hom qanunlar1 yaxsi
mominsayacak, hom do onlarin tatbigini gostars bilacaklor.

Dinamik ganunlardan fargli olaraq statistik ganunlar bu vs ya digar konkret hadisanin
no zaman bas vera bilocayini, onun dayismalarinin istiqamotini va xarakterini avvalcadan
dogig s6ylomays imkan vermir. Bu ganunlar ssasinda yalniz miivafiq hadisonin bas vera
bilacayinin va ya dayismoyacayinin ehtimal daracasini toyin etmok olar. Masalon, ideal gaz
ganunlar1 (Boyl-Mariot , Gey-Liissak, Sarl, Klapeyron-Mendeleyev) va real gaz ganunu (Van-
der-Vaals ganunu) maddonin gaz halimi xarakterizo edon osas fiziki komiyyatlor (hacm,
tozyiq, temperatur, Kitlo) arasindaki miivafiq olagolorin xarakterini agmaga imkan verir.
Lakin bu ganunlar yalniz miiayyan hacma, tozyigos, temperatura vo kitloys malik olan ¢oxlu
molekullar yiginina aiddir. Ayri-ayr1 molekullar iso bu ganunlara tabe deyildir.[4]

Masalon, osason dinamik ganunlar hesab edilon mexanika qanunlari1 fizikanmn biitiin
bélmalorinda genis istifado olunur. Onlar gazlarin molekulyar-Kinetik nozariyyasini qurmag
Ucln osas bazadir. Yiikli hissociklorin elektrostatik vo magnit saholorindoki horokatini
Oyronmok {igilin mexanika qanunlar1 holledici rol oynayir. Metallarim kegiriciliyinin klassik
nozariyyasinds onlardan istifado olunur. Enerjinin saxlanmasi vo ¢evrilmasi ganunu materiya
harokatinin bir formadan basqa formaya kegmasi ilo alagodar bltun proseslori aydinlagdirmaq
ucln istifads edilir.[5]
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Kvant mexanikasi bilavasito klassik mexanika zomininds yaranmigdir. Ona gora do
kvant mexanikasi qanunlarimn (statistik) dyrotmok Ugiin sagirdlorin klassik mexanika qanunlari
(dinamik) Gzroa biliklarina genis istinad edilmoalidir. Kvant mexanikasmin klassik mexaniki
zominindo yaranmasma baxmayaraq, bunlarin ohato etdiklori qanunlarin bir-birindon
keyfiyyotco forgli olmasini sagirdlor yaxsi bilmolidirlor. Belo forqin yaranmasinm baslica
sobobi kvant mexanikasinda totbiq edilon fiziki komiyystlorin diskretliyi (kvantlanmasi) vo
kvant mexanikasinin statistik xarakterdo olmamasidir. Klassik mexanikada iso fiziki
komiyyatlor diskret giymotlor almir, elm sahasinin 0zi ise dinamik xarakter dastyir. Ona gora
do klassik vo kvant mexanikasi eyni anlayisin miixtalif clir sorhini verir. Masoalon, klassik
mexanikaya goro zarraciyinin koordinat vo impulsuna ayriligda baxmagq, bunlar1 eyni vaxtda
dogig hesablamaq miimkiindiir. Kvant mexanikasinda belo hesab edilir ki, zarrocik dalga-
zorracik xassosino malikdir. Vo difraksiyaya ugraya bilor. Onun koordinat vo impulsunu eyni
vaxtda doqiq toyin etmok mimkin deyildir. burada superpozisiya prinsipi shamiyyat kasb
edir.

Tadgigat zaman1 belo bir Gmumi yol secilir: avvalca ¢oxlu tocriibi faktlar toplanmus,
bunlarin asasinda model qurulmus, onun tizarindo mihakimolor aparilmis vo montiqi naticalor
cixarilmig, sonra bu naticalori praktikada yoxlamag Uciin eksperimentlor goyulmusdur.
Montiqi mihakimalorin vo eksperimentlorin naticolori Gmumilosdirilir vo statistik ganun
formlasdirilmigdir.
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Dinamik ganunlardan foargli olaraq statistik ganunlar bu vs ya digar konkret hadisonin
no zaman bas vera bilocayini, onun dayismalarinin istiqamotini va xarakterini avvalcadan
dogig s6ylomays imkan vermir. Bu ganunlar ssasinda yalniz miivafiq hadisonin bas vera
bilocayinin vo ya doyismayacayinin ehtimal daracasini tayin etmok olar. dinamik ganunlar
hesab edilon mexanika ganunlar1 fizikanin biitiin bolmalorinds genis istifado olunur. Onlar
qazlarm molekulyar-kinetik nozariyyasini qurmaq Ugln osas bazadir. Yikli hissaciklorin
elektrostatik vo maqgnit sahalarindaki harokatini dyronmok {igiin mexanika qanunlari halledici
rol oynayir. Metallarin kegiriciliyinin klassik nozariyyssinds onlardan istifado olunur.
Tadqiqat zamani belo bir imumi yol segilir: avvoalco ¢oxlu tacriibi faktlar toplanmis, bunlarin
osasinda model qurulmus, onun {izorindo mihakimalor aparilmis vo montigi noticalor
¢ixarilmis, sonra bu naticolori praktikada yoxlamaqg tctn eksperimentlor qgoyulmusdur.
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XAPAKTEPUCTUKU JUHAMHUYECKHUX U CTATUHYECKUX 3AKOHOB

Jou. I'vnuee H.U., Mameoosa X.E., /I.ch.m. Mameooea C.O.
I'anoscunckuii 'ocyoapcmeennvtii Ynueepcumem
Pe3ztome

B otnnune oT AMHAMUYECKUX 3aKOHOB CTATUCTUYECKHUE 3aKOHBI HE MO3BOJISIOT TOYHO
Ipe/cKa3aTh, KOrja MpPOM30MIET TO WM HMHOE COOBITHE, HAIpaBJIIEHUE M XapaKTep ero
n3MeHeHuil. Ha ocHOBaHMU 3THX 3aKOHOB MOKHO TOJIBKO OIPEAEIUTh BEPOATHOCTH TOTO, YTO
COOTBETCTBYIOIIEE COOBITHE MPOU30MIET MM HET. 3aKOHbl MEXAHUKH, KOTOPHIE CUUTAIOTCS
3aKOHAMM JMHAMUKH, IIHPOKO HCIOJIb3YIOTCS BO BceX pasaenax (usuku. OHU SBISAIOTCA
OCHOBHOI OCHOBOHM MJiIi NOCTPOEHUSI MOJIEKYJISPHO-KMHETHUUECKON TEOpUU Ta30B. 3aKOHBI
MEXaHUKH WrPAlOT pEIIAIoNIyl0 pOJIb B HW3YYEHUHM JBWKCHUS 3apsDKEHHBIX YacTHI[ B
AIIEKTPOCTATUYECKOM M MarHUTHOM MoisiX. OHM HUCHOJIB3YIOTCS B KIACCHYECKONW TEOpUU
MIPOBOJMMOCTH MeTayljioB. VccinenoBaHue mHpoBOAMTCS MO OOIIEMYy HPHUHIMILY: CHayana
coOupaercs MHOXECTBO SMIIMPHUYECKUX JaHHBIX, Ha OCHOBE KOTOPBIX CTPOUTCS MOJIEINb,
BBIHOCSTCS CYXKICHMSI M JIENal0TCs JIOTUYECKUE BBIBOJBI, @ 3aTEM CTaBSITCS SKCIIEPUMEHTHI
JUIS IPOBEPKU ATUX PE3Yy/IbTATOB HA MPAKTUKE.

CHARACTERISTICS OF DYNAMIC AND STATIC LAWS

As.pr. Guliyev N.I1., Mammadova Kh. E., D.ph.t. Mammadova S.O.
Ganja State University
Summary

Unlike dynamic laws, statistical laws do not allow us to predict exactly when a
particular event will occur, the direction and nature of its changes. Based on these laws, it is
only possible to determine the probability that the relevant event will occur or not. The laws
of mechanics, which are considered dynamic laws, are widely used in all branches of physics.
They are the main basis for building the molecular-kinetic theory of gases. The laws of
mechanics play a crucial role in studying the motion of charged particles in electrostatic and
magnetic fields. They are used in the classical theory of conductivity of metals. The study
follows a general approach: first, a lot of empirical evidence is collected, based on which a
model is built, judgments are made and logical conclusions are drawn, and then experiments
are set up to test these results in practice.

ELEKTROTEXNIKA VO ELEKTRONIKANIN OSASLARI FONNINiN TODRISi
ZAMANI FiZiKA FONNI iLO FONLORARASI OLAQONIN OHOMIYYOTI

Prof. Quliyev M.S. , Mommadov E.M.,Musayev S.X.
Ganca Dovlat Universiteti

Acar sozlar: Fonlorarasi alaqp, fizika, elektrotexnika, elektronika
Key words: Interdisciplinary communication, physics, electrical engineering,

electronics

Fonloraras1 olagonin totbiq olunmasi dorsi metodiki baximdan zenginlosdirir, onun
effektivliyini artirir, yaxst monimsonilir va tolobolords todris olunan fonno maragi artirir.

Bu baximdan “Elektrotexnika vo elektronikanmn osaslar1 fonni todris olunan zaman
fizika fonni ilo alagoys baxag.

Masalon, fizikanin elektrik vo maqnetizm bohsinin “Elektrik yiiklori, Kulon ganunu”
maovzusunun todrisi zamani, tolobolor elektrik yiiklorinin alinmasi, miixtolif kimyovi
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elementlorin atomlarmin qurulusu, elektrik yiiklorinin qarsiliqlt tesiri vo s.anlayislarla tanis
olurlar.

Digor torofdon “Elektrotexnika vo elektronikanin osaslar1 fonninin todrisi zamani
naqillordo kegiricilik elektronlarinin yaranmasini atomun qurulusuna, elektrik coroyaninin
yaranmasii iso miixtolif adli elektrik yiiklorinin alinmasi prosesino istinad etmodon
aydinlagdirmaq miimkiin olmur.

Belo ki, fonnin “Elektronikanin osaslar1” hissasi elektron noazoriyyosinin osaslarinin
Oyronilmasindon baglayir. Bu iso 6z ndvbosindo fizikadan tanis oldugumuz atomun qurulusu
va Kulon gqanununu daha dsrindon anlamagi tolob edir.

Elektrik coroyaninin, potensiallar forqinin yaranmasi prinsiplorine uygun olaraq sabit vo
doyison corayan dovralori, giiclondirigilor, generatorlar, elektron acarlar1 vo s. is prinsiplori
izah olunur. Bunlarin totbiqi iso miixtalif konstruksiyali elektrik avadanliginin yaradilmasina
imkan verir.

“Elektrotexnika vo elektronikanin osaslar1® fonninin todrisi zamam Fizikanm todrisi
prosesinda dyronilon “Elektrik sahasi” moévzusunu izah edarkon miiallim toloboalora 6yradir Ki,
kondensatorlarin yaranma prinsiplorinin asasinda bircins elektrik sahasindan istifads olunmasi
durur. Miollim vurgulayir ki, he¢ bir elektron qurgusu (televizor, maqnitofon,
radiogobuledicilor, elektron 6l¢li cihazlar1 vo s.) elektrik kondensatorlar1 olmadan isloya
bilmaz. Talabalors izah olunur ki, kondensatorlarin elektrik enerjisini toplamaq, lazim olan
vaxt iso geriyo vermoak qabiliyyati onlardan elektrik rogslori monbayi, elektron sxemlorinin
qovsaqglar1 arasinda elektrik enerjisi Otiirlici qurgulari, hamarlayici siizgoclor vo s. kimi
istifado etmoyo imkan verir.

Fizikada 6yronilon daha bir mévzuya nozor salaq. “Metallarda elektrik coroyani. Sabit
coroyan qanunlar1”. Bu moOvzunun Oyronilmosi, sabit coroyan ddvrolorinin todrisi zamani
ovozsiz rol oynayir.

Ogor fizika kursu Oyronilon zaman verilon mOvzu naqildo elektrik coroyaninin
yaranmasi, elektrik horokot qiivvosi, sabit coroyan dovrolorinin qurulmasi, Om ganununun
dovro hissosi vo tam dovro iiglin Oyronilmosi vo s. ohato edirso “Elektrotexnika vo
elektronikanin osaslar1’” fonnindo bu anlayislar daha dorindon Oyronilir. Burada elektrik
dovralori daha otrafli biitiin metodlardan (iigbucaq vo ulduz qosulma, qovsaq gorginliyi,
ekvivalent generator, Om vo Kirhof ganunlar1) istifado olunmas1 yolu ilo dyronilir. Buna goro
do miiollim bu mdévzunun todrisi zamani fizikadan Oyronilmis materiallar1 da tolobolors
xatirlatmali vo bu bolmodo Oyronilonlorin miixtalif 6l¢li, nozarot vo idaroedici elektron
qurgularinin isinin asasin1 togkil etdiyini vurgulamalidir.

“Elektrotexnika vo elektronikanin osaslar1“ fonnindo Oyronilon “Elektrik corayani,
maddslorin elektrik keciriciliyi” mdévzusu ilo fizikada todris olunan “Elektrik corayaninim isi,
giicli va istilik tosiri” mGvzusu arasindaki alagoys baxaq.

Fizika miiollimi dors zamani1 qeyd edir ki, dyronilon materialin vacibliyi ondadir ki,
radioelektron aparatlarinin layihalondirilmasi prosesindo oan miihiim mosalalordon biri uygun
giico malik elementlorin se¢ilmosidir. Buna goro do miitoxossis hor hansi bir elementin
glclnin gabaqcadan hesablanmasini bacarmahidir. ”Elektrotexnika vo elektronikanin
osaslar1” fonninin miisllimi iso daha genis material toplusunu ¢atdirmali olduguna goras, asan
qavranilan suallara ayrilan vaxti fizikadan dyronilmis materiallar hesabina azalda bilir.

“Kimyovi enerjinin elektrik enerjisino ¢evrilmoasi” b8lmosino baxaq. Fizika fonnindo
“Elektrolitlordo elektrik coroyani” faslindo Faradeyin birinci vo ikinci qanunlarina baxilir,
qalvanik elementlorin vo akkumulyatorlarin qurulusu Oyronilir. Bu zaman toloboalor basa
diistirlor ki, bunlarsiz maisotds vo texnikada istifads etdiyimiz bir ¢ox cihaz vo qurgular (cib
fanarlari, radiogobuledici vo maqgnitofonlar, televizorlar, avtomobillor vo s.) islomozdi.

“Elektrotexnika vo elektronikanin osaslar1“ fonnindo iso miisllim bunlarm Fizika
dorsindo Oyronildiyini toloboloro xatirladir vo homin materiallarin bir daha dorindon
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Oyronilmasino ehtiyac qalmir. Lakin burada da qalvanik elementlorin vo akkumulyatorlarin
elm va texnikada olan shomiyyatini vurgulamaq vacibdir.

Fizika fonninin todrisindo Oyronilon daha bir anlayigi aragdiraq. “Nagqillordo elektrik
corayan1” anlayisi fizika kursunda dyronilon zaman yarimkeciricilorin fiziki osaslar1 dyronilir,
yarimkecirici diodlar vo tranzistorlar haqgmda c¢ox kicik hocmds molumat verilir. Buna
rogmon, Elektrotexnika vo “Elektronikanin osaslan” fonninin todrisi zamani iso
yanmkegiricilora dair masalolor daha genis sokildo dyronilir.

Beloliklo, Fizika todris olunan zaman verilon mioyyon anlayislar tolobolori
Elektrotexnika vo “Elektronikanin osaslar’” fonninin yarimkegiricilor vo yarimkegirici
cihazlara aid boliimiiniin materiallar1 daha asan qavramasina hazirlayir.

Sozsiiz ki, fizikada uygun anlayiglar todris olunan zaman yarimkegirici cihazlarin
ustiinliiyli barado miioyyan vacib moalumatlar verilorsa bu, talobslords golocokds kegilacok
movzulara maraq oyadar.Fonloraras1 olago zominindo qurulmus gabaqcadan verilon belo
molumatlar tolobolordo texnikaya, secdiyi pesoyo, yaradici omoye maraq yaranmasinda
ohomiyyatli rol oynayir.

Bir moqalodo biitiin bu deyilonlori tamamilo ohato etmok vo fonlorarasi olagoni
biitiinliiklo sorh etmok miimkiin deyildir. Amma gostorilon olagalorin “Elektrotexnika vo
elektronikanin osaslar1 fonninin todrisi zamani gostorilmosi vo qurulmasi tolobolordo
Oyranilon fonna qars1 maragi olduqca artirir.
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FONNININ TODRIiSi ZAMANI FONLORARASI OLAQO

Prof. Quliyev M.S. , Mommadov E.M., Musayev §.X.
Ganca Dovlat Universiteti
Xiilasa

Sozsiiz ki, fizikada uygun anlayiglar todris olunan zaman yarimkegirici cihazlarin
ustiinliiyti barado miioyyan vacib molumatlar verilorsa bu, talobalordo golocokds kegilacok
movzulara maraq oyadar.Fonloraras1 oalaqo zominindo qurulmus gabaqcadan verilon belo
molumatlar tolobolords texnikaya, se¢diyi pesoys, yaradici omoys maraq yaranmasinda
ohomiyyatli rol oynayir.

Bir moqalado biitiin bu deyilonlori tamamilo ohato etmok vo fonlorarasi slagoni
biitiinliiklo sorh etmok miimkiin deyildir. Amma gostorilon olagslorin “Elektrotexnika vo
elektronikanin osaslar1“ fonninin todrisi zamani gdstorilmosi vo qurulmasi tslsbalordo
Oyranilon fonno qars1 maragi olduqca artirir.

3HAYEHUE MEXJIACIHUIIIUMHAPHBIX CBSA3EN C ®U3UKOH ITPAU
INPEITIOJABAHHUHU OCHOB 3JIEKTPOTEXHHUKH U 2JIEKTPOHUKHU

Ilpog. I'ynuee M.C., Mameoos E.M., Mycaes C.X.
I'anoocunckuii I'ocyoapcmeennviit Ynueepcumem
Peszrome

KoneuHo, ecnu mnpu oOyueHUH COOTBETCTBYIOUIMM TMOHATHSAM B (HU3UKE OyaeT AaHa
olpeieNieHHas BakHasi HH(GOpMaIMs 0 IPEUMYIECTBaX MOIYIIPOBOJHUKOBBIX PUOOPOB, ITO
BBI30BET y yUalIUXCsl HHTEPEC K OYAYIIUM TeMaM.
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OXBaTuUTh BCE 3TO B OJIHOM CTaThe U OOBACHUTH MEXIUCIUIUIMHAPHYIO B3aUMOCBSA3b BO
BCEH IIOJHOTE HEBO3MOXKHO. OJHAKO JEMOHCTpAllUs U IIOCTPOEHUE 3TUX CBS3EH IpuU
npenojgaBaHun  npeamera «OCHOBBI  AJIEKTPOTEXHMKH W DJIEKTPOHUKM»  3HAUUTEIBHO
MIOBBIIIAET MHTEPEC YYAIIUXCS K IPEIMETY.

THE IMPORTANCE OF INTERDISCIPLINARY RELATIONSHIP WITH PHYSICS
DURING THE TEACHING OF THE FUNDAMENTALS OF ELECTRICAL
ENGINEERING AND ELECTRONICS

Prof. Guliyev M.S., Mammadov E.M., Musayev S.X.
Ganja State University
Summary

Of course, if certain important information about the advantages of semiconductor
devices is given when teaching relevant concepts in physics, it will arouse students' interest in
future topics.

It is impossible to cover all this in one article and to explain the interdisciplinary
relationship in its entirety. However, the demonstration and construction of these connections
during the teaching of the subject "Fundamentals of Electrical Engineering and Electronics™
greatly increases the interest of students in the subject.

FiZIKA FONNI UZRO TOHSIL PROQRAMI (KURIKULUMU) VO ONUN
XARAKTERIK COHOTLORI FiZiKA TOLIMININ TOSKILINDO
ISTIFAD® OLUNAN FORMA VO USULLAR

Dos. Quliyev N.I., Zeynalova F.S., Mommadzads A.C.
Ganca Dovlat Universiteti

Acar sozlar: tohsil proqrami, kurikulum, tohsil pillalori, giymsatlondirmo, fizikanin
qanunauygunluqlari,tofokkiir, kommunikativ bacariqlar
Key words: educational program, curriculum, levels of education, assessment,

regularities of physics, thinking, communication skills

Fizika fonni izra tohsil programi (kurikulumu) vo onun xarakterik cohotlori. Azorbaycan
Respublikasinda iimumtohsil moktablori li¢iin fizika fonni iizra tohsil programi (kurikulumu)
fizika toliminin osas moaqgsad vo vozifolorini miioyyonlosdirmoklo {imumi tslim noticoloring
nail olmaq istigamatinds biitlin foaliyyastlori oks etdiron comiyyatin ehtiyac vo talablori nozors
alinmagqla hor bir sagirdin imkan vo maraqlarina yonalmis sonaddir.[1] Fizika fonni {izrs tohsil
programi (kurikulumu) fonnin shomiyystini, magsad vo vazifslorini, imumi tolim naticolorini,
mozmun xatlori vo onlarm osaslandirilmasini, mozmun xotlori iizro standartlari, foaliyyst
xotlorini, standartlarin tohsil pillalori {izro imumi tolim naticolorini, hor bir sinif {izro mozmun
standartlarin1 ohato edir. Bunlardan olavs, fizika fonni {izro tohsil proqraminda
(kurikulumunda) tolim strategiyalar1 vo qiymotlondirmo masalalori 6z oksini tapir. Fizika
fonni {lizro tohsil proqrami (kurikulumu) dorslik vo dors vesaitlorinin, metodik gostoris, todris
materiallarinin  planlagdirilmasi, tolim dsullarmin  mioyyonlogdirilmosi  vo  miisllim
hazirhiginin hoyata kecirilmasi ii¢iin miivafiq tolimatlar formasimda hazirlanacaq qaydalarin
osasint togkil edon, milli vo limumibasori doyarlori nozoro almagqla tortib olunmus sonaddir.
Fizika hoyat elmidir. Hoyatin bir sira ganunlari, ganunauygunluglari bu elmin todqigat
obyekti kimi aragdirilir.

Sagirdlorin halo moktob yaslarindan bu ganun vo qanunauygunluqlara, miixtalif fiziki
hadisaloro yaxmdan balod olmasi onlarin hayat, tobiot haggmda dinyagdriisiinii artirmaqla
yanasi, comiyystdo yasamagq tigiin bir sira hayati bacariqlar1 monimsamalorine imkan yaradir.
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Comiyyatin muxtalif saholorinds hoyatda bir insan kimi formalagmalarma tokan verir. Bu
prosesi tonzimlomak sagirdlorin inkisafin1 ardicil olaraq izlomok, onlar1 istigamatlondirmak
ucun fizika fonninin mozmunu naticalor formasinda toqdim olunur. Mahiyyat etibar1 ilo
bacariqlardan ibarat olan bu naticalor 6lgils bildiyindan mazmun standart kimi gabul edilorok
fizika fonni Uzrs tohsil programimda (kurikulumunda) aparict yer tutur vo bltovlikds tohsil
programu {igiin xarakterik cohatlordon biri olan noticayonimliliyd tomin edir.[3]

Tobiotdo miisahido olunan biitiin proses vo hadisolor miioyyan qanunlar osasinda bas
verir. Biitlin elmlorin asas mogsadi proses vo hadisalordo qanunauygun olagolor agkar etmok
vo Oyronmokdir. Fizika tobist haqqinda elm olub materiyanin miixtslif formalarini, onun
xassolorini vo qarsiliqlt ¢gevrilmasini §yronir. Fizikanin qanunauygunluqlar1 tobistdo bas veran
biitiin hadisalorin, cansiz vo canli materiyanin qarsiliqli slagalorinin §yronilmasindos, elmi-
texniki toraqqinin inkisafinda aparici rol oynayir. Buna goro do fizika fonninin dyronilmasi
sagirdlora digar tobiot elmlorinin monimsanilmasing, tobiot hadisalorina, elm, texnika vo
istehsalatin miixtalif sahalorinin asas proseslorine yaxindan balod olmaq imkani verir. Fiziki
anlayislart monimsomoklo sagirdlords idrak gabiliyystinin inkisafina, elmi diinyagoriisiin
formalagsmasina, irado vo xarakterin torbiys edilmosina, miisahido etmo, mugayiss etmo,
montiqi  diistinma, dogiglosdirmas, analiz vo sintez, mihakima yiritms, problemi
muayyanlosdirmo, hesablama, hall etms va s. bacariglarin formalagsmasina zomin yaradilir.

Umumtohsil moktoblorindo fizikanin todrisi sagirdlordo ¢oxlu soxsi keyfiyyatlor
formalagdirir. Bunlara diinyagériisii, bilik, bacariq, veordis, qabiliyyat, adot, irado,
omoksevarlik va s. aiddir. Umumtohsil maktoblorinds fizika fanninin osas mogsadi sagirdlordo
tobiot vo texnikanin miithiim gqanunauygunluqlarina aid elmi diinyagdriisii inkisaf etdirmoklo,
onlarda tofokkiir, kommunikativ bacariglar1 inkisaf etdirmok, miiasir texnologiyalarla islomok
gabiliyyatlorini yaratmaq vo inkisaf etdirmokdon ibarotdir.[2] Fizikanin todrisi garsisinda
duran osas vozifolor iso asagidakilardir:

* fizika elminin osaslarma aid on miihiim faktlara, ganunlara vo onlarin praktikada totbiqino
dair anlayislarin formalasdirilmast;

* fizikanin imumbasori modoniyyatin torkib hissasi vo comiyystin sosialigtisadi inkisafinin
osas harokotverici qlivvasi olmasi haqqinda tosavviiriin yaradilmast;

* diinyanin biitovliikdo dork edilmosi vo miiasir fiziki monzorasi haqqinda tosovviirlorin
formalasdirilmasi;
digar tabiot fonlarinin dyranilmasi G¢in real zominin yaradilmasi

* Fizika fonninin mozmun xotlori tohsilin biitiin morhololori ii¢lin tolimin mogsad vo
vazifaloring uygun olaraq asagidaki kimi toyin edilmisdir:

1. Fiziki hadisalor, qganunauygunluglar vo qanunlar

2. Maddas va saho, qarsiligli tasir, alagoli sistemlar.
Fizika toliminin toskilino verilon osas toloblor Miiasir dovrds pedaqoji proses avvalcadon
miioyyan olunmus naticalors asaslamr. Pedaqoji prosesdo:
*miiallimlor olagslondirici, istigamatverici, moslohat¢i subyekt kimi ¢ixis edir.
» sagirdlor tadqiqate, tocriibagi, yaradict subyektlor kimi foaliyyot gostorirlor.
Fizika dorslorinde miixtolif tolim iisullarindan istifade olunur: sagirdlorlo kegirilon nagil,
izahat, miollimin miihazirosi, miixtolif sohbotlor, misllimin tocriibolor niimayisi,
televerilislori, videoyazilar, todris kino filmlorinin niimayisi, sagirdin dorsliklo isi, elmi-
kiitlovi odobiyyatla is, laborator tocriibolorinin icrasi, hoyatda vo canli tobiotdo miisahidslorin
kegirilmosi, masolo holli, sagirdlorlo ffontal vo fordi sorgunun toskili, yazi islori, test
tapsiriqlari icrasi va s.
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FiZiKA FONNIi UZRO TOHSIL PROQRAMI (KURIKULUMU) VO ONUN
XARAKTERIK COHOTLORI FiZIKA TOLIMININ TOSKILINDO ISTIFADO
OLUNAN FORMA VO USULLAR

Dos. Quliyev N.I., Zeynalova F.S., Mommadzads A.C.
Ganca Dovlat Universiteti
Xiilasa

Umumtohsil moktoblorindo fizikanin todrisi sagirdlordo ¢oxlu soxsi keyfiyyotlor
formalasdirir. Bunlara diinyagoriisii, bilik, bacariq, veordis, qabiliyyst, adot, irado,
omoksevarlik va s. aiddir. Umumtohsil maktoblorinds fizika fanninin osas mogsadi sagirdlordo
tobiot vo texnikanin miithiim ganunauygunluglarina aid elmi diinyagoriisii inkisaf etdirmoklo,
onlarda tofokkiir, kommunikativ bacariglar1 inkisaf etdirmok, miiasir texnologiyalarla islomok
qabiliyyatlorini yaratmaq vo inkisaf etdirmokdon ibaratdir. Fizikanin todrisi garsisinda duran
asas vozifalar iso asagidakilardir:

* fizika elminin asaslarma aid on miithiim faktlara, ganunlara vo onlarmn praktikada tatbiqino
dair anlayislarin formalasdirilmast;

* fizikanin imumbasori modoniyyatin torkib hissasi vo comiyystin sosialigtisadi inkisafinin
osas horokotverici qlivvasi olmasi haqqinda tosovviiriin yaradilmast;

* diinyanin biitovliikdo dork edilmosi vo miiasir fiziki monzorosi hagqinda tosovviirlorin
formalasdirilmasi;

INPOI'PAMMA ®U3NYECKOI'O OBPA30BAHUSA (ITPOI'PAMMA) U EE
XAPAKTEPUCTHUKHU ®OPMbI U METO/IbI, UCIIOJIb3YEMBIE B
OPTAHMU3AIIUU ®PU3NYECKOI'O ObPA3OBAHUA

Hou. I'ynuee H.H., 3eiinanosa @.C., Mameozaoe A./c.
I'anoxncunckuit I'ocyoapcmeennwtii Ynueepcumem
Pe3rome

[IpenonaBanue ¢uzuku B cpenHedl mkoje GOpMUPYET Y YYalUXCS MHOTHE
JUYHOCTHBIC KadecTBa. K HHMM OTHOCATCS MHUPOBO33pEHHE, 3HAHUWS, HABBIKH, IPUBBIYKH,
CIIOCOOHOCTH, MPUBBIUKH, BOJISI, TPYAOIIOOHE U Tak Aanee. moMolnb OcHOBHAS 1eb (PU3UKH B
0011e00pa3oBaTebHOM IIKOJE — Pa3BUTHE Y YYAIUXCS MBIIIJICHHUS,, KOMMYHUKATHBHBIX
HABBIKOB, YMEHHs pabOTaTh C COBPEMEHHBIMH TEXHOJOTHSMHU IYTEM Pa3BUTHsI HAYYHOTO
B3IUIsSIIa HAa BaXKHBIC 3aKOHBI NMPUPOJLI M TeXHUKH. OCHOBHBIC 3aJa4M, CTOSIIUE TIEPE.
npenoaBaHueM (GU3UKH, CIeTyoIIne:
* (¢opMHUpOBaHHE TPEACTABICHUN O BaKHEHIIMX (DaKTaxX, 3aKOHOMEPHOCTSIX M MPUMEHEHUU
WX Ha MPaKTHKE TI0 OCHOBaM (PU3MUECKUX HAYK;
* copmupoBaTh TMpEACTaBICHHE O TOM, 4YTO (H3MKA SBISETCS COCTAaBHOW 4YacThIO
o0IIeUeNoBeUecKOl KyabTyphl U TJIABHOW ABIKYIIEH CHIJION COLMAIbHO-3KOHOMHYECKOTO
pa3BUTHSI OOIIECTBA;
* OCMBICIICHUE MUPA B IIETIOM ¥ (OPMUPOBAHUE TIPECTABICHUN O COBPEMEHHOM (PU3UIECKOM
nanamadgTe;
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PHYSICS EDUCATION PROGRAM (CURRICULUM) AND ITS
CHARACTERISTICS FORMS AND METHODS USED IN ORGANIZATION OF
PHYSICS EDUCATION

As.pr. Guliyev N.1., Zeynalova F.S., Mammadzada A.C.
Ganja State University
Summary

Teaching physics in secondary schools forms many personal qualities in students. These
include worldview, knowledge, skills, habits, abilities, habits, will, diligence and so on. The
main purpose of physics in secondary schools is to develop students' thinking, communication
skills, and the ability to work with modern technologies by developing a scientific outlook on
the important laws of nature and technology. The main tasks facing the teaching of physics
are as follows:
« formation of concepts on the most important facts, laws and their application in practice on
the basics of physical science;
« to create the idea that physics is an integral part of universal culture and the main driving
force of socio-economic development of society;
* understanding the world as a whole and forming ideas about the modern physical landscape;

FiZiKA KURSUNUN TODRISINDO TOLIM METODLARINI VO USULLARINI
SECMOYIN VO TOTBIiQ ETMOYIN BOZI MOSOLOLORI

T.f.d. Mammadova S.0., Dos. Quliyev N.I., Mammadova X.E.
Ganca Dovlat Universiteti

Acar sozlar: tolim metodlari, miiallimin sorhi, bilik manbalori, idrak faaliyyati, fizika
qanunlarmin tadrisi, didaktik magsadlor

Key words: teaching methods, teacher's explanation, sources of knowledge, cognitive
activity, teaching the laws of physics, didactic purposes

Fizika kursunun todrisi prosesinds bir sira tolim metodlar1 vo tsullari tatbiq edilir.
Pedaqogika vo fizikanm tadrisi Gzrs todgigatlar ssasinda miioyyan edilmis hamin metod va
uisullar1 toxminan asagidaki kimi qruplasdirmaq olar:

1.Musllimin sorhi (nagil, miisahiba, mihazirs, talimat):

2. Kitab, jurnal va gozetlor (darsliklor, dars vasaiti, sorgu kitabi, elmi-kutlovi) vo bazi
odobiyyat, lzorindo is.

3.Niimayis (tocrubolor, cihaz vo qurgular, sxem vo certyojlar, sxem va certyojlar,
kinofilmlor va kinohoalgalar va s).

4. Laboratoriya iglori vo praktikumlar.

5. Ekskursiya (istehsalata, TTS-loro, tikinti meydancalarma, elektrik stansiyalarina,
moadanlara, tobisto va S.).

6. Sagirdlorin texniki yaradicihigr tzro (cihaz, model vo texniki qurgularin
konstruksiya edilmasi, sads cihazlar hazirlamaq v s.) is.

7. Problemli talim (problemli situasiya, qismi axtariciliq, todqigat¢iliq metodlari).

8. Tolimin algoritmlasdirilmoasi vo proqramlagdirilmast.

9. Toalimin fordilosdirilmasi.

10.Diferensiallagdirilmis talim.

11. Sagirdlora moruzo, referat, informasiyalar.

12. Tobist hadisalori Uizarinds sagirdlorin hazirlatmaq, masalslor tartib etdirmoak.

13. Sagirdlorin bilik bacariq vo vordislorinin yoxlanmasi, qiymatlondirilmasi.

14. Riyazi tohlil.
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15. Induksiya vo deduksiya.

16 Analiz va sintez.

17.Umumilosdirmo, ideallasdirma bo miicarrad.
18. Diferensiasiya va inteqgrasiya.

Gostorilon metodlardan vo fiziki is dsullarindan tolim prosesindo istifado etmok
qaydal1 barads vahid négteyi- nozar yoxdur.

Didaktlarin, eloca do alim-metodistlorin bir gismi belo hesab edir ki, tolim metodlar1
doarsdo miallim-sagird ciitiiniin is formasma uygun segilmali va totbiq olunmalidir. Basqa bir
grup, tolim metodlarii1 bilik monbalarinin xtsusiyystlorino goro se¢moyi miinasib bilir.
Metodlarin segilmoasinds do totbig edilmosindo  didaktik mogsadlori, sagirdlorin idrak
foaliyyatini, bosori qgabiliyyatlorin dork olunma xarakterini vo s. asas goturonlor do az
deyildir.

Biitiin bunlarin, siibhasiz, elmi, osas1i vo faydasi var. Lakin, he¢ birindo Oyranilon
materialin xarakteri, elmin inkisaf dialektikas1 vo yaranma metodlar1 nozars alinmir. Halbuki
bunlar elmin osaslarmi1 usaqlarin dork edo bilmolori Ggun holledici sortdir. Bu fizika,
qanunlarmin tadrisi prosesinds daha qabariq sokilds 6zinl gostarir.

Demoli, ganunlar1 tadris etmok ¢tin - misllim metodlar1 segarkan ilk ndvbads onlarin
xarakterini nozoro alir. Daha dogrusu, metodlart mazmuna goro segir. Clinki, muallimlo
sagirdin is formasmin didaktik moagsadlori do, sagirdlorin bilik aldo edacaklori monbalor
Uzarinds mistaqil isi do, mahz mozmunla baghdir.

Molum oldugu kimi, qanunlar 6z xarakterino g0ro anlayislardan vo kamiyyatlordon
forglonir. ©Ogor anlayislar miixtolif komiyystlor arasindaki  olagalorin  6yronilmasi,
Umumilogdirilmasi  osasinda yaranirsa, ganunlar anlayislar arasindaki olagalorin
aragdirilmasi, ganunauygunluglarm miiayyan edilmasi, sintez osasinda askara ¢ixariliq. Bunu
2-sxemdon do gérmok olar. Demoli. Qanunlarin dyranilmasi t¢uin daha darin tmumilasdirma
vo micarradlosdirms tolob olunur.

Elmin inkisaf tarixi onu gostarir ki, on boylk vo yeni kosflorin bir ¢oxu muixtalif
sahalor Gzra biliklarin intellektual sintezi naticasinds miimkiin olunmusdur. Masalon, Faradey
maqgnetism  vo elektrik hadisolori  (zro miisahidslorin naticalorini  elektromagnitzm
konsepsepsiyasi soklinds sintez etmoklo elektromaqnit induksiyasi qganununu kosf etmisdir.
Bu ganun iso elektrik asrinin yaranmasina sobob olan dinamomasinlarinin is prinsipinin
osasidir.

Maksvel elektromagnitezmlo isiq hadisalorinin riyazi yolla sintezi sayssinds isigin
da elektromaqgnit dalgalar1 olmasmi kosf etmisdir. Bu kosf iso radio vo televiziya
texnikasinin yaranmasina sabab olmusdur.

Faradeyin, Macrosoftksvelin vo onlarin elmi islorini davam etdironlorin todgiqatlarmin
sintezi elektromagnetizm nozariyyssini yaratmisdir.

Albert Eynsteyn Pifagordan Rimanadok olan hondass Uzrs todgiqatlarin naticalorini,
Qaliley-Nyuton mexanikasinin ganunlarini, astronomiya sahasindo uzun illor aparilmig
todgigatlarin noaticalorini, Faradey, Maksvel vo bunlarin ardicillarini toadqiqatlar1 asasinda
yaradilmis elektromaqnitizm nozariyyasini sintez etmoklo nisbilik nozariyyssini vo  bu
nozoriyyads ohato olunan bir sira qanunlar1 (o ciimladon Kitlo ilo enerjinin olagasi
ganununu) kasf etmisdir. O, makan vo zamani, kiitlo Vo enerjini, caziba va ataloti (izvi suratdo
olagalondirdi, hamin olagolori riyazi sokilds ifado etdi. Bu da atom osrinin baslanmasina
gotirib ¢ixartdi, eyni zamanda kainat vo onun ganunauygunluqlart barads yeni tasovvirlorin
meydana galmasina sabab oldu.

Malum oldugu kimi, Eynsteynin kosfino godor fizika elminds zaman, kutlo, enerji
cazibs vo otalot mlstoqil kateqoriyalar sayilirdi. Eynsteynin xiisusi vo Umumi nisbilik
nozariyyoasini artigmaqla bu anlayislar1 vahid, goxcohatli bir kateqoriyada birlosdirdi.
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Eynsteynin bu kosfi mokan vo zaman, materiya vo zaman, mategiya vo horokot
haqqinda materiyanin varligi hagqinda nozariyyasini subut edon muhim faktlardan biri oldu.

Gatirilon misallardan aydin olur ki, hansi alim yasadigi asrin kainat haqqindaki biitiin
biliklor kiilliyyatin1 6z soaloflorindon daha dorin toesavvir eds bilirss, on boylk kasflarin
sahibi do o olur.
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FiZiKA KURSUNUN TODRISINDO TOLIM METODLARINI VO USULLARINI
SECMOYIN VO TOTBIQ ETMOYIN BOZI MOSOLOLORI

T.f.d. Mammadova S.0., Dos. Quliyev N.I., Mammadova X.E.
Ganca Dovlat Universiteti
Xulasa

Qanunlar1 todris etmok U¢lin - mioallim metodlar1 segorkon ilk ndvbodo onlarin
xarakterini nozoro alir. Daha dogrusu, metodlari mazmuna goro segir. Clinki, muallimlo
sagirdin is formasmin didaktik moagsadlori do, sagirdlorin bilik aldo edacaklori monbalor
Uzorindo mistaqil isi do, mohz mozmunla baghdir. Maolum oldugu kimi, ganunlar 6z
xarakterino goro anlayislardan vo komiyyatlordon forglonir. ©gor anlayiglar miixtalif
komiyyatlor arasindaki  oalagalorin dyronilmasi, Umumilosdirilmosi osasinda  yaranirsa,
qanunlar anlayislar arasindaki olagoalorin arasdirilmasi, ganunauygunluglarin miisyyan
edilmasi, sintez osasinda askara g¢ixariliq. Qanunlarin Gyronilmasi Uclin  daha doarin
Umumilosdirmo vo micarradlosdirms talob olunur

HEKOTOPBIE ITPOBJIEMbI HEBBIGOPA U IPUMEHEHUA METOJUKHU
OBYYEHUA U METOAOB IIPU INTPEIIOJJABAHUU KYPCOB ®U3UKU

A.¢p.m. Mameoosa C.O., /lou. I'ynues H.HU., Mameoosa X.3.,
I'anoxncunckuil I'ocyoapcmeennwtii Ynueepcumem
Pe3ome

[Tpu BBIOOpPE METOMOB OOYUCHHMSI 3aKOHAM YYHMTENb B IEPBYIO OYEPEIb YYUTHIBACT UX
xapakrep. Ckopee, OH BBIOMPAET METO/IbI B COOTBETCTBUH C MX COJIEPKAHUEM. JTO CBSA3AHO C
TEM, YTO C COJICP)KAHUEM CBS3aHBl KaK IUAAKTUYECKHE LETH (OPMBI PabOTHI «y4HTENb-
YYCHUK», TaK M CaMOCTOSITENbHAs paboTa ydammxcs HaJl MCTOYHHKAMHU, M3 KOTOPBIX OHHU
OyayT moJstydaTh 3HaHUs. Eciim MOHATHS BO3HHMKAIOT HAa OCHOBE M3Yy4eHUs U 0000IIeHus
OTHOILIEHUH MEXIy pPa3TUYHbIMU BEJIMYMHAMHU, TO 3aKOHBI BBISBIISIOTCS HAa OCHOBE U3Y4EHUs
OTHOLIECHUH MEXIy MOHATHUAMH, YCTAHOBJIEHUS 3aKOHOMEpHOCTEH, cuHTe3a. M3yueHue
3aKOHOB TpeOyeT OoJiee riry0oKkoro 06001IIeHHs U aOCTparupoBaHusl.
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SOME PROBLEMS OF NOT CHOOSING AND APPLYING TEACHING METHODS
AND METHODS IN TEACHING PHYSICS COURSES

D.ph.t. Mammadova S.O., As.pr. Guliyev N.I., Mammadova Kh. E.
Ganja State University
Summary

When choosing methods for teaching laws, the teacher first takes into account their
nature. Rather, it selects methods according to their content. This is because both the didactic
purposes of the teacher-student form of work and the students' independent work on the
sources from which they will acquire knowledge are related to the content. If concepts arise
on the basis of the study and generalization of the relations between different quantities, then
the laws are revealed on the basis of the study of the relations between the concepts, the
determination of regularities, the synthesis. The study of laws requires a deeper generalization
and abstraction.

FiZIKADAN YENI TOLIM TEXNOLOGIYALARININ STURUKTUR VO
FUNKSIONAL KOMPONENTLORI

Dos. Quliyev N.I., Mommadzads A.C., Zeynalova F.S.
Ganca Dovlat Universiteti
Acar soOzlar: pedaqoji texnologiya, talim, prinsip,psixoloji texnologiyalar, talim
texnologiyasi, torbiys texnologiyasi, inkisaf texnologiyasi,
Key words: pedagogical technology, training, principle, psychological technologies,
training technology, educational technology, development technology

Praktik monada pedaqoji texnologiya dedikds, hom do qarsiya qoyulmus mogsado
uygun olaraq bilik, bacariq, vordis vo miinasibatlori formalasdirmaq vo onlara nozarati hoyata
kecirmok li¢iin omoliyyatlar kompleksi basa diisiiliir.[1] Pedaqoji texnologiyada miisllimin
foaliyyetini agagidaki funksional komponentlors ayirmaq olar:
1)Qnostik (idraki) komponent 2) Layihalasdirici komponent 3) Konstruktiv komponent 4)
Taskilatciliq komponenti 5) Kommunikativ (iinsiyyat) komponent

Beloliklo, miiallimin talim texnologiyalarim asagidaki omoliyyatlar togkil edir:
|. Biliklori toplamagq iiciin (alda etmak) omaliyyatlar
.  Talimin va tahsil-torbiyanin maqsadlarini layihalosdirmak iigiin amoaliyyatlar
I1l. Talim va tohsil-tarbiya prosesini taskil etmak iiciin amaliyyatlar
1V. Biliklari sagirdlara dyratmak iiciin amaliyyatlar
Qnostik komponentd daxildir: tolim, tohsil-torbiyonin mogqsodlori, todris etdiyi fonnin
mozmunu barado biliklor, sagirdlori Gyronmok, tolim prinsiplorini vo texnologiyalarmi
Oyronmak, Oyrodici vo torbiyosedici moggololor kecirmok vo s. Layihalosdirici komponent.
Uzaq mogsadlori (pespektivlori), amosliyyatlari, vasitolori 6ziinds birlosdirir; layihalogdirmo
cinsi forqlor nozoro almaqla hoyata kecirilmolidir Konstruktiv komponent. Qarsidaki
masgoloni hazirlamagq liglin omoliyyatlar komplektini nozards tutur

Taskilateihq komponenti. Mosgololori hazirlamaq vo kegirmok {igiin omoliyyatlar
komplektini nozords tutur

Kommunikativ komponent. Sagirdlorlo qarsiligh iinsiyyst prosesi zamani foaliyyot
liciin omoliyyatlar komplektini 6zlinds birlegdirir. Son iki komponent (kommunikativ vo
toskilatgiliq komponentlori) bir-biri ils six slagadadirlor.

Texnologiyalarin miixtalif tasnifatlarn var. Onlardan ikisi - pedaqoji va psixoloji
texnologiyalar xiisusilo geyd edilmalidir.
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Pedaqoji texnologiyalarda omoliyyatlar vo harokatlor fiziki cohotdon hiss olunur.
Psixoloji texnologiyalar gizli xarakter dasiyir. Bu, konkret insanin psixikasinda bas veron
omoliyyatlar vo horokatlordir. Amma pedaqoji vo psixoloji texnologiyalar arasinda doqiq
sorhoddi miioyyonlosdirmok olduqca ¢atindir. [4]

Pedaqoji texnologiyalar asagidaki kimi tasnif oluna bilor: /) Talim texnologiyas: ;2)
Torbiya texnologiyasi; 3) inkisaf texnologiyasi, 4) Diagnostika texnologiyasi

Talim texnologiyas1 dedikdo, bilik, bacariq vo vordislori formalasdirmaq {igiin
ompliyyatlar komplekti bagsa diisiiliir.

Tarbiyo texnologiyas1 dedikds, nisbi, sabit vo miintozom olaraq timumiloson
miinasibatlorin, mogsadyonlii formalasdirilmasi iiglin omoliyyatlar komplekti basa diisiiliir.

Inkisaf texnologiyas: tolim vo tohsil-torbiyo texnologiyasi ilo alagodardir. Psixi inkisaf
dedikdo, oqli bacariglarin formalasdirilmasi, insan psixikasinda hor hansi1 omoaliyyatlarin
(cixarilmast) ¢oxalmasi nazards tutulur.

Diaqnostika texnologiyasi pedaqoqlarm vo ya psixoloqglarin usagin moktobo hazirligmi
diagnostlagdirmasidir. Pedaqoji texnologiyalarin psixi materiali vardir. Masalon, tolim
prosesindo predmetlorin vo hadisolorin psixi obrazlar1 biliklorin psixi materiali hesab olunur.
12 ndv analizatorun beyins gatirdiyi informasiya orada 12 név obraz yaradir. Demali, biliklor
sagirdlorin psixikasinda formalasmis obrazlardir. ©gar biliklorin psixi materiali obyektlorin vo
ya hadisalorin obrazlaridirsa, inkisafin psixi materiali psixi amoliyyatlardir. Bu amoliyyatlar
psixi proseslordo hoyata kecirilir. Sagirdlorin psixi inkisaf1 psixi proseslorde yeni psixi
omoliyyatlarin formalasdirilmasmi nozords tutur. Comiyyst inkisaf etdikco hor sahodo oldugu
kimi pedaqoji sahodo do yeni-yeni toloblor iroli surulur. Bu iso pedaqoji
prosesintokmillogsmosi, yeni mozmun, forma vo metodlar totbiq etmoyi zoruri edir.[5]

Pedaqoji sistemin tokmillogsmosi iki yolla hoyata kegirilir:
1. Intensiv yol; 2. Ekstensiv yol

Intensiv yol pedaqoji sistemin daxili ehtiyatlarmi iso salmaqla baglidir. Masalon, yeni
metodlar totbiq etmoklo sagirdloro miistoqil is bacariglar1 asilanmaqla onlar1 6ziinii tohsilo
colb etmokintensiv yoldur.

Ekstensiv yol pedaqoji proseso olavo vaxt vo vasait colb olunmasini nozords tutur.
Masalon, gonc noslo mohkom bilik vermok {iclin tolim miiddotini uzatmaq, proqramlari
geniglondirmok olar. Bu ekstensiv yoldur. Halbuki bunsuz da mogsodo nail olmaq
mumkundur. Pedaqoji prosesds yeniliklorin miqyas1 miixtalif ola bilor. Miioyyon bir metodu,
forman1 tokmillogdirmok, yeni is texnologiyalarini totbiq etmok, yaxud tohsil- torbiys
sistemini yenilosdirmok.

Tolim metodu biitovliikdo pedaqoji proseslorin iinsiirlorindon olub, digor tinstirlorls
vohdatds ¢ixis edir.[3] O tolimin mogsad vo mozmununa xidmot edir. Mogsad vo mozmun
doyisdikco metod vo texnologiyalar da doyisir. Qeyri somorali metodlarla yiliksok tolim-
torbiyo noticalorine nail olmaq olmaz. Miiasir dors yalniz todris vozifslorinin deyil, tolim,
torbiyo vo inkisafin bir-biri ilo qarsilighh olagode oldugu kompleks vozifolorinin
planlasdirilmasmi tolob edir.

Tolimlondirici funksiya: Pedaqoji texnologiyalarin bu funksiyasi aparici vozifadir. Bu
funksiyanin nailiyystlori dorsdo qarsiya qoyulmus didaktik vozifoys tam uygun olaraq
demokratik vo adekvat metodu se¢mokds mozmun son doroco aydm veo ifadsli tomin
edilmasinde 0ziinii gostarir.

Tarbiysedici funksiya: Ononovi tolim prosesindo torbiyoedici dors dorsin miioyyon
hissesindo onun ticlin bilavasits olverisli soraitin olmasi anda yerina yetirilir. Adston bir ¢cox
hallarda material izah olunub basa c¢atandan sonra torbiyovi notico c¢ixariir. Tolim
metodlarinm komayi ilo asas torbiyavi ideyalar kollektiveilik, amokdasliq, qarsiligh, yaradici
va s. hayata kegirilir. Kollektiv foaliyystdo soxsiyystloraras: slagalor mohkomlondirilir. Tolim
prosesindo miiollim sagirdin idrak foaliyyotini idars edir, onu inkisaf etdirir. Inkisafetdirici
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tolim ideali ensiklopedik, inkisaf etmis soxsiyyat deyil, ¢evik, agilli, hor yeniliyos cold reaksiya
veron, golocokdo dork etmoyo vo miistoqil foaliyyoto tolobatlart olan, yaxsi bolodlosmo
vardisloring, yaradict qabiliyyats yiyalonon soxslordir.

Ik dofs inkisaf etmis dlkalords yaranmis yeni pedaqoji texnologiyalarla [2] olagodar
tolim metodlar1 kegan asrin yetmisinci illarinds moaktablords “Programlasdirilmig tolim” adi
ilo genis totbiq olunmaga baslanmigdir. Bu dlkalordo yeni pedaqoji texnologiyalar tolim
metodlart kimi proqramlagdirildigi  halda, bizim moktoblorimizds bu metod dizgun
giymatlondirilmadiyindon misbot notico vermomisdir. Lakin biitiin bunlara baxmayaraq, o
illordon baslayaraq todricon yeni pedaqoji texnologiyalarla slagadar program taloblorinin
sortlori elmi-nozari cohatdon asaslandirilmig va tatbigine dair tovsiyslor hazirlanmigdir.
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FiZIKADAN YENI TOLIM TEXNOLOGIYALARININ STURUKTUR VO
FUNKSIONAL KOMPONENTLORI

Dos. Quliyev N.I., Mammadzads A.C., Zeynalova F.S.
Ganca Dovlat Universiteti
Xiilasa

[k dofo inkisaf etmis dlkalords yaranmis yeni pedaqoji texnologiyalarla slagedar tolim
metodlar1 kegon osrin yetmisinci illorinds moktoablords “Programlasdirilmis tolim” adi ila
genis totbiq olunmaga baslanmisdir. Bu oGlkoalordo yeni pedaqoji texnologiyalar tolim
metodlar1 kimi proqramlasdirildigi  halda, bizim moktoblorimizds bu metod dizgun
giymotlondirilmodiyindon musbat notico vermomisdir. Lakin biitiin bunlara baxmayaraq, o
illordon baslayaraq todricon yeni pedaqoji texnologiyalarla slagadar program taloblorinin
sortlori elmi-nozari cohotdan asaslandirilmis v tatbigine dair tévsiyslor hazirlanmigdir.

CTPYKTYPHO-®YHKIIMOHAJIbBHBIE KOMIIOHEHTBI HOBbBIX
OBPA3OBATEJIbHBIX TEXHOJIOTUH MO ®U3UKE

Hou. I'ynuee H.U., Mameozaoe A./[c., 3eitnanosa @.C.
I'anoscunckuii I'ocyoapcmeennnvtit Ynueepcumem
Pe3ome
MeTtonpl 00ydeHus, CBSI3aHHBIE C HOBBIMU TEIarOrH4eCKUMH TEXHOJIOTHIMH, BIIEPBbIC
MOSIBUBIIMMUCS B Pa3BUTHIX CTPaHaX, CTAJIM IIMPOKO MPUMEHSTHCS B IIKOJAX B CEMUIECATHIX
roJiax ImpoILIOro Beka moja Ha3Banuem «lIporpammupoBanHoe oOyueHue». B To BpeMs kak B
3THX CTpaHaX B KayeCTBE METOJOB OOydeHUS 3almporpaMMHUPOBAHBI HOBBIE MEIArOrMYECKUe
TEXHOJIOTMM, B HAIMX IIKOJIAX 3TOT METOJ HE JAall MOJOXKUTEIbHBIX PE3yJIbTaTOB H3-3a
HEMpaBWIbHOM OLEHKU. OJIHaKo, HECMOTpsS Ha BCE 3TO, HAyMHAsA C TEX JIET HAYYHO HU
TEOPETUYECKH 00OCHOBBIBAIUCH YCIOBHS MPOTPAMMHBIX TPEOOBAaHUH, CBSI3aHHBIX C HOBBHIMHU
MeJarorHYeCKUMHU TEXHOJIOTUSIMHU, U BBIPAOATHIBAIUCH PEKOMEHIAIIUY 110 UX IPUMEHEHHUIO.
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STRUCTURAL AND FUNCTIONAL COMPONENTS OF NEW EDUCATIONAL
TECHNOLOGIES IN PHYSICS
As.pr. Guliyev N.1., Mammadzada A.C., Zeynalova F.S.
Ganja State University
Summary

Teaching methods related to new pedagogical technologies, which first appeared in
developed countries, began to be widely used in schools in the seventies of the last century
under the name "Programmed learning”. While new pedagogical technologies are
programmed as teaching methods in these countries, this method has not yielded positive
results in our schools due to incorrect assessment. However, in spite of all this, starting from
those years, the conditions of the program requirements related to new pedagogical
technologies have been scientifically and theoretically substantiated and recommendations for
their application have been developed.

FiZIKANIN TODRIiSi PROSESINDO SAGIRDLORIN QARSILIQLI UNSIiYOTININ
FORMALASDIRILMASI VO INKISAF ETDIRILMOSI

f.r.f.d. 'Salimov I. N., dos. 2Ismayilov E.X.
Qarbi Kaspi Universiteti!, Ganca Dévlat Universiteti?

Acar sOzlar: kommunikativ bacariq vo Vardislor, hadiso, fakt, torif, anlamag, tshlil
etmok, mediya bacar1g1, texnologiya vordisi

Key words: communicative skills and habits, event, fact, definition, comprehension,
analysis, media skills, technology skills

Fizika tobiot hagqinda elm olub materiyanin miixtalif formalarini, onun xas-salorini va
qarsilight ¢evrilmosini Oyronir. Fizikanin ganunauygunluqlar1 tobiotdo bas veran bitin
hadisalorin, cansiz vo canli materiyanmn garsiliqhi alagalarinin 6yranilmasinds, elmi- texniki
toraqqinin inkisafinda aparici rol oynayir. Buna gors do fizika fonninin 6yronilmosi sagirdlors
digar tobist elmlorinin monimsanilmasing, tobist hadisaloring, elm, texnika vo istehsalatin
muxtalif sahalarinin asas proseslorins yaxmdan balad olmaq imkani verir. [1,2]

Fizikanin 6yranilmasi sagirdlorin montiqi tofokkiiriinii formalagsdirmaq, miithakima vo
dork etmo qabiliyyatini yiksaltmak, nitqini inkisaf etdirmok Ucln glcli vasitadir.
Miisahidoloro qiymot vermok, fiziki hadisalor arasinda olagoni izah etmok, naticoni
gabagcadan duymag, prognozlar vermak, farziyys vo nazariyyalori eksperimentdos yoxlamag,
montiqi tofokkiirli inkisaf etdirmok bacariglarini formalagdirir. Sagirdlor hadisenin, faktin,
torifin, ganunun yazili va sifahi dilds diizgiin sorhini vermokls nitqlorini inkisaf etdirirlor. [3]

Fizika soxsi keyfiyyotlori formalasdiran vasitodir. Umumtahsil moktoblorinds fizikanin
todrisi sagirdlordo ¢oxlu soxsi keyfiyyotlor formalagdirir. Bunlara diinya-goriisii, bilik,
bacariq, vardis, gabiliyyat, adot, irads, amoksevarlik va s. aiddir.

Fizika fonninin talimi prosesinds “sagirdlordo kommunikativ bacariqlar: inkisaf etdirmok”
umumtohsil  moktablorindo  fizikanin todrisi metodikasinin  qarsisinda duran  aktual
moasalalardandir.[5]

Fizika fonninin  tolimi  prosesindo  sagirdlorin  kommunikativ ~ bacariqlarmnin
formalasdirilmasi vo inkisaf etdirilmasi fizikanin todrisi qarsisinda duran osas vazifalorin
reallagdirilmasi ilo Uzvi suratds olagads olub, onlarin miivaffoqiyyatlo hayata kegirilmasinan
asilidir.

Fizika tolimindo kommunikativ bacariqlar dedikdo, sagirdlorin fizika fonnino dair
biliklari aldo edilmasi, 0yronilmasi, qazanilmis biliklorin praktik totbiq edilmasi, fizikanin
gqanunauygunluqlari, tobiotdo bas veron bittn hadisslorin, cansiz vo canli materiyanin
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qarsiliglt alagelorinin sifahi vo yazili formada diizgiin ifado etmok, fiziki proseslori riyazi
modellosdirmak va.s. kKimi faaliyyatlorin mivaffaqiyystlo yerina yetirilmasi basa diismok olar.

Umumtohsil moktablarinde sagirdlorin kommunikativ bacariqlarmin formalasdirilmasi
ibtidai moktob kursundan baslanir. Belo ki, usaglar moktoba goldikdo sinifdoki sagirdlorlo
unsiyyatdo olur, onlar hagqmnda molumatlar alir, 6zii haqqinda moalumat verir. Sinifdo va
elocado moktobds davranis qaydalari ilo tanis olur, moktobdaxili gaydalara omal edir. Sonraki1
morhalalords sagirdlords (insiyyat bacariqlari, ifadsli oxu bacariqlari, fikirlorini ifado etmok
bacariqlari, dinlomak va diisiinarok cavab vermok, gruplarda omokdasliq etmok, yoldaslarinin
fikirlorino hormatlo yanagsmaq vo i.a. kimi kammunikativ bacariglar1 formalasdirilir vo inkigaf
etdirilir.[5]

Fizika fonninin todrisi ilo sagirdlordo yeni mozmunlu kommunikativ bacariglar
formalagdirilir. Bu bacariglar fizika fonninin tolim mogsadlorindan irali galir vo
Fizikanin todrisi qarsisinda duran asas vazifalorls sartlonir:

- fizika elminin asaslarmma aid on muhum faktlara, ganunlara va onlarin praktikada totbigina
dair anlayislarin formalasdirilmast;

- sagirdlordo Olgli cihazlar1 vo laboratoriya avadanliglari ilo islomok, homginin muxtoalif
hesablamalar aparmagq, alian naticalori tohlil etmak bacariglarinin formalasdirmas;

- texniki yaradiciliq vo ixtiragiliq qabiliyyatinin yiksaldilmasi;

- fizikanm timumbosari madaniyyatin torkib hissasi vo comiyyatin sosial-iqtisadi inkisafinin
asas horakatverici quivvasi olmasi haqqinda tosavviiriin yaradilmas;

- diinyanin bitovlikds dork edilmosi vo miasir fiziki monzorasi haqqinda tosovviirlorin
formalasdirilmasi;

- digar tabiat fonlorinin 6yranilmasi t¢iin real zominin yaradilmasi.

Fizika fonninin talimi ilo sagirdlor fizika elminin on miihiim faktlatina, qanunlarina dair
biliklori manimsayir vo onlarmn praktikada totbiq etmoyi bacardigmi yazili vo sifahi sokilds
dizgln ifads edir, fizika fonninin terminalogiyasi ilo tanis olur vo hamin terminlori diizglin
ifado etmok bacarigini niimayis etdirir. Fiziki ganunauygunluqglar vo ganunlarin riyazi
modellosmasini bilir, onlar1 yazili sokildo va sorhlor vermoklo ifads etmoyi bacarir, sorbast
mosalo holl etmoyi bacardigini niimayis etdirir, sahib oldugu biliklori sinif yoldaslarina
Oyrotmoyi bacarir. Sinif yoldaslarmin talimdoki ugursuzluglarinin aradan qaldirilmasinda
foalliq gostorir.[4]

Fizika fonninin todrisi ilo sagirdlor 6l¢ii cihazlar1 vo laboratoriya avadanliqlari ilo
islomok, hom¢inin mixtslif hesablamalar aparmaq bacariq vo Vardislorina, alinan noticalori
tohlil etmak bacariglarini ugurla niimayis etdirirlor.

Fizikanm tolimi ilo sagirdlordo texniki yaradiciliq vo ixtiragiliq qabiliyyatlori
formalasdirilir, aldig1 naticalori niimayis etdirir.

Sagirdlorin kommunikativ bacariqlar1 6z ifadasini oan ¢ox fizika darslorinds va fizikadan
sinifdonxaric islordo biruzo verir. Belo ki, sagirdlor sinifdonxaric tadbirlora hazirlasarkon
muxtolif monbolordon molumatlar1 toplaywr, moruzo hazirlaywr, dahi fiziklorin hoyat vo
yaradiciliqlart haqqinda lakonik material hazirlaywr, fonn billetenlorino mogalslor hazirlayrr,
fonno dair diskusiyalar toskil edir vo s. Sinif yoldaslari il birge amakdaslhq, birgs is gormok,
birgo iso gOro mosuliyyot dasimaq kimi bacariqlarin niimayis etdirilmosi sagirdlorin
kommunikativ bacariglarinin bariz niimunasidir.

Sinif foallarinin ugurlarmm vo yaxud moktobin ugurlarinin genis ictimaiyyoto catdirilmasi
ucun musahibalorin aparilmast , motnlorinin,  motbuatda dorc etdirmok mogsadi ilo
materiallarimn  vo mogalo matnlorinin  hazirlanmasi sagirdlords mediya bacariglarinin
formalagmasi va inkisaf etmasina sabab olur.
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Fizika tolimi prosesindo sagirdlorin kommunikativ bacariqlarin1 asagidaki kimi
qruplagdirmagq olar:

e Fiziki terminalogiyanin, ganunlarin va riyazi modellosmonin diizgiin ifadssi;

e Fiziki proseslorin tosviri Usul vo metodlarina sahib olmaq, onlardan istifado etmok;
tosvir edilon fiziki proseslor haqqinda olan informasiyan1 miixtolif yollarla sorh etmok,
onlar Uzarinds miizakirs aparmaq, onlar1 bir-biri il slagalondirmok;

e Olcii cihazlar1 vo laboratoriya avadanliglari ilo islomok , miixtalif hesabatlar aparmaq,
alinan naticalari tahlil etmoak;

e Fiziki ganun vo ganunauygunluglart danisiq vo yazi yolu ilo aydin, lakonik ifado
etmok;

e Basqalarmin fikirlorini anlamaq vo tohlil etmoak;

e Mauxtalif gruplarla effektiv is bacariginin niimayis etdirilmasi ;

e Umumi mogsodo nail olmaq dgiin zoruri kompromislorin oldo edilmasi vo bu
istigamotda geviklik va istoyin niimayis etdirilmasi ;

e Birgo iso goro masuliyyat dasimag;

o Mixtolif Unsiyyot noOvlorinin (yazili, sifahi vo mixtolif forma vo soraitlords
multimedia vasitalorinin komokliyi ilo) yaradilmasi vo onlardan istifads, effektiv
unsiyyatin rolunun dork olunmast,

e Iinformasiya ilo islomok bacariqlari, mediya vo texnologiya vardislori.

Beloliklo, fizika fonninin tolimi prosesindo sagirdlordo kommunikativ bacariglarin

formalagsmas1 vo inkisaf etmosi onlarin toskilat¢iliq, idarsetms, Unsiyystqurma, fikrini

aydin vo lakonik ifado etmo, texnoloji bacariglari niimatis etdirma vo s. Kimi
gabiliyyatlorin formalasmasi va inkisaf etmasi toamin olunur.
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FIZIKANIN TODRISI PROSESINDO SAGIRDLORIN QARSILIQLI UNSIYOTININ
FORMALASDIRILMASI VO INKISAF ETDIRILMOSI
Xulasa

Moagalods fizika fonninin talimi prosesindo saqirdlordo kommunikativ bacariglarin
formalasdirilmas1 vo inkisaf etdirilmosi metodikasina hosr olunmusdur. Sagirdlordo
kommunikativ bacariqlarin formalagmasi vo inkisaf etmosi onlarin toskilat¢iliq, idarsetms,
unsiyystqurma, fikrini aydin vo lakonik ifads etmo, texnoloji bacariglari niimatis etdirmo va S.

kimi ugurlu faaliyyatlori tomin edilir, soxsiyyat kimi formalasir.
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®OPMUPOBAHME U PA3BBUTHS B3AUMHBIE OTHOILIEHUH YYAIIIUXCS B
MNPOLECCE NPEITIOJABAHUSA ®U3UKU
Pezrome
CraTbhst TOCBAIIEHa METOIMKE (OPMHUPOBAHUE U PA3BUTHI KOMMYHHKATHBHASI HaBBIKOB
ydamuxcsi B mporecce oOydenus ¢uszuka. dopmupoBaHue KOMMYHUKATUBHOTO HAaBBIKOB
yqanmxcs[, nx O6CCHG‘-II/IB216T YMGHI/ISI OpFaHI/IBaHI/II/I, ynpaBJICHI/IFI U €0 MHCHHC IIOHSTHO
BBIpA)KEHUE, 00ECTIEUNBAET IEATEIbHOCTh U (POPMUPOBAHNE JTUYHOCTH.

FORMATION AND DEVELOPMENT OF STUDENTS RELATIONS IN THE
PROCESS OF TEACHING PHYSICS
Summary

The article is devoted to the formation and development of communication skills
training in physics saqirdlordo method. Students in the formation and development of the idea
of creating communication, management, organization, communication skills, technology
skills, and others have expressed their clear and concise niimatis the. As the report says,
provides form of scoring.

FiZIKANIN TODRISINDO ANALOGIYALAR VO MODELLORDON
ISTIFADO METODIKASI

Dos. Quliyev N.I., Dos. Imanov R.M., Hasanova B.M.
Ganca Dovlat Universiteti

Acar sozlar: model, analogiya, madds, saho, kristallasma, gaynama, fiziki obyekt
Key words: model, analogy, substance, field, crystallization, boiling, physical object

Hom klassik, hom do miiasir fizikada modellordon vo analogiyalardan genis istifado
olunmasi, onlardan orta vo ali moktoblordo todris prosesindo istifado etmoyo imkan verir.
Masolon, fizikanin todrisi prosesindo, maddo, saho, onun struktur elementlori (molekullar,
atomlar, elektronlar, fotonlar vo s.) analayislar1 ilo garsilasir vo onlar1 Syronirik. Fiziki
obyektlorin bozi xarakteristikalarinin onlarla birbasa tomasda olmaqla, adi gozlo miisahido
edorok Oyronmok olur. Maddolorin orimosi, kristallasmasi, gaynamasi, buxarlanmasi,
kondensasiyas1i buna misal ola bilor.[1] Fiziki obyektlorin belo dyronilmasi tobii (naturadan)
Oyronma adlanir. Bu iisulun stiinliiklori asagidakilardir:

1. Talobads (sagirdds) haqigati 6ziindo birbasa oks etdiron hissiyyat suratlori yaranir ki, bu da
onlarin dyronmasinin zoruri sortidir.

2. Naturadan 6yronmo zamani alds edilon bilik an etibarli hesab olunur, ¢iinki bu halda tolobs
(sagird) 0yrondiyi obyektlo birbasa tomasda olur.

Todris modeli dedikds, qurulusu vo funksiyasi ilo orijinalin biitiin element vo
strukturlarini 6ziinds oks etdiron model basa diistilmoalidir. Modelin mixtoslif xarakteristikalar1
orijinala nozaran invariant olur. Bu halda talobs (sagird) qurulmus modells iglomali olur. Belo
dyranms model 6yranms adlanir.[2]

Miisllimin rohbarliyi ilo tolobs (sagird) modells slagoli sokildo dyronilon obyekt barado
biliys yiyalonir. Bu iisulu forqlondiron xiisusiyyst tolobonin aldigi biliyin model vasitasila
birbasa obyektin 6zii ilo tutusdurulmasidir.

Fiziki obyektlorin todris modellori bir sira miisbat didaktik xassaye malikdir vo onlarin
tadris metodikasinda istifadesi agagidakilara imkan verir:

- Oyronilon predmetin asas elementlorinin se¢ilmosi;
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- toloabolora gapali vo goriinmayan diiyiinlorin togdim olunmast;

- proseslorin kinematikasinin yavasidilmis va ya siirotlondirilmis hallarda miisahide edilmasi
Vo onlarin lazim olan gader niimayis etdirilmasi;

- moktob soraitindo gdstorilmosi miimkiin olmayan hadisonin Oyradilma obyekti kimi
secilmasi;

- modellorin laboratoriya iglorindo paylanilan didaktik material kimi, miihazirolordo iso
niimayis qlizgiisii kimi istifado edilmasi va s.

Modellorin xususiyystindon yerinds istifado edilmosi vo todris metodikasinda onlara
istinad edilmosi todris materialinin daha yaxsi qavranilmasma, toloboalorin bilik va
bacariglarmin suratlo formalasmasina sorait yaradir. Todrisin mixtalif marhalolorinds istifado
olunan modellor ham saviyyasins, hom do monimsanilma daracasine goroa forqli olmalidir.
Moasolon, bozi hallarda istifado edilon model, prosesin yalniz miiayyan moarhalo vo ya
elementlorini xarakterizo edib, onun daxili mahiyystini dork etmoya imkan vermir. Obyektlo
mugayisado modelin  6ziinamoxsus xususiyyatlori todris prosesinds onun reallasmasi
metodikasina malum taloblor qoyur. Har seydan avval model qurularken onun hansi fiziki
prosesi vo onun hanst toraflorini ohato etdiyi miiayyanlosdirilmalidir. Sonra orijinalla modelin
muqayisesindon 6zlinomoxsus xususiyyatlori aydinlasdirmaq lazimdir. Yalniz bundan sonra
hadisonin model vasitasilo todgiqgino qorar verilir. Hadisonin sonraki Oyranilmo prosesi
modelds ¢atismayan elementlorin va rabitalorin avoz edilmasi ilo davam etdirilir.[3]

Metodik baximdan yalniz bir didaktik masaloni hall edo bilon modellsr qurulur. Bels
models asaslanaraq, yalniz bir strukturu (daxili yanma miihorrikinin kesiyini, kristal qafasin
modelini vo s.) vo yalniz funksiyasmi (elektrik dovrosinin hidrodinamik modeli, elektronlarin
otalot lizro metal daxilindo horokotetmolorini) 6yronmok olur. Belo modellor analoq modellor
adlanir. Onlar orijinalla no hondosi, no do fiziki oxsarlia malik deyillor. Moasalon, gapali
elektrik dovrasindo yiiklorin harokat prosesinin mahiyyatini niimayis etdirmok {iglin
yivobonzor maili miistovido kiiraciyin agirliq qiivvoesinin tosiri ilo horokoatindon istifado edilir.
Didaktik toyinatmma goro fiziki obyektlor vo proseslorin rosm vo fotoqrafik modellori
mahiyyatca eynidir. Onlar orijinalla handasi oxsarliga malik olub, real obyektlori sorbast ifado
edir. Lakin bunun ii¢ilin istifado olunan sokillor coxsayli olmalidir.[4]

Fiziki nozoriyyonin osasini izah edorkon modellorin vo ya analoglarin rolu xiisusi
ohomiyyat kosb edir. Qazlarin nozoriyyasini izah edorkon, real gazlarn osas xassolorini
(yiiksok axicilig, sixilma vo s.) qaz hissociklori arasinda ¢ox clizi garsiligh tosirin mévcud
olmasini xiisusi geyd etmok lazimdir. Qaz molekullarinin miixtalif konfiqurasiyaya vo 6lgiiyo
malik olmasi xiisusi geyd edilmalidir. Qazlarin komiyyatco nozoriyyssini yaratmaq li¢lin qaz
molekullarmi elastiki kiiraocik kimi tosovviir edib, ona Nyuton mexanikasmin aparatlarini
totbig etmok lazimdir. Kiiraciklorin Olgililori ¢ox kicik molekullar tortibindo qobul
edilmoalidir.[5]

Mosolon, metallarin klassik elektron nozoriyyssinin yaradilmasinda qazm menfi yiikli
hissaciklordon ibarot olmasi forziyssindon istifado edilmosi holledici rol oynayib. Bu
nozoriyyonin sonraki tokmillogsmosindon miiasir zona nozoriyyosi yaradilmisdir. Adston,
ideallagdirilmis modellordon vo analogiyalardan, dyronilmasi vo ya qavranilast ¢atin olan
hadisalorin izah edilmosinds istifado edilir. Miicorrod nazoriyyonin elementlori yalniz bu
elementloro konkret analoq hadisolor tapildiqda basa diisiiliir. ideallasdirilmis model
hadisonin bir modelini bagqasinin {izorinde qurmaga, bir sorhi digori ilo ovez etmoyo imkan
Verir.

Simvolik (isaro) modellor Gyronilon obyektin qurulusunun vo funksiyalarinin sorti
isarolorlo (ndqto, xott, rogom, horf, vo s.) gdstorilmasidir Bu modellorin 6ziinomoxsuslugu
ondadir ki, burada elementlorin vo onlarin rabitalorinin isaralori sortidir. ElImdo vo todrisdo
simvolik modellors boyiik tolobat tobiidir.

Simvolik modelin novlorinden biri tosvir modelloridir. Tutaq ki. miisllim sifahi
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danisiqda fiziki prosesin xarakterik olamotlorini vo qanunauygunluqglarmni tosvir edir. Toloba
bu tosvirden aldig1 informasiyani ¢evirarak 6ziiniin analoji modelini yaradir.

Hom elmi, ham do tadris baximindan bir model diger modellorin formalagsmasina komok
edo bilor. Onlar @yranilon hadisanin Umumilosdirilmasi, onun micarradlosma daracasinin
artirilmast vo dinloyicilorin diisinmo meontiqini inkisaf etdirmok Ggln bir vasitadir. Fiziki,
distur vo tonliklorin Oyradici xarakterini todris prosesindo fiziki hadisonin ganunlart vo
xassalori haqqinda yeni molumatlar almag metodu kimi istifads edirlor. Axtarilan komiyyatlor
vo konkret komiyyatlor, masalon, mosalonin sortini yazarken formalasdirtlir. Umumi hall
prosesinds vacib informasiya dasiyan model qurulur.
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FiZIKANIN TODRISINDO ANALOGIYALAR VO MODELLORDON
ISTIFADO METODIKASI

Dos. Quliyev N.I., Dos. Imanov R.M., Hasanova B.M.
Ganca Dovlat Universiteti
Xiilasa

Hom elmi, hom do todris baximindan bir model digor modellorin formalagsmasma kémok
edo bilor. Onlar Oyronilon hadisonin imumilosdirilmasi, onun miicorradlogmo doracasinin
artirilmasi vo dinloyicilorin diisiinmo mentiqini inkisaf etdirmok {i¢iin bir vasitodir. Fiziki,
diistur vo tonliklorin dyrodici xarakterini todris prosesindo fiziki hadisonin ganunlar1 vo
xassolori hagqinda yeni molumatlar almaq metodu kimi istifado edirlor. Axtarilan komiyyatlor
vo konkret komiyyatlor, mosolon, mosalonin sortini yazarkon formalasdirilir. Umumi holl
prosesindo vacib informasiya dagiyan model qurulur.

W3 AHAJIOTU U MOJEJEN B MIPENIOJABAHUM ®U3UKH
METOJUMKA UCITIOJIb30BAHUA

Houy. I'ynuee H.U., /loy. Hmanoe P.M., I'acanosea b.M.
I'anoscunckuii I'ocyoapcmeennviit Ynueepcumem
Pe3ome

OnHa Mozenb, Kak HaydHas, Tak M 0Opa3oBaTesbHasi, MOKET IOMOYb C(HOPMHPOBATH
apyrue Mozaenu. OHM  SBISIOTCS WHCTPYMEHTOM OOOOIEHUS M3y4aeMoro CoOBITHS,
MOBBIIIEHUS] CTENEHN €ro aOCTPaKIUKU U Pa3BUTHSL JIOTUKU MBIIJICHUS ayTUTOPUH. YUYeOHbIN
xapakTep (pu3MkH, GOpMya M YpaBHEHHH HCHOJb3yeTcs B y4yeOHOM Ipoliecce Kak METOJ
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FROM ANALOGIES AND MODELS IN PHYSICS TEACHING
METHODOLOGY OF USE

As.pr. Guliyev N.1., As.pr. Imanov R.M., Hasanova B.M.
Ganja State University
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.

KLASSIK VO MUASIR FiZIKADA iSTIFADO OLUNAN
ANALOGIYALAR VO MODELLORIN MUQAYiSOLI TOHLILI

Dos. Quliyev N.I., Hasanova B.M., Dos. Imanov R.M.
Ganca Dovlat Universiteti

Acar sozlar: maddi ndqts, analogiya, model, qiivva xatlori, yerdoyisms corayani, atom,
nuva

Key words: material point, analogy, model, lines of force, displacement current, atom,
nucleus

Tobiotsiinasligqda modellomonin elmi osaslarla inkisafi I.Nyutonun yaradicihigi ilo
baghdir. «Natural folsofonin riyazi baslangici» kitabinda o, oxsarlig hagqinda iki teorem
vermisdir. Bu teoremlors géroa maye miihitdo harokot edon cismo gostarilon tasiri, hesablama
qaydasini basqa hallara da aid etmok olar. Is1q hadisalorine baxarkon Nyuton onun mexaniki
modelindon istifado edib. Nyuton isigm kigik hissociklordon - korpuskullardan ibarat
oldugunu farz etmisdir. Isiq korpuskullarinin haroketine Nyuton &ziiniin verdiyi mexanika
ganunlarini totbiq etmisdir. Belolikls, o bu ciir modellomonin baslangicini qoymusdur.[3]

Fiziki analogiyalar dedikdo, iki elm sahosinin qanunlarinin xiisusi halda uygun golmosi
basa disiiliir ki, bunun da noticasindo biri digorini miioyyon godor oks etdirir. Maksvell
fozanin qilivve xotlori ¢oxlugu dedikds, qilivvenin istigamotini toyin edon fiziki qiivvelorin
intensivliyini xarakterizo etmok {i¢iin baxilan oyrilori adi xottlor kimi deyil, igorisinds
sixilmayan maye axan doyison kosikli borular kimi tesovviir edir. O, elektromaqnetizmo aid
olan «Faradey qiiyve xatlori haqqinda» adlanan ilk isindo miioyyan hipotetik mayenin axma
modelindon istifado edib, Faradeyin ideyalarmin riyazi osasini qurdu, bunun naticosindo
magqgnetizm, elektrik coroyani vo elektrik harokat qiivvosi arasinda riyazi olaqo yaratdi. Burada
olan mexaniki obrazdan, tasovviiro komok etmok iiciin istifado edilmisdir, amma onlar
hadisonin yaranma sobobi kimi getmir. Burulganli molekulyar corayanlarin modelindon
istifado edorok Maksvell onun nozoriyyssinds morkozi ideya olan yerdoyismo coroyanina
galib ¢ixir va tezliklo is181n elektromaqnit nazoriyyasini yaradir.[5]

Q.S.Om torofindon istifads olunmus elektrik yiiklorinin harakati, istilik vo su corayanlari
arasindaki analogiya da diqqot ¢okondir. Omun analogiyas1 elmds bdyiik shomiyyat kasb edir.
Elektrik coroyanmi istilik coroyani vo su seli ilo miiqayiso edorok, Om, ona qoder az
Oyronilmis bazi elektrik komiyyatlori haqqinda daha genis vo doqiq mealumat vermisdir. Belo
ki, 1827 - ci ildo Om elektrik coroyani, gorginlik, miigavimot vo e.h.q. anlayiglarmi
vermisdir.[1]

Modellor (daha doqiq modellosdirmoa) atomun qurulusunun Syronilmoasinds boyiik rol
oynamisdir. Kruks katod siialarinin - atom torkibino daxil olan hissocik seli oldugunu qeyd
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etdikdon sonra, ilk dofs olaraq atomun daxili strukturu haqqinda birinci hipotezlor meydana
golmisdir. Mendeleyev demisdir ki, atomlar diinyasi da 6ziiniin giinosi, planetlori vo peyklori
olan gdy cisimlori diinyasina bonzayir. Amma bu atom modellorinin he¢ bir tocriibi osaslari
olmamisdir vo bunlar yalniz alimlerin analogiyaya asaslanan forziyyeloridir.

Atomun elmi modeli elektronun yiikii vo kiitlosi l¢iildilkdon sonra meydana golmisdir
(1887 - 1902). Kelvinin 1902 - ci ildo verdiyi modelo gora atomun miisbat yiikii onun
hocminda borabor paylanmigdir, elektronlar iso bu miisbat yiiklonmis sferada yerlogmisdir.
Amma coxlu sayda elektronlar sistemi iiglin foza modelinin hesablanmasi olduqca ¢otin
masalo oldugundan, verilmis modeli alimlor komiyystco qiymatlondira bilmadilor. Kelvinin
atom modeli C.Tomsonun (1903) sonraki islorindo genis gostorilmisdir. Homin islordo
elektronlarm miisbot yliklonmis sfera otrafinda konsentrik Ortiiklordo  yerlogsmosi
gostorilmisdir.

Atomun qurulusu hagqinda tolimin inkisafinda vacib morholo Rezorford torofindon
atomun niivo vo ya planetar modelinin yaradilmasi olmugdur. 1910-cu ilin dekabrinda
Rezorford belo naticoyo golmisdir ki, metallik 16vhadon hissaciklorin anomal sapilmasi o
zaman mimkiin ola bilor ki, atomun morkozinds, 6z atrafinda giiclii elektrik sahasi yaradan
kicik Ol¢iilii miisbot yiik olsun. «Niivo» terminini o ilk dofo 1912- ci ildo istifado etmisdir.
Atomun planetar modeli klassik elektrodinamika tosovviirlori ilo ziddiyat toskil edir. Belo ki,
bu models gora niive otrafinda firlanan elektronlar sistemi dayaniqli ola bilmaz. Rezerford
modelinin geyd olunmus uygunsuzlugu N.Bor torofindon miioyyon doracado
yumsaldilmisdir.[4]

Belo ki, Bor «molekul vo atomlarin qurulusu» osorindo yazmisdir ki, elektronlarin
horokot qanunlarinda doyisikliklorin olmasmna baxmayaraq, bu qanlunlara klassik
elektrodinamikaya aid olmayan komiyyatlori do (yoni Plank sabitini) daxil etmok lazimdir.

Bork cisimlorin kvant nozoriyyasindos, Debay vo Eynsteynin kigik temperaturdaki istilik
tutumlarina aid islorindon baslayaraq c¢oxlu sayda modellorlo rastlasmaq olar. Kvant
mexanikasi asas kimi qurulusu yox, funksional modellori (enerji vo zona) gétiirmoyo imkan
verdi ki, bu da yarimkeciricilordo vo kristallik fosforlarda bas veron proseslori izah etmok
ticlin daha mogsodouygundur.|[6]

Niivonin miiasir nozoriyyasindo modellor eksperiment noticolorinin izahi vo onlarin
planlasdirilmas1 {i¢lin osas monbolordir. Landau qeyd etmisdir ki, he¢ bir sado model,
miirokkob qurulusa malik niivonin biitiin xtisusiyyatlorini 6ziindon oks etdirs bilmoz. Ona gors
do hor bir modeldon miioyyon sorhad daxlinds istifado etmok lazimdir. Miixtolif hadisolorin
izah1 6ziino uygun modellor tolob etdikdo tocciiblonmok lazim deyildir.

XX osrin 30 - cu illorinds niivonin damci modeli genis yayilmisdir. Bu model
eksperimentlora osaslanmisdir vo nozoro almisdir ki, ¢ox hissacikli niivolorde nuklonlar
arasindaki tosir qlivvesi, doyma xassosino malikdir (maye hissociklori arasindaki doyma
qiivvesino analoji olaraq). Damc1 modeli asasinda niivonin statistik nozoriyyasi yaradilmisdir
ki, bu da atom fizikasinin asas bolmalarindon biridir.

Niivo modellori movzusunu davam etdinnok olar. Lakin yuxarida baxilan niimunslorin
analizi gostorir ki, hor bir model atom vo molekullarinin sistemi vo yaxud onlarin qarsiliqlt
tosiri kimi yaxs1 Oyronilmis obyekto vo hadisoye asaslanir.[2]

Qisa tarixi molumatlar onu gosterir ki, modellor vo analogiyalar hom klassik, hom do
miiasir fizikada genis totbiq olunur. Akademik Ioffe demisdir ki, bunlar bizo modellor
daxilindo bas veron proseslorin bizo molum olan qanunauygunluqlarint halo yaxs1
Oyronilmoyan hadisolora do totbiq etmoys imkan verir. Analogiyadan lazim olan saviyyado
istifado etdikdo miivoffoqiyyatlo secilmis fiziki model, tocriibolorin naticalorini avvalden
sOylomoyo, Oyronilon proseslorin yeni tozahiirlorinin axtarilmasina sabob ola bilor ki, bunun
da asasinda hamin modellori doqiqlogdirmok olar. Fizikanin miixtslif bélmalarinin todrisindo
istifado olunan ¢oxlu sayda analogiya vo modeli gdstormak olar: Maddi ndqts, miitlaq bork
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cisim, ideal maye (tofokkiir modellori), elektrik miihorriki olan avtomobil modeli,
akselerometrin modeli, raketin modeli, iifiige bucaq altinda atilmis cismin trayektoriyasinin
modeli, mail miistovinin elektriklogdirilmis modeli, vintin modeli, galdiricit kranin modeli,
hidravlik masmin modeli, hidravlik presin modeli, hidravlik oylocin modeli, manometrlo
tochiz olunmus doyison diametrli borunun modeli, toyyars qanadinin modeli, hidravlik
turbinin modeli, avtomatlasdirilmis su nasosu stansiyasinin modeli, vertolyotun modeli, kiilok
mitharrikinin modeli, maddi modellar va s.
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KLASSIK VO MUASIR FiZIKADA iSTIFADO OLUNAN
ANALOGIYALAR VO MODELLORIN MUQAYIiSOLI TOHLILI

Dos. Quliyev N.I., Hasanova B.M., Dos. Imanov R.M.
Ganca Dovlat Universiteti
Xiilasa

Qisa tarixi molumatlar onu gostorir ki, modellor vo analogiyalar ham klassik, hom do
miiasir fizikada genis totbiq olunur. Akademik loffe demisdir ki, bunlar bizo modellor
daxilindo bas veran proseslorin bizo molum olan ganunauygunluqlarint halo  yaxs1
dyranilmoyan hadisalora do totbiq etmoys imkan verir. Analogiyadan lazim olan soviyyads
istifado etdikdo mivaffaqiyyoatlo secilmis fiziki model, tocriibslorin naticalorini avvaldan
sOylomaya, Oyranilon proseslorin yeni tozahirlorinin axtarilmasina sabab ola bilor ki, bunun
da asasinda hamin modellori daqiglosdirmak olar. Fizikanin miixtalif bélmalarinin tadrisinda
istifado olunan ¢oxlu sayda analogiya vo modeli géstarmoak olar.

HUCHOJIB3YETCS B KJIACCUUYECKON 1 COBPEMEHHOM ®U3UKE
CPABHUTEJILHBIN AHAJIN3 AHAJIOTUU U MOJEJIEN

Houy. I'ynuee H.U., I'acanoséa b.M., /loy. Umanoe P.M.
I'anoscunckuii 'ocyoapcmeennwiii Ynueepcumem
Pe3ome

Kparkue wncropuyeckue AaHHBbIE MOKA3bIBAIOT, YTO MOJEIM M AHAJOTUU IIMPOKO
WCIOJIL3YIOTCS KaK B KJIACCHYECKOW, Tak M B coBpeMeHHOU ¢usuke. Akanemuk Hodde
CKa3ajl, 4TO 3TO MO3BOJSECT NPUMEHATh U3BECTHBIE 3aKOHOMEPHOCTH IPOLIECCOB B pamKax
Moenel K COOBITHSIM, KOTOPBIE €Ille HeJOCTATOYHO U3y4eHbI. [Ipu ncrnonbp30BaHNK aHATIOTHI
Ha HEOOXOJMMOM YpOBHE yIayHO TojaoOpaHHas (u3myeckas MOAETh MOXET MPUBECTH K
MIPOrHO3UPOBAHUIO PE3YJIbTATOB DKCIEPUMEHTOB, IOUCKY HOBBIX MPOSIBJICHUW H3Yy4aeMBbIX
MPOLIECCOB, HA OCHOBE KOTOPBIX O3TH MOJETH MOTYT ObITh yTOuHEHBL. CyllecTByeT
MHOKECTBO AHAJOTHM M MOJEJEH, UCIOJIb3yEMbIX B IPENOJABAHUM PA3JIMYHBIX Pa3ciiOB
bu3uKy.
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USED IN CLASSICAL AND MODERN PHYSICS
COMPARATIVE ANALYSIS OF ANALOGY AND MODELS

As.pr. Guliyev N.I., Hasanova B.M., As.pr. Imanov R.M.
Summary

Brief historical data show that models and analogies are widely used in both classical
and modern physics. Academician loffe said that this allows us to apply the known patterns of
processes within the models to events that have not yet been well studied. When the analogy
is used at the required level, a successfully selected physical model can lead to predicting the
results of experiments, the search for new manifestations of the studied processes, on the basis
of which these models can be refined. There are many analogies and models used in the
teaching of different branches of physics.

MiKROELEKTRON QURGULARINDA GORGINLIYIN
STABILLOSDIRILMOSINDO IDARO OLUNAN DUZLONDIRICILOR

dos.Qasimov I.1., Oladdinli §.0.
Ganca Dovlat Universiteti

Acgar sozlor: diskret, yiiksok stabillik, faza stiriismosi, ¢ixigda enerji itkisi, doyison
toplanan, aktiv — induktiv, aktiv — tutum

Key words: auckpeTHbIi, BBICOKasi CTaOMIIBHOCTh, CIBUT (ha3bl, MOTEPH MOIIHOCTH Ha
BBIXOJIe, cOOpaHHas epeMeHHasi, aKTUBHBIA — WHAYKTUBHBIN, aKTUBHBIN - EMKOCTh

Knroueswie cnoea: discrete, high stability, phase shift, output power loss, collected
variable, active - inductive, active — capacity

Miiasir diskret sistemli yarimkegirici elektron qurgular1 vo xususan mikroelektron
qurgularmimn sorf etdiklori enerjinin idars olunmasina onun xarakteristik keyfiyyatlorina ¢ox
yuksak taloblor qoyulur. Bu elektron qurgularmin gorginliyinin funksional giymoti yiksak
stabilliys, doyison gorginlik sinusoidal lazimi formaya malik  olmali doayison qida
garginliyinin tezliyinin vo faza siirlismo bucagmin yiiksok stabilliyi vo sabit qidalandirici
garginliyin déytnmalorinin minimal  saviyyasi tomin edilmalidir. Bltin bu taloblor
mikroelektron qurgularinda gorginliyin stabillosdirilmasinds idars olunan dizlondiricilorin
komokliyi ilo yerins yetirilir.

Mikroelektronikada gorginliyin stabillosdirilmasinds gida monbayi sabit gorginlik
verirsa vo bu gorginlik elektron qurgusuna lazim olan gorginlikdan az vo ¢oxdursa, onda
gida manboayinin birinci qovsagi alagali formada “invertor” sistemli stabillogdirici qurgu ilo
olagalondirilmalidir. Bu zaman galan sistemlar oldugu kimi galir.

Mikroelektron qurgularinda gorginliyin stabillosdirilmosinds gorginliyin giris vo ¢ixis
yuklomo elementlorindo osas xarakteristika iki sort daxilinde olmalidir, bunlardan birincisi
girisgdo Vo isladici elektron qurgularinin aktiv passiv elementlorinin yiksiz rejimds sorf
etdiklori enerji, ikinci iso onlarin aktivlosmosinds ¢ixisda enerji itkisinin yiiklonmada noazara
alinmasi.

Buradan isa gida monbayinin stabillosdirilmasinda iki osas parametr toyin edilir: ¢ixis
garginliyinin nominal giymati, ¢ixis miiqavimati.

Gorginliyin stabillosdirimoasi mikroelektronikada osasli olaraq ona gora yerino yetirilir
ki, hal — hazirda mikrociblordon daha ¢ox istifade olunur, digar torafdon mikrosxemlarin
niivasinda olan aktiv vo passiv elementlorin istifads etdiklori caroyan va gorginlik daha gox
doyismoya moaruz qalir.

Mikroelektronika gorginliyin stabillogdirilmo qurgularinda qida monbayinin ¢ixisinda
he¢ bir zaman ideal sabit gorginlik olmur, sabit toplanandan slava bu gorginlik ham do
doyison toplanana malik olur. Buna ddylnon goarginliyi vo sabit giymotdon forglonmasini
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xarakterizo edon bir doyisdirici sistem kimi baxmaq olar. Bu zaman amplituda gora déyiinma
omsali Kg nazors alinmalidir. Mikroelektro-nikada stabillosmo zamani tasiredici giymota gora
doylinma omsali
U d
I‘<dT U

nisbati asasli rol oynamalidir. Yuxarida deyilonlor nazors alinsa ¢ixis garginliyi mirokkob
formali olarsa ovvolco Umumi gorginliyin tosiredici giymatini, sonra iss ddyunmo
garginliyinin tosiredici giymatini hesablamaq olar.

U, =\UZ, Uz
U, = U2 —U2

Dizlondirilmis gorginliyin formasindan asili olaraq mikroelektron qurgularinimn element
bazalar1 biryarimperiodlu vo tam periodlu gidalana bilirlor. YUkin xarakteri aktiv, aktiv —
induktiv, aktiv — tutum, oks e.h.q.-li vo s. olmagla idara olunan diizlondiricinin isino Gox tosir
gostarir. Mikroelektronika dizlondirici qurgularin osasli xarakteristikast doylinma amsalinin
buraxila bilon giymatinin

n

Ug
Ky =—-100%
Uy
olan asas harmonikanin doyison toplananin amplitudunun dizlondirilmis gargin-liyinin orta
giymatina nisbati ilo dlgtlmasidir.
Mikroelektronikada yiklonmonin xarakteristikasindan asili olaraq ¢ixisdaki garginliyin
tosiredici giymatlori mitlog nozors almmalidir. Garginliyin tosiredici giymati & bucagi

0 < a <180° doyismo araliginda olarsa onda bu qiymati asagidaki kimi hesablamaq olar
= Ui -\/n—a+£sin(2-a)

Jor 2

Mikroelektronikada coroyanin gorginliyin tonzimlonmo xarakteristikas1 idara olunan
stabillosdirmo qurgularinda nozars alinmalidir.

Idaroolunan duzlondiricilor mikroelektronikada aktiv element bazalarma  osasen

tranzistor, tristor, optik elementlorindon yigilmalidir. Bu zaman asagidaki sxem dayaniqli
olur.

U

UmnJm Stabil R, . JnUn bF—>
E — y -id. ol.
" ﬂ kaskad CIXIS e 3
A A A
E ks > Tezlik |€
> > alaga tonzim.

1

Bu sxem osasinda mikroelektron qurgularinda gorginliyin  coroyaninin tezlik
xrakteristikalarina osason idaro etmok mumkindir. Bu sxemlor mikroelektron qurgularinda
idara olunan garginliyin stabillogdirilmasinda an mduasir istifado olunan sxemlardoan biri ola
bilor.
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MiKROELEKTRON QURGULARINDA GORGINLIYIN
STABILLOSDIRILMOSINDO IDARD OLUNAN DUZLONDIRICILOR

dos.Qasimov I.1., Oladdinli $.0.
Ganca Dovlat Universiteti
Xiilasa

Mikroelektronikada gorginliyin stabillosdirilmasinds gida monboyi sabit gorginlik
verirsa vo bu gorginlik elektroqurgusuna lazim olan gorginlikdon az vo goxdursa, onda gida
monbayinin birinci qovsagi olagoli formada “invertor” sistemli stabillogdirici qurgu ilo
olagalondirilmalidir. Bu zaman galan sistemlor oldugu kimi galir.

Mikroelektron qurgularinda gorginliyin stabillosdirilmosinds gorginliyin giris vo ¢ixis
yuklomo elementlorindo osas xarakteristika iki sort daxilinde olmalidir, bunlardan birincisi
girisdo  vo isladici elektron qurgularinin aktiv passiv elementlorinin yiksiz rejimda
sorfetdiklori enerji, ikinci iso onlarin aktivlesmosindo ¢ixisda enerji itkisinin yiiklonmodo
nozars alinmast.

BBIITPAMMUTEJIN YCIHHEHIHO CTABUJIN3UPOBATBHCS B
MUKPODJEKTPOHHBIX YCTPOMCTBAX

Jou. I'aceimoe H.H., Anaoounnu III.A.
I'anoxncunckuil I'ocyoapcmeennwtii Ynueepcumem
Pe3rome

B MukposnexkTpoHukKe, €ciM HCTOYHMK NUTaHHUs OOECHeuMBaeT IOCTOSIHHOE
HampsDKeHWE CTa0WIM3allud  HANpsOKeHWsT M 3TO  HaNpsDKEHHWE MeHbLIe WM  OoJblie
HaMpsLKeHUs, TpeOyeMOTo IEKTPOYCTAaHOBKOM, TO MEPBbIi y3€1 HCTOYHUKA TUTAHUSI TOJIKEH
ObITh MOJKIIOYEH K «UHBEPTOPHOMY» CHUCTEMHOMY cTabunuzaropy. IIpu 3ToM ocranbHble
CUCTEMBI OCTAIOTCA MPEKHUMHU.

[Ipn crabwiu3anyyu HAOPsDKEHHS B MHUKPOAJIEKTPOHHBIX YCTPONCTBAX OCHOBHBIE
XapaKTePUCTUKHU HAIpPsDKEHUS Ha BXOJHBIX M BBIXOJHBIX HArpy304YHBIX JIEMEHTAX JOJKHBI
HaXOJHUTbCSI B Tpenesiax JABYX YCIOBUH, MEPBOE - YYUTHIBATH DHEPIHI0, MOTPEOIIIEeMYIO
AKTUBHBIMHM I1aCCUBHBIMHM 3JIEMEHTAMU BXOJHBIX M pabO4YMX DJIEKTPOHHBIX YCTPOMCTB B
PEXHUM XOJIOCTOTO XOJa U BTOPOIA.

STRAIGHTENER CONTROLLED IN MICRO ELECTRONIC DEVICES

As.pr.Gasimov LI, Aladdinli Sh.A.
Ganja State University
Summary

In microelectronics, if the power supply provides a constant voltage stabilization
voltage and this voltage is less than or greater than the voltage required by the electrical
installation, then the first node of the power supply should be connected to the "inverter"
system regulator. The rest of the systems remain the same.

When stabilizing the voltage in microelectronic devices, the main characteristics of the
voltage at the input and output load elements must be within two conditions, the first is to take
into account the energy consumed by the active passive elements of the input and working
electronic devices in idle mode, and the second.
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MIKROELEKTRONIKADA QiDA GORGINLIiYi
SIQNALLARININ ANALIZI

dos. Qastmov LI, Bladdinli §. O.
Ganca Dovlat Universiteti

Acar sozlor: fiziki dasiyici, elektrik signali, riyazi model, determinlosmis siqnal,
funksional asililiq, algaqtezlikli. kosilmoz signallarimpulus signallari, signalin amplitudu.
implus texnikasi

Key words: physical carrier, electrical signal, mathematical model, deterministic signal,
functional dependence, low frequency, continuous signals impulse, signal amplitude. impulse
technique

Signal informasiyanin hor hansi fiziki dasiyicist kimi basa disiiliir. Belo dasiyict
elektrik gorginliyi vo ya corayan olarsa, signal elektrik signali adlanir.Signalin riyazi modeli
istonilon zaman anmda onun ani qiymotini toyin etmoys imkan verirsd, vahido borabor
ehtimalla qabaqcadan molum olarsa, belo signal determinlogsmis signal adlanir. Hor iki
signalin riyazi modeli-arqumenti zaman olan funksional asililigdan ibarat olub S(t) soklindo
isaro olunur. Determinlogmis signallar he¢ bir informasiya dagimir vo mikroelektronikada
elementlorinin sistemlorindo belo signallardan olverigli model kimi istifado edilir.
Mikroelektronika elementlorinin informasiyani 0ziindo saxlayan alcaqtezlikli. elektrik
signallar1 asagidakilardir. Kodlasdirilmis signallar, sos. signallar1 vo video signallar.
Xarakteristikalarma goro tosadiifi siqnallar iki sinib ayrilir kosilmoz signallar, diskret
signallar. Diskret signallarin bir ndvii rogom signalidir. Istonilon signal informasiya
baximindan 6lgiilori vo ya tututmu ilo xarakterizo olunur

Vs = H ARt

AFs— tezlik zolaginin eni

ts—signalin davametmo miiddati

Hs — log(Ps/Px) signalin nishat glicudr

Mikroelektron qurgularinda signalin enerjisi sonsuzdursa onda onun gucil asagidaki
Kimi toayin olunur.

:
.13,
Py, = lim — j X (t)dt
2

Mikroelektronikada signal informasiyanin dasiyicisidir. Dasiyicidan asili olarag
signallar asagidaki kimi olurlar: elektrik, elektromagnit, hidrovlik. optik, akustiq vo s.
Signallarin electron elementlorinin giris vo ¢ixisinda sintezini aydinlasdirmaq G¢in xususi
elektron 6lcu cihazlar sxemi asagidaki kimi olur.

Olgma xatast

" A Emal A
Olgma Norm. : ( ):: ragom —>
cevirici v R qurgusu R
Hamarlan

mis signal
N
G G G

2k 0ss 2k 0ss

7

2k o0ss
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Yaradilmis sxem 6lgmo, normallagdirict ¢evirici emal qurgusunda elektrik vo impuls
signallarina nazarot etmok vo onu analiz etmoys imkan verir. Vahid impuls qiymatindo signal
Olgiilon qurguda ideallasclirt 1 nus signal olur vo onun riyazi yazilis1 asagidaki kimi yazilir.

S(t) = {SO tt=_00 Té(t)dt - j&(t)dt -1

Hor bir impuls tigiin signalin amplitudu oo, eni 0, sahasi iso S=1 borabordir. 8(t) signalini
fiziki olaraq analiz etsok onda a = A. hiindiirliiyi h=1/A impulsun A—0 halinda olan haddi 2
kanall1 ossillografda bunu aydin gérmok olar.

x(1)

=

€ —p

\ 4
A

Emal rogom qurgusunda bu analiz iniplus texnikasinda genis istifado olunur. Alinan
impulsun ohomiyyatli xassolorindon biri "slizgocloma" xassasidir.

Tf(t)éf (t—t,)dt = f (t,)

Alnan osillografik qrafik v/t, d/t asililig1 asagidaki kimi olur.

\’t‘h

/7
</
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MIiKROELEKTRONIKADA QiDA GORGINLIYi SIQNALLARININ ANALIZI

dos. Qasimov LI, Oladdinli §. O.
Goanca Doviat Universiteti

Yaradilmis sxem 6lgmo, normallasdirict ¢evirici emal qurgusunda elektrik vo impuls
signallarma nozarot etmak vo onu analiz etmoyo imkan verir. Vahid impuls giymatinds siqnal
Ol¢tilon qurguda ideallagclirt 1 nus signal olur vo onun riyazi yazilis1 asagidaki kimi yazilir.

S(t) = {i tt=_00 Té(t)dt - j&(t)dt -1

Hor bir impuls ii¢iin signalin amplitudu oo, eni 0, sahasi iso S=1 boarabardir. 3(t) signalini
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fiziki olaraq analiz etsok onda a = A. hundirliyld h=1/A impulsun A—0 halinda olan haddi 2
kanall1 ossillografda bunu aydin gérmok olar.

AHAJIN3 CUT'HAJIOB HAITPA)KEHUSA IMTAHUA B MUKPOJ3JIEKTPOHUKE

ooc. I'aceimoe U .U., Anaoounnu 111 A.
I'anoxncunckuit I'ocyoapcmeennwiii YHugepcumem
Pe3tome

Kniouegvie cnoga: (puznueckuii HOCUTENb, IEKTPUUECKUI CHIHAJ, MaTeMaTH4YecKas
MOJIeNb, JETEPMUHHUPOBAHHBIA CHTHAJ, (YHKIMOHAIbHAS 3aBUCHMOCTh, HHM3Kas YacToTa,
HMITYJIbCHBIE CHUTHAJIbI HEPEPBIBHOTO CUTHAJIA, aMIUIMTY/AA CUTHAJIA, UMITYJIbCHAsI TEXHUKA

CoznlanHas cxema MO3BOJIIET KOHTPOJUPOBaTh U aHAJIM3UPOBATh JJIEKTPUUYECKHE U
UMITYyJbCHBIE CHTHAJbl HAa W3MEPUTEIbHBIX, HOpMalM3yrolux mpeoOpazoBarensx. [lpu
€AVHUYHOM 3HAYEHUHW HMMITYJIbCA CUTHAJI SBJISIETCS MJICAJIbHBIM CUTHAJIOM JUIS U3MEPSAEMOTO
YCTpOIICTBA, U €r0 MaTEMaTUYECKOE HAMMCAHUE BBITISIUT CIEAYIOUIUM 00pa3oM.

S(t) = {i tt:_% Tg(t)dt - jé(t)dt -1

AMIUIMTY]a CUTHANA JJIsl KOKIOTO MMITyJbCa paBHa oo, mupuHa paBHa 0, a ruionans
S=1. Ecnu npoanammsupoBats curian ¢ (I) ¢usmvecku, 1o a = A, Beicota h = 1 / A D10
XOPpOIIIO BUIHO Ha IBYXKaHaJIbHOM ocumniorpape A—0.

ANALYSIS OF FOOD VOLTAGE SIGNALS IN MICROELECTRONICS

dos. Gasimov I.1., Aladdinli Sh. A.
Ganja State University
Summary

Keywords: physical carrier, electrical signal, mathematical model, deterministic signal,
functional dependence, low frequency, continuous signal pulse signals, signal amplitude,
implus technique

Created scheme allows to monitor and analyze electrical and impulse signals on
measuring, normalizing converters. At the unit pulse value, the signal is an ideal signal for the
device being measured and its mathematical spelling is as follows.

S(t) = {0’

The signal amplitude for each pulse is o, the width 0 and the area S=1. If we analyze
the signal 6(t) physically, then a=A? The height h=1/A
This can be clearly seen in the 2-channel oscillograph of A—0

t;%_];&(t)dt - j[ﬁ(t)dt -1

FiZiKA TOLIMINO YENI INFORMASIYA TEXNOLOGIYALARININ TOTBIQI
KONSEPSIYASI

Musazada . M., dos. Tagiyeva M. C.
Ganca Dovlat Universiteti
Acar sozlar:yeni informasiya texnologiyalari, YITV, elmi diinyagoriisii, pesoyonumli
tohsil.
Key words: new information technologies, YITV, scientific outlook, vocational

education
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Son illor 6lkemizin tohsil sisteminde IKT infrastrukturunun inkisaf etdirilmesi Vo
tohsildo onun tatbiqinin diinya standartlar1 saviyyasina catdirilmasi prioritet istigamatlordon
birina gevrilarak, tohsil ocaqlarinda miivafiq infrastrukturun qurulmasina yonalmisdir.

Dovlat programinin 9sas magsadi tohsilin butin marhalalorinds muasir informasiya vo
kommunikasiya texnologiyalarinin somarali tatbiqi va istifadasi ilo vaghid UGmummilli tohsil
miihiti formalagsdirmaq, shalinin bltin tabagalorine keyfiyyatli tahsil almaq imkan1 yaratmagq,
0lkanin tohsil sisteminin dlnya tohsil mokanina inteqrasiya olunmasi li¢iin gorait yaratmagdan
ibaratdir. Bu mogsado nail olmaqg dgin tohsil sisteminds IKT infrastrukturunun inkisaf
etdirilmasi,elektron tohsil texnologiyalarinin todbiginin genislondirilmasi, tohsil sisteminda
idroetmonin informasiyalasdirilmasi, kadr potensialinin giiclondirilmasi, normativ huquqi
bazanin tokmillogdirilmasi kimi bir sira vacib vazifalor mioyyanlosdirilmis, onlarin hoayata
kegirikmasinin - mivafig morholalori  planlasdirilmigdir  (4). Lakin  respublikamizin
moktablarinin todris prosesinds, xiisusan do fizikanin todrisinds YITV —nin tatbigilo olagodar
apardigimiz miisahido vo arasdirmalar gostorir Ki, belo aktual problemin halli parakands,
sistemsiz vo epizodik xarakter dasiyir. Buna obyektiv vo subyektiv soboblori vardir. Obyektiv
sabablora  moktablorin  bir ¢oxunun kabinet sisteminds islomomosini , mdvcud fann
kabinetlorinds lazim olan avadanliglarin, xiisusilo YITV kompleksinin olmamasi va s. aiddir.

Subyektiv sobablara respublika Tohsil Nazirliyinin sifarisi ilo hazirlanmis fizikadan
elektron doarsliklordon musllimlorin somarali istifade etmomasi, bas vers bilocok ¢atinliklordon
qorxmalari, bazi fonn miallimlarinin anonavi Gsullardan halo do ol gokmoyarok, muasirtalim
metod Vo texnologiyalarma miiqavimoat gostarmasi, fizikadan yeni program va darsliklorin
konsepsiyasmim (1) yetarinca 6yronilmomosi, mévzularin mahiyyst vo mozmununun elmi
osaslarinin  produktiv sorhi ovozino test cavablarinin ozbarlodilmoasi kimi reproduktiv
tendensiyaya daha ¢ox meylin yaranmasi va S. gostarmok olar.

Hazirda olan Tohsil Nazirliyinin yaratdigi tohsil portali vo movcud elektron
dorsliklorin serverlords yerlogsdirma ideyalar1 bu sahads ¢ox boyik shamiyyat kasb etmoakls,
problemin hallinds k6kli dayisikliklor eds bilor.

Fizika tolimindo yeni informasiya texnologiyalar1 vasitalorinin totbiqi konsepsiyasi
dedikds hadiss, proses, qanun, qganunauygunluq vo nazariyyslors baxislarin, onlarin tadrisinds
YITV-dan istifade nozori vo praktik problemlarinin bir-biri ilo qarsiliqlim slage sistemi basa
diisiiliir.

Moktab taliminin hartorafli inkisaf etmis soxsiyyatin formalasdirilmasi problemi
fizika kursunun garsisinda asagidaki vazifalori qoyur:

1) Elmi diinyagoriisin  tobii-elmi  mosalolorin  dork  edilmasi  osasinda

formalasdirilmasi prosesinin inkisaf moarhalalarini hoyata kecirmok

2) Elmi tofokkiir tislubunun formalasdirilmasi

3) Kurs boyu “qapali sistem” anlayigindan tadricon “agiq sistem ” anlayisina keg¢idin

mahiyyatca dork edilmasine dogru faaliyysti tamin etmok

4) Tolimin sonrakil marhslasinds onun planlasdirilmis sistemini tamin etmok Ggtin

fizika elminin muvafig saciyyavi xUsusiyyatlorini agmag.

Fizikadan yeni program vo dorsliklorin konsepsiyasmm geyd olunan miiddoalarmma vo
nozordo tutulan vozifoloro istinad edorok, kursun todrisindo yeni infirmasiya
texnologiyalarindan istifado konsepsiyasinin asas istigamatlori (2) kimi asagidakilar1 goriiriik:

1. Fizika tolimindo YIT-in komoyilo soxsiyyatin hortorofli inkisafinin formalasdirilmasi

moktoblilori imumbasari madaniyyatlod, o climladan tobiot, dogiq , texniki, humanitar

elmlar vo ekologiya problemlori ilo inteqrativ tanis etmoyi tolob edir. Fizika tobiot
elmlori sistemindo daha cox inkisaf etmis elm kimi ¢ox boylik iimummadoni
potensiala malikdir.
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2. Sagirdagirdlordo diinyanin tobii-elmi monzorasini formalagdirmaq {iglin onlar1
materiya haqqindaki miiasir elmi toSavvirlori oks etdiron biliklor sisteminin izahi ilo
silahlandirmaq lazimdr.

3. Sagirdlorin  elmi tofokkiir dialektikasint basa diismalori vo nozariyyalorin
formalagdirma prosesinin neco getdiyini dork etmalori Uglin Oyronilon obyekt kimi
elmi tofokkiir metodlari, proses isa tobiotin elmi dork edilmasi gotirtlmalidir.

4. Elmi tofokkirin vo diinyagoriisiiniin somarali formalagdirilmasi yollar1 obyekt vo
prosesin nozori-praktik modelinin islonmasi, mixtalif fiziki vo riyazi modellorin
yaradilmasinda modellorin  informativ  doyismasini  gostarmokls,  tofokkiirds
stereotipliyin omolo galmasi moagsadilo kompiiter texnologiyasinin imkanlarindan
istifado etmok lazimdir (3).

5. Fundamental elmi nazariyyalor soviyyasind mixtalif nazari vo praktik materiallarin
YITV-nin kémoayilo dyronilmosi todris yiklorini vo ona sorf olunanvaxti ayirmadan
materialin asan manimsanilmasini tamin etmolidir.
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FIZIKA TOLIMINO YENI INFORMASIYA TEXNOLOGIYALARININ TOTBIQI
KONSEPSIYASI

Musazada S. M., dos. Tagiyeva M. C.
Ganca Dovlat Universiteti
Xulasa

Dovlot programimmimn asas maqsadi tohsilin bltiin marhalalarinds muasir informasiya va
kommunikasiya texnologiyalarinin somorali tatbiqi vo istifadasi ilo vaghid UGmummilli tohsil
miihiti formalasdirmaq, shalinin bltin tobagalorine keyfiyyatli tohsil almaq imkan1 yaratmagq,
6lkanin tahsil sisteminin diinya tahsil makanina inteqrasiya olunmasi {igiin sarait yaratmaqdan
ibaratdir. Bu mogsoeda nail olmaq Ugiin tohsil sisteminds IKT infrastrukturunun inkisaf
etdirilmasi,elektron tohsil texnologiyalarinin tadbiqinin genislondirilmasi, tahsil sisteminda
idroetmonin informasiyalasdirilmasi, kadr potensialinin giiclondirilmasi, normativ huquqi
bazanin tokmillosdirilmasi kimi bir sira vacib vazifolor mioyysnlosdirilmis, onlarin hoyata
kecirikmasinin mivafiq marhslalori planlasdirilmisdir.

CONCEPT OF APPLICATION OF NEW INFORMATION TECHNOLOGIES TO
PHYSICS TEACHING

Musazada Sh.M., As.pr. Tagiyeva M.C.
Ganja State University
Abstract
The main goal of the state program is to create a unified national educational
environment with the effective application and use of modern information and communication
technologies at all stages of education, to create opportunities for all segments of the
population to receive quality education, to create conditions for integration. To achieve this
goal, a number of important tasks have been identified, such as the development of ICT
infrastructure in the education system, expanding the use of e-learning technologies,
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informatization of management in the education system, strengthening human resources,
improving the regulatory framework, relevant stages of their implementation are planned.

MUASIR TOLIM TEXNOLOGIYALARININ FiZiKA FONNIi UZRO MILLi
KURIKULUMUN TOTBiQ EDILMOSINDOKi ROLU

dos.Huseynov R. K. Aslanova L.S.
Ganca Dovlat Universiteti

Acgar sozlar: tolim texnologiyalari, fonn kurikulumu, informasiya vo kommunikasiya
texnologiyalari, tohsilds integrasiya

Key words: learning technology, subject program, information and communication
technologies, integration into education

Knwoueevie  cnoea: TEXHOJIOTHH  OOydeHwUs, npeIMeTHas mporpamma,
I/IH(bOpMaHI/IOHHBIe n KOMMYHUKAIITUOHHBIC TEXHOJIOTUH, UHTCTpALNA B
obOpazoBaHue

Muistaqil respublika kimi Azarbaycanin inkisafinin mithiim gdstaricilorindan biri tahsil
sahasinds aldo olunmus nailiyyatlordir. Bunlar 6lkomizds hayata kegirilon tohsil siyasatinin
noticasidir. Bu siyasat 1995-ci ildo qQobul olunmus Azorbaycan Respublikasinin
Konstitusiyasinda miioyyonlosdirilmisdir. 1999-cu ildo 6lkado Tohsil Sahosinda Islahat
Programi hazirlanib tosdiq olunmusdur ki, orada moagsod konkret olaraq gdstorilmis, tohsil
sahasinda dovlat siyasatinin mahiyyati agiglanmisdir: “...0sas magsad moktabagadar, orta, ali
tohsildon sonraki peso Vo ona uygun alava tahsil pillalorinds toplanmis potensiali saxlamaq va
inkisaf etdirmok, tohsil sistemini tonzimloyan mivafig normativ — hiiquqi bazani1 yaratmagq,
comiyyatin Azorbaycan Respublikas1 Konstitusiyasinda, Tohsil Qanu- nunda tasbit olunmus
taloblori, siyasi, igtisadi vo sosial hayatinin demokratiklosmasine asaslanan dovlst siyasatini
hoyata kecirmokdoan ibarotdir”. Miiasir diinyanin inkisaf etmis Olkalori artiq tohsilin yeni
mozmununu coxdan totbig edirlor vo onun misbat naticolori barads aydin tasavviiras
malikdirlor. Belo mozmun naticalordan ibarat olur v bacariglara séykonir. Sagirdlarin talim
foaliyyatini ifads edo bilmak imkani ilo segilir.

Islahat Programinda tohsil sahosindo aparilan islori (ic morholodo yerino yetirmok
nozords tutulmusdur. 2003-cl ilo goador birinci vo ikinci marhalalorde mioyyan hazirliq
islorini aparmag, toskilati — hiiquqi baza yaratmaq olmusdur. 2003-cl ildon Programda
nozords tutulanlarin hoyata kegirilmasino baslanilmisdir. Malum oldugu kimi, Azasrbaycan
tohsilinin tarixinds ilk dofs “Azarbaycan Respublikasinda timumi tohsilin konsepsiyas1 (Milli
Kurikulumu)” hazirlanmis, Azorbaycan respublikasi Nazirlor Kabinetinin 2006-c1 il 30
oktyabr tarixli 233 némrali gorar1 ilo tosdiq edilmisdir. Kurikulum monsaca latin sozii olub
ligati monast “yol”, “istigamot” demokdir. Daha sonralar elm va tohsil saholorinds termin
kimi islonmays baslamisdir. Azsrbaycanin pedaqoji terminologiyasina 90-c1 illorin axirinda
daxil olmugdur. Kurikulum tshsilin mazmunu, teskili vo giymatlondirilmasi ilo bagl biitiin
moasalalari 6ziinds oks etdiron konseptual sonaddir. Milli kurikulumda tohsil pillalori vo fonlor
Uzro Umumi talim naticalori verilmisdirsa, fonn kurikulumunda siniflor Gzro Gmumi talim
naticolori gostorilmigdir. “Azorbaycan Respublikasi iimumi tohsil Konsepsiyasi “(Milli
Kurikulum)” sonadindoki miiddsalar Respublikada har hansi fann Uzroa foaliyyatlor sistemini
umumilogdirmok baximindan konseptual xarakter dasiyir.

Tohsildo demokratiklosmo prinsipi yalniz gozlonilon mumi noticalors vahid standart
tolob kimi qarsiya qoyur. Golocokdo  muxtolif nov  sagird nailiyyatlorinin
giymatlondirilmosindo homin standartlarin osas goturilocayini nazords tutur. Bu naticalorin
oldo olunmasi {igiin strategiyalarin se¢ilmasindo sarbastlik verilir. Darslik mislliflori tolim
standartlarinin reallagdirilmasmna tominat veron dorslik dosti hazirlamaqda movcud
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vaziyyatdon ¢ixis edoarak orijinal mazmun va struktur mioyyanlosdirilmis, miiallimlor isa
isladiklori muhitin taloblorine uygun tolim strategiyalar1 hazirlamislar. Fizika fonn kurikulumu
giris vo U¢ bdlmodon ibaratdir. Girisdo fonnin magsad vo vazifalori, shamiyyati, xarakterik
xususiyyatlori, kurikulumun tortibi prinsiplori ohato edilmisdir. Fonnin mozmunu hissasinda
mazmun Xatlori, mozmun Xatlori Uzro Umumi naticalor, siniflor tzro naticalor, osas vo alt
standartlar verilmisdir. Eyni zamanda, fondaxili vo fonlorarasi inteqrasiya mosoalalori do bu
hissado ohato olunmusdir. Fizika fenn kurikulumunda holledici hissalordon biri “Talim
strategiyas1”dir. Kurikulumda miioyyon olunmus mozmun standartlarini reallasdirmagq tigiin
strateji shomiyyat dasiyan tovsiyyalor verilir. Fizika Gzra talimin togkilina verilon taloblorin,
forma vo isullarin, misllimin foaliyyotinin planlagdirilmasma aid niimunalor hamin
tovsiyalords ohato olunur. Onlarin darslik yazanlar, moktob kurikulumlarini hazirlayib hoyata
keciranlor, idaragiliklo mosgul olanlar tigiin faydali olacagi diqqoat morkozinds saxlanilir. Fonn
kurikulumlar1 har bir fonn tzra moagsad, mazmun, texnologiya vo giymatlondirma masalalorini
hall etmokla ¢ox ¢esidli is parometrlorini alagali sokilda Umumilosdirir. Naticalor soklinda
olan mazmun tohsil pillalori va siniflora aid mozmun xatlori Gzra kurikuluma daxil edilir.
Standartlar saviyyasinds toqdim olunmus siniflor Gzra naticalorin sarhodi standartlar vo alt-
standartlarin (beygmarklarin) hiidudunda miioyyanlosdirilir.

Azorbaycan Respublikasinin tam orta moktoblori {icilin fizika fonni kurikulumu fizika
toliminin asas magsad vo vazifolorini miioyyonlosdirmokls {imumi tslim naticoloring nail
olmaq istigamotindo biitiin foaliyyatlori oks etdiron, comiyyetin ehtiyac vo toloblori nozoro
almmagqla hor bir sagirdin imkan vo maraqglarna yonolmis sonaddir. Bu sonad fonnin
ohomiyyatini, mogsad vo vozifslorini, imumi tolim noticolorini, mozmun xotlori vo onlarin
osaslandirilmasini, mozmun xotlori {izro standartlari, foaliyyot xotlorini, tohsil pillslori iizro
imumi talim naticalorini, har bir sinif {izro maozmun standartlarini shata edir. Bunlardan alava,
orada tolim strategiyalar1 vo qiymotlondirmo masalalori 6z oksini tapir.

Fizika kurikulumu dorslik vo dors veosaitlorinin, metodik gostoris, multimedia vo digor
todris vasitolorinin yaradilmasi, tolim materiallarinin planlasdirilmasi, tolim iisullarinin
miloyyanlosdirilmasi vo totbiq olunmasi {icliin miivafiq tolimatlar formasinda hazirlanacaq
gqaydalarin osasin1 togkil edir, milli vo {imumbosori doyorlor nozoro alinmagla tortib
olunur. Orada soxsiyyatyoniimliiliik, naticoyoniimliiliik vo inkisafetdiricilik osas keyfiyyatlor
kimi nazars alinir.

Togdim olunan isdo geyd edilmisdir ki, Fizika fonn kurikulumu comiyystin inkisafinin
osas horokotverici qiivvasi olan gonc noslin ddvriin toloblorine uygun formalasdirilmasi,
qarsilasdig1 problemlori miioyyonlosdirmasi vo holl etmosi {iglin zoruri bilik vo bacariqlara
yiyalonmasindo, politexnik tohsilini inkisaf etdirmoklo praktik hoyata hazirlanmasinda,
mantiqi vo yaradici tofokkiiriiniin inkisaf etdirilmasindo shomiyyatli rol oynayir.
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Huseynov R. K. Aslanova L.S.
Xulasa

Fonn kurikulumlarmin strukturu Kurikulumla bagli osas pedaqoji anlayislar
asagidakilardir: Umumi tolim naticolori Monimsanilmesi nozorde tutulan vo ovvalcadon
muoyyanlosdirilmis tolim nailiyyatlorinin konkret bir noticasidir. Mazmun Xatti Fonn (izra
umumi tolim naticalorinin reallasmasini tomin etmok ¢lin muoyyon olunmus mozmunun
zoruri hissasidir.

Mozmun standarti Tohsil alanlarin bilik vo bacariq saviyyssino qoyulmus doéviot
tolobidir. Alt standart Osas standartlarla ifado olunmus fikrin miioyyan hissasidir. Qiymat-
londirmo standarti Tohsil alanlarin nailiyyat Soviyyasino qoyulan dovlot tolobidir. Talim
strategiyalar1 Tohsil prosesinds istifado olunan forma, metod, tsul va vasitalorin macmusudur.
Tadris vahidi Dorslikdoki movzularin tematik qrupudur. Resurslar Mozmun standartlarinin
reallagdirilmasinda istifado olunan tolim vasitoloridir. Sagird nailiyyoti Bilik vo bacariglar
osasinda qazanilan doyordir.

POJIb COBPEMEHHBIX ObPA3OBATEJ/IbHbBIX TEXHOJIOT U B
PEAJIM3AIIMN HAIIUOHAJIBHOU ITPOT'PAMMBI ®U3UKHU

TI'yceiinog P. K. Acnhanoea JI.C.

Pe3zrome
CtpykTypa npeaMeTHBIX TTporpaMM OCHOBHBIEC TIEAArOTHYECKUE TTOHATHS, CBSI3aHHBIC C
y4eOHBIMH TUIaHamMu, chenyomue: OOmue pe3yapTaThl 00ydeHHs YCBOGHHE — 3TO

KOHKPETHBIA PE3yJbTAT 3apaHee OMNPEICIICHHBIX YYeOHBIX aocTkeHuid. ComepikarenbHas
JUHUS SBISIETCS HEOTHEMJIEMOM YaCThIO OIPEACIICHHOTO COACPXKaHUSA JUIsl OO0CCIICUCHUS
peanu3anuu 00X PEe3yabTaTOB 00yUCHHS IO TIPEIMETY.

CrannmapT coaep>kaHus SIBISETCS TOCYJapCTBEHHBIM TpeOOBaHUEM K YPOBHIO 3HAHUU U
ymMeHui oOydaromuxcs. [loacTanmapt — 23TO 4YacTh HWJEH, BBIPAXEHHOW B 0a30BOM
craggapre. CraHIapT OILIGHMBaHUSI — OTO TOCYJapCTBEHHOE TpeOOBaHWE K YPOBHIO
ycrneBaeMocTd oOydaroruxcs. CtpaTeruu oOy4eHHs TMPEACTABISIIOT COO0W COBOKYITHOCTh
($hopM, METOJIOB, TPUEMOB M CPEJICTB, UCIIOJIH3YEMBIX B 00pa30BaTEILHOM Mpoliecce. YueOHas
eAVHUIA TIPEJICTABIIsICT COOOH TEeMaTHYECKYIO TPYIIy TeM B ydeOHHKe. Pecypchl — 3T0
oOydJaromue WHCTPYMEHTBI, HCIOJIb3yeMble [UIsi BHEAPCHHS CTAHIApPTOB KOHTEHTA.
YcneBaeMoCTh yJaluxcst — 3TO IIEHHOCTh, TIOJIyYeHHAsl HA OCHOBE 3HAHWI M HABBIKOB.

THE ROLE OF MODERN EDUCATIONAL TECHNOLOGIES IN THE
IMPLEMENTATION OF THE NATIONAL PHYSICS PROGRAM

Huseynov R.K. Aslanova L.S.
Summary

The Structure of Subject Programs The main pedagogical concepts associated with
curricula are as follows: Overall learning outcomes Learning is the specific result of
predetermined learning outcomes. The content line is an integral part of a specific content to
ensure the implementation of the overall learning outcomes in the subject.

The content standard is a state requirement for the level of knowledge and skills of
students. A substandard is a part of an idea expressed in a base standard. The assessment
standard is a state requirement for the level of student achievement. Learning strategies are a
set of forms, methods, techniques and tools used in the educational process. A learning unit is
a thematic group of topics in a textbook. Resources are learning tools used to implement
content standards. Student achievement is a value derived from knowledge and skills.
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FiZiKA FONNININ TODRISINDO INTERAKTIV LOVHO VO VIRTUAL
LABORATOR PROQRAMLARINDAN ISTIFADO ETMOKLO DORSIN
KEYFiYYOTININ YUKSOLDILMOSI

Dos.S.P.Isgandarova, G.Q.Quliyeva
Ganca Dovlat Universiteti

Acar sozlar: todris modeli, animasiya qrafikast multimedia vasitolori, kompiiter todris
programlari, rongarong illiistrasiyalar, elektron 16vho, interaktiv 16vho, praktiki bacariq.

KuroueBrble cioBa: oOydaromias Mojienb, aHUMallMOHHAs Ipaduka, MyJIbTUMEAUNHbIE
CpEICTBa, KOMIIBIOTEPHbIE O0OyUaIOLIUEe IPOrPaMMbl, KPACOUHbBIE MILTIOCTPALIMU, FIEKTPOHHAS
AO0CKa, MHTCpAKTUBHAA JOCKA, MIPAKTHYCCKUEC HABBIKU.

Keywords: educational model, animation graphics, multimedia tools, computer training
programs, colorful illustrations, electronic board, interactive whiteboard, practical skills

Tam orta moktablords fizika fonninin tadrsinds informasiya-kommunikasiya texnolo-
giyalarindan istifado etmoklo dorsin keyfiyyotini yiiksoltmok olar. Beloki, miisllimlorin
secdiklori fundamental biliklor, tokco fizika sahssindon deyil, digor fonnlordeds yeni
texnologiyalardan miivoffoqiyyetlo istifado etdikdo tohsil prosesini xeyli sadolosdirir, onu
dinamik vo ¢evik edir. "Miisllim-sagird-dorslik" todris modelino kompiiterin do alave edilmosi
tadris prosesini individual proqram {lizro toskil etmays, usagin dorso maragmi vo istoyini
stimullagdirmaga imkan verir. Kompiiterlo aparilan dorslor usaqglar {i¢iin ¢ox colbedici vo
yaddaqgalan olur. Multimedia vasitslori, avtomatlasdirilmis 6yradici sistemlor, kompiiter todris
programlari, animasiya qrafikasi, rongarang illiistrasiyalar sagirdlorin idrak aktivliyino miisbot
tosir gostorir vo olimpiadalarda, miixtolif intellektual yarismalarda gostordiklori naticolorin
keyfiyyotini xeyli artirir.

Tadris prosesinds interaktiv 16vha vo virtual laborator proqramlarindan istifado edilmosi
dorsin osas prinsiplorindon birini, onun oyaniliyini tomin edir. Elektron 16vhonin sensorlu,
yoni hissiyyatl sothino xiisusi golomlo vo ya barmaqla yavasca toxunmagqla onun {izorindo
kompiiterdo miimkiin olan biitiin omoliyyatlar1 interaktiv rejimdo aparmaq olar. Elektron
16vho, kompiitero qosulan mikroskop, skaner, rogomli fotoaparat, videokamera vo s.
qurgulardan alman tosvirlori boyiidiilmiis formada ekranda oks etdirir. Sagirdlor istonilon
fiziki proseslorin izahmi virtual laboratoriya proqrami vasitosi ilo izloys bilorlor. Bu iso
sagirdlorin nozori-metodoloji biliklorini, praktiki bacariq vo tacriibalorini inteqrasiya etmoklo
todrisi xeyli canlandirir, sagirdlorin do yaradici yanasma, diisiinmo, tosobbiiskarliq, todris
materialin1 dorindon dork etmo gabiliyyetini daha da artirir.

Interaktiv 16vhonin bir iistiin cohoti do odur ki, onun iizorindo aparilan biitiin
ompliyyatlar1 video formatinda yaddasinda saxlamaq vo dofslorlo istifado etmok imkani
yaradir. Belo imkanlar miixtslif sobobdon dorslori buraxan sagirdlor vo ya tolimdon geri qalan
usaqglar tiglin xilisusi ohomiyysto malikdir. Belo ki, sagird istirak edo bilmodiyi, dors
prosesindo tam aydin olmadiqda vo ya tolimdon geri qalanlar homin materiali tam gavrayana
kimi tokrar-tokrar kompiiterds izloys bilorlor.

Elektron todrisda sagirdlorin hamisi 16vhaya ¢ixib miisllimin biitiin tapsiriglarini yerina
yetirmokdo havasli olurlar. Interaktiv rejimda kegilon (tadris olunan) darslor biitiin sagirdlor, o
cimlodon passiv, utancaq, miioyyon fiziki vo ya psixoloji qlisuru olanlarm dors prosesine
aktiv qosulmasina gorait yaradir.

Bu giin biitiin diinyada moshur olan "Crocodile Physics" adli program haqqinda molumat
verilir. Bu giiclii virtual laborator proqram, fiziki hadisolori modellosdirmaya, "Elektrik vo
eloktromaqnit", "Harokat vo giic", "Dalgavari hadisalor" vo "Optika" mdvzular: iizra virtual
siaqlar aparmaga imkan yaradir."Crocodile Physics” fizika dorsini todris edon miiallimlor
liciin laboratoriya tacriibalorini sagirdlorlo birgs aparmaq olduqca faydalidir vo bu giiniin
talobine uygun hazir niimunslorile zengin proqramdir. "Crocodile Physics” moktobds fizika
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dorsini todris edon miiollimlorin sagirdlorlo birgo bu giiniin tolobino uygun laboratoriya
tacriibalorini aparmaq ve lazim olan naticoni olds etmok ti¢iin istifade eds bilacoklari, olduqca
faydalt vo hazir niimunslorle tomin olunmus bir programdir. "Crocodile Physics” elektron
laborator programin i¢indo 46-dan ¢ox hazir tocrilbbo niimunolori vardir ki, bu hazir golon
tacriiba niimunalori Beynoalxalq IGCSE, A-Level imtahan todris planlarina uygundur. Proram
miiollimo imkan verir ki, dorsin aparilmasinda hor bir sagird 6zii virtual olaraq har-hansi bir
tocriiboni apararaq todris materialini daha otrafli monimsoys bilsin va s.

Olbotto, bunlar tohsilin keyfiyyotino tosir edon amillorin hamist deyil. Hazirda bu
istigamotdo yeni, masir texnologiyalarin yaradilmasi istigamotindo islor davam etmokdadir.
Alimlorin prognozuna gors, informasiya comiyyastinin tam formalagdigi morhslods insanlarin
osas omok predmeti informasiya, omok alotlori iso IKT olacaq. Ona goro do bu giin
respublikamizda tohsilin biitiin pillolorindo IKT-nin totbiq vo ondan istifado edilmosi, eyni
zamanda IKT-nin 6ziiniin todris olunmasi, sagirdlords miistoqil sokildo informasiya toplamag,
analiz etmok, Otlirmok qabiliyyatinin formalagdirilmas1 miasir divriin talobidir. «Nagillorin
ardicil birlagdirilmasi» mdvzusunda laboratoriya isinin tadrisine nozar yetirok.Elektron doarslik
sinifdo eyni vaxtda isin tolimata uygun olaraq kompyuterlo yerino yetirilmosino imkan verir.
Sagirdlor ardicil birlogsmanin sxemina (Sokil.a) uygun dovrani yigaraq (Sokil.b) islayirlor.

W \:,L R\ ¢ ;
epev |
[T il 1
—b- ] = ] -— e
a) Naqillorin ardicil b) Ardicil birlasdirilmis c) Nagqillorin ardicil
birlosdirilmasi sxemi dovro izarinda isin verina birlasdirilmasi

Sonra yulmis dovrads ampermetrdon Vo voltmetrdon istifado edorok, tobii sokilds
apardiglar1 eksperimentdon coroyan siddstinin vo gorginliyin mivafiq qiymeotlorini tortib
edilmis coadvoldo yazaraq islodicilorin ardicil birlosmo qganunlarmin dogrulugunu tasdiq
edirlor. Kompyuter laboratoriya isinin hazirlanmasi zamani ilk névbado model segilorok
(Sakil b) onunla islomok gaydasi sagirdlora 0yradilmslidir.Daha sonra onun tizarinds praktik
islorin aparilmasi sagirdloro hovalo olunur.Onlar kursorun komoyilo reostatin siirgiisiini
ortada saxlamaq sortilo corayan siddstinin giymstini ampermetrdon, isladicilorin ayri-ayr1 vo
haor ikisinin bir yerds gorginlik diisgiilarini iss voltmetrdon gotlrirlor (Sakil c).

Is prosesindo reostatm siirgiisiiniin yerini doyismokls (i¢ dofodon az olmayaraq dlgms isi
yerino yetirilir, alinmig qiymotlor cadval 1-do doldurulur.Hesablama aparilaraq ayri-ayri
isladicilorin Ry,R2 Vo Rum migavimatlori toyin edilir. Daha sonra Iy,l2 Vo lam -nin giymatlori
muqayise edilorak caroyan siddatinin har i¢ giymatinin bir-birino borabor oldugu 1, =1, =1,,
Umumi garginliyin isledicilorin garginliklori comina, yani U, =U,+U,, Gmumi migavimatin iss
isladicilorin migavimatlori comina R, =R, +R, barabar olmas: tesdiq edilir. Goriindiiyl kimi, is

bir godor sado vo mexaniki yerino yetirilir. Isin aparilmasi ilo olagodar metodik gostoris
islondiyindon onun tizerinds genis dayanmiriq. Elo elektron dorsliklor do vardir ki, onlarla
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laboratoriya iglorinin aparilmasi xususi metodikanin islonmasini talob edir. Miiqayiso magsadi
ilo Moskva nosri olan «OtkpeiToe ¢usuka» (rus dilindo) elektron dorslikdon «Nagillarin
ardicil birlogdirilmasi» movzusunda laboratoriya isinin yerina yetirilmasi ¢tin istifads olunan
texnologiyaya nozar yetirok.
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Xulasa

Mogaloda geyd edilir ki, miisllimlorin segdiklori fundamental biliklor, tokcoa fizika
sahosindon deyil, digor fonnlordods yeni texnologiyalardan miivoffoqiyyatlo istifado etdikdo
tohsil prosesini xeyli sadslosdirir, onu dinamik va ¢evik edir. "Miisllim-sagird-darslik" todris
modelino kompiiterin do olavo edilmosi todris prosesini individual proqram iizro toskil
etmayo, tohsil alanin dorso maragmni vo istoyini stimullagdirmaga imkan verir. Noticodo
kompiiterlo aparilan darslor usaqlar ii¢lin ¢ox calbedici vo yaddaqalan olur. Tadris prosesindo
interaktiv 16vho vo wvirtual laborator proqramlarindan istifado edilmosi dorsin osas
prinsiplorindon birini, onun ayaniliyini tomin edir va dorsin keyfiyyoti artir.

Peziome

B cratbe oTmeuaercs, 4Tro BBIOpaHHBIE YUYUTENAMH (QyHIAMEHTaJIbHbIC 3HAHUS
3HAYUTENBHO YIPOINAIOT Y4eOHBIM mpolecc, Aenas ero JUHAMUYHBIM U TOJBHKHBIM IPHU
YCIEIIHOM HCIOJIb30BaHUU HOBBIX TEXHOJIOTHH HE TOJIBKO B (PU3UKE, HO U MO JAPYTrUM
npenMeram. JloOaBieHue KOMIBIOTEPA B MOJETh OOYYCHHS «yYUTENb-YYCHHUK-YIEOHUK)
MO3BOJISIET ~ OpPraHM30BaTh  y4eOHBIM  mpolecc MO  HMHIMBUIAYAIbHOW  Iporpamme,
CTUMYJIMPOBATh UHTEPEC U KEJTaHHE YUCHHKA K YpOKy. B pe3ynbrare KOMOBIOTEPHBIE YPOKU
OuYeHb MPUBIEKATENbHBI U 3aIOMUHAIOTCS Ui AeTeil.Vcnonp30BaHne MHTEPAKTUBHBIX JOCOK
U BHUPTYAIbHBIX JTA0OPATOPHBIX MpOTpaMM B y4eOHOM Ipolecce oOecreurBaeT OAWH U3
OCHOBHBIX IPHUHIIAIIOB MPOBEACHUS YPOKa, €r0 HAMIATHOCTh U MOBBIIIAET KAYE€CTBO YpOKa.

Summary
The article notes that the fundamental knowledge chosen by teachers greatly simplifies
the educational process, making it dynamic and mobile with the successful use of new
technologies not only in physics, but also in other subjects. Adding a computer to the
"teacher-student-textbook" learning model allows you to organize the learning process
according to an individual program, stimulate the student's interest and desire for the lesson.
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As a result, computer lessons are very attractive and memorable for children. The use of
interactive whiteboards and virtual laboratory programs in the educational process provides
one of the basic principles of the lesson, its visibility and improves the quality of the lesson.

TAM ORTA MOKTOB PIiLLOSINDO HOYATIi PROBLEMLOR QRUPUNA AiD
MOSOLOLORIN HOLLI YOLU iLO PRAKTIK BACARIQLARIN ASILANMASI

'RUstamova S.K., 2Zarbaliyeva V.S., Musayeva A.K.
1Ganca Dovlat Universiteti
2Azarbaycan Dovlat Agrar Universiteti

Acar sozlar: fizika, elmi savadlilig, yaradici xarakterli tapsiriqlar,
Key words: physics, scientific literacy, creative tasks

Fiziki savadliliq dedikdo — Umumtshsil orta moktob sagirdlorinin fizika elminin
asaslarina dair aldo edilmis biliklordon istifads etmok gabiliyyatlori, otraf alomi vo onda bas
veran doyisikliklori anlamagq mogsadi ilo uygun problemlor formalasdirmaq vo onlarin hallina
dair soxsi forziyyalor irali sura bilmak bacariglari, habelo tobiot, maisat vo istehsalatin elmi
osaslarmma dair diizgiin elmi gorarlar gobul edo bilmok keyfiyystlori nozords tutulur. Fiziki
savadliliq asagidak1 miiddosalarla xarakterizo olunur:
ofizika elmi vo texnologiya ilo bagli hoyati situasiyalar1 anlamaq (verilon tapsiriqlar
kontekstindo);

« fizikadan oldo edilon biliklor asasinda maddi alomi anlamag: ham atraf alom, ham do tobiot
elmlori haqqinda inteqrativ bilikloro malik olmaq noazordo tutulur (bilik komponentli
todqiqateiliq);

ofizika elmina maraq gostormok, onun bir elm kimi dmumxalg sarvsti oldugunu, vataninin
tobii sorvatlorinin askarlanmasi, ondan qonastlo istifado etmayin vo tobii ekologiyanin
qorunmasinin elmi osaslarmi toskil etdiyini gobul etmok [tadgigatin affektiv (tosiredici)
komponenti].

Fizika toliminds adi kemiyyat vo keyfiyyot xarakterli mosalolorlo yanasi, yaradici xarakterli
tapsiriqlardan istifado edilmoasi, dors prosesindo adi movzular qrupuna deyil, hoyati
problemlar grupuna aid masalalarin halli yollarinin arasdirilmasini nozards tutur.

X sinifdo fizika toliminds istifado edilo bilon asagidaki Yaradici xarakterli laboratoriya
tapsiriglarini niimuns gdstarak.

Asagidaki yaradici laboratoriya islorina diggot yetirok:

Laboratoriya isi: Arabacigin verilmis tacillo horokat etdirilmasi

Arabaciq ona barkidilmis yiik torafindon saquli miistavi (izarinds harakata gatirilir (sokil
1) Onu 0.2mvsan 2 tacillo harokat etdirmok talob edilir.

Lovazimat: Kkinematika vo dinamika qanunlarini 6yronmok Ugln cihaz, metronom,
umumi kitlosi 20 g olan yiklor, 6lgma xatkesi vo dinamometr.

Isin yerino yetirilmo qaydas:: arabacigm tokorlorindoki diyircoklorin vo blokun
stirtiinmoasi ¢ox Kicik oldugda Nyutonun ikinci ganunu

(m +m,+my)a=F

kimi yazilir. m,,m,,m,- miivafiq olaraq arabacigm,onun Uzorindoki yikin vo diigon
cismin kutlolori F = m,g - diison cismin agirliq qiivvesidir. Buradan
_mam,

g—a

3
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Ogor arabacigm kiitlosi m =0.022kqonun Uzorindoki Sy *_" = '—Q
ylkdn kitlosi m, =0.052kq olarsa diison yukun kitlosi ; == lv ﬁ:“:':*‘_‘, =
m, = —0'0229+60'052 .0.2 = 0.0015kg. [H g
" |
Bu hesabatin tocriibi naticalorlo st — (sto diismosi askar Sokil 1

edilib. Masalan, har 0.25 san - don bir geyd aparan geydedici yolun
S=0.06Im ; S=0.24muzunluglarm1 qeyd edir. Naticalorin
yuvarlaqlasdirilmasimi nozars alsaq, yuxarida qeyd olunan verilonlora asasan

2
S, :% = 0.0063m,

2
5,-2295' g o00m,

Qeyd edok ki, metronomla aparilan 6lgii zamani tocribonin doqiqiliyi lazimi saviyyado
olur.

Beloliklo, yaradict moasalolorin vo laboratoriya iglorinin eksperimental tohlili, onlarin
yuksok effektivliyini gostorir, bu da sagirdlorin mistaqil islorindo xisusi shamiyyat kash
edir.. Yaradici mosoalolorin totbiq edilmosi mosq vo yaradict mosolor arasindaki forgin
azaldilmasina gatirir. Homin forqin azaldilmasi igiin bitovlikde fizika mosalalarinin
secilmasi diqgotlo aparilmalidir. Sagirdlorin - gabiliyystlorinin  artirilmasinda  yaradici
mosalalorin rolunu aragdirarkon belo gonasto golirik ki, keyfiyyatli todris materiali
sagirdlordo elmi tofokkiiriin formalasmasina xidmot edir yardiciliq moasalalori isa biliklorin
yeni soraitds totbigine imkan verir, sagirdlorin praktik bacariglara yiyalonmasinds muhim
ohomiyyat kasb edir.
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Xulasa

Yaradici mosalalorin vo laboratoriya islorinin eksperimental tohlili, onlarin yiiksok
effektivliyini gostorir, bu da sagirdlorin mistaqil islorinda xisusi shamiyyat kosb edir..
Yaradict mosalalorin totbiq edilmasi mosq vo yaradici masalor arasindaki forqin azaldilmasina
getirir. Homin forqin azaldilmasi tiglin biitovlikdo fizika masalolorinin secilmoasi diggatlo
apartlmalidir. Sagirdlorin  gabiliyystlorinin artirllmasinda yaradict masalolorin - rolunu
aragdirarkon  belo gonasto golirik ki, keyfiyyatli todris materiali sagirdlords elmi tofokkiriin
formalagmasina xidmat edir yardiciliq masalolori isa biliklorin yeni soraitdo totbigine imkan
verir, sagirdlorin praktik bacariqlara yiyslonmasindo mihiim shomiyyat kosb edir.

Summary
Experimental analysis of creative problems and laboratory work shows their high
efficiency, which is especially important in the independent work of students. The application
of creative problems leads to a reduction in the gap between training and creative tasks. In
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order to reduce this difference, the choice of physics as a whole must be made carefully.
Examining the role of creative issues in increasing students' abilities, we conclude that quality
teaching materials serve the formation of scientific thinking in students, and helpful issues
allow the application of knowledge in new conditions, are important for students to acquire
practical skills.

UMUMTOHSIL MOKTOBLORININ TAM ORTA MOKTOB PILLOSINDO
YARADICI XARAKTERLIi TAPSIRIQLARDAN iSTIFADONIN ROLU

'RUstamova S.K., 2Zarbaliyeva V.S.
Ganca Dovlat Universiteti.
Azarbaycan Dovlat Agrar Universiteti.

Acar sozlar: fizika, elmi savadliliq, yaradicixarakterli tapsiriqlar.
KuroueBble ciioBa: pusuka, HaydHas IpaMOTHOCTb, TBOPUYECKHE 3a/1a4H.
Keywords: physics, scientific literacy, creative tasks.

Umumtohsil moktablorindo tohsilin hoyata kegirilmosi prosesindo sinifdon konar
mustaqil islorin magsad vo funksiyalari nazordon Kegirilir. Muasir dovrimiizdo mistaqil
diistino bilon, muasir tofokkiirlii, yaradici, rogabat gabiliyystli mitoxassislora ehtiyac vardir.
Mohz, buna gora comiyyatdo belo mitoxassislorin formalagsmasinda miistaqil islarin rolu ¢ox
boyukdr.

Toalim prosesinds mistaqil is dedikds, sagirdin qarsiya qoyulmus talim magsadini dork
edorak, muollimin kdmayi olmadan mistaqil sokildo yerino yetirmasi, zehni foalliq
gOstormasi, somorali yollar1 segib, totbiq etmasi, tolim foaliyyatinin toskili formasini
muoayyanlaosdirmasi nazards tutulur.

Sagird mistaqil isin icrasinda hansi iisullardan istifads edacayini 6zl mioyyanlosdirmali,
nayi va na mogsadlo edacayini bilmali, sahvlorini tapib diizaltmoayi, 6zuni giymatlondirmayi
bacarmalidir. Miistaqil islorin icrasinda sagirddo ham misbat motiv olmali, ham ds o, lazimi
bilik vo bacariglara malik olmalidir. Sagird mistaqil is tsullarina yiysalonmadikds, onun
moqsadini dork etmodikdo ya iso girismir ya da hovassiz isloyir. Pedaqoji odsbiyyatda
mustaqil islor mixtalif mantiqi osaslara gors tasnif olunur :

- mustaqil islarin monbalorine gora: kitabla is, alave monbalor Uzrs is, ¢aligmalar iizro is,
mosalo halli, ayani materiallarla is, qrafik islor, slavs cihazlarla is v S.;

- talobalarin shats dairasina gora: grup, frontal, cit vo fordi islor; - icra formasina goéra: sifahi,
yazili, oamoali, grafik islor va's. ;

- icra yerino gora: auditoriyada mistaqil is, (miihazira Vo maggalalorda talobalorin mihakimoa
yuritmasi, plan vo icmal tortibi, ¢alismalarm icrasi va S.), auditoriyadankonar mustaqil islor
(kurs isi, referat, todris-tadqiqat isi, elmi-todqiqat isi, klub vo dornok islori, internetlo is,
kitabla is, 6ztiniitohsil v s.);

- mistaqil isin funksional cohotina gora: biliklorin manimsanilmasi, méhkomlandirilmasi,
totbigi vo yoxlanilmasit mogsadi guidon islor;

- zehni faaliyyatin xarakterina gora: niimuna (zra, tadqiqatgiliq islori, evristik ( qismon axtaris
tipli ) mistaqil islor, yenidonqurma xarakterli iglordir.

Bu gobildan olan digar tosnifatlar da vardir:

reproduktiv-barpaedici mistoqil iglor (biliklorin tokrarini, onlar tizarindo omoaliyyat aparmagi
nozordo tutur) idrak-axtariciliq (evristik) islori (yeni biliklorin manimsonilmasi) yaradici
mustaqil islor (biliklorin yeni hallara yaradici totbiqi);

- folsofi gnoseoloji asasma gora: hissi-perspektiv xarakterli mistoqil islor (miisahids, kegmis
tocriibo vo biliklorin borpasi, yeni hallara totbiqi), zehni xarakterli mistaqil islor (tofokkir
omoliyyatlari, zehni mosalo-problem holli, zehni totbigi vo zehni toskilati islor), praktik
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xarakterli mustoqil islor (emoli, tocriibi-eksperimental, layiha-konstruksiya vo badii-grafik
islar).

Mustaqil islorin yerino yetirilmasinds fiziki savadliliq, praktik bacariq vo vardiglor on
muhim
aspektlordan biridir. Tohsil sistemindo heg vaxt elo bir gostarici aldo etmomisik ki sinif
sagirdlorinin hams1 ali moktablora daxil olsun ali moktobs daxil olmayan sagirdlorimiz neco
olmalidir? Bu sualin cavabi miiasir talim prosesinds 6z cavabini tapmigdir. Noticaydonumli
tohsil sanadlorinds osason dord sual cavablandirlir vo sagirdlori “hoyatdan biliya-bilikdon do
hoyata dogru dyratmoayi talab edir ;

- Sagirdlor noyi 6yronmalidirlor?

- Oyrandiklorini neco niimayis etdirmolidirlor?

—  Bunlar1 6yronmak ii¢ilin sagirdlora no kimi dastok verilocak?
- Sagirdlorin naticalora nail oldugu neco miioyyan edilocok?

Noticoyoniimlii kurrikulumlar yaddasin yoxlanilmasina istiqgamatlonmis tapsiriglar vermayib,
daha colbedici tapsiriqlar vasitosi ilo sagirdlorin bilik vo bacariglarinin  soviyyasini
giymatlondirmoays istigamotlonmisdir. Buraya layihalor toklif etmok va onlar zra islomok,
toqdim edilmis hadisolori tohlil etmok vo ya togdimatlar etmok kimi yoxlayici tapsiriglar
daxildir. Bu ciir ¢alismalar sagirdlora diisiinmok, todqigatlar aparmaq, gorarlar goabul etmak vo
togdimatlar etmok kimi bacariqlarini toqdim etmok imkani verir.

Belaliklo, naticoyonlii kurikulumlar yalmiz tolim materiallarinin manumsanilmasinin
deyil, hom do botovlukds talim kursunun naticalorinin yoxlanilmasina sorait yaradir vo tam
hesabatliligi tomin edir. Bu hom do hor bir sagirdin inkisafi baximindan tortib edilmis tolim
naticalorin foal tolim soraitindo reallasmasma sorait yaradir vo  hor kasin ylksok sovyysli
tohsilini tomin edir. Bu isda asil mivaffogiyysto nail olmaq tcin tohsil idaracilari, alimlar,
muoallimlor, valideynlor va sagirdlor birgs foaliyystds olmasi miihiim sortdir. Mahz yeni tahsil
programimiz fonlorin tadrisinin garsisina qoydugu talob do bundan ibaratdir.
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UMUMITOHSIL MOKTOBLORININ TAM ORTA MOKTOB PILLOSINDO
YARADICI XARAKTERLI TAPSIRIQLARDAN ISTIFADONIN ROLU

'RUstamova S.K., 2Zarhaliyeva V.S.
Ganca Dovlat Universiteti.
Azarbaycan Dovlat Agrar Universiteti
Xulasa

Togdim olunan mogalods X-XI sinif sagirdlorindo fizikadan elmi savadliligin
formalasdirilmasinda  miistaqil islorin  vo yaradict xarakterli tapsiriqlarinin  rolu
osaslandirilmig, bu istigamatdo konkret nimunalar verilmis vo onlar tadqiq edilmisdir.
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Pesztome

B npencraBieHHON cTaTbe OOOCHOBBIBACTCS POJb CAMOCTOSITEIIBHOM pabOThl U
TBOPUYECKUX 3aJjaHUIl B (OPMUPOBAHNN HAYYHOU I'paMOTHOCTH 10 (u3uke y yyamumxcs X-XI
KJIACCOB, MMPUBOAATCA KOHKPETHBIE IPUMEPHI B ITOM HAIPABJIEHUU U U3Y4aETCs.

THE ROLE OF THE USE OF CREATIVE TASKS IN SELF-EMPLOYMENT TO
IMPROVE THE SCIENTIFIC LITERACY OF STUDENTS IN GENERAL
EDUCATION SCHOOLS

Rustamova S.K., Zarbaliyeva V.S.
Ganja State University
Azerbaijan State Agrarian University
Summary
The presented article substantiates the role of independent work and creative tasks in the
formation of scientific literacy in physics in students of X-XI grades, gives specific examples
in this direction and studies them.

FiZIKANIN OSASLARININ OYRONILMO METODIKASI

Riistamova S.K., Mustafayeva A.K.
Gonca Doviat Universiteti

Acgar sozlor: tohsilalan,tohislveron, kommunikativ vo koopreativ slagslor, novator

xarakterli
yaradici keyfiyyatlor, asas moktab, tohsil, fizika fasil.keyfiyyat.

KuaoueBble cioBa: O6p330BaHHBIﬁ, BOCIIMTATECJIb, KOMMYHHUKATUBHO-COTPYAHUYECKNEC
OTHOIIICHMA, I/IHHOBaHI/IOHHHﬁ XapaKTep,TBOPUYECKHUC Ka4dycCTBa, OCHOBHas IIKOJI1a,
o6pa30BaHHe, rJlaBa (1)I/I3I/IKI/I.K8HCCTBO.

Key words: educated, educator, communicative-employee relations, innovative
character, creative qualities, basic school, education, head of physics.

Muasir dovrda tohsilin asas vazifasi vatondas comiyyotinds yasayacaq kamil insanin
formalasdirilmasinin vasito va yollarini miiayyanlosdirmoaya, onun yilksak monovi ideyalar vo
dayarlara yiyalonmays, insan hoyatiin monasini anlamaga vo dark etmoya, 6z soxsi hayatinda
daima yeni naliyyatlor aldo etmasi Uciin soy gostormoys hazirlamaqdir. Bu toloblora cavab
veran insan ilk névbado mili- monovi dayarlor asasinda torbiys almali, soristoli miiatxassis
(musllim, tahsilveran) saviyyasinds bilik va bacariglara yiyalonmalidir.

XXI1 asrda pedaqoji, psixoloji, falsafi vo metodiki yanagmalarin asasini1 “Tohsil alanlara
nayi isa otrafli yratmok deyil, Gyranmayi 6yratmok” toskil etmolidir. indiki sorait talob edir
Ki, insan 0zunl tez-tez refleksiya etsin, imkanlarn1 miioyyonlosdirsin, yeniliyin
xususiyyatlorini anlamaga caligsin, effektiv sokildo kommunikativ vo koopreativ olagoalor
qursun. Demali, XXI asrin tohsil sisitemi kifayat dorocodo novator xarakterli, cevik vo
yaradic1 keyfiyystlora malik olmag: talob edir. EImin, tohsilin va texnoloji taragqginin tez-tez
doyisdiyi indiki dovrde Umumtahsil veran moktablor (butdvlikds bitin tohsil mulsssisalori)
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gonc naslo yalniz basariyyatin indiyadok topladigi biliklori vermaklo kifaystlonmamali,
onlarin comiyyatin Vo ayri-ayr1 subyektlorin rastlasacagi yeni problemlori hall etmoys
hazirlamali, ragabatoqgabil, kamil insanin, soxsiyyatin, saristali tohislveronin formalagmasina
xidmat etmalidir.

Naticoyonimll, tohsilalana istigamatlonmis tmiimtahsil moktablorinin osas toshsil
pillasinin (VI-IX siniflords) kurikulumlarima nozords tutulmus bilik vo bacariglarin, son
naticada Gyronanlords formalasdirilmasi tigiin saristali tohsilveranlorin  hazirlanmasi, hazirda
tohsil sistemi qarsisinda duran bir nomrali problem kimi doyarlondirilmisdir.

Hazirda orta moktob tigiin “Fizika musllimliyi” ixtisasi iizro pedaqoji yontimli ali tohsil

muassisalorindo muosllim kadrlar1 hazirlanir. Azorbaycan Respbulikasinda tohsilin inkiasafi
Uzro Dovlot Strategiyasinda soristoli misllim hazirliginin tomin olunmasi asas moagsod kimi
qarstya qoyulub. Mozmun standartlar1 hazirlanarkon sagirdlorin idraki, informativ-
kommunikativ vo qeyri-iradi foaliyyatlorinin oldo olunmasi, diisiinmo, emosional vo
psixomotor bacariqlarmin inkisaf etdirilmasi nazords tutulb. Mohz ginimizin aktual
problemi olan bu masalalor fizika fonninin todrisinds qarsiya qoyulan asas taloblordon biridir.
Bu baximdan tadris olunan tadris vahidlorinin tohlilino baxaqg. | pillodo todris olunan fizika
kursu imkan daxilinds tamamlanmis va fizikanin biitiin bélmalori Gizro asas materiallar1 ohata
etmolidir. Bu baximdan tadris olunan tadris vahidlarinin tahlilina baxag.
“Materiya” maddo vo sahs foslinds ilk dofo olaraq bu anlayislarin olagoli sistemi verilmis,
maddo vo fiziki sahonin osas zarraciklori, onlarin 6yranilmasi planlasdirilmisdir.Burada,
homginin, maddslorin aqreqat hallarinin doyismasinin molekulyar-kinetik tosovviirlor asasinda
Oyranilmasi do nazards tutulur.

“Horokat vo quUvvalor’foslindos  mexanikanin  horokot vo onun  Xxarakteristik
komiyyatlorinin: silrat, yol, yerdoyismoa, tocil, quvvas, kitlo, sixlig, ¢oki Vo .s anlayislarin
todrisi planlasdirilir.”Qravitasiya sahosi”,”Umumdiinya cazibo ganunu”,”Agirliq qiivvesi”va.s
movzularin todrisi prosesinds “qravitasiya sahosinin intensivliyi”haqqinda ilkin anlay1s
verilir. Onun fiziki sahalorinin quvvs xarakteristikas1 kimi fiziki mahiyyati agiqlanir.”Bark
cisim, maye Vo qazlarin tozyiqi”,”saxlanma qanunlar1”, “Statika elementlori”, “Sads
mexanizmlor”,”Mexaniki ragslor vo dalgalar”faslindoki todris materiallarinin qravitasiya
sahasinds bas veran fiziki proseslor kimi 6yranilmasi nazards tutulmusdur.

Daha sonra “Elektrik sahosi” foslinds bu sahoni xarakterizo edon Umumi fiziki anlayislarin
Oyradilmoasi ilo yanasi, ilk dofo olarag elementar yik vo onun dinyavi sabit Kimi
formalasdirilmas1 planlasdirilmisdir. Mévzunun tadrisinin sonunda gravitasiya vo elektrik
sahalorinin montiqi qarsiligli  miiqayisasi verilmoklo sagirdlorin biliklarinin  Umumilos-
dirilmasi nazards tutularaq, didaktikanin “timumilosdirms pirinsipi’na amol edilmisdir.

Vahid fiziki ganunlara tabe oldugu darindan Oyronilmasi toklif edilmisdir.Elektrik vo magnit
sahalorinin qarsilighh miiqayisasi verilorok, onlar1 xarakterizo edon kamiyyatlorin vahid fiziki
qanunlara tabe oldugu agiglanir.

“Elektromaqnit sahasi’mévzusu altinda VII-IX siniflor Gglin yeni olan bazi mihim
mosalalorin-elektromagnit sahasi, elektromaqnit dalgalari, elektromaqnit dalgalar1 skalasi
Kimi materiallarin todrisi nozords tutulmusdur.

Bu fosildon sonra “sabit coryan gqanunlari”, “miixtalif muhitlordo elektrik coryan1”
movzularmmn montiqi ardicilliqla tadrisi planlagdirilir.Burada imumi fiziki anlayis vo
qanunlarla yanasi elektrik 6l¢ii cihazlarmin is pirinsipi, elektrik coryaninin canli orqanizimlors
tosiri vo tatbiglorinin dyronilmosi mogsadouygun hesab edilmisdir.

Isiq hadisolori tobistco elektromagnit, xassoco dalga vo zarracik oldugu ii¢iin onun yuxaridaki
movzulardan sonra 6yradilmoasi nazords tutulmusdur.isigin ikili xassoys malik olmasi osas
moktobin qurulus vo mozmununa yeni daxil edilmisdir.

“Atom vo atom nlivasi” faslinin movzular1 iss bir ne¢a mévzu istisna olmagla, demek
olar ki, tamamilo tokmillosdirilmisdir. Belo ki, ke¢mis programlardan forgli olaraq burada
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radioaktivlik, nivalorin radioaktiv gevrilmalori, yerdoyisma ganunu niivenin yuk va kutlo
odadlori, kutlo ilo enerji arasinda oalage nuvanin kitlo defekti vo rabito enerjisi, niive
reyaksiyalari radioaktiv siialanmalarin enerjisi,stialanmalarin bioloji tasirlori va onlarin
udulma dozalar1 kimi miihiim fiziki anlayis vo hadisalor verilmisdir.

Belaliklo programda toahsilin | pillasinds do fizika kursunun timumi qurulusu oavvalKi
programlardan forgli olarag, iki deyil ¢ fundamental nazoriyyani Klassik mexanika,
molekulyar-kinetik vo elektron nazariyyalorinin tosovvirlori asasinda qurulmusdur. Osas
moktabin fizika kursunda asagidaki fiziki qanunlarin dyradilmasi nozards tutulur.Nyutonun
ganunlari, imumdiinya cazibo ganunu, Paskal ganunu, impuls vo enerjinin saxlanmasi
qanunlari, Kulon ganunu, gapali dévra t¢lin Om ganunu,Coul-Lens ganunu, Amper ganunu,
Isigin diiz xott boyunca yayilma, gayitma vo smnma ganunlari, kiitlo ilo enerji arasinda olago
Va nuvalarin yerdoayisma ganunlari.

Qusa sokildo verdiyimiz bu tohlildo sagirdlorin kursu tam moanimsamalori Gglin va
aldiglar1 biliklorin hoayat foaliyyatlorinds no qodor 6nom dasidigini dork etmolori Gglin
muollimin pedaqoji ustaligi, elmi savadi vo sagirdlori “hoyatdan biliyo- bilikdon do hoyata
hazirlamalar1 on miithiim sortdir.

Tadgigatin obyekti: Umumtahsil moktablorinin osas tohsil pillasinds fizika fanninin

mozmunun elmi metodik tohlili.

Tadgiqatin predmeti: Miasir dévrds asas tahsil vo onun mazmununun tahlili.

Tadgigatin maqsadi: ©sas tohsil sisteminds fonlorin tamamlanmis sokilds tadisini hayata
kecirmok, diinyanin qabaqcil tohsil sistemi saviyyasino qaldirilmasi istiqgamotinds hoyata
kegirilmis islahatlari, yeni layiholori tadgiq etmok, onlar1 tohlil etmak, elmi tmumilosdirmalor
aparmaq Vo asas tohsil pillosinds fizika kursu imkan daxilindo tamamlanmis va fizikanin
bittn bolmalori izro asas materiallar ohato etmolidir.

Tadgiqatin tacriibi ahomiyyati: Todqgigatin tacriibi shamiyyati onunla izah olunur ki,
miasir soraitdo osas tohsilin mozmununun daha da tokmillosdirilmosindo dévlotin vo
hékumotimizin hoyata kecirdiyi misbot yoniimli, faydali todbirlori Umumilasdirib tahlil
edorak genis pedaqoji ictimaiyyatin bundan bahralonmasini tamin etmok mumkandr.

Todgiqatin metodlar:: mixtalif metodlardan istifads olunmusdur. Yeni morholods asas
tohsilin mozmununun tokmillosdirilmasi istigamatinds aparilmis todqiqat islori, mogalalar,
elmi osorlor, dovlot vo hokumst gorarlarnm oyronilmoesi, onlarin tahlili tadgigatin osas
metodlarini toskil edir.

Todgigatin naticalori: Tohsilin inkisafi ilo bagl fonlorin tadrisinds goériilmiis islorlo,
gobul olunmus qorarlar vo sorancamlarla tohsil sisteminds ¢alisan miollimlorin daha
yaxindan tamishigini tomin etmok, onlarin 6z islorini daha da somorali sokildo hayata
kecirmolori tiglin dastok olmaqdir.
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Xulasa
Mogalods asas tohsil sisteminds fonlorin tamamlanmis sokilds tadisini hoyata kegirmasi,
diinyanin qabagqcil tohsil sistemi Saviyyasino qaldirilmasi istigamstinds hoyata kegirilmis
islahatlar1, yeni layiholorin todgiqve  tohlil edilmasi, elmi Umumilosdirmoalor aparmasi
mosalalorina diqgoat verilmisdir. Homginin mumtshsil veran moktablords gonc naslo yalniz
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basoriyyatin indiyadok topladig: biliklori vermakla kifaystlonmomoali, onlarin comiyyatin va
ayri-ayri subyektlorin rastlasacagi yeni problemlari hall etmays hazirlamaqla, ragabstoagabil,
kamil insanin, soxsiyyatin, saristali tohislveronin formalagmasina ¢alismagin vacib oldugu
gostarilmisdir.
Pe3ztome

B cratbe akieHTHpyeTCS BHUMAaHHME HA BHEIAPCHUU KOMIUICKCHOTO IPENOIaBaHUsI
NpeJIMETOB B CHCTEME OCHOBHOTO 00pa3oBaHHs, pedopmMax, MPOBOIUMBIX ISl MOIHITHS
MUpa Ha YPOBEHb CHCTEMBI ONEPEKAIOICT0 00pPa30BaHMs, UCCICIOBAHMIX U aHAM3EC HOBBIX
IIPOEKTOB, HaY4YHbIX 00001eHuil. Takxke ObLJIO OTMEUEHO, YTO BAXKHO HE TOJIBKO NEpelaTh
MOJIPACTAIOIIEMY MOKOJICHUIO T€ 3HAHUS, KOTOPBIC YEIOBEYECTBO HAKOMMIO K HACTOSIIEMY
BpeMeHH B  0O0IIeo0pa3oBaTeNIbHBIX IIKOJAaX, HO U MOCTaparhcs CPOPMUPOBATH
KOHKYPEHTOCIIOCOOHOTO, COBEPIIICHHOTO YeJIOBEKa, TMYHOCTh, KOMIIETCHTHOTO BOCIIUTATEIS,
MOJITOTOBHB UX K PEIICHUIO HOBBIX MPOOJIEMBI, CTOSIINE Tepe]] OOIIECTBOM U JINYHOCTHIO.

Summary

The article focuses on the introduction of integrated teaching of subjects in the system
of basic education, reforms carried out to raise the world to the level of the advanced
education system, research and analysis of new projects, scientific generalizations. It was also
noted that it is important not only to pass on to the younger generation the knowledge that
mankind has accumulated to date in secondary schools, but also to try to form a competitive,
perfect person, personality, competent educator, preparing them to solve new problems facing
society and the individual .

INTERAKTIV TOLIM METODU iL9 KECILON DORSLORIN
MORHOLOLORI VO SOCIYYOVI XUSUSIYYOTLORI

prof. Quliyev.M.S., Himbatova G.E.
Ganca Dovlat Universiteti

Acar sozlar: forziyys, motivasiya, problem, interaktiv — tolim, yeni informasiya,
giymotlondirms

Key words: hypothesis, motivation, problem, interactive - training, new information,
grade

Knroueenie cnosa: THUIIOTE3a, MOTHUBALIMA, npo6neMa, HHTCPAKTUB - 06yquHe, HOBasl
nH(popMaIus, OlEeHKa

Interaktiv tolim metodu ilo kegilon dors bir nego bir-birilo iizvi sokilde bagli olan
morhololordon ibarotdir. Hor bir dorsin ovvolindo todgigati baslamaq {i¢lin problem
miloyyonlosdirmok lazimdir. Yoni mdvzu otrafinda problem qoyulmalidir. ©Osl problem
homiso ¢oxsayli forziyyslor, ehtimallar dogurur vo bunlar1 da yoxlamaq ig¢iin ilk névbado
todqgiqat suallar1 formalasdirilmalidir. Mohz todqiqat suali yeni biliklorin kosfino aparan
bolodgi, “yolgdstoran ulduz” rolunu oynayir. interaktiv tolimin ilk mexanizmino asason mohz
problemin olmasi sagirdlorin idrak foalligmin yaranmasinin baglica addimi olur.

Bas no Uglin biz dorsin bu moarholosini motivasiya adlandiririq? Psixoloji amil kimi
motivasiya hor hansi foaliyyatin mexanizmini igo salan sovqedici, tohrikedici qlivvadir.
Motivasiya qismindo ortaya gotirilmis problem vo onun halli tolobat1 foal dorsde tofokkiir
prosesini iglomays s6vq edon va sagirdlorin idrak foalligini artiran amil kimi ¢ixis edir.

Bu prosesin on mithiim nailiyyatlorindon biri diislinmanin sarbastliyi vo miistaqilliyidir:
Usaq 0z fikrini "Zonnimca...", "Mona belo golir ki,...", "Man belo hesab edirom ki,..."
sozlorindan istifade etmoklo ifads edir.

Problemin halli {izra iroli siiriilon forziyyslori tosdiq vo ya tokzib edon, habelo qoyulan
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todgiqat sualina cavab vermoys kdmok edo bilocok faktlari tapmaq zorurati ortaya ¢ixir. Buna
- sagirdlori iroli siirlilmiis problemin holline moagsodyonlii sokilde aparan, o6ziinde yeni
informasiyant vo yeni suallari dasiyan miixtolif ¢alismalar komok etmolidir. Moahz yeni
faktlarin dyronilmosi vo bu suallara cavablarm tapilmasi gediginde diisiinmok va yeni bilgilori
kosf etmok {i¢lin miinasib sorait yaranir.

Tadqiqat miixtslif formalarda: biitiin siniflo birgs, kicik qruplarda, ciitliik soklinds vo ya
fordi sokildo aparila bilor. Lakin, interaktiv tolim anlayisinin 6zl anonavi tolimds totbiq edilon
frontal vo ya fordi formalarla miiqayisado daha faal is formalarmin mévcudlugunu 6ziinds
ehtiva edir. Tolimin interaktiv xarakteri ki¢ik qruplarda vo ya ciitliik soklindos aparilan islorda
daha gabariq formada tozahiir edir.

Bu morholodo istirakg¢ilar todqigatin  gedisindo oldo etdiklori tapintilarin, yeni
informasiyanin miibadilosini aparirlar. Qoyulmus suala cavab tapmaq zoruroti todqigatin
biitiin istrak¢ilarini bir-birinin togqdimatini foal dinlomoys s6vq edir. Togdimat bir ndv yeni
biliklorin dairasini cizir vo halalik bu biliklor natamam vo xaotik xarakter dasiyir. Mohz bu
marhoalods yeni bir tolobat - homin biliklori qaydaya salmagq, sistemlosdirmok, miioyyan bir
naticoyo golmok iigiin todqiqat sualina cavab tapmaq zorurati yaranir.

Bu, on miirokkob morholadir vo biitiin bilik, bacariq vo vordislorin, tofokkiiriin miixtolif
ndvlarinin (montiqi, tonqidi, yaradici) saforbarliyini tolob edir. Miisllim fasilitasiya asasinda
(yonoaldici, komoke¢i suallardan istifado etmoklo) oldo edilmis faktlarm mogsadyonli
miizakirasind va onlarm toskilino komok edir. Informasiyanm toskili biitiin faktlar arasinda
olagolorin agkara ¢ixarilmasma vo onlarin sistemlosdirilmasine yonoldilir. Noticodo mévcud
todqiqat sualina cavabin cizgilori aydin se¢ilmoyo baslayir.

Beloliklo, sagirdloro yeni bilginin kosfi yolunda son addimi atmaq: konkret noticoyo
golmok vo timumilogdirmoni aparmagq isi qalir. Bunun {igiin sagird noinki oldo olunan bilgilori
timumilogdirmali, hom do goldiyi naticoni tadqiqat suali ilo (bu notico homin suala cavab
verirmi?) vo irali siirlilmiis forziyyolorlo (onlarin arasinda diizgiin olan1 varmi?) miistoqil
olaraq tutusdurmalidir. Bu ¢ox muihiim mogamdir. Dorsin kuliminasiyasini biliklori mohz
usaqglar 6zlori axtarib tapdiqlari, kosf etdiklori ii¢iin onlarm duyduqlar1 banzorsiz sevinc vo
momnuniyyat hissi toskil edir.

Yuxarida gostorildiyi kimi, interaktiv tolimin miihiim xiisusiyyatlorindon biri sagirdlorin
miistaqil tolim (Oyronmayi dyronmoak), miistoqil dziiniiinkisaf, miistoqil diislinmo bacariq vo
vordiglorinoe yiyalonmosino imkan yaratmaqdir. Dors basa catdigdan sonra gostorilmis
foaliyyatlordon birini - qiymatlondirms va ya refleksiyani hoyata kegirorkon miistoqil dyronmo
proseslorinin  nozordon kegirilmosi vo bunun noticosindo 0z Oyronmo foaliyyetinin
tokmillogdirilmasi moqsadouygun olardi. Bozon qiymotlondirma vo refleksiyan1 dorsin
miixtolif morhalolorino daxil etmok olar, bunun 6zii do tolim prosesinin daha ugurla
ke¢mosino komok edar.

Sagirdlorin is1 effektivlik doracosino goro hom komiyyst, hom do keyfiyyotco
qiymatlondirilo bilor vo bu miixtalif metodlarla vo miixtslif formalarla hoyata kegirilo bilor.
Lakin miiollim yadda saxlamahdir ki, qiymatlondirmo ilk ndvbado sagird {igiin
Oziiniigiymatlondirms vo zlinonozarat vasitosi rolunu oynamalidir.

Oziiniigiymotlondirmo vordislorini formalasdirmaq mogsadils biitiin sinfin vo miiallimin
qarsisinda  sagirdlorin  Ozlorine  qiymotvermosi  tocriibesindon,  habelo  qarsilight
qiymatlondirmadon istifads etmok olar. Bundan olava, qiymatlondirmoa meyarlar iizro aparil-
malidir, yoni konkret meyarlara asaslanmalidir. Miiollim sagirdlori 6ncodon bu meyarlarla
tanig edo vo ya qiymat vermaklo onu asaslandira bilar.

Interaktiv dorsin morhalalorine miivafiq noticolorin doyarlondirilmosi:

Interaktiv metodla aparilan dorsin qurulusunu iimumi, sistemli sokildo gavramaq (gtin
Vo dorsi apararkon onun mogsadouygun olub-olmadigini miioyyan etmok g¢un muoyyan
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pedaqoji meyarlar da lazimdir. «Har morholods osas hadisalor hansilardir?» vo «Har
moarhalanin naticasinds na alimmalidir?» suallart mahz bu meyarlar kimi ¢ixis edo bilar.
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INTERAKTIV TOLIM METODU iLO KECILON DORSLORIN MORHOLOLORI
VO SOCIYYOVI XUSUSIYYOTLORI

Quliyev M.S., Hiimbatova G.E.
Xulasa

Yuxarida gostorildiyi kimi, interaktiv tolimin mithiim xiisusiyyatlorindan biri sagirdlorin
miistaqil tolim (6yronmayi dyronmak), miistaqil 6ziinliinkisaf, miistaqil diisiinms bacariq vo
vardislaring yiysalonmasins imkan yaratmaqdir.

Dors basa catdigdan sonra gostorilmis foaliyyatlordon birini - qiymotlondirmo vo ya
refleksiyani hoyata kegirarkon miistaqil 6yronmo proseslorinin nozordon kegirilmasi vo bunun
naticosindo 6z Oyronmo foaliyystinin tokmillosdirilmasi mogsadosuygun olardi. Bozon
qiymotlondirmo vo refleksiyani dorsin miixtalif morhoalolorine daxil etmok olar, bunun 6zii do
tolim prosesinin daha ugurla kegmosino kdmok edor.

Sagirdlorin isi effektivlik dorocosino goro hom komiyyot, hom do keyfiyyotco
giymaotlondirilo bilor vo bu miixtalif metodlarla vo miixtalif formalarla hoyata kegirilo bilor.
Lakin miollim yadda saxlamalidir ki, qiymotlondirmo ilk novbado sagird tigiin
Oziinligiymatlondirme vo 6ziinonozarat vasitosi rolunu oynamalidir.

ITAIIbI U XAPAKTEPUCTUKHN UHTEPAKTUBHbBIX METO/JOB OBYYEHUSA

I'ynuee M.C. I'ymoamoesa I'.E.
Pe3zrome

Kaxk yowce ynomunanoce eviuie, 0OHOU U3 8ANCHBIX OCOOEHHOCMEU UHMEPAKMUBHO2O
00OyueHust  sA6Islemcs  NPeO0OoCMAGIeHUe  YYAWUMCS — BO3MOJICHOCMU — HAYYUMbCS
CAMOCMOSIMENbHOMY 00VUeHUI) (00YUeHUI0 YUUmMbCsL), CAMOCMOAMENIbHOMY CAMOPA38UMULO,
CAMOCMOSMENbHOMY MbIULIEHUIO, HABLIKAM U NPUBLIUKAM.

B xonye ypoxa 6vi10 Obl none3Ho npoaHaIUIUPOBAMb CAMOCMOAMENbHbLE NPOUECChl
00VUeHUs NPU NPOBeOeHUU OOHO20 U3 BUO08 OesIMeNbHOCMU - OYEHUBAHUS WU peeKcuul, U 8
pesyibmame  YIyuuums CcoOCMEEHHYI0 YueOHyio OesmenvbHocmy. Mnoeoa oyenusanue u
pasmvlulieHue Mo2ym Oblmb GKIIOHUEeHbl 8 PA3Hble 3MAanvl YpoKd, Ymo, 8 C6010 0yepelb,
nomozaem npoyeccy obyuenus bvims O0J1ee YCHeuHbIM.

Pabomy cmyoenmos mooicHo oyenusamv Kax KOIUHECMBEHHO, MAK U KAYeCMEEHHO NO
cmeneHu pe3yibmamueHOCmu, npudem 0eiams Mo MONCHO PAZHBIMU CHOCODAMU U 8 PA3HBIX
@opmax. Oonaxo yuumenv O00NdHCEH NOMHUMb, YMO OYEHUBAHUE OOINCHO ObiMb Npedtcoe
8Ce20 CPeOCmBOM CAMOOYEHKU U CAMOKOHMPOJISL Y4eHUKA.
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STAGES AND CHARACTERISTICS OF INTERACTIVE LEARNING METHODS

Quliyev M.S., Humbatova G.E.
Summary

As mentioned above, one of the important features of interactive learning is to provide
students with the opportunity to learn independent learning (learning to learn), self-
development, independent thinking, skills and habits

At the end of the lesson, it would be useful to analyze independent learning processes
when conducting one of the activities - assessment or reflection, and as a result improve your
own learning activities. Sometimes assessment and reflection can be included at different
stages of the lesson, which in turn helps the learning process to be more successful.

The work of students can be evaluated both quantitatively and qualitatively in terms of
the degree of effectiveness, and this can be done in different ways and in different forms.
However, the teacher must remember that assessment should be primarily a means of self-
assessment and self-control of the student.

DAYANIQLI KiIMYOVI QRUPLARIN YARANMASINI ASKAR EDON
INFRAQIRMIZI SPEKTROSKOPIYA (iQS) USULU
Seyidova I.A.
Ganca Dovlat Universiteti
dursun.adil@mail.ru

Acar sozlar: polimerlar, infraqirmizi spektroskopiya, rezonans

Key words: polymers, infrared spectroscopy, resonance
Knroueevie cnoea: TOTMMEDPBL, HH(PaKpacHas CIEKTPOCKONHS, PE30HAHC

Polimerlorin  fiziki — kimyavi xassalorini dyronarkon molum olur ki, bir sira xarici
tasirlor naticasinda hom karbozancir va ham do heterezoncir makromolekullarin qurulusunda
muloayyoan doyisikliklor bas verir. Belo doyismoalor infragirmizi  spektrlorda  6zlorini
gostarirlor. Daha sonra todgigatlar naticasindo molum oldu ki, mexaniki tasir naticasinda
polimerds bas veran doyisiklik, termo va foto tasirlor naticasinds bas veran doyisikliklor ilo
eynidir, yani bunlar arasimda miisyyon analogiya vardwr. Hal — hazirda termo va foto
destruksiyaya aid kifayst godor tadgiqat islori mévcuddur.

Lakin belo bir icmaldan gabaq xarakterik rogslor anlayisi ilo tanis olmaq lazimdir.
Clinki bizi maraqlandiran masalolorin  holli xarakterik tezlikloro uygun golon udma
zolaglarmin tadgigindon asilidir.

Murakkob molekullarin ragsi harakatine aid mesalalorin hallinds bir ¢ox aydin olmayan
suallar meydana ¢ixir. Beloki, hatta on miiasir riyazi tisullarin komayi ilo do belo mirokkab
molekulyar  rogslorin analizini vermok mimkin deyildir. Ona géro do oksor hallarda
infraquirmiz1 spektrlor migayiss yolu ilo 6yranilir vo nozariyyadon alan naticalor daha sads
molekullara ekstropolyasiya edilirlor. Buna baxmayaraq, udma zolaqlarmin ayri — ayri
olagolords lokallagsmis valent vo deformasiya rogslori noticasinds yarandigini qabul etsok bozi
umidverici Gmumilosmolor apara bilarik.

Xarakteristik rogslor anlayisi ¢oxatomlu molekullar nozariyyasinin an muhim
anlayislarindan birisidir. Beloki, tezliya g0ro xarakteristik olan ragslorin movcudlugu
spektroskopiyada kimyoavi todgigatlarda ¢ox mihiim rol oynaywr. Lakin xarakteristik
ragslordan istifado olunan mosalalords daha ¢ox sshvlora yol verildiyini gobul etmok lazim
golir. Masalan, bels bir fikir soylonilir ki, spektrdo udma zolaglarinin vaziyystinin doyismasi
ona uygun galon kimyoavi grupun qurulusunun doyismasini gostarir. Digar torafdon malumdur
ki, hor hans1 kimyavi grupun bir molekuldan digarina kegmasi zamani zolagin yerdoyigsmasi
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qgrupun qurulusunun tam sabit qalmasi ilo do bas vera Dbilor. Buradan aydin olur ki,
xarakteristik rogslor hagqinda doaqiq aydinliq olmaldir.

Ogar molekulun har hansi1 bir normal ragsi verfilmis kimyavi gqrupun normal ragsi ilo
tezliyo goro Ust — Usto diisorsa belo ragslor verilmis qrupun tezliys qOro xarakteriastik rogsi
adlanir. ©gor molekulun har — hansi bir normal ragsinin formasi verilmis kimyavi grupun
normal ragslorindon birinin formasi ilo eyni olarsa belo ragslor verilmis qrupun formaca
xarakteristik ragsi adlanir. Xarakteristik tezliys uygun golon udma zolaqlarinin intensivliyinin
doyismasina gora, mixtalif xarici tasirlor noticasinds (istilik, siialanma, miixaniki tasir va S.)
maddonin kimyavi qurulusunun doyismosi, molekulyar ¢okinin vo basga fiziki — kimyovi
parametrlorin doyismosi hagqmnda miiayyan naticolora golmok mumkundur.

Polimer nimunalarin infraqirmizi spektrlorini oldo etmok (ctin UR — 10, JKS — 14A
prizmali vo DS - 403G difraksiya qofasli spektrofotometrlordon istifade edilmisdir. Bu
cihazlar iki kanallidir vo konpensasiya prinsipina gora islayirlar.

Prizmali cihaz olan UR — 10 udulma spektrlorini 400sm * — 5000sm™ (25mk — 2mk)
buraxma oblastinda gostora bilir. Bu cihaz (¢ prizmadan ibaratdir. KBr (400-700 sm™), NaCl
(670 — 5000sm™) va LiF (1800 — 5000sm™). Prizmalarin doyisilmosi avtomatik olaraq bas
verir. Cihazm ayirdedici giivvasi 1000sm™ oblastinda 1sm™ borabordir.

Digor bir cihaz IKS — 14A infraqirmizi prizmali spektrofotometr maddolorin  udma
spektrlorini 400sm™® — 1333sm? (25 — 0,75mkm) oblastinda qeyd etmok (igin nozordo
tutulmusdur. Bu cihaz da iki kanallidir. Dérd prizmaya malikdir. KBr, NaCl, LIF vo ¢—1.

Bu prizmalarm doyismosi mexaniki surstdo, yoni ol ilo doyisilir. IKS — 14A cihazimnm
xotas1 10000sm™ oblastinda 3-4 sm™ aodordir.

Bu isdo prizmali cihazlardan, yoani spektrofotometrlordon basqga ham do ylksak ayird
edici quvvays malik olan difraksiya gofasli DS — 403G spektrofotometrdon istifads
edilmisdir. Cihaz udulma spektrlorini buraxma faizilo 200sm™ — 5000sm™*(50mm — 2mk)
oblastinda dord qafasin kdmayi ilo geyd edo bilor. DS — 403G cihazmnin asas qostaricilori
asagidakilardir: ayirdedici qiivve 1000 sm? oblastinda 0,4sm™, omoliyyat yerino yetirmok
gabiliyyati 4000- 2000Sm™ tezliyinds + 0,25 sm™, 2000 — 200sm™ oblastinda isa toxminon *
0,05sm™* godardir.

Spektroskopik  todgigatlar apararkon  yarigin spektral enini  bilmok  vacib
mosalalordon biridir. Clinki yarigin eni udma zolaginin intensivliyino tasir edir.

Spektral eni asagidaki formula ilo toyin etmok olar [13]. Prizmal; spektrofotometr
ucun

2 c; 1/2
_ [1 n' Sin(a/2)] -V—V+ F(Sq) 1 +S, M
4N -Sin(a/2)(dn/d) F 2NPv(dn/dv)
Burada n — prizma materialinin sindirma amsalidir, & —prizmanin topa bucagidir, W -
yarigm hondasi eni, F — fokus masafasi, N — optik sistemin tam kegidin say1, dn/dv —
prizmanin  dispresiyasi, F(Ss) — mitonasiblik omsali, Sa — aberrasiya haddi, P — prizma

bazasmin uzunlugu, v — dalga odadidir vo sm™ vahidi ilo toyin edilir.

Difraksiya gofasli spektrofotometrlor Ggiin:
1/2

5= vd {1—( n j }WS{(EJ +WA2:| )
NnF |~ (2vd B

Haradaki d — gofas sabitidir, n- spektrin tortibidir, wa — yarigin effektiv hondasi
enidir, B — spektrometrin aperturasidir.
Polyazilonmis is1q oldo etmok Uglin polyarizatorlardan istifado edirlor. Polyazizator

infraqirmizi stianin istiqgamatine Briister bucagi altinda yerlosdirilmis selen 16vhaciklorindon
ibaratdir. UR — 10, JKS — 14A vo DS — 403 G spektrofotometrlorinds istifado edilon
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polyazizator 6 selen I6vhciyina malikdir. Onlarm hor birinin qalinligi Smk — na brabardir
Vo polyazizatorun polyarlasma daracasi 97 — 98% qodordir.
9Adabiyyat
1. ©.E.Masimov, Polimerlorin fiziki kimyasi, Baki, 2010
2. Jl.Lbennamu «MH(pakpacHble CHEKTPbI CIOXKHBIX MOJIEKYa», Mocksa, 1963.
3. AJL.T'onpenbepr u ap. c6. «MonekyinsapHas criekTpockonusi» 131, 1960

DAYANIQLI KIMY9Vi QRUPLARIN YARANMASINI ASKAR EDON
INFRAQIRMIZI SPEKTROSKOPiYA (iQS) USULU

Seyidova I.A. dursun.adil@mail.ru
Ganca Dovlat Universiteti
Xulasa

Uzvii polimerlorin osas zonciri karbon atomlarindan ibaratdir. Hans1 ki, belo polimerlor
homozoncir qurulusa malikdirlor. Infraqirmizi spektroskopiya iisulu ilo totbiq olunan xarici
mexaniki garginliyin ayr1 — ayr1 atomlar arasi alagalords paylanmasi 6yranilmisdir. Kimyavi
alagoalorin qirilmasi noticasinds sorbost radikallarin yaranmasi elektron paramaqnit rezonans
Usulu ils tayin olunmusdur.

HAIIA UHOPACTPYKTYPA METO/I CIEKTPOCKOIINHA (1QS)

Ceiiuoosa H.A. dursun.adil@mail.ru
Ianorcunckuit I'ocyoapcmeennwtii Ynueepcumem
Pe3tome

OcHoBHasl 1IleMb OPraHWYEeCKUX IMOJIMMEPOB COCTOMT M3 aTOMOB yriepoja. Takue
MOJIUMEPhl MUMEIOT TOMO3HMIOTHYIO CTPYKTYypy. MccnemoBaHo pacnpeneneHre BHEIIHEro
MEXaHUYECKOTO HAaMpsHKEHHs], MPHJIOKEHHOTO METOJO0M HH(PAKpaCHOM CHEKTPOCKOIHUH.
O6pazoBanue cBOOOAHBIX PAIMKANIOB B PE3YJIbTATE Pa3pblBa XUMUUYECKUX CBSI3€H ONpeAesiiu
METO/IOM 3JIEKTPOHHOTO IMapaMarHUTHOTO pe30HaHCA.

OUR INFRASTRUCTURE SPECTROSCOPY (1QS) METHOD

Seyidova I.A. dursun.adil@mail.ru
Ganja State University
Summary
The main chain of organic polymers consists of carbon atoms. Such polymers have a
homozygous structure. The distribution of external mechanical stress applied by infrared
spectroscopy has been studied. The formation of free radicals as a result of breaking chemical
bonds was determined by electron paramagnetic resonance.

VIK, 517.946
OJJHA KPAEBAS CMEINIAHHASA 3AJTAYA METO/l ®YPBE
HEOJHOPOJHOE I'MIEPBOJIMYECKOE YPABHEHHUE

Jou. Abobacoe 3./1., Hopacumosa H.I.— I'T'Y

KaroueBbie cioBa: CMCIIaHHasdA, HCOAHOPOIAHBIC, YPAaBHCHUS, MCETOJ (Dypbe,
PAa3JIMIHBIX, KPACBbIX, YaCTHBIM, HeHSBeCTHLIﬁ, BbIPpAKCHUA, COOCTBEHHBIX U Aap.

Acar sozlar: qarisiq, bircins olmayan, tonlik, Furye metodu, mixtalif, sorhad, xususi,
geyri-askar, ifads, moxsusi va s.
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Mertoxa pasneneHus: nepeMeHHbIX uiau meton Dypwe, sBIseTCs OAHUM W3 Haubojee
pacnpoCTpaHEHbIX METOJIOB PEIICHUS YPaBHEHUI C YaCTHBIMU ITPOM3BOIHBIMIU [ 1, 2, 6, 8].
Onnum u3 Hambosee >PPEKTUBHBIX METOJOB PEIICHUs] MHOTOMEPHBIX KPaeBbIX 3a7ad
aBisgercs MeTo10B Dypbe (pa3aeneHus NIEPEMEHHBIX).
[Tycts oneparop L ompenensiercs nuddepeHnnanbHbIM BEIPaXKEHIEM
Lu =div(p gradu) + qu, x € D, (1)
Y TPAaHUYHBIM YCIIOBHEM

au+ﬂ5§ =0, )

npudeM pyHkmun P(X), q(X), 2(X) u ,B(X) YIOBIIETBOPSIIOT YCIIOBHSM
peC*(D), geC(D), p(x)>0, q(x)>0, xeD,
aeC(S), peC(S), a(x)=0, B(x)=0, 3)
a(X)+ pB(x) >0, xeS.
I'ne S,- tauacts S, rae a(x) >0 u B(X) >0 ogHOBpEeMEHHO.

Meton ®ypbe it mocTpoeHUs: (GOPMAIBHOTO PEIICHHs] CMEIICHHAs 3a7add TakkKe U

AJIL HCOAHOPOAHOTO YPaBHCHU A FHHep6OHI/IquKOFO THIIA
2

ou

Lu:—pa?+ F(x,t), 4)

ul, o = U (¥), =u,(x), xeD (5)
t=0

au+ M Z0, =0 (6)
on s

[Tpu kaxaom t > 0 pasmoxkum pemenue U(X,t) 3amauu (4) — (5) — (6) B psx Pypbe
no cobctBerHbM QyHkmsam {X, } oneparopa L,

U =2 X 00T, T =(.X,),, @)

ay :(UO’Xk)p :IPUoXkdX7 b, = (ul’xk)p (8)
D

1
VA

B cuny (5), (7) u (8) neusBectHbie ¢yHkuuu T, (t) TOMKHBI yIOBIETBOPATH
HAYaIbHBIM YCIIOBHSIM:

T (0) = j PEOUK0) X, (X)X = (Ug, X, ), =,

8u(x 0)

X, ()dx = (U, X)), = /Aby, 9)

CocraBum L[I/IcpcpepeHuHaanoe ypaBHeHHE s QYHKOUM T,. YMHOXas CKaJlsipHO

T, (0) = j (x)

ypaBHeHue (4) Ha X, mpou3Bojis GOPMaTIbHOE BBIKIAIKU, TOTYYUM

Uy dx- X, =3, x
Ipatz X = —Ipu X= 2(u, )
=—(Lu, X, )+ (F, X, ) =—(u, LXk) +(F, Xk) =4, X,), +(F, Xy)
T.€., B cuiy (7), yHkuuu T, yIOBIETBOPSIOT YPaBHEHUIO
T +A4T, =C,(t), k=12,.., (10)
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Tac
C, (1) = (F, X,) = [FO )X, ()dx (11)

[Toaromy hopmainbHBIi psif (7) CBOAUTCS K €TMHCTBEHHOMY CIIAragMOMY

u(x,t) = a)ZC 2 (isin \/Zt—sin a)tlxk(x), (12)

VA

KOTOpoe€ sABIsIeTCs (pakTHuecKuM penienueM 3agaun. [Ipy @ — /4, pemenue (12) npuanmer

BU]I

sin /A4t

u(x,t) = ¢ ‘/_' —tcos\/Zt X, (x) (13)
204 &

N3 cdopmyner (13) cnemyer, 4Yro moja JAEHCTBUEM IEPUOJUYECKOTO BHEIIHETO

Bo3mymieHus (11) ¢ gacToToi, paBHOM OFHOW M3 COOCTBEHHBIX YacTOT +/A, , aMIIMTyAa

KoJIe0aHUI HEOTPAHWYEHHO BO3PACTAET NMpH t — o T.e., Kak TOBOPSAT, UMEET MECTO SIBIICHUE
pe30HaHca.
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OJHA KPAEBAS CMEINIAHHAS 3AJAYA METOJ ®YPBE HEOJHOPOJHOE
I'NMIEPBOJIMYECKOE YPABHEHUE

ou. Aboacoe 3./1., Hopacumosa U.I'. —I'T'Y

Meton pasneneHus nepeMeHHbIX uinu Mmetoa Dypbe, sBIseTcs OIHUM M3 Hambojee
pacpoCTpaHEHbIX METOJIOB PELLICHUS YPaBHEHUH C YaCTHBIMM IPOU3BOIHBIMH [1, 2, 6, §].

Opnum u3 Hambomnee A3PPEKTUBHBIX METO/0B PEIICHHsS MHOTOMEPHBIX KPaeBbIX 3a7ay
sBisgeTcs MeTo10B Dypbe (pa3aencHus IepeMeHHbBIX ).

FURYE METODU iLO B_iRCiNS OLMAYAN HiPERBOLiK TiPLi TONLIiK UCUN
BiR QARISIQ SORHOD MOSOLOSI

Abbasov Z.D., Ibrahimova i.Q.
Ganca Dovlat Universiteti
Furye mutodu vo ya doayisonlori ayirma tisulu xiisusi téromoli diferensial tonliklorin
umumi hallarinin qurulmasi tigtin on effektli tsullardan biridir.
Baxilan masaloda bu metodun kémoayi ilo bircins olmayan hiperbolik tipli tonlik tgin
bir qarisiq sarhad masalasinag halline baxilmisdir.
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COBCTBEHHBIE YACTOTbBI U TAPMOHUK U3I'MBHBIE KOJIEBAHUSA
CTEPXHSA HA OJJTHOM M3 KOHIIOB, KOTOPOI COCPEJIOTOYEH
WHEPIIMOHHBIN I'PY3

Kynueea C.B.
I'anoxncunckuii I'ocyoapcmeennwiii Ynueepcumem

KuroueBble cjioBa: cliekTpasibHas 3a/iada, W3TMOHbBIE KOJIEOaHUSI OJHOPOJHOM Oaiiku
DOiinepa-bepHymm, NmpoaoibHAs CWiIA, WHEPIHOHHBIN T'py3, OCHWUISIIMOHHBIE CBOWCTBA,
coOCTBeHHBIE (DYHKIIMHU, COOCTBEHHBIE 3HAUCHHs, Oa3MCHBIE CBOMCTBA.

Key words: spectral problem, the bending vibrations of a homogeneous Euler-Bernoulli
beam, a longitudinal force acts, an inertial load, a tracking force, oscillatory properties, eigen
functions, eigenvalues, the basic properties

Pe3tome. Paccmampueaemcs CnekKmpanvbHas 3a0ayd, ORUCLIBAIOWAS  U3CUOHbIE
Konebanusi 0OHOpoOHOU Oanku unepa-bepuynnu, 6 ceuenusx xomopou Oelicmeyem
npoooNbHAs CUNA, JeBblil KOHely KOMOpou 3adeiaH, d HAd NpasoM KOHYe COCpedomoyeH
UHEPYUOHHBLIL 2py3 U DMOM KOHey noodgepzaemcsi Oelicmeuro ciedsujell cunvl. Jlaemcs
00Was XapaKkmepucmuKka pacnoniodiCeHuss coOOCMEEeHHbIX 3HAYEHULl HA GeujeCMBeHHOU OCU,
UZYYAIOMcss  CMPYKmypa — KOPHEeBblIX NOONPOCMPAHCIE U OCYUWILIAYUOHHbIE CBOLCMBA
COOCMBEHHBIX YHKYUL U UX NPOUIBOOHBIX, NOJYYAEMCS ACUMNMOMUYecKue Gopmynvl OJis
COOCMBEHHbIX 3HAYEeHUL U COOCMBEHHbIX QYHKYuUll, ucciedyemcs OA3UCHble CBOUCMEa 8
npocmpancmee Lp, 1< p <o, cucmemvt cobcmeenuvix GyHKyuLl 5motl 3a0a4u.

banka Dunepa-bBepnynnu onunvt L ¢ npamonunelinoti ocvto  nepemenHo2o, HO He
3aKpY4eHH020 ceueHus, cogepularowias useudmvie koneoanus 6 niockocmu Oxz. CeobooHvle
useubHvle Ko1ebaHuss 0OHOPOOHOU OANIKU, 8 CEYEHUAX KOMOPOU Oeticmayem npoooibHAsL CULA

Q(X) , onucwvisaemes ypasnenuem
WX, 8 (=, BW(X,1) 22W (X, 1)
EJ————=——| Q(X) =
x4 X oX o2

20e J —momenm unepyuu ceuenusi omuwocumenvro OY, EJ —useubnas scecmxocmo

0.

o

banxu, W (X,t) —npozub mexywei mouxu ocu cmepocns, p— niomuwocms barku, a F —
nIowadb NONEePeyHo20 ceyeHus OAIKU.

IocTranoBka 3agaum. CrekrpanbHas Teopus aup(GepeHIHATBHBIX OIEPaToOpoB CO
CIIEKTPAJIbHBIM MAPaMETPOM B TPAHUYHBIX YCIIOBHUSX SBJSICTCS OJHUM M3 Ba)KHBIX pPa3ficiioB
COBPEMCHHOW MaTeMaTHKH. M3ydeHwe TpaHMYHBIX 3aJad C HapaMeTpoM B TPaHUYHBIX
YCJIOBHSIX UMEET KaK TCOPETHUCCKUH, TaK JK€ U MPUKJIATHON MHTEPEC, TAK KaK 33aJ]aud TaKOTO
TUIIA BCTpEYaroTCs B MexaHuke u ¢pusuke. Eme B 1820 r. M. Ilyaccon pemaer 3amgady o
JIBWDKEHUH Teja, TOJABEIICHHOro K Koy HepacTsbkumoi Hutd, AH. Kpeumos wu  C.IL
TumomieHko paccMaTpUBaIOT 3a/ady O MPOJOJBHBIX KOJNEOAHUAX CTEPHKHS, KaKk OJHY W3
aKTyallbHBIX 337a4 ecTecTBO3HaHUs. B.B. bonotun n3yyaer u3ruOHble KoeOaHus CTEPKHS, B
CEUEHHUSAX KOTOPOro NEHCTBYET MPOAOJbHAsl CHia, JIEBBIM KOHEI[ KOTOpOW 3ajenaH, a Ha
MPaBOM KOHIIE€ COCPEIOTOYEH HWHEPIMOHHBIA T'Py3 U Ha 3TOM KOHIIE JEHCTBYET ClesIas
cuiia. DTa 3a7aya OMHUCHIBAETCS KpaeBOM 3amadeld st 0ObIKHOBEHHBIX AuddepeHnanbHbIX
ypaBHEHUH YETBEPTOTO MOPSIIKA CO CIIEKTPaIbHBIM MapaMeTPOM B TPAHUYHBIX YCIIOBUSIX.

Taxkum 06pa3oM, UccIeI0BaHUE CHEKTPAIBbHBIX CBOMCTB peryisipHbix cuctem Lltypma
CO CIEKTPAJbHBIM MapaMeTpOM B OJHOM W3 TPAHWYHBIX YCIOBUI W BIIOJIHE PETYISPHBIX
cucreM lllTypma co CHEKTpaJbHBIM MMapamMeTpoOM B JABYX M3 TPAaHUYHBIX YCIOBHUH sBIseTCS
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AKTyaJIbHBIM.
OcumnsuuoHHbIE CBOWCTBA peryisipHbix cuctem HItypma

£.(y)=(p(x)y")" = (a()y) +r(x)y(x) = Ar(x)y, 0 < x <1, (1)
y'(0)cosa — (py”)(0)sin a =0, (1.2)
y(0)cosp +Ty(0)sin g =0, (1.2)
y'(Dcosy + (py")(I)sin y =0, (1.3)
y(l)coso —Ty(l)sino =0, (1.4)

rae A eC —cnekrpanbHblii mapamerp, Ty =(py’’) —qy’, dysakuus P (X) mosnoxurenbHa u
uMeeT abcomoTHo Henpepsiayio npomssoanyo Ha [0, 1], dyskmms g(X) meorpumarensua
u abcomorno HenpepeiBHa Ha [0, ], ¢ymkums r(X) wuenpepwiua ma [0, 1], 7(X)
nojoxurensaa u Henpepsisaa Ha [0,1], «,f,7,0 — nelicTBUTENbHBIE MOCTOSHHBIE, TIPHYEM
a, B,y €[0,7/2], 6 €[0, 7).

3anava (1)-(1.4) Bo3HMKAET MpH pa3/ie]IeHUH MEPEMEHHBIX B TUHAMHYECKONH KpaeBOi

3aade, OMUCHIBAIONICH Malible TIOMEpeYHble KOJeOaHWs HEOTHOPOIHOTO CTEpIKH,
MOJIBEPTraeMoro JIEHCTBHIO OCEBOM (MU TIPOJIOJIBHOM) CHUITHI.

PaccmoTpum Ganky Diinepa-beprymmy, uMeromryto jummHy L (cedenus kortopoil He
3aKpydeHa W OCh IEPEMEHHOTO NPSMOJIMHEHHA), KOTOpas coBepmiaeT B IUIOCKOCTH OXz
m3rubHbie Konebanust. [lockonbky |[yzdF =[ydF = [zdF =0, to rmaBubiMu GymyT ocu Oy

F F F
u Oz, a ocb Ox HampaBlieHa MO OCH OaJKW U MPOXOJUT 4Yepe3 IEHTPHI TAKECTH BCEX
ceueHuil. [lpenmonokuMm, 4YTO TMOMEpPEUYHBIE CEUYEHUS OCTAlOTCS IUIOCKUMHU  IIPH
nehOpMUPOBAHUM W OHHU TEPHEHAMKYIAPHBI K ocH (KoTopas nedopmupoBaHa) Oanku, a
HampspKeHUs (HOpMasibHbIE) MPEHEeOpEeKMMO Mallbl Ha IUIOIIAIKaX, KOTOphIE MapaieibHbI
ocH (TIpH ATOM pacTsLKEHHE OCH He yuuTbiBaeTcs). Kunetnueckast U moTeHIHUaIbHAsl SHEPTUH
negopMaluu CBS3aHbl CIEAYIOMINM 00pa3oM ¢ mporudom crepkas W :

2 2
L (2 L
U= el 5| axi T=2] F(awj dx,
rie J= IZZdF ABJIAETC MOMEHTOM MHEPLMHM CEYeHHs oTHocurenbHo ocu Oy, EJ —

F
m3ruOHast xkectkocth Oanku, W (X,t) —mporuG Tekymieil TOYKH OCH CTEpxkHS, O —

IUIOTHOCTh Oanku, a F — momane momepeunoro cevenusi Oanku. CBOOOIHBIC W3THOHBIC
KoJieOaHus OajKu, B CEUYEHHsIX KOTOPOH JeiicTByeT mpozonbHas cuia Q(X), omuceiBaroT
ypaBHEHUEM

2 2
0 EJa WXt @ (Q( )aW(x t)]+pFa W(X,t):o'
ox 2 oX 2 ot2

Ecnu Oanka sBiseTcst O,[[HOpOI[HOﬁ C NOCTOSIHHOM KCCTKOCTBHIO, TO OTCHOJIAa ITOJTYIUM

2
64W(X ) o (Q( )aW(x t)j+pFa W (X, 1)

=0.
ox 4 o2
HpI/I t = O JOJIX)KHBI BBITIOJIHATHCS Ha4YaJIbHBIC YCJ'IOBI/IH
W(X,0) = f(X), aw(af 9 _ 4(x).

Ecnu neBblii koHel OanKku 3ajiellaH, a Ha MPaBOM KOHIIE JAeiicTByeT rpy3 maccod M u
uHepien |, To kpaeBbie yCIIOBHS 3aIUCHIBAIOTCS B CIICIYIOIIEM BUJIC
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W(0,t) =0, avxg(o,t) _

O°W(LY) _ a3vv(L t)
ox 2 oXot2
aW(L t)

EJ

a3vv(L t)

ox 3

02W (L, 1)

=M
8’[2

—-Q(L)
Beoas 0003HaueHus

X
X="— u W=—
L L
3aMuileM YpaBHEHMsI CBOOOJHBIX M3TMOHBIX KOJIEOAHWH OJHOPOAHON OajaKu C MOCTOSIHHOM

KCCTKOCTHU U KpacBbIC YCIIOBUA B BUIC

4 4 .2
EJ8 w(xt) 0 (Q( )aw(x t)j PFLT 0°w(x,t) _o
ox3 B 42
W(0,t) =0, a""(o't)=o,

£y 22WLY way L a3w(1 )

o2 Bl o2
3w(L t) aw(l ) _ M3 a%wat)
— 7 (1) ,

o3 El 2

12 _
roe Q(x) = —Q(Lx).
ne Q(x) £l Q(Lx)
PFL'w? [EJ o6o3maunm uepes A Torza 3a1aua 0 cBOGOIHBIX H3THOHBIX KOIEGAHMAX

Oalku, KOTOpas IIOCTaBleHAa HaMM Bble, 3ameHol W(X,t) =y(X)coswt cBomurcs k
CIEeIYIOIIEH 3a1aue Ha COOCTBEHHBIE 3HAUEHUS

Y@ (x) = (a(x)y'(x))' = Ay(x), 0 < x <1, )
y(0)=y'(0)=0, (2.1)
y'D)—-a,2y'() =0, (2.2)

Ty (1) —a,y(@) =0, (2.3)

, I m
-Qy,a =——70a,=————-
% pFL3 2 PFL

m

rie q(x)=Q(x), Ty=y

OueBHIHO, 9TO BBITIOJTHSFOTCS CIIETYIOLITHE YCIIOBHS
q(x)>0,x€[0,1], a, >0, a, <0 (q(x) sBaseTcs aOCOJIIOTHO HENPEPHIBHOW HA OTpE3Ke
[0, 1]).

Meton q)pre ABJIACTCA OOHHUM M3 HanOoJee pacupoOCTPaAHCHHBIX MCTOHNOB PCHICHUA
ypaBHeHI/Iﬁ C YaCTHBIMU IMPOU3BOIHBIMHU. I_ICJ'ILIO SABJISICTCA U3Y4YCHUC 0a3MCHBIX CBOMCTB

cUCTeMBbI cOOCTBEHHBIX (yHKIMA 3amaun (2)-(2.3) B mpoctpanctee L,(0,1), 1< p<oo.

J171s TOro 4TOOBI H3YYUTHh Oa3UCHBIE CBOWMCTBA CUCTEM COOCTBEHHBIX (DYHKIMI CHIEKTpaTbHON
3amaun (2)-(2.3) B mpocTpaHCTBE Lp (0,1), 1< p<oo0, HYKHO YCTAaHOBHUTH COOTBETCTBHE

MeXIy COOCTBEHHBIMH (YHKIUSIMH KpaeBoil 3amauu (2)-(2.3) u U3BECTHONH HAM CHUCTEMOMH,
oOpa3zyromield 06a3uc B MPOCTPAHCTBE Lp(O, 1), 1< p<oo. JIns YCTaHOBICHHS TaKUX
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COOTBETCTBUH HCHOJB3YIOTCS AaCUMOTOTHYECKHE (OpMynbl aisi COOCTBEHHBIX (DyHKIMIA
KpaeBoi 3amaun (2)-(2.3). Jlns ycTaHOBJICHUS aCHMIITOTHYECKUX COOCTBEHHBIX (DyHKIUH (2)-
(2.3) HYXHO U3YyYUTh PACIOJIOKCHHE COOCTBCHHBIX 3HAYCHHWM HA BEHIECTBEHHOW OCHU H
OTIPENICNIUTh UX KPATHOCTH, UCCIIEIOBATh OCIMIUIAIIMOHHBIE CBOMCTBA COOCTBEHHBIX (DYHKITHIA
U UX MPOU3BOAHBIX, TOCTABUTH  JIOCTATOYHBIC YCIOBHS, NPH KOTOPHIX TOJICHCTEMBI
coOcTBeHHBIX (yHKIMHA 3amaun  (2)-(2.3) o0pa3yloT 0a3uChl B MPOCTPAHCTBE
L,(0,1), 1< p<oo.

[lomydeHHble pe3ynbTaThl, HOCAT TeopeTHueckwii xapakrep. OHHM MOTYT OBITH
WCIOJIb30BAaHbl B DPA3JIMYHBIX BOIPOCAax CHEKTpabHON Teopuu uddepeHInalIbHbIX
OTIepaTOpOB, MIPU U3YUEHUH Pa3IMUHBIX 33]]a4 MEXaHUKU U (DU3HUKH.
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NATURAL FREQUENCIES AND HARMONICS BENDING OSCILLATIONS OF
THE ROD AT ONE END, WHICH IS CONCENTRATED INERTIAL LOAD.
FORMULATION OF THE PROBLEM

Guliyeva S.B.
Summary
We consider a spectral problem describing the bending vibrations of a homogeneous
Euler-Bernoulli beam, in the cross sections of which a longitudinal force acts, the left end of
which is sealed, and at the right end an inertial load is concentrated and this end is subjected
to the action of a tracking force. A general description of the location of eigenvalues on the
real axis is given, the structure of root subspaces and the oscillatory properties of eigen
functions and their derivatives are studied, asymptotic formulas for eigenvalues and eigen

functions are obtained, and the basic properties in the space L, 1< p <oo, of the system of

eigen functions of this problem are investigated. Consider an Euler-Bernoulli beam of length
L with a rectilinear axis of variable, but not twisted, cross-section, which performs bending
vibrations in the plane Oxz. Free bending vibrations of a homogeneous beam, in the sections

of which a longitudinal force Q (X) acts, are described by the equation

o) a%W (X, 1) _i(a(X)GW(X,t)}_pF O2W (X, 1) _
ox 4 oX oX a2
Where J — is the moment of inertia of the section relative to the Oy, EJ - bending stiffness
of the beam, W (X, t) —the deflection of the current point of the rod axis, p — the density of
the beam, and F — the cross-sectional area of the beam.

0.
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7-KVANTLARI iL® SUALANDIRILMIS In1Sm;Se MONOKRISTALLARININ
ELEKTRIK XASSOLORI

Abbasova A.Z., I'smay.llova,P.H. Ismayilov A.8., Valibayov X. §.
AMEA Fizika Institutu, Az-1143, H.Cavid pr. 131.
e-mail: p.ismayilova@physics.science.az

Acar sozlar: sintez, monokristal, maxsusi kegiriciliyi, konsentrasiya, termo-e.h.q.

Muoyyan edilmisdir ki, y-kvantlar1 ilo stialandirilmis InixSmxSe (x=0,03; 0,05; 0,07)
monokristallarinda torkibdon asili olaraq hor monokristal tgtiin moxsusi kegiricilik muxtalif
temperatur intervalinda bas verir. In1xSMySe (x=0,03; 0,05; 0,07) monokristallarinin
termo-e.h.q. ~450 K temperatura kimi artir vo ~450 K temperaturdan sonra azalr ki, bu da
temperatur artdiqca, coroyandasiyicilariim konsentrasiyasinin doyismasi ilo alagadardir.

Yarmmkegiricilor fizikasinin inkisafi rentgen vo ¥ detektorlar1 sahasinds yeni imkanlar
acir. Ge vo Si [1]  osaslhi molum yarimkegirici detektorlari, homginin A'"'BV! (CdS; CdSe )
[2-3] vo GaAs, ShyS3 [4-5] yarimkegirici birlosmolori asasinda hazirlanmig detektorlar yiiksok
hossasliga malik olmalar1 ilo yanasi, inersion xiisusiyyatlora do malikdirlor.

Bu sababdan 111 va VI grup elementlori asasinda alinmis yarimkegirici binar birlosmalor
daha ohomiyyatlidirlor. Belo materiallar osasinda effektiv rentgen detektorlar1 vo
fotoceviricilorin hazirlanmasi aktualdir. Bu moaqsadlo tomiz vo nadir torpaq elementlori ilo
asqarlanmis InSe monokristallar1 asasinda hazirlanmis detektorlar boyiik maraq kosb edir.
Todqiq etdiyimiz materiallar InSe vo In1xSmxSe Bridcmen Stokbarger metodu ilo alinmisdir.

Sintez tl¢iin asagida gostarilon yiksok tomizlik daracasine malik olan elementlordon
istifado edilmisdir In- In 000, Se B-3 vo Sm M 1. Kristallar 10* mm c.s. havasi sovrulmus
kvars ampulada sintez olunmusdur. Rentgenoqrafik analizin naticasinds miiayyan olunmusdur
Ki, In1xSmySe kristallar1 heksoqonal singoniyada kristallasirlar [2-6]. Monokristallik kiilgadan
kristallografik laylar istiqgamotinds 5x4x3 mm?3 6lciido niimuns hazirlanir. Kontakt material
olaraq giimiis pastasindan istifado olunmusdur. Nimunolor otagq temperaturunda enerjisi
1,25MeV vo selinin sixlig1 1,4-10' kV/c sm? y siialanma monboayi Co®° olan RKUND-20000
qurgusu vasitasi ilo aparilmisdir (300-800 K —do). y-kvantlar ilo siialandirilmis Ingi.xSmySe
kristallarmmn elektrik xassolori todqiq olunmusdur. Tacriibadon almmis naticalors asason
elektrik kegiriciliyinin temperatur asililigi Arenus koordinatinda qurulmusdur. (sokil. 1.)

o, om-sm’!

18 5 37 49 21 28 25 (27
109 T,K*!

Sokil. 1. y-kvantlari ilo siialandirilmig InixSmxSe (x=0,03 (1); 0,05 (2); 0,07 (3))
kristallarinm elektrik kegiriciliyinin temperatur asililigt:
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Tadqiq olunan temperatur intervalinda stialandirilmis Ini1xSmySe kristallarinin elektrik

kegiriciliyi o = aoe_% eksponensial ganununa tabe olur. Belo ki, InixSmxSe sistemda
Sm —nin artmast elektrik kegiriciliyinin yiiksalmasino sobob olur. Misyyon olunmusdur ki,
y-kvantlar1 ilo stialandirilmis InixSmySe kristallarinda torkibdon asili olaraq hor bir kristal
Uclin moxsusi kegiricilik oblast1 va aktivlosma enerjisi doyisir. Bu doyisma asagidaki codvalda

verilir.

Cadval In1xSmyxSe monokristallarinin bazi elektrik parametrlori:

NUmuna Moxsusi kegiricilik oblast1 | Aktivlogsmo enerjisi Ea, eV
Tmox, K

INo,97SMo 03Se 769-666 1,2

INo.05SMp 05Se 740-605 0,842

INo,93SMo07Se 701-588 0,696

Termo e.h.q. —nin ganunlarina géra mioyyon edilmisdir ki, stialandirilmamis halda
oldugu kimi siialandirilmis kristallar da n-tip Kkegiriciliyo malikdirlor. Termo e.h.qg.-nin
temperatur asililiginda temperaturun 300-800 K intervalinda Oyronilmisdir. Soakil. 2.-don
gorindr ki, nimunalorin Termo e.h.q. —i 450 K temperaturuna gadar artir.

amV/K

1100

1000

300 500 700

Sakil.2. In1xSmxSe (x=0,03 (1); 0,05 (2); 0,07 (3)) kristallarinda termo e.h.q. - nin
temperatur asililig:
1-tip yiikdagiyicilar tiglin termo e.h.q. — i Pisarenko disturu ilo miayyan olunur

k 2(2nm*kT)3/?
a=+—(25+r+1In
e h3n

k-Bolsman sabiti, e-elektronun yiikii, r-quvvet Ustiiniin gostoricisi, m™ -effektiv kiitlo, T-
mitloq temperatur, h-Plank sabiti, n-coroyan dasiyicilarinin konsentrasiyasi, T-mitlog
temperatur.

Disturdan goruntr ki, termo e.h.g.-nin doyismasi, osason coroyandasiyicilarin
konsentrasiyasinin temperaturdan asili olaraq doyismasi ilo olagodardir. Konsentrasiya sabit
vo effektiv kitlonin temperaturdan asili olmadigi halda, bir sopilmo mexanizmi iigiin
temperatur artdigca termo e.h.q. —i artir. Stialandirilmis Ini.xXSmySe kristallarmin termo e.h.q.
~450 K-no godor temperatur artdiqca artir, sonra azalir ki, bu da coroyan dastyicilarinin
konsentrasiyasinin temperaturdan asili olmasi ilo alagodardir.
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SJEKTPUYECKHUE CBOMCTBA MOHOKPUCTAJLJIOB In:Sm,Se
N3JIYYEHHbBIX y-KBAHTAMMU

Aobacosa A.3., Hcmaunoea ILI., Hcmaunoe A.A., Beauoerkoe X. 111

YcraHoBJICHO, YTO B MOHOKpUcTauiax InixSmySe (x = 0,03; 0,05; 0,07), o0nydeHHBIX
Y-KBaHTaMH, YACJIbHAsA MPOBOJUMOCTE JJISA KaXXJI0I'0 MOHOKPHUCTAJIJIA IMPOABIACTCA B PA3HBIX
TEMIIEPATYPHBIX UHTEPBAIAX B 3aBUCHUMOCTH OT COCTaBa. 1epMO-3.1.C. OT KOMHATHOIO 10 ~
450 K yBenuuuBatotrcs, a npu T > 450 K ymenbiiaercsi, 4to 00YyCIOBIEHO M3MEHEHUEM
KOHICHTpaIUKU C UBMCHCHHUEM TEMIICPATYPhI.

ELECTRICAL PROPERTIES OF SINGLE CRYSTALS In1.xSmxSe RADIATED BY vy-
QUANTUM

Abbasova A.Z., Ismailova P.H., Ismailov A.E., Velibekov X.Sh.

It is established that in monocrystals Ini.xSmySe (x = 0,03; 0,05; 0,07), irradiated by -
quanta, the specific conductivity for each single crystal is manifested in different temperature
intervals depending on the dependence. from room temperature to ~ 450 K they increase, and
at T>450 K it decreases, which is due to the change in concentration with temperature.

v- SUALARININ GaSe iKIQAT BIRLOSMOSININ ELEKTRIK VO
FOTOELEKTRIK XASSOLORINO TOSIRI

Madatov R. S. 12, Haciyeva S. A. 1, Mammadov M.9. *
1-Azarbaycan MEA-nin Radiasiya Problemlari Institutu
AZ-1143 Baki sah, B.Vahabzada9
2- Azarbaycan Milli Aviasiya Akademiyast
AZ 1045 Bak: sah, Bina q.

E-mail: selcan.mamedkhanova@mail.ru

Acar sozlar: Volt-amper xarakteristikasi, GaSe monokristali, fotoelektrik kegiriciliyi,
v-siialar.

Muxtolif dozalarda gamma (y ) sialarla siialandirilmis GaSe monokristalinin
qaranligda va isigin tasiri altinda volt-amper xarakteristikasi,elaCo do gamma siialanmanin
bu birlagmalorin elektrik va fotoelektrik xassalarina tasiri tadqiq edilmisdir. Siialandirmadan
sonra yaranmis lokal saviyyalorin parametrlori toyin edilmisdir. Miiayyon edilmigdir ki,
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qaranligda 50 krad doza il siialanma naticasinda kristalda 300K temperaturda alinan VAX
ilkin nimunada alinan VAX-dan ¢ox az, isigin tasiri altinda alinan VAX isa ilkin nimuna Ggln
alinan VAX-dan muayyan gadar boyuk olur. Kegiriciliyin giymatinds iso 100 krad dozada
stialanmadan sonra da 300 K temperaturda miiayyan qador artim miisahida olunur. 150-300
K temperatur intervalinda kicik dozalarda (<50 krad) qamma siialarla siialanma zamani
keciricilik ilkin nimunadaki ilo miqayisada ¢ox az doayisir.

Muasir dovrds radiasiya siialarinin yarimkegirici materiallarin elektrik vo fotoelektrik
xassalorina tasiri mihim elmi shomiyyat kasb edir. A’B® yarimkegiricilori grupuna daxil olan
materiallardan biri do son zamanlar genis todgiq olunan GaSe birlogmaloridir. Todqiq olunan
GaSe layli monokristali omokdaslarimiz torofindon Bridcmen-Stokbargerin iisulu ilo
alinmigdir. Dz (G-G) va tars (G-M) kegidlar ii¢lin qadagan olunmus zonasinin eni 2eV-dur
[1,2]. GaSe monokristalinin asas xiisusiyyati onun layli qurulusa malik olmasidir ki, bu iso
kvazidlgiisii gofasin qurulmasinda istirak edon atomlarin kimyavi rabitoesinin anizatroplugu ilo
sortlonir. Laylarin preslonmasindon asili olaraq miixtslif politiplor- £, ¢, y, d alnir; f-GaSe is9
Dehs foza miistovi simmetriyali heqsaqonal qofoso kristallagir. Elementar qofas iki laydan, hor
lay 1so iki molekuldan ibarotdir. Lay daxilindo giiclii kovalent rabito movcuddur. Qonsu
laylarin atomlar1 bir-biri ilo zaif Van-der-Vaals qiivvalari ilo birlosir vo bunun naticosindo bu
kristallarm bir ¢ox fiziki xassolori iki6l¢iilii xarakter dastyir [3,4].

Enli qadagan olunmus zonaya malik yarimkeciricilordo elektron proseslarinin
xisusiyyatlorini yarimkegciricilorin qadagan olunmus zonasinin enerji spektrini, sorbost
yiikdastyicilart ilo lokal saviyyslorin qarsiligl tasirini vo bu qarsiligh tasirlo bagli olan
effektlorin xususiyyatlorini, bagvermo mexanizmini askar edib aydinlasdirmaq ti¢iin istifads
olunan smanilmis todqgigat tsullarindan biri do homin materiallarda muxtslif xarici vo
materialdaxili soraitlordo VAX-m tadqiqidir [5]. GaSe birlosmasinin qaranligda va isigin tasiri
altinda volt-amper xarakteristikas1 (VAX), fotokeciriciliyin spektral paylanmasi, xiisusi
elektrik keciriciliyinin - vo fotokegiriciliyin temperaturdan asililigi, xiisusi elektrik
keciriciliyinin sahonin intensivliyindon asililigi tadqiq edilmisdir.

GaSe monokristallarinin ilkin niimunalarinin, elocs do 50 vo 100 krad dozalarda gamma
stialarla stialandirilmis niimunslorinin 300 vo 160 K temperaturlarda hom garanligda, hom da
is1gm tosiri altinda VAX-1, qaranligda vo is18m tosiri altinda kegiriciliyinin temperaturdan
asililiglar1 todqiq edilmis, stialandirmadan sonra yaranmis lokal saviyyslorin parametrlori
toyin edilmisdir.

Ig[1(A)]

RWNBA

-8 1 1 1 1

Ig[uU(W)]
Sokil 1. lkin vo gamma kvantlarla siialandirilmis GaSe monokristalinin 300 K temperaturda

qaranliqda va is18in tosiri altinda VAX-1.1- ilkin, qaranliqda; 2- ilkin, is1gm tosiri altinda; 3 va 4-
50 krad garanligda vo igign tosiri altinda
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Muoayyan edilmisdir ki, (sokil 1) 50 krad dozada qamma siialarla sialandirilmis niimunads 300
K temperaturda aliman VAX ilkin niimunado alman VAX-dan ¢ox az forglonir. isigin tosiri altinda
alinan VAX isa ilkin niimuns U¢iin alinan VAX-dan muayyan godoar farglonir (bdyik olur). 100 krad
dozada siialanmadan sonra da 300 K temperaturda kegiricilik miioyyan godor artir.

flkin vo gamma siialarla 50krad, 100krad dozalarda siialandirilmis niimunalor Uglin sabit
gorginlikda corayan siddstinin temperaturdan asililigit hom garanliqda, hom do isi8in tosiri altinda
tadgiq edilmisdir.

Ig[1(A)] Ig[1(A)]
2T -2 7T
-3 = -3 +
4 -4 —
S M cr y
-6 — 2 -6 |
-7 =
-7 - 1
Sakil 2. GaSe monokristalinin ilkin (1) vo gamma ‘83 4' _'5 i 7'
stialarla 50 krad dozada stialandirilmis (2) nimunasi 10%/T, K1
Uctin 10 V gorginlikds qaranliqda coroyan siddatinin U=10 V, qaranhqda,1-0, 2-50krad
temperatur astlilig1 Sakil 3. GaSe monokristalinin ilkin (1) vo

gqamma sialarla 100 krad dozada
stialandirilmis (2) niimunosi Uc¢lin 10 V
gorginlikdo qaranliqda coroyan siddstinin
temperatur asililig1

Sabit gorginlikdo caroyan siddstinin temperaturdan asililiq grafikinds do (sokil 2) 50
krad dozada stialanmadan sonra niimunanin qaranlq kegiriciliyi ilkin niimuns ilo migayisads
cuzi doyisir. Sialandirilmis niimunslords isigin tosiri altinda kegiricilik iso 160-300 K
temperatur intervalinda ilkin haldaki ilo miqayisads azalir. 100 krad dozada stialanmadan
sonra (sokil 3) 150-200 K temperatur intervalinda qaranliqda kegiricilik ham ilkin, ham da 50
krad dozada stialandirilmis halla miigayisado nisbaton (togribon 2-3 tortib) boyik olur.
Temperatur 300 K-o yaxinlasdiqca kegiricilik ilkin haldaki qiymatins yaxinlagir.
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1g[1(A)]

3 4 -5 6 7

10%/T. K?*
U=40 V, garanhqgda,1-0, 2-100krad,
3-100krad isiqda

Sakil 4. GaSe monokristsalmm ilkin(1) vo qamma siialarla 100 krad dozada
stialandirilmis (2) niimunasi Ggun 40 V gorginlikds garanliqda v isiqda (3) corayan
siddatinin temperatur asililig

Stialanmadan sonra isigin tosiri altinda kegiricilik 150-290 K temperatur intervalinda
qaranligdaki ilo migayisodo Kkigik olur. Temperaturun 290-300 K intervalinda iso
qaranligdakindan nisbaton bdyuk olur.

Miisahids olunan xisusiyyatlor gostarir ki, Kicik dozalarda (50 krad vs kigik) gamma siialarla
stialanma zamam Kkegiricilik 150-300 K temperatur intervalinda ilkin niimunadoaki ilo migayisada ¢ox
az doyisir. 100 krad dozada siialanma naticosindo akseptor tipli defektlorin yaranmasi naticasindo
garanliq corayani bir nega tortib artir. Bu isa bizo demoys asas veir ki, GaSe kristalinin kation vo anion
gofosaltlarinda yaranan struktur tipli defektlordir vo onalarmn kristalin kegiriciliyino tosiri siialanma
dozasindan asilidir.
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SIMPLE SPECTROPHOTOMETRIC METHOD FOR THE
DETERMINATION OF TRACE LEVEL COPPER (Il) USING 1- [2- (ALLYLAMINO)
-1-METHYLETHYL] THIOCARBAMIDE IN PRESENCE HYDROFOB AMINES

Cavadzade T.A., Mammadov P.R., Chiragov F.M.
Baku State University
tahir.cavadzade1996@mail.ru

Keywords: spectrophotometry, copper, 1- [2- (allylamino) -1-methylethyl]
thiocarbamide, phenanthroline (Phen )and a,a’ - dipyridine

A copper is used as a conductor of heat and electricity, as a building material, and as a
constituent of various metal alloys, such as sterling silver used in jewelry, cupronickel used to
make marine hardware and coins, and constantan used in strain gauges and thermocouples for
temperature measurement. Therefore, it is clear that in the arsenal of analyststhere must be
simple and rapid methods to determine copper in a wide concentration range with the highest
possible sensitivity accuracy [1].

A simple sensitive and selective methods for determination of trace copper has been
required. Sophisticated techniques, such as inductively coupled plasma mass spectrometry
(ICP-MS) [2], inductively coupled plasma atomic emission spectrometry (ICP-AES) ,
inductively coupled plasma optical emission spectrometry (ICP-OES), atomic absorption
spectrophotometry (AAS) , electrochemical and spectrophotometry have widely been applied
to the determination of copper in various samples.Some factors such as initial cost of
instrument, technical know-how, consumable and costly maintenance of technique restrict the
wider applicability of spectrophotometric methods, particularly in laboratories with limited
budget in developing countries and for field work. In the literaturs wide variety of
spectrophotometric methods for determination of Cu(ll) have been reported, each
chromogenic system has its advantages and disadvantages with respect to sensitivity,
selectivity and convenience [3-4].

In this work, a reagent 1- [2- (allylamino) -1-methylethyl] thiocarbamide (AMTIC)
was synthesized according to the method of [5] and a color reaction of AMTIC with Cu(ll)
and in the presence of hydrofob amines - phenanthroline (Phen )and a,0’ - dipyridine was
carefully studied. The aim of present study is to develop a simpler spectrophotometric method
for the trace determination of Cu(ll) with AMTIC and in the presence of hydrofob amines -
phenanthroline and a0’ - dipyridine solutions.

A
1.2

1

400 450 500 550 600 donm

Figure 1. Absorption spectra of Cu(ll)- AMTIC(1), Cu(ll)-AMTIC-a,0'-dip (2)
andCu(11)-AMTIC- Phen(3).

Absorption spectra
The absorption spectra of the Cu(ll) - AMTIC is a curve with the maximum absorbance
at 4415 nm and an average molar absorption coefficient of 1.95:10* I mol™* cm™ in aqueous
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media. The absorption spectra of the Cu(ll) — AMTIC - Phen and Cu(ll) — AMTIC - o,a'-
dipsystems is a curve with the maximum absorbances at 437 nm and 443 nm and average
molar absorption coefficients of 2.94:10* I mol™* cm™*and 2.81:10* I mol* cm™ in micellar
media, respectively (Figure 1.).

Effect of acidity. Of the various pH 0-12 studied, pH 4.9,0-6,2found to be the best
acid for the Cu(ll) AMTIC system and pH 4,2-5,6found to be the best acid for the
Cu(INAMTIC- Phen and Cu(INAMTIC-a,o'-dip systemsat room temperature (25+5)°C. The
absorbance of the reagent solution and the all systems depends on the medium pH; therefore,
the absorption spectra are studied relative to a blank experiment against the background of
control experiment (AMTICand AMTIC+X), which was prepared in the same conditions (
Figure 2.).

AL2 A
1 4

08 -
06 -
04
02

0

0 1 2 3 4 5 6 7 8 pHb
Figure 2. Effect of acidity.Cu(Il)- AMTIC(1), Cu(I)-AMTIC-a,a’-dip (2)
andCu(I1)-AMTIC- Phen(3).

Effect of time. The reaction is fast. Constant maximum absorbance was obtained after
10 min for Cu(ll) — AMTIC system in aqueous media and 5 min for Cu(ll) — AMTIC - Phen
and Cu(Il) — AMTIC - a,a’-dipsystems in micellar media, respectively. The reaction is fast.
There were dilution to volume of systems at room temperature (25+5) ° C and remained
strictly unaltered for 24 h.

Effect of temperature. The absorbance at different temperatures, 0-80° C, of a 25 ml
solution of all systems was measured according to the standard procedure. The absorbance
was found to be strictly unaltered through-out the temperature range of 10-40°C. Therefore,
all measurements were performed at room temperature (25 +5)°C.

Stoichiometry. The component ratio in the complexes was found using the isomolar
series method, the relative yield method by Starik and Barbanel and the equilibrium shift
method . All the methods showed that the component ratio were 1:2 in the Cu(ll) - AMTIC
system and 1:2:1 in the Cu(ll) - AMTIC-Phen and Cu(ll) - AMTIC -  a,a’-dipsystems. The
number of protons displaced upon complexation was determined by the Astakhovs method
and the indicated component ratio in the complexes was confirmed.

Effect of the reagent and phenanthroline and a,0’ - dipyridine concentration.

Different molar excesses of AMTIC and phenanthroline and o,0’ - dipyridine were
added to a fixed Cu(ll) concentration and the absorbance was measured according to the
standard procedure. It was observed that a 1 mkg/ml of copper metal (optical path 1 cm in
length), the reagent and phenanthroline and o,a’ - dipyridine molar ratios produced a
constant absorbance of Cu(ll)- AMTIC-Phen and Cu(ll)-AMTIC- a,a’-dipsystems. For all
subsequent measurements, 2 ml of 2:10* M AMTIC reagent and 4ml of 2.10* M
phenanthroline and a,a’ - dipyridine was added.

Calibration curve

The absorbance was linear for 0.25 —2.07 mkg mlI™* of Cu(ll) in the Cu(ll)- AMTIC
system and 0.12-2.56 mkg mI™* and 0.18-2.45 mkg ml™* of Cu(ll) in the Cu(ll)-AMTIC-
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Phen and Cu(Il)-AMTIC-  a,0'-dipsystems, respectively. From the slope of the calibration
graph, the average molar absorption coefficient was found to be 1.95:10* | mol* cm™ for
Cu(Il)- AMTIC system and 2.94:10* I mol™t cm™t and 2.81-10* I mol™ cm™ in the Cu(ll) -
AMTIC- Phen and Cu(ll) — AMTIC - a,a’-dipsystems, respectively.

In the present work, a simple, rapid, sensitive and selective methods was developed for
the determination of Cu(ll) in difficult sample matrices. Therefore, this methods will be
successfully applied to the monitoring of trace amounts of Cu(ll) in industrial and natural
samples.
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SADO SPEKTROFOTOMETRIK USULLARLA Cu (II) IONUNUN 1- [2-
(ALILAMINO) -1-METILETIL] TIOKARBOMID iL9 HIDROFOB AMINLOR
ISRAKINDA TOYINI

Cavadzada 7.9, Mammadov P.R., Ciraqov F.M.
Baki Doviat Universiteti
Xulasa

Cu(ll) ionu 1- [2- (alilamino) -1-metiletil] tiokarbomid (AMTIC) ilo  siratlo
reaksiyaya girorok gohvayi-sar1 rongli kompleks amalagatirir vo homginin fenantrolin vs a, o
' - dipiridinistirakinda iso qohvayi rongli komplekslor amalo gatirir. Cu(ll) - AMTIC
sisteminin is1q udma spektrindo maksimum 415 nm daga uzunlugunda miisahids olunur va
molyar udma omsalli 1.9510* | mol™* sm™ barabardir. Cu(ll) - AMTIC- Phen vo Cu(ll)-
AMTIC- o,0/-dip sistemlorinin is1iq udma spektrlorindo maksimumlar 437 nm va 443 nm
dalga uzunluqlarinda miisahido olunur vo molyar udma omsallar1 iso uygun olaraq 2.94:10* |
mol™* cm™ and 2.81:10% I mol™* sm™® giymatlor alir. Optiki sixhigin  xattiliyi Cu(ll) tigiin
0.25-2.07 mkg mI™* miqdar intervalinda Cu(II)- AMTIC sisteminda vo 0.12—2.56 mkg ml™
vo 0.18-2.45 mkg mI™*! miqdar intervallarnda iss uygun olaraq Cu(II)-AMTIC- Phen va
Cu(I)-AMTIC- a,a'-dip sistemlarinds miisahids olur. Toklif olunan metodikalar giimiisiin(I)
bir ne¢o sintetik qarisiqlarda toyininde ugurla tatbiq olunmusdu. Nisbi standart konara gixma
Cu(ll) tayini tcun 0% -2.0% olmagi, bu tsullarin yiikksok dogigliyinin vo tokrarh@mnin
oldugunu gostarir. Alinan noticolor induktiv olagsli plazma optik emissiya spektrometriyasi
(ICP-OES) usulu il sintetik qarisiq niimunalorin  analizinin  naticalori ilo migayiso
edilmisdi.
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