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Ionyuena:16.07.2021 PE®EPAT

[punsita k nevaru: 17.09.2021 HccnenoBaHo MOTMIONIEHHE AJIEKTPOMArHUTHOTO U3ITy4YEHUS
CBOOOTHBIM 3JICKTPOHHBIM Ta30M, B3aHMOCHCTBYIOLINM C KO-
NeOaHMSAMU PCLICTKH B CBEPXPEILIETKS KBAHTOBBIX TOYEK.
[Ipenmonaraercs, 4TO DJICKTPOHHBIA Ta3 B CBEPXPEIICTKES
KBAHTOBBIX TOYEK OIPaHMYCH aHW30TPOIHBIM Iapabonmye-
CKUM TIOTeHIHanoM. [loromene cBera cBOOOAHBIMU HOCH-
TEJSIMU TIPH YYacTUM (POHOHOB PacCUHMTHIBACTCS BO BTOPOM
nopsiike Teopu Bo3MylueHust. [Ipu Beraucnenny ko3gpdurm-
€HTa TOMJIONICHUS KCIIONB3YIOTCSl MAaTpUYHBIE JIEMEHTHI
9JIEKTPOH-(POTOHHOTO W  3NEKTPOH-(POHOHHOTO B3aUMOJIEH-

Kirouesble clioBa: KBaHTOBasI TOUKA, CBEPXPEILETKA, MH- CTBHI AJIEKTPOHA (C MOJIIPHBIMH U HETIOJSIPHBIMH ONTHYECKH-

HM30HA, BHY TPH30HHOE MOTJIOIICHHE. MU (POHOHAMH).

brnaronaps gocTikeHHsM B 00JIaCTH METOIOB BBIPAILMBAHKS KPUCTAJUIOB C pa3MepaMul OJIM3KUMU
K MEXaTOMHOMY pacCTOSIHUIO, TAKUM KaK MOJIEKYJSIPHO-TydeBas SIUTAKCHS M METaJUI-OpraHUYeCcKoe
OCaXJIEHHE 13 apoBOi (ha3bl CTATO0 BO3MOXKHBIM MOTyYEHHE TAKMX HU3KOPa3MEpPHBIX CUCTEM, KaK KBaH-
TOBBIE SIMBI, CBEPXPEIIETKH, KBaHTOBBIE TOUKH U T.J1. C Hauana mioHepckoit padbore Ecaku u Ly [1], mo-
JyTIPOBOTHUKOBBIM CBEpXpelleTKaM ObUIO MOCBSIIEHO OOJbIIOE KOIMYECTBO MCCIEIOBAHMN M3-3a MX
TPaHCIIOPTHBIX CBOWCTB M MPUMEHEHUS B YCTPOUCTBAX 3JIEKTPOHUKH, TAKUX KAK T€HEPaTOpbl, TYHHEIb-
HBIE THO/1bI, TPAH3UCTOPBI TOPSYUX HIIEKTPOHOB U ONTHKO-31EKTPOHHBIE TPHOOPHI [2,3].

CoBpeMeHHasi HAHOTEXHOJIOTHSI TIO3BOJISIET M3TOTABIMBATh KBAHTOBBIE TOUKH PA3IMYHON (OPMBI,
KOTOpBIE C YCIIEXOM IIPUMEHSIOTCS B pa3IMUHbIX YCTPOMCTBAaX, KBAHTOBBIX KACKa/IHBIX Jla3epax Ha OCHO-
BE CBEPXPELIETOK KBAHTOBBIX TOUEK [1-3], KOTOpBIE MMEIOT 3HAYUTENHHO OOJBIIYIO TPOU3BOIUTENb-
HOCTb I10 CPABHEHUIO C CYIIECTBYIOIIMMHI KBaHTOBBIMU KacCKaIHBIMU JIa3epaMU Ha OCHOBE CBEpXpeLIeT-
KOK 13 KBaHTOBBIX 5IM [4]. CBepXpeleTKH N3 KBAHTOBBIX TOUEK IIPUBIIEKAIOT BHUMAHNE UCCIIEN0BaTENEH
TaKoke Onarojgapsi CBOMM HEOOBIYHBIM ONTUYECKUM U OITOAIEKTPOHHBIM CBOMCTBAM, KOTOpBIE MOTYT
OBITH HCIIOTB30BaHbI IS Pa3padOTKH HOBBIX ONTOMIEKTPOHHBIX MPHOOPOB [5-13].

XOpoII10 U3BECTHO, YTO JIEKTPOH-(POHOHHOE B3aUMOJICHCTBHE SBIISIETCS] BAYKHBIM (DAKTOPOM, BITH-
SIOIIUM Ha (PU3UYECKHUEe CBOMCTBA MOJISIPHBIX KPHCTALIOB, TAKMX KAaK SHEPrHs CBS3U MPUMECEH, IEPEeHOC
3apsiza, JIMHEHHbIE U HEIMHEWHbIE ONTUYECKHE CBOWCTBA, OCOOEHHO B HU3KOPAa3MEPHBIX KBAHTOBBIX CHU-
cremax [14,15].

B Hacrosmieit pabote pa3BuTa TeOpus MOTJIOMICHUS CBETa CBOOOHBIMI HOCHTEISIMUA B CBEpXpe-
IIETKE KBAHTOBBIX TOYEK C aHU30TPOIHBIM MApabOIMYECKUM MOTEHIMAIOM IMIPU PACCETHUM HOCUTENEH
Ha TOJIIPHBIX ¥ HETIOJISIPHBIX ONTHYECKUX (POHOHAX.

B 00BbeMHBIX TOJTYTIPOBOIHUKAX KBAaHTOBO-MEXaHMYECKash TEOPHsI TIOTJIOIEHHSI CBETa CBOOOIHBI-
MU HOCHUTEJISIMU C MCIIOJIb30BAHUEM TEOPUM BO3MYILIEHUSI BTOpOro nopsaka aaxHa ymke [16]. IlozaHee
OHa ObUIa MOIPOOHO M3YUeHa ISl aKyCTUYECKUX (DOHOHOB (4Yepe3 AeOpMAaIlIOHHBIM MOTEHIMAI U The-
309JIEKTPUUECKYIO CBSI3b), HEMOJISIPHBIX M MOISAPHBIX ONTHYECKUX (DOHOHOB U IpUMecel B 00beMHBIX T10-
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TynpoBoHUKAX [17]. DT MccrenoBaHus MOKa3aN Pa3IMIHYIO CTETICHHYIO 3aBUCUMOCTh KOA(DHIICH-
Ta TMOIJIOIIEHHS OT JJIMHBI BOJHBI K M3TyueHus Ui pa3inyHbIX MEXaHW3MOB paccesHus. Kpome Ttoro,
3TH CTETEHHbIE 3aKOHBI OTIMYAIOTCS OT KIACCHYECKOH 3aBMcHMOCTH k2 Kod(QHIMEHTa HOIIOMEHN)S.
[Nornomienue cBera cBOOOIHBIMU HOCHTENISIMU TIPU PACCESIHUM AJIEKTPOHOB HA (POHOHAX TEOPETUUECKH
HCCIIEJIOBAHO B TIOJYIPOBOJIHUKOBBIX KBAHTOBBIX sSIMaX M IMPOBOJOKax [18-28] 1 B KBaHTOBBIX TOYKax
[29,30].

N3BecTHO, UTO IBMXKEHHUE BJIEKTPOHA B CBEPXPEIICTKE SBJSIETCS] OTPAaHUUYEHHBIM, U SHEpreThye-
CKHH CIIEeKTp ero kBaHtyercs. [Ipesmonaraercs, 4To KBaHTOBaHHE MMEET MECTO B Z-HampasiieHuH. Pac-
CMaTpHUBACTCS 3JIEKTPOH-(OHOHHOE B3aMMOJICHCTBUE B CBEPXPEIICTKE KBAHTOBBIX TOYCK C MEPHOINYC-
ckum noteHnuaiom U () mepuona d B1osb Z-HanpasieHust Buaa [31]

V(x, y)=m7(wfx2 +0’y?) (1)

rae M’ -opdexTrBHas Macca U @, U @, - HacTOThl KOH(AHHMEHTa B X- U Y-HANPABICHHSIX, COOTBET-

CTBEHHO.
B npubmkenny cuiabHON CBsI3U ["'aMMIIBTOHMAH /111 HOCUTENEH TOKA B CBEPXPELIETKE KBAHTOBBIX
TOYEK MOXKET OBITh 3armucaH Kak [8,9]

_(pi+py)

A p,d
H —(@*x* 2y2)+ =(1-cos—) , 2
o +2(60x +60yY)+2( h) 2

*

rae A - IIMpHHA MUHU30HBL
HopmanusosanHble cOOCTBEHHbIE BOTHOBbIE (yHKIMH d1ekTpoHa ‘¥, . (I) u cobcTBeHHBIE 3Ha-

venwst sHeprun E, | (K,) B 30HE MPOBOIMMOCTH 3a/1a0TCs1, COOTBETCTBEHHO, B BHzIE [10]

¥, () =%Z‘Pn(x>w.<y)§kz @ . @)
En'I (k,)=(n +%)ha)x +(I +%)h(oy +%(1— cosk,d) = &yt 6‘(kz) , 4)

rae n(: 0,1,2,...) 5 |(= 0,1,2,...) - MHJIEKCBHI YPOBHEW 3JIEKTPOHHBIX MOJ30H, K, -KOMITOHEHTa BOJIHOBOI'O
BEKTOpA B Z -HAIPABJICHUH,

W (x) = 1/ 2" ntexpl- x2/212H, (x/1,) n, (y) =1/ VA , 2 Iexp| yz/(ZI_Z)]Hl(y/I_) - c06-

CTBCHHBIC BOJIHOBbIC (DYHKIIMM TapMOHHUYECKOrO OCIIUIATOpa, Hn(X) - momuHOoM — DpmuTa,
I, =i/(m o, A, = 1/h/ im*a)y ' S, (Z) - 6710XOBCKast PyHKIMS B MPUOIMKEHUM CHIIBHOM CBSI3U B Z-

HaIpaBJICHUH, 1 Lz - HOpMAJIM30BaHHAA JJIMHA B Z - HAIIPABJICHUU.

[NornomieHne cBeTa CBOOOAHBIMI HOCUTEISIME TIPU YIaCTUH (JOHOHOB PACCUUTHIBACTCS BO BTOPOM
TIOPSIIIKE Teopur Bo3MyTeHHH. Koa(h(huImeHT orIomeHns onpeIeNisieTcs IPH 3TOM U3BECTHOH (hopmy-
non [20]

¥ f
Wt 5
a= ST, ©
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race -AUBJICKTPUYECKasA IMOCTOSIHHAS, nO -4HCJIO (bOTOHOB B I10JIC U3 IYy4YCHUA, fi '(byHKI_[I/IH pacrpeacice-

HUA CBO6OI[HBIX HOCHTEJICH TOKa, Wi - BEPOATHOCTH IICPEXO0Ja, OIpEAcIAEMas CICAYIOIINM BhIPAXKCHUEM
W, = %”Zﬁ(f M. [I)*5(E, - E, —m—ha, )+[(fIM_|i) 5(E, - E —hQ+ha)q)] .6
fq

rae Eiu Ef - sHeprus HayaabHOro M KOHEYHOTO COCTOSIHHS JIEKTPOHOB, COOTBETCTBEHHO, /i€ - SHEprus
(orona, hw, - sueprus GoHoua, u < f |M . | i> - BIIEMEHTHI MATPUIIbI IIEPeXo/ia OT HAYATBHOTO COCTOSIHUS

K KOHCUHOMY JIA BSaHMOHCﬁCTBHH MCXKOY 3JICKTPOHAMMU, (bOHOHaMI/I u q)OTOHaMI/I. OJIeMEHTBI MaTpulbl
Iepexoga MOTyT OBITE MMPCaACTaBJICHBI B BUIC

( <f|HR|a><a[\/s|i>+<f[\/s|a><a|HR|i> )

<f|M+|i>:; E —E,Fho, E,-E, —1Q

, @)

TJIe MHICKCHI 1, ¢, T 0003Haual0T HaYaIbHOE, IIPOMEIKYTOYHOE U KOHEYHOE COCTOSIHHS JIEKTPOHA C KBaH-
ToBbIMU urciiamu K, N, |, Hr -omeparop 31ekTpoH-(hOTOHHOrO B3auMOIeHCTBS, Vs -0Meparop JIeKTPOH-
(hOHOHHOTO B3aMMOICHICTBHSL.

[NoxcraBmsist BeIpaykeHHs Uil BOTHOBBIX (pyHKIWiA (3) B BIpaxkeHus (7) Ul MAaTPUYHBIX SJIEMEH-
TOB JIEKTPOH-(H)OTOHHOI'O B3aUMOAEHCTBUS OTYyIUM

- %
<nr|rk;|HR‘n|kz>= eAd S;r;l(kzd)[f;?;nOJ 5nn’§”’5kk’ (8)
e 7

rac V - 00beM KpHCTaia, IMoJIC M3JTyYCHHU IMOJIIPU30BAHO BAOJb Z-HAIIPABJICHMSI, £ - BEKTOP IOJIpH3a-
.
CDYHKI_[I/IH paciipecyICHUs 3JICKTPOHOB MJII HEBBIPOXKACHHOT'O 3JICKTPOHHOI'O T'a3a UMCECT BU

A h ho
2n,,de*T sinh( — 2% ysinh( —2)

ok T 2k, T E.
fO(EnIkZ): 1 BA E—exp| — e | )
M (7 ’1’ 7) kBT
2 kT

rae N,y - Y9UCIIO AIIEKTPOHOB Ha €IMHUIYY JMHBI 1 M (@; C; X) - KOH(IIIOOHTHAS THUIIEPreOMeTPHIECKast
¢bynkims [18],

“ (@), X
M(a,c;x):z( Jo%n
n=0 (C) n nl
MartpHi4HbIiA SJIEMEHT MEKTPOH-(DOHOHHOTO B3aUMOJICHCTBHUSI IMEET CIICIYFOLINI BH

Kk;nll ”Vs‘kzn|>‘2 - ngJnn’ (X)‘Jll(y)l (qz) (10)

e V- oneparop SHEPruM B3aUMOJIEHCTBHS JIIEKTPOHA ¢ poHOHOM, C; - GyHKIWS, XapaKTepu3yromast

B3aMMOJICHCTBUE MEXTY JICKTPOHAMH U (DOHOHAMH,
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@)= fem o, (0r, 60 3,0a,)= Jeayn v )

—00

I(qz)zj‘gkz (Z)gkg (Z)Eiqzzdz- (11)

JUi1st B3aUMOJICHCTBHS SJIEKTPOHA C MOJSPHBIMU ONITHYECKUMH (POHOHAMU

1 1 NG
2 _ 2 -~ 0
CroL = 27e ha)o{goo go} v FeoL = q—z,
-1
N, =[exp( ho, J—l} : Ny =N,, Ny =N, +1, (12)
KgT

3M1€Ch £, U &, - BBICOKOYACTOTHAA U CTATUICCKAs AUDJICKTPUHICCKUC IIOCTOSHHBIC ITOITYIIPOBOJHUKA, CO-

OTBETCTBEHHO. JHeprust oHoHa B3sTa fiw, =hw, ~ CONst

-1
N, = exp hoo || Ng =Ng, N§ =N, +1
K,T

rae Ny (NO+ ) ONHKCBHIBACT YHUYTOKEHUE U POKIICHHE (DOHOHA.

Z[JISI B3aMOJEHCTBUSA OJICKTPOHA C HCIOJIAPHBIMU ONITUICCKUMU (I)OHOHaMI/I

, hD

np

, F..(d)=Ng, 13
Y o(@)=Ng (13)

rae D- mocrosiHHAas HEMOSPHOTO ONTHYECKOTO JIe(hOPMAIMOHHOTO MOTEHIINAIA.
VYuursiBas opmyisl (6) u (10) B (5) u mpousBoas cymmupoBanue 1o kz' it kosdduimenTa mo-
TJIOIIEHUS IMEEM

Iee.(qy]z(sin (k, +q,)d —sin k,d )’ x

Ad
a_(ﬂe j 3 }/Z 2 mekzcjz|lnn.(qx)|2
CvQ nek, g

x{NO5((n'—n)th +(e-e)ha, +%(cos k,d —cos(k, +0,)d —7Q+he, ))+

+(N, +1)§((n'—n)ha)X +(I'-1ho, +%(cos k,d —cos(k, +0,)d)-1Q -, j} (14)

B dopmyre (14), nepexoas OT CyMMUPOBAHUS 110 Kz ¥ K MHTETPUPOBAHUIO T10 Kz U ¢, C TOMOIIIBIO
CJIETYOLINX BBIPKEHUI

AT
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L, \i7%
0=
1, UCTIONB3Yys  CBOMCTBA O -pyHKumu Jupaka
)l S(x—x,)
) Z [£(x;)
[ da. £(a.)00a, ~a)= f(a),

JU1s1 KO3(hUIIMEHTa TOTJIOIEHNS TIPU PACCESIHUM Ha MOJSIPHBIX U HETOJIAPHBIX ONTUYECKUX (POHOHAX
IOy YAM

4 .
1/1——92 —sin k,d
47ze4Ada)0 7/d 1 1 A2 z
—Z I + -+
Aol = }/hs ( ]z z Z j”/d z nek( 2 2] 1 2 . X
s
2
[ q)l ee(
H ) da,da, (15)
00 qx +qy
4 , .
D2e2Ad ” 1 1 1{1—E®i —sin k,d
Unpol = }/ Z -[ﬁ/d z nek +Ei—5 X
mpw,Q°L L, €2 e ne 1- 4 e
AT
1 1
o 1 (16)

rac

0, (k,d)=(n" =npao, +(' -1, + ho, +hQ+%coskzd

2
1 4 2
a’ =?(kzd —cos 1(X®+(kzd)jj

)|du 1
n-n’

|
ITpu BEIBOE hopMyItHI (16) yuTeHO, UTO I 1l

W3 Beipaskenus (16) BUIHO, 4TO Koaq)q)HuHeHT HOITIOIIEHHS PACXOIUTCS BCAKUI pa3, KOrja Bbl-
nonHsieTcst yesiosue 1— 407 / A? = 0. Kpome Toro, u3 Toro (axTa, 4To 3HaueHus 1— 40’ / A’ neiicTBu-

TEJIBHBI U TTIOJIOKUTEITBHBI, MBI MOYKEM HAHTH MHTEPBAJI SHEPTHIA JUTS IOMYCTUMBIX 3HAYCHUH KO PHITH-
€HTa MOTJIOICHUS.

Kak crnemxyer u3 ypaBaenuit (15)-(16), muku HaOMOAAIOTCS TP OMPEICTICHHBIX YacTOTaX IMajaro-
miero (oroHa. PezonancHoe noseaeHne Kod(HULIMEHTa TOIOMIEHNS TS SIIEKTPOH-(DOHOHHOTO paccesi-
HUS TPOSIBIISACTCSI IS YaCTOT, YAOBJIETBOPSIOIIMX COOTHOLIEHUIO

Nh, +Pho, + ha, = hQ, (17)
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3iec N=n"-n=123,...,.u P=1I"-1=12_3,...
W3 ypaBHenus (17) ciemyer, 4yTo B pe3ysbTaTe paccesiHUs 3JIEKTPOHBI C MOYPOBHEH, olpenersie-
MbIx nHziekcoM N(l), MoryT nepexouts Ha ouH U3 noaypoHeii ¢ uaaekcom n'(l'), moryomas u /

uctyckas GotoH ¢ 3Heprueid 7€) npu nornomennu LO-(oHoHa ¢ sHeprueit fiq, .

VYpasuenue (17) siBisieTcst OCHOBHBIM YPAaBHEHUEM JUIS OTIPEIENICHUsT (POPMBI CHIEKTPATbHOM JIMHUH
TOTJIONIEHHSI, KOTOPOE TIO3BOJISIET aHATIM3UPOBATh PE30HAHCHBIE AP QEKTHI B TIOITYTPOBOIHUKAX.

Ha Puc.1 npusenena 3aBucumocth o+ oT AQ mpu hwx=0.03eV u hwy=0.02eV, 0.06eV, 0.08eV.
3aBUCUMOCTb Gi+max OT My AaHa 1u1st A=0.0024eV Ha Puc.2. Kak BuHO, C yBeITMUEHUEM (Dy MAKCUMAIIBHOE
3HAYEHUE O+ PACTET. 3HAYCHUS My, BIHSIS HA U3MEHEHUE BEIIMYUHBI Oi+max, @ TAKIKE YACTOTBL, ITPU KOTOPOU
oHa focturaercs (7€), CIBUTArOTCS B CTOPOHY MAJTbIX YacToOT.

a+ (-).=0.02 eV a... ' K ' ! '

| y K ruy=0.02 eV |
3 2. 9=0.06 eV i |
3 o, =0.08eV |

0,00 * 0,04 ; 0,08 > 0,12 0,02 0,04 0,06 & 0,08
hQ eV ¥

Puc.1 Puc.2
3aBrcumMocTb 0.+ 0T 2 ipu hwx=0.03eV 1 hwy=0.02eV, 3aBHUCUMOCTb Oi+max OT @y Tipu A=0.0024eV.
0.06eV, 0.08eV.

OrMerum, 4TO CyMMHpOBaHKE B YpaBHEHHH (15) 1Mo pasMepHBIM MOAYPOBHSIM COEPKUT BKJIA bl
tpex TamoB: ()n" =n, 1" =1, (ip)n"=n, "=l uGin"=n, 1 =#1".

Takum 06pazom, Hcxons U3 MpaBuiia 0TOOpa, BO3MOXKHBI TPY CIEAYIOIIUX Mepexo/ia MpH paccesi-
HHU SJIEKTPOHOB Ha MOJIIPHBIX ONTUYECKUX (POHOHAX:
(1) mepexoa MexTy pa3MEpPHBIMHU MOAYPOBHSIMHU TOJIBKO B X - HAIIPABJIEHHH,
(2) mepexoxa MexTy pa3MEpHBIMH MOYPOBHSIMH TOJIBKO B Y -HAIIpaBJICHNH,

(3) mepexon Mty pa3MEpHBIMH MOTYPOBHSAMHU KaK B X -HAaIIPaBJICHUH, TAK U Y -HAIIPaBJICHUH.

W3 ypaBnaenus (16) criemyer, 94To Aj1s paccesHHS JIEKTPOHA HAa HEMOJISIPHBIX ONTHYECKUX (POHOHAX
BO3MOKEH TOJIBKO OJIMH TEPEXO]] - TIePeX0/l, 00yCIOBICHHBINA pa3MEpPHBIMHU MOTYPOBHAMH KakK IS X
TaK 1 IJIs1 y - HaITpaBJICHUA.
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KVANT NOQTOLI iIFRATQOFISLORDO OPTIK FONONLARIN ISTIRAKI iLO SORBOST
YUKDASIYICILARLA iSIGIN UDULMASI

H.B. IBRAHIMOV, R.Z. iIBAYEVA

Kvant noqtali ifratgofaslords elektromaqnit stialanmasimn sorbast elektron qazi ilo udulmasi todqiq olunmusgdur. Farz olu-
nur ki, kvant nogtali ifratgefaslords elektron gazi anizotrop parabolik potensialla mohdudlanmigdir. Fononlarn istirak ilo isigin
sarbast yiikdastyicilarla udulmasi ikinci tortib hayacanlasma nazariyyasi ilo hesablanmigdir. Udulma omsalim hesablanmasinda
elektron-foton vo elektron-fonon (polyar vo qgeyri-polyar optik fononlarla) qarsihigli tosirinin matris elementlorindon istifads
olunmusdur.

LIGHT ABSORPTION BY FREE CARRIERS WITH OPTICAL PHONON PARTICIPATION
IN QUANTUM DOT SUPERLATTICES

G.B.IBRAGIMQV, R.Z.IBAYEVA

The absorption of electromagnetic radiation by a free electron gas interacting with lattice vibrations in a quantum dot su-
perlattice has been investigated. It was assumed that the electron gas in the quantum dot superlattice was limited by the aniso-
tropic parabolic potential. The absorption of light by free carriers with the participation of phonons was calculated in the second
order of the perturbation theory. When calculating the absorption coefficient, the matrix elements of the electron-photon and elec-
tron-phonon interactions of the electron (with polar and nonpolar optical phonons) have been used.
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Ionyuena:16.07.2021 PE®EPAT

[punsita k nevaru: 17.09.2021 B pabote ompeneneHo 3QdeKTUBHOE CEUCHHE TOIPOLICCCOB
POKICHUS TIPSIMBIX (POTOHOB TIPH MPOTOH-TIPOTOHHOM CTOJIK-
HOBEHHMH 0€3 W C y4eTOM MoJsIpH3aIi npoToHoB. [loampo-
meccaMd  ObUTM  B3ATHI ~ KOMITTOHOBCKOE — paccesHue
(g9 —> (y) u aHHUTWIAMS KBapK-aHTUKBAPKOBOH ITaphl

(g — gy ). Bermcner KOI(Q(HUIMEHT ACHMMETPHH JUTS
JIAHHBIX TIPOLIECCOB.

Kirouespie croBa: a¢dexriBHOE cedeHne, KommToHOB-
CKO€ paccesHHe, aHHUTWIALHSA KBapK-aHTUKBAapKOBOH Ia-

PBL

BBEJIEHHUE

HccnenoBanue (ha3oBoil [uarpamMMbl CHIIBHO CKaToM OApHOHHOM MaTepy SIBIISIETCS OHON M3 OC-
HOBHBIX 3aJay (DU3MKM >JIeMEeHTapHbIX yacTUll U sapa. [lomoOHas Marepusi CyIIEeCTBYET JHMIIb B
HEWUTPOHHBIX 3BE3/1aX U sApax CBEPXHOBBIX 3BE3], B TO BpeMs KaK HAa PAaHHUX CTAAUSIX CYIIECTBOBAHHS
Bcenennoit HaOmojaemas MaTepyst UMela UCUE3arolIe Malylo OapuOHHYIO IUIOTHOCTh. CuMTaercs, 4ro
cpazy nocine bosbItioro B3psiBa BeenenHas cymectBoBasia B Buie KBapk-TimooHHoH ma3msl (KI'TI). Do
COCTOSIHME BEILIECTBA, B KOTOPOM KBapKH HE COEAWHEHBI B MPOTOHBI U HEUTPOHBI, a MPAKTUUECKU CBO-
6ommbI [1-3].

[IpsiMble (OTOHBI, BO3MOXHO, SIBJISIFOTCSI HAMOOJIee YHUBEPCATIbHBIM HHCTPYMEHTOMISI M3Y4YEHHSI
JIMHAMMKHU PESISITUBUCTCKUX CTOJIKHOBEHUH TSDKEINBIX HOHOB. POTOHBI UTPAIOT 0COOYIO POJIb B U3YUYEHUH
aJIPOHHBIX U SIIEPHBIX B3aUMOJICMCTBUIN BBICOKUX SHEPTHii, TOCKOIbKY OHH BBIIOJIHSIOT POJb MPOHUKA-
IOIIMX 30HOB. Bylyun HEeWTpaIbHBIMHU IO 1IBETY, OHM UMEIOT JI0BOJIBHO OOJBIIYIO JUTMHY CBOOOIHOIO
npoOera He TOJIBKO B OYEHb IJIOTHOM aJJpOHHON MaTepuH, HO TaKkKe U B cpefie JeKohalHMUPOBaHHBIX
KBAapKOB H TIIOOHOB, KBapK-TirooHHast iasMa (KI'TI). Dto rapaHTupyer, 4To, ecii OHU Oy/IyT CO3/IaHbI B
000l MOMEHT, TO BBIMAYT M3 OONACTH B3aUMOJAEHCTBHS 0e3 M3MeHEeHUs] U OyAayT OOHapy>KHUBAThCS.
N3yuenue (JOTOHHOTO U3ITyUEHHUS MIPEICTABISIET MHTEPEC TaKXKe 10 TOM MPHYMHE, YTO P OOJIBLIMHCTBE
aJIPOHHBIX B3aUMOJICHCTBHUI (POTOHBI BEUIETAIOT KaK (DOH K JPYTHM HU3ydaeMbIM cUTHaIaMm [4,5].

BeicTpbie GoTOHBI HEeCyT B cebe MH(OpPMAIMIO O HYKJIOHE, TaKyl0 KaK paclpesielieHue MapTOHOB
(KBapKOB M IIIIOOHOB) BHYTPHU HYKJIOHA; TEMIIEpaTypa spa; KOJUIEKTUBHOE PACIIMPEHHE, a TAKKE MPOo-
CTPAaHCTBEHHO-BPEMEHHas! BOMIOIMS Ccpeabl. bricTphle (OoTOHBI 00pasyroTcsi B TaKMX IMpoleccax Kak
KomrmtoHoBCcKOe paccesiHue; aHHUTWIALMS (J ; TOPMO3HOE M3Ty4eHHE KBapKOB, UCTIBITHIBAIOIIIEE JKECT-

KOE paccesHue; U3IyueHne ¥ (pOoTOHa U3 IPOMEKYTOUHBIX BEKTOPHBIX 0030HOB [4,5].

HccnenoBanue poskaeHUs PSIMBIX (DOTOHOB TPY HYKJIOH-HYKJIOHHBIX CTOJIKHOBEHUSIX paHee Mpo-
BOJMJIMCH B 3KcriepumeHTax Ha Tapatpone u LHC [6-9]. M3-3a Goubiioit 3HEPTHM CTATKUBAIOIINXCS
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HYKJIOHOB, TOMHUMO TIPSAMBIX (JOTOHOB, POJKAAETCS MHOTO Pa3HBIX 3JIEMEHTApHBIX YacTull. PoxxnaeHue no-
HOJIHUTENBHBIX 3JIEMEHTApHBIX YaCTHULl 3aTPyIHAET TOYHOCTh olpeneneHus 3()(EeKTUBHOIO CeyeHHs
pokaeHus mpsAMbIX (oTOHOB. C 3TOM TOYKM 3PEHHUS SKCIICPUMEHTBHI, 3alVIaHUPOBaHHbBIC HA KOJUIAiaep-
HoM komiuiekce NICA, OyayT umers 60Jb110€e IPEUMYILECTBO, TAK KaK 3HEPrHs, Molydaemas Juls cTajl-
KHBAIOLLMXCS TSDKEIIBIX HOHOB, MTO3BOJIMT YMEHBIIMTDH KOJIMYECTBO JOIOJIHUTEIBHO POYKICHHBIX JIEMEH-
TapHbIX Yactull. Oco0oe 3HaueHHe UMEIOT UCCIIEA0BaHUS MIPOLIECCOB POXKACHUS MPAMBIX (POTOHOB U1t
onpeseseHHs TIFOOHHOM COCTaBIISIONICH aJpOHOB, MOCKOJIBKY (DOTOH HeceT MH(OPMAIUIO O KECTKOM
HOANPOLIECCE, KOTOPYIO BO3MOXKHO C IOMOILBIO TEOPETUYECKOr0 MCCIEOBAHMSA IPOBECTH 3apaHee
[10,11].
IOPEKTUBHOE CEYHEHUS TOAITPOLHECCOB

Hamu 6buio paccmotpeHo 3(p(eKTUBHOE CeUeHHE BO3MOXKHBIX ITOIIPOIIECCOB TIPH TPOTOH-
MPOTOHHOM CTAJIKUBAaHHH, KOTOPOE TIOKAa3aHO B CIIEIYIOMIMX MOIPOLIECCAX.
1. O¢ddexTrBHOE ceuenue noamporecca g — qy .

Paccmotpum noamporiece poxkaeHus mpssmbix GoroHoB B KomrronoBckom paccestiuu (g — gy ).
deifHMaHOBCKHE UarpaMMbl JaHHOI'O HOATpoIiecca mokasansl Ha Prc.1(a,0).

A

- %%?“m, A ™

a §)
Puc.1

DelHMaHOBCKHE TMArpaMMBI OATPOLIECCA g —s qy - &) O€3 yUeTa oNApH3auy; 0) ¢ Y9ETOM TOJSPH3aIHN
CTaJIKUBAIOIIUXCS TIPOTOHOB.

MatpuuHbIii S5eMeHTsI [yist trarpamm Prc.1(a,0) umeer cremyrommii Bu

. p,+m,

_ ) . P, +m
Ml:U(pz)gVV 'ps_m of j P

2 ésu(pl)Tija’ MZ:U(pZ)éH 'ps_ms

a

‘C:'vyu(pl)-rif1

KBa;[paT MaTpUIHOIO 3JICMCHTA 0e3 y4€Ta noJigpusaiui Ha4aJIbHbIX YaCTUILL (KBapKa n FJ'IIOOHa)

(mzz_s)z(m;(s +u—m? - m§)+ 4m1(ma(mf +m? —s)+ 2m2(mj + s))_4m2mas —su)—
2

2(n2 2 2 5 5
- (m2 u)z (mb (ml +m, _S_u)+ 4m2mb(m1 +Mm, _U)—4m1(2m2(mb +U)+ mbu)+ Su)+
2 -

4 2 2 2 2 2 2
+7— > (mz(ma(ml +m, —u)+ mbs)+(ml +m; —mamme1 +m; —s—u)+
(m2 —s)m? —u)

IM|* = 4e%e2g?

2 3 2
+ ml(m1 (m, —m, )+ ms —m2m, —4m,m_m, —m_u +mbs))]

KBazmpar MaTpu4yHOTO 371€MeHTa C Y4eTOM MOIAPU3alK HAaYaJIbHBIX YaCTHIL
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M \2 =4e’elg? (mzz_s)z(mj(s+ u-m?— m22)+ 4m1(ma(m12 +m? —s)+ 2m2(ma2 +s))—4m2mas —su)—
2

‘m(mi (m? +m? — s —u)+4m,m, (m? +m? —u)-4m, (2m, (m? +u)+ m,u)-+ su)+
o _

+ (mz —simz _u)(mZ(ma(mlz +m; —U)+ mbs)+(m12 +m2 —m,m, me +m —s—u)+
a b

+ ml(mf (m, —m, )+ m3 —m’m, —4m,m_m, —m.u +mbs))]

2. DddexruBHOE ceueHne noanporecca q — gy .
Paccmotprm nozrporiece poskaeHust IpsiMbIx (OTOHOB B aHHUTIIIMK (T — gy ). DeitnmanoB-
CKHME TarpaMMbl JIAHHOTO MOJIIpoLiecca oKa3anbl Ha Prc.2(a,0).

q g Y
> {0000000000 4 "\ \\ NN\ —
| |
| |
| 1
| |
|
= AN\~ = 00000000
q Yy 4 g
a 0
Puc.2

DeliHMaHOBCKHE TMArpaMMBI TOPOLIECCca g — ¢y - @) 03 yueTa nonspusauuy; 0) ¢ y9eToM NOJSpH3AIIN
CTaJIKUBAIOLIMXCS TIPOTOHOB.

MaTtpuuHbIi S5IeMEHTSI st trarpamm Pric.2(a,0) umeeT crieayrommii BUst

. _ p, +m, . . _ P, +M a
M1=—|equsu(pz)y#(zz szyvU(pl)gsgvyTij’ M2=—Iequsu(p2)yv(g—mg}/#U(pl)gvysﬁTij

a a

b b
KBaznpar MarpuyHoro anemenTa 0e3 yuera Mossipu3alii HaYalbHbIX YacTHIL (KBapKOB)

M \2 = 4e2e§g§[2(m§(mf +m? —t —u)—4ml(ma(mf +m? —t)+ 2m2(m§ +t))+ 4m,m_t +tu)+

(m? -t

+—(m2 2 o (mZ(m2 +mZ —t —u)—4m, (m, (M2 + mZ —u)+2m, (m? +u))+ 4m,m,u + tu)-
2_
4

4 3 2 2
—( - x - )(m1 +m?(m, —m, —m, )+m; (2m2 —m,m, —t—u)+
m2 —tm? —u
+m,(m2 —mZ(m, +m,)—4m,m_m, +m_u+mt)+

+m; —mZ(m.m, +t+u)+m,(mu+mt)+mm,(t +u))

KBazmpar MaTpu4HOTO 3/1€MeHTa C Y4eTOM MOIAPU3alK HAaYaJIbHBIX YaCcTHIL
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8ezezg§ 2 | 2 2 4
( 5 —t) ( u)z [_((ﬂ'lﬂz +1)(m1 +m; _t_u)ﬂb +4m2mbu+(1_ﬂ1/12)tu)ma -
—2(m? —uXﬂi/l +1)m? +m2 —t—ulm, —m,u)m? +(~(4,4, +1)Ym? +m2—t—u)m +2m,mot +
+2(m? +m2 —t—u)(1— A4, M2 +mZ +t+u+ A4, (t+u—m? m? +
+6m,mytu+u((4,4, +1)u? + (- (344, —~1)(mZ + m2 )+ A At +th +
+2(4, 4, —l)((mf +m?2 ) —t(m? +m? )—tz»}ns +2t(m? —u)(4,4, +2)m?2 +m2 —t—u)m, +m, (u—2m? )m, +
+t{(4,4, —Dum; —2m,mdt +(2(/11/12 —1)mZ +m2 —t—u) + (44, -3}t +2(44, —u)m? +mZ —t—u)-
— 244, D m? — 2m,mtu+ (4,4, —1) - 2m; +2(=2m2 +t+um? —2m? +t2 +u? + 2m2(t +u)l)-
—2m1(— 2mb(mf +m? —u)m;1 +(m12 +m? —uthf —u)mj +mb((mb2 +4t—u)mf + mzz(m,f +4t—u)—t(m§ +3u) Z -
—(m? —u)(2m? +t- 2u)m +m2(2m2 +t—2u)+tu—2m? Jm, +myt((-m2 — 2t + um? +t(mZ +u)+ m2 (- mZ — 2t +u))+
— (4,4, +1)(m —tme —u)m (A4, +1)(m —tme —u)m
+4(((44, ~Dm2 = (44, +Du)m? — (4.4, 1) m —u)mym? +
+((/11/12—1)m;‘—2(/11/12—1)(t+u)m§+u(22112t+2t+2,1/12u w2 + (44, ~Dm, t(mZ —u)m, +
+t(= (A4, — M + (At —t + 24, 2,U + 2u)mZ — (4,4, —Lu(t +u) ))))

M - -

®a3oBblii 00bEM MOATPOIIECCOB BhIMUCICH, Kak U B [12,13]. s Beraucienust 3GGEKTHBHOIO CEUCHUSI
TIOJIITPOLIECCOB MOTYyYEHO CIIEIYIOIIEe BEIPAKCHHE:

d_a= 1
dt  167s|s—(m, +m,)* s —(m, —m,)?|

Ml

B sroit (I)OpMy.]'Ie YUTEM paHEC MOTYUCHHBIC BBIPAKCHUA IJI KBaJIpaTa MaTPpUYIHOI'O 3JICMCHTA U
MOXKHO BHJICTh, UTO Bq)(i)eKTI/IBHOG CCYCHUC 3aBUCUT HEC TOJIBKO OT OHCPIrUM CTAIIKMBAIOIIUXCS IPOTOHOB,
HO 1 OT MaCChl KBapKOB. 3HaveHUS 3(1)(1)CKTI/IBHOFO CCUYCHMS OLICHCHBI ITPU 3HAYCHUAX

~216.10°GeV
p1=3-10 GeV, p;=3-10 GeV, mg=0, m,=107GeV, m =m, =m, =m, =] ° Y em,
m, = 4,67.10°GeV

rac Q-HepeI[aHHLIﬁ HUMITYJIBC, A-(I)YHZ[aMeHTaHBHa}I MOCTOSIHHAsI ~ KBaHTOBOM XpOMOAWHAMHKHA
2

A=100+300, o, = =0,12, k1=3+20 GeV, E,=0+0,017 Gev m1s “u” xBapka, E,=0+0,036 Gev mis

T
“0” xBapka, Pa=P1-k2=0+10 GeV, py=p1-k1=0+10 GeV, nocrostaEsIe ManaenbmTama: S=(p1+k1)°=3-400
GeV, t=(ki-k2)>=3+400 GeV, u=(ki-p2)*>=3+400 GeV, N, :g [14,15].

Ha ocHoOBe 3THX 3HauCHHIA TOKa3aHa 3aBUCUMOCTh S(PEKTUBHOTO CCUCHHSI OT SHEPTUM CTAIKHBA-
FOIIMXCS TTPOTOHOB M KOHT TUI0T Ha Prc.3(a,0).
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3aBUCUMOCTb 3P (HEKTHBHOTO CEUEHHSI OT SHEPTHH CTAJIKUBAIOIIUXCS IPOTOHOB () ¥ KOHTP IWIOT (D).

Ha Puc.4 nokazansl rpaduky 3aBUCUMOCTH 3(P(HEKTUBHOTO CEUSHUsI OT SHEPTHU CTATKUBAFOIIUXCS
npoToHoB Oe3 yuera nosspuzarmu npu U=10,50,70,1001 3s.

Kak BunHO u3 Puc.4 a¢ddextuBHOE ceueHrne YMEHBIIAETCs ¢ YBEIMUYEHUEM SHEPTHU CTAIKHBAIO-
X cst IpoToHoB. 3Hauenus do/dtmin ,do/dtmax paBEBI (Ao/Atmin ,do/dtmax)=(1.42-107, 1.97-107), (2.89-107%,
9:10°), (2.1-108,12.710°%), (1.5:10® ,18.1-10°) cootsercrBenHo npu U=10, 50, 70, 100I3B.

dorldt, fb
0.45 v\ \\
0.40}\ N\

\ \ \
0.35} \ "\ \
0.30 \ N S X
0.25 3

\ \\\ \
0.20 S \\\\
0.15 \ e

0.10
8 10 12 14 16 18 2o‘v/:’r3‘8

Puc4

3aBHCHMOCTD 3()(PEKTHBHOTO CEUESHHS OT SHEPTUN CTAITKUBAFOIINXCS IPOTOHOB (6e3 yuera momspusanin). ['paduku cBepxy
BHU3 COOTBETCTBYIOT 3HaueHHsM U=10,50,70,100 ['3B.

KO3OPUIIMEHT ACUMMETPUHN

Hamu BbruncnieH ko3QpuIMEeHT aCMMMETPHH, KOTOPBINA MOKa3bIBaeT OTIIMYKE 3((EKTUBHBIX ceve-
HHH TIPY Pa3HbIX HAIIPABJICHUSX CITMHA CTAJIKUBAIOIIIXCS YACTHII.
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Koaddurment acummerprn mporiecca ¢ HOJISPHU30BAHHBIMU TIPOTOHAMH OINPEAENEH B paboTax

[16,17] o cnenyromeii popmyie:
™ N
o -0

JTT n O_N

ALL =

rac o m n o ™ 3(1)(1)€KTI/IBHBIG CCYCHMA TOAIIPOICCCOB, BEIMUCIICHHBIC COOTBETCTBCHHO ITPU OJMHAKOBOM

Y IIPOTUBOIIOIO’KHOM HAIPABJICHHUH TOJISIPU3AIUNH CTATKUBAIOIIIXCS IIPOTOHOB.

Paccmotper KO(p@UITMEHT acHMMETPHH TIOAIPOIECCOB MPH CTOJKHOBEHUH TOJISIPH30BAHHBIX
MIPOTOHOB
1.  Kosdduument acummerpun noampouecca qg — qy .

Kak BumHO, KBaIpaThl MAaTPUIHOTO JIeMeHTa JIsi KoMITOHOBCKOTO pacceuBanusi (g — (y 0e3 u

C Y4ETOM TIOJISIpH3alU COBMaaoT. KoadpuimeHT aciMMeTpHr 3TOTO MOIPOLEcca paBeH HYJIO, YTO
coryiacyeTcsi C IMTepaTypHBIMU JaHHBIMH. V3BECTHO, YTO B JFOOBIX MPOIECCAaX CHHIII-TIOSAPU3ALUH C
(OTOHOM KBaJ[paThl MATPHYHBIX AJIEMEHTOB 0€3 y4eTa U C YUYETOM TOJISIPH3AIIMH JIOJDKHBI COBIAIATh, TO
€CTh WICHBI B KBaJIpaTe MaTPHUIHOI'O JIEMEHTA CO CTENEHBIO TMOJsipr3aiii paBHbl Hy 0 [12,13]. Copra-
JICHHE KBAJIPATOB MATPUYHBIX FJIEMEHTOB FTOBOPHUT O TOM, YTO YE€THOCTh CHCTEMbI COXPAHSETCS.

2.  Koaddument acummerpun noamporecca qg — gy .

Koadduiment acumMmmerpru noArpoiecca paBeH

AL = (/ll/lz(mﬁs(— my —2mZm.m, +(m,(m, +m, )+ s)z)+ 10m?m, (mZ —u)+
+2m3m, (L0m? —9m? + 4m_m, —4mZ —9s —5u)m?Z —u)+

+2m,m, (5mZ — 4(m2 —m,m, +m? +s)[mZ —ufm? —m? —s— u)—
—mPu +(—m¢ +m?(2m2 +55)—mZ(m? +m{ +6mZs —2m_m, s + 552 )+

4_
a

+ s(m 2m’m, +2m’s +(m§ + 5)2 +2m, (ms —~ mbs)))J +

+(Bms +m? +mé +2m2 (- 2m2 + mZ — 4s)+ 5m2s —2m, m,s — m?s + 3% u° +
+2(-2m? +m? —mZ +2s® + 2u* +

+ mf(— 2m§(m§ + mamb)s—(3m;1 +m! +m? +6mZs—2m_m,s+5s —
—2mZ(2m? +5s)lu + 2(3m? — 2m? + m2 —4s)u? — 4u® )+

+m (= m2s +u(-3m? + 2m2 +5s +3u)))/(- 4m7m, +

+m? (2m§’mb +2m3m, (- m2 + 2m,m, —2s)+3m¢s + 2m,m, s(m? — 2m,m, +s)+
+s(m,(m, +m,)+s)’ —2m2s(m_(2m, + m, )+ 25))+ méu +

+(m§ +2mom, — m§(2m§ +5s)+ 5m§(m;1 +m, +6m2s+2m.m,s —4m§s+552)—
—s.(m;1 +2m2m, +(m§ —s)z +2m?Zs+2m,m, (— m; + s))—

—2mSm, (3m§ +3m.m, + 2(m§ + s))+

+2m,m, (2m;1 -m’m, + s(2m§ + s)+ m? (mtf +Ss)+ m, (— 2m? +3mbs)) —~
—(Bm;‘ +m? —2m3(m, —2m, )+m¢ —2m, (m, +m, ) +2m2 (- 2m2 + m? —4s)+
+3m2s +2m, (m_ —2m, )s +2m,m, s +3s(—mZ +s )u? +

+2(2m2 —m? + mZ +my(=m, +m,) -2k —2u* -

—2m? (mb (6m§ +3m,m, +m_m, —4(m§ + s))—(— 5m, +m, + 6mb)u)+
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+ mf(Smjs +3m’u+2m,m, (mj + u)— u(2ma2 +5s +3u))+

+2m(— 6m2m, —2m?m, +m2(m? —u)—4m2m, (s +2u)+

+m, (m2 —u)(s+2u)—2m2(3mZ +5u)—m, (s +u)mZ + 25 +5u)+
+2mZ(m, (4m2 —m,m, +4s)+ (m, +6m, Ju)+

+ mz(mﬁ (7ma2 —4m,m, —4m; +7s)+(9ma2 +4m,m, +15m? +9$)J +5u2))+
+m?(=2m?2s(m, (2m, +m, )+ 2s)+3miu +

+(m? +m¢ +6m?s+2m,m,s—4m2s +5s2 u +2(2m§ -m? +4s)12 +

+4u® +4mim, (m,f + u)+ 2m22(3m§s—u(2m§ +5s +3u))+

+ 2m2(— 2m, (m§ +qu +Uu)— mﬁ(ms +3mbu)+ ma(th‘,‘ —-3mZu +u2)))—
—2m1(2m§mb —2m!myu+m3(mZ —ul—m, (m? +u)s+u) -

—m?Zm, (s +u)m? +3u)+mS(3m? +5u)—

—m¢(m, (4m2 —m,m, +4s)+(m,+6m, Ju)+m, (s +u)2m? —3mZu+u?)-
- mg(mﬁ (7m§ —4m_m, —4m? + 7s)+(9m§ +4m_m, +15m’ +9$).1 +5u2)+
+m?Z(2m?m, +m3 (= m2 +u)+ 4m?m, (s + 2u) -

—m, (m? —u)s+2u)+m,(s+u)m? +2s +5u))+

+am, (mm, (= mZ +u)+m?(m2 +u)-m,m, (mZ —u)s +u)+

+(s+u)—m¢ +su+m?(s+3u))+m?(mf +2m?s +u(2s +3u)))).

Kax BHIHO 13 BBIp@)XeHUS, KOIPPUIMEHT aCUMMETPUH 3aBUCUT HE TOJBKO OT SHEPIUM CTAIKUBA-
IOIIMXCSl TIPOTOHOB, HO U OT Macchl KBapKoB. KoapuimeHT acuMmMerpru ObLT OLIEHEH MPU TAKUX XKe
3HAYEHMSIX KaK 3((PEKTUBHOE CEUEHHE MOANPOLIECCOB (CM. MPEIbLTYIIUI pasien).

Ha Puc.5(a,0) npencrasiena 3aBUCMMOCTb K0 (UITEHTa aCUMMETPHUH TIorpoliecca g — (y ot

SHCPIuu U CTCIICHU NOJIIPU3AlIU CTAIIKUBAIOIIUXCS ITIPOTOHOB (a) " KOHTP IVIOT 3aBUCUMOCTHU (6)

1.0
fata

0.5

0.0

-0.5

-1.0

5 10 15 20

'*r. Ay 0.5 1.0 Vs, Ian
a 0
Puc.5
3aBHCHMOCTD KO3(1)(1)I/IH,I/IGHT3 ACUMMCTPUU noAnponecca qg —> q}’ OT SHEPIrvr U CTCIICHU NOJIApU3allui CTAJIKUBAKO-
IIUXCS POTOHOB (@) ¥ KOHTP TUIOT 3aBHCUMOCTH (0).

Kax BHIHO W3 pUCYHKA, 3aBUCMMOCTh acCUMMeTpuH (Ay) OT MPOU3BENICHUS CTEIICHEH TOJISIPH3aIii

M2 TUHEWHAST U TMHEHHON KOA(MGUITMEHT ISl BCEX SHEPTUH CTAITKUBAIOIIMXCS IPOTOHOB M3MEHSIETCS B

npenene -1+0.00001. 3aBucuMocTh KOIPQPUITEHTa ACHMMETPUU OT TIPOU3BEACHUS CTETICHEH ToNsIpr3a-
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IIUH CTATKUBAOIIMXCS IIPOTOHOB MOYKHO 33/1aTh U C TIOMOIIBIO BBIpayKeHUS Ay=- A12, 9TO MPEICTABICHO
Ha Puc. 6.

-1,0 0,5 0 05 1,0 v

1.0}
Puc.6

3aBucuMocCTb koa(duImenTa acummeTpuu noanporecca (g — () ot npousBeeHus CTeneHel NoIIpu3aliy CTalKIBa-
FOLIMXCS IPOTOHOB IIPU Vs =10 I'38.

BBIBO/IbI

Ha ocHoBe npoieniaHHbIX TEOPETHUECKMX BBIYMCICHUI ObUTH IOTY4EeHbI CIEAYIOLINE BBIBOBL:

1. 3aBucumoctb 3(h()EeKTUBHOrO CEYEHMs MOJNPOLECCOB OT SHEPTUM CTAJIKHBAIOLIUXCS MPOTOHOB
MMeeT TUNepOOTMYECKU XapaKTep, T.€. YMEHBIIAETCS ¢ YBETMYEHUEM SHEPIUHU CTAJIKUBAIOLUXCS
TIPOTOHOB.

2. 3Hauenue Kod((uLMeHTa aCUMMETPHH MaKCUMAaJIbHO, KOT/Ia OJIIPU3AIHs CTAJIKMBAIOLIUXCS MTPO-
TOHOB IIPOTHBOIIOJIOXKHA, © MUHUMAJIFHO, KOT/Ia OHA OJIMHAKOBO HAIpaBJIeHa.

3. DHeprus poxIEHHBIX MPSIMBIX (POTOHOB MPH MPOTOH-NPOTOHHOM CTOJIKHOBEHHU OJIMHAKOBA IS
WJICHTHYHBIX KBApKOB. DHEPTUs POKICHHBIX MPSMBIX ()OTOHOB MMEET MOHOTOHHYIO 3aBUCHMOCTh
OT yIJIa BbUIETa MPSIMBIX (POTOHOB U SHEPTUH CTAJIKMBAIOIMXCS IPOTOHOB.

4. Yder nosnsipu3aryi TOJIBKO HA4aIbHBIX KBAPKOB M TITFOOHOB B KOMIITOHOBCKOM paccessHiM He J1aeT
BKJIa/1a B 3QEKTUBHOE CeUeHre MOAIpoIiecca.

Bce Maremarmdeckue BBIUMCICHHST ObLIM Mpou3BeneHbl B cpene "Mathmatica-10". JIuarpamMwmer
@eifHmana mocTpoeHsl ¢ nomompio 'JaxoDraw-2". I'padmku mocTpoeHsl ¢ MOMOIIBIO MPOTrPaMMbI
"Origin-9" u penakTrpoBaHbl Ha rpadudeckom peaakrope "Adobe Photoshop-8".
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PROTON-PROTON TOQQUSMASI g — gy VO 0 — gy ALT PROSESLORINDO
BiRBASA FOTONLARIN DOGULMASININ TODQIiQi

M.R.OLIZADO, A.L.OHMBDOV, A.B.ARBUZOV

Toqdim olunan moagalods proton-proton togqusmasi zamam birbasa fotonlarin dogulmasi proseslarinin effektiv kosiyi

toqqusan protonlarin polyarlasmast nazors alinmamagla ve alinmagla hesablanmigdir. Kompton sepilmasi (g — qy) ve
kvark-antikvark ctliyinin annigilyasiyast (Q —> gy ) proseslori alt proseslor kimi gotiiriilmiisdiir. Bu proseslor tiglin
asimmetriya omsah hesablanmisdir.

INVESTIGATION OF SUB-PROCESSES g — 7 AND qQ — gy OF PROMT PHOTONS BIRTH AT

PROTON-PROTON COLLISION
M.R.ALIZADA, AL AHMEDOV, A.B.ARBUZOV

The effective cross-section of promt photon birth sub-processes in proton-proton collision was calculated. Sub-processes

took the Compton scattering (g — Q) and annihilation of the quark-antiquarian pair. Effective sections were calculated

without and taking into account polarization of scattering protons. The coefficient of asymmetry was calculated for these sub-
processes.
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NPUMEHEHUE METOJIA Y®®EKTUBHOI'O TAMUIBTOHUAHA
K KBAHTOBOM TOUKE

PI.ATAEBA
Hnemumym pusuxu HAH Azepbatioscana

AZ 1143, baxy, np. I. [[pcasuoa, 131
rena.g.aghayeva@gmail.com

Iomyyena: 07.05.2021 PE®EPAT

[Mpunsita k nevaru: 17.09.2021 Metoznom sddekTrBHOTO rammisronnana (MOI) paccuu-
TaH TEPMOMATrHUTHBIM TOK JUI KBAHTOBOM TOYKHU C Iapa-
6OJIMYECKUM OTPaHMYIMBAIOIINM MOTEHIIMAIOM B KBaHTY-
IOLIEM MarHUTHOM I10J1€. PacueT pousBezieH B IIpeCTaB-
JICHUM KOI'€PEHTHBIX COCTOSHHUM W ULl HEBBIPOXKICHHOM
cratucTukd. [loydeHHbIi pe3yabTaT HoaTBepKaaeT 3¢)-

KimtoueBble croBa: craTtucTHdeckas cuia, Metost dpdekTns-  (eKTMBHOCTB HeTonb3oBaHust MOI s pereHus TepMo-

HOTO FaMHJIbTOHHAHA, KBAHTOBAS TOUKA. MAarHUTHBIX 3324 B KBAaHTYIOILEM MArHUTHOM IIOJIE.

HenuccunaTuBHbI TEpPMOMAarHUTHBIA TOK B MONEPEYHOM KBAaHTYIOLLIEM MAarHUTHOM IIOJIE BbI-
YuclieH MHOTMMU aBTopami [1]. OfHako Bo Beex 3THX paboTax TeMIepaTypy He yIaBaloch BKIIFOUUTD
B raMWIbTOHMaH. |IpyHIMNManbsHas TpyIHOCTh 3aKiIroYaack B TOM, YTO TEMIIEpATypa CBA3aHa HE C
JMHAMHYECKOM, a CO CTAaTUCTHUYECKOM CHJION. A KaK BBOJUTH CTATUCTUYECKYIO CHIIY B FAMIJIBTOHUAH
ObUTI0 Hen3BecTHO. Y moToMy oTmagan npsMoil MyTh pacyera, U UCIONb30BATUCH Pa3HbIE OKOJIbHbBIE
My TH.

Crartuctuueckas cuiia ObUTa BIIEpBble BKIIOUYEHA B TaMUJIbTOHMAH B padore [2].

[pennoxxennsiii Meton BkmodeHus (MOI-meros 3¢ (heKTHBHOr0 raMuIIbTOHHAHA) OCHOBBIBAJICS
Ha [TPETIOII0KEHHUH, YTO HAINYUE TEMIIEPATYPHOI'O IPaIMEHTA B CUCTEME aHAJIOTYHO BIIMSIHUIO HA HEE
HEKOTOPOT0O BHEIIIHETO 31eKkTpuueckoro nosst. B MOI nmpu noctpoenny raMuibTOHHaHa MCXOIMIIN U3
(OpMaTbHOTO COOTBETCTBHS 3JIEKTPOCTATHUYECKOTO MOTEHLIMAIa TeMIIepaType M BeMYMHBI 3apsia
AJIEKTPOHA IMOCTOSHHOW boJibiMaHa.

Jlns nokazaresnbersa dddexruBHocT MOIT ObIIH MTPOM3BEEHBI PACUETHl B PA3IMYHBIX CHCTE-
Max: B 00beMHBIX 00pastiax [2], B KBaHTOBOM MpoBoJioke [3] u B kBaHTOBOM TUIEHKE [4]. Bo BCcex ciy-
qasix pe3yJIbTaThl PacU€TOB ¢ OMOIIBI0 MOI' coBIaiaim ¢ pe3ysabTaTaMy, BEIMUCIEHHBIMU METOAMH,
HE BKJTIOYAIOUIUMH CTAaTUCTHYECKYIO CUITYy B TaMUJIBTOHHUAH.

Lenbro HacTosel paboTHI SIBISAETCS A0Ka3aTeNbeTBO ApdexTuBHOCTH puMeHeHns MOI™ u k
KBaHTOBOM Touke. ClieyeT OTMETHUTh, YTO BCE BBIYMCIIEHUS OYAyT CIelaHbl B PEICTaBICHUN KOTre-
PEHTHBIX COCTOSIHUM U JJIs1 CITy4asi HEBBIPOKAECHHOU CTaTUCTUKH.

B MOI' TepMOMarHuTHeIN TOK B ITONIEPEYHOM KBAHTYIOLIEM MarHUTHOM I10JI€ TIPY HAIWMYAN Ma-
JI0TO ¥ OJIHOPOIHOTO I'PAJMEHTa TEMIIEPATyPhI BHIUKCIIEH B [2]

i, =~(en/ WTr( o[ Koy |+ o[V, y ]+ A4 Horv ), &)

3ech (-€) - 3apsi MEKTPOHa, KBAaHTYIONIEE MArHUTHOE OJIC HATIPABICHO BIOJIL OCH Z, TEMIIEpaTypa
T =T(x), jy - TOK BIOJIb OCH Y, N - IUIOTHOCT 3JIEKTPOHOB POBOAUMOCTH, KOOPIMHATA X H3MEHSAETCS
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[IPUMEHEHUE METOJIA DDPPEKTUBHOI'O TAMUJIbTOHUAHA K KBAHTOBOM TOUKE

BuHTepBate —L /2<x<L /2,

~ 1 X 1 5 ~ A 5 A
V=6 &= | =+ |-=——(Hyx+xH,)-=H,, 2
(é 7][L Zj o (HoxxHy )= H, @

X X

L, _
rne T,=T (—?J & - XUMUYECKHH TTOTSHITUAN JIEKTPOHOB ITPOBOAUMOCTH, ¥ = (kTO) 1’ k -1mocro-

siHHast bonbimana, § <<1, p, - paBHOBECHast MaTpHIa IIOTHOCTH M 0, - HEPABHOBECHAs 100aBKa K

MaTpule IJIOTHOCTU

po =2, Tre oz =Tre ™o, ©)
/4

Py = _laoj.dfexp(Ho?/ W exp(—Hyy') . )
0

[TocTporM KOrepeHTHBIE COCTOSHUS JJIi KBAHTOBOM TOUKHM C MapabOIMYeCKUM OrpaHu4HBaIO-
IIIMM TTOTEHIMATIOM, HAXOIAIIECS B KBAHTYIOIEM MarHuTHOM Tiojie H || Z . BekTop-moreHiman BoIOH-

paeM B BHJIE A=(—Hy/2, Hx/ 2, 0).

CootBeT! CTBYIOH_II/Iﬁ TraMHJIbTOHHAaH MMCCT BU/]

AN\ 2 AN 2
~ 1 . Moy ~ Mo X £ 2 2 2(62 w2, 52
HO_% (px—Tj +[py+ 5 J+pz+ma)o(x +y +z) , )

e @, =eH /mc - IMKIOTPOHHAS YacToOTa, @), - XapaKTepH3yeT MapabOoIMIeCKuii MOTEHIIHAT KBaH-
TOBOM TOYKH, M - Macca 3JEKTPOHa, € - aOCOMIOTHOE 3HAUEHHE €ro 3apsjia, ¢ - CKOPOCTh CBETA B
BaKyyMe.

Cnenyst meToy [2] mOCTpOEHUSI KOTEPEHTHBIX COCTOSHUN KaKk COOCTBEHHBIX (DYHKILIMIT MOJHON
CHUCTEMbI O030HHBIX OIEPATOPOB YHUUTOXKEHUS, SBIIAIOIINXCS MHTErpajlaMH JBM>KEHHUSI KBAHTOBOM CH-
CTEMBI, BBEJIEM TaKKe onepaTopsl s (5)

[ v, ppr }exp(i@t), (6)

A _ {X%—ly py px}exp(ia)_t), @)
‘/ { }exp(la)0 ), (8)

W, = L , 0" = +4a7 9)

- 2
At At At At A+ At
[Aa,Aﬁ] =[Aa,Aa] =[Aﬁ, Aa] -0
Jlerko mpoBepUTh, YTO FAMUJIBTOHHAH (5) MOXKHO MPE/ICTaBUTh B BUJIE

I-A|O:I-A|a+l-A|ﬁ+I-A|J, (10)




PI ATAEBA

- coa 1) . NP |

Ha :ha)+[ aAa +EJ, Hﬁ :ha)(AﬁAﬁ +Ej, (11)
i 1/ 2 2.2\ _ chie 1

Ha_%(pz+m W,z )_ha)o AA +—

Pemienne BOJTHOBOIO ypaBHEHHUS pacCMaTpyBaeMOM 3aa4ul CBOJUTCS K CIEAYIOLIEH BOJIHOBOM
GbyHKIIIH
v =la)|A)lo). 12)

e ,f U O - IPOU3BOJIbHBIC KOMITIGKCHBIC YMCIIa, IPEICTABIISIONIME COOOM MONHBIN HAOOp KBaH-
TOBBIX YMCET JAaHHOU 3a1a4u.

HerpynHo yoenuTbes B ToM, 4TO ‘a) ,‘ p > U ‘(7> YIIOBJIETBOPSIIOT BCEM HEOOXOAUMBIM TpeOoBa-
HUSM, TIPETBSIBIIIEMBIM K KOT€PEHTHBIM COCTOSIHUSIM, & MMEHHO (TICPEUMCITIM Ha TIpUMeEpe ‘a) ):
1. ‘a) SIBJISIETCS] COOCTBEHHOM (PYHKIIMEH 0030HHOTO ONIepaTopa YHUUTOKEHUS ¥ MHTETpaia JIBU-

wenust A

_a>:a‘a>, {ih%—Ha,A;}:O, [A;,A;}zl. (13)
2. ‘a) YIIOBIIETBOPSIET YCIIOBHIO HOPMUPOBKH:

<a ‘a) =1. (14)

Bosnnosbie GyHKImM ‘0{} 00pa3yIOT MOJIHYIO CUCTEMY, HO OHH HE SIBJISIFOTCS] OPTOTOHATLHBIMHU.

3. ‘a) MOTYT OBIT MOJTyYEHBI M3 OCHOBHOT'O COCTOSIHMS ‘O) , s KOTOporo A, ‘0) =0.
Paccmorpum j , T.e. (1) rie mepBoe cnaraeMoe paBHO Hyimo. B 9TOM Jierko yoenuThbes, mpons-

BOJA HUKIIMYCCKYIO IEPECTAHOBKY 1101 3HAKOM CJICAA, T.C. Tr . Takum 06pa30M:
Tl’ﬁo[l‘]o,)/}zo (15)

Bropoe ciaraemoe B (1) comepxut [\7, y} .Beipasum y u x uepes A, A; ¢ moMoIipko (6) 1

@)
_ h - it g+ - ot A— —iw,t A— o, t A+
y= m(le A, —ieT A e A —e A,,), (16)
_ h ot g+ it A— | ia-iot A- s aiet A+
X= m( y +€ A, HieT A, e Aa). (7)

Bsenem 0003HaueHMs
A ot g it A- A _ a-ioft f— ot g+
=" Aj+e" A, 3, =e A e A, (18)

a Taroke yureM (3.6) ctp.189 [5]
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[NA‘, A““] =mA™, [A*A‘, A‘m} =—mA™, (19)
TOra HO.]-[yLH/IM
[Hoy]- ﬁ(ma iho 4,) . 20)

C momorsio (2) u (20) [\7, y ] JIETKO TIPeo0pas3yerTcs K BUIAY

[v:y]=_2%([no,y}m[no,y])_g[ﬁo,y] (21)
B nepBoM 1 Bropom ciraraemsix u3 (21) noacrasum (20) BMecTo [I:I 0 y] Y BBIPA3UM X yepe3

a,,a,, ucnonesyst (17), (18)

oo 4
X = m(aﬂﬂaa). (22)
Toraa Bmecto (21) momyyum

- o h A A A7 . O A

[V,y}:—l_—xm{h(@—a))aaaﬂ+|ha)+a§+lha)a;}—E[HO,y]. (23)
Beruncium

" T\ SR® A ar i a2

Trp, [V, y] == mwTrpO(a)caaa +io,8. +im &), (24)

B (24) npunsui Bo BuuManue (15) u (9). [oncrasum B (24) dpopmysst (18), (3), (10) - (12).
Jlanee pacuersl B JaHHOHM paboTe OyeM BECTH IO Clieyromieit cxeme (25), cocTosieit u3 Hul-
YKETIPUBEICHHBIX ITyHKTOB 1.- 5.
1. cnen oneparopa ectb

TrM :ijdzaijdzﬂid2a<a‘<ﬁ‘<a‘l\7l ‘a)‘ﬂ)‘a),

2. yTIOpSIIOYUM OTIePATOPhI At ,

At
3. uMes B BUY (27) (cm. HIDKE), 0T6paCBIBaeM ClIaraéMbI€ C HEUETHBIM KOJIMYECTBOM A ,

4. mepexoauM K COOCTBEHHBIM 3HAYEHHUSIM OTIEPATOPOB,
5. 6epem uHTErpaIBI 0 &, 3,0 ¢ moMoIIIbio ToxaecTBa (3.83) u3 [5]

i)zexp(—Ci |i|2), (26)

(i|exp(xA+A)

rJe | MOXKET MPUHUMATH OJHO M3 3HaUeHW @, f Wi o , u ypaBaerus (13.17) [6]

2 |
jdzie‘ci"‘ P! =g"5 (ReC, >0), 27)

1+1 “ml
i

23




PI ATAEBA

C,=1-¢""", Cy=1-¢""",C =1-¢"". (28)
B utore nomyunm (24) B crienyroiemM Bue
A T ion’ (o o, o
Trp,|V,y|=——| ————+—=|. 29
Ao[V.y ] Lxma)LCﬂ C. 2] @)

Paccmotpum Tpethe crnaraemoe u3 (1), T.e. Tr ﬁl[l:lo, y} rie P, jaercs BeIpakeHueM (4), a
[ﬁo, y] dopmyoit (20). [IponsBeneM NMUKIMYECKYIO MTEPECTAHOBKY IT0J] 3HAKOM |1 W HCIIOJB3yeM
ynxumm (3.46) [5]
exp(VA"AT) f (A"A")exp(-vA"A )= f(A e, A'e").

Bgenem 0003HaueHUA
A Aot N—Ahoy! ot g+ —ho,y'
a =e A" —e“'Ate
A ot Na—hoy —iwt N—nha_y' (30)
aﬁ =€ Aﬁe +€ Aﬁe

Vurem B V (2) u (30), Torma
5 A N S 1 x 1) &( X X 5
malfos]—{gmafor|(6-FJa{ 4o -

IMpomssenem pacuer nepsoro ciaraemoro B (31), cnemys cxeme (25). [omy4um ¢ yaerom (17) u
(30)

N

ﬁo}(hw+a; tihwd,)  (31)

fd Trp| X4t (hwa'+iha)a')—j.d M (32)
0;/ pOL 2 +a B 07/2Lxma)

X

rae
J= {a) [(eh‘”' +e " )C,g1 - e”“’”} ~ o, [(eh‘”' +e ) Clt-e' }} .
v
Bosbmem J.d 7'B (32). HerpynHo yoeauTbest B TOM, YTO MOTy4uM HOJb. YerBeproe craraemoe B (31)
0

PaBHO HYJIIO B COOTBETCTBUU C ITYHKTOM 3. cXeMblI (25): oHO oOpalraercst B HOJIb [IPU UHTETPUPOBAHUM

no a,f.
Paccmotpum Bropoe ciiaraemoe B (31)

) / ho% n L .
— |——dy¥'Trp,H . x(hw.a_ +ihw a,). 33
ZLX Zma)_l‘ }/ pO 0( +a - ﬂ) ( )

[oncraBum B (33) popmyset (10), (11), (17), (30) u npumennm cxemy pacuera (25). [1pu s3tom
BO3HHKAIOT JIBa BBIPAKEHUSI, KOTOPBIE YIIOPSIOYNM C TIOMONIEO (13)
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A

AA=AA -1 AANAA=AAAA 28A

Kpome toro, oqH0 13 nosryueHHbIX B (33) ciaraeMbix coBnaaaeT ¢ (32), 1 MOTOMY PaBHO HYJIIO.
B wurore (33) mepexomur B

ioh®
dy'(3,+3,) 34
4L, ma)'[ S
rae C yuérom (32) u (28)
J=we"C], (35)
J,==d(0, 00, ae p). (36)

BorancnuM B (34) uHTErpani no ¥ ', NOJIy4uM

ioh’
4L mw

(o (1+e™)C -0, (L+e7)C M, (37)

(37) ectb pe3ynbTar pacuera BToporo ciaraemoro us (31).

[Toncrasmss B xH o Popmysl (10), (11) 1 (17) 1 yuntsiBast MyHKTHI 2. ¥ 3. cxeMsl (25), momyunm

N Iy

xH,=Hx-D, (38)

3 h —iw A— ot g+ : —io,t N - it g+
D= /2m [ha) (6™ A, e A ) +inw, (67 A, +e +‘Aa)] (39)
Beraucim, caemys cxeme (25) u yuurtsisas (39) u (30), ciaemyroiiiee BoIpakeHHe
o L]‘dy'Tr,b Iﬁ(ha) a +iho.a, )—
2L, \ 2mo PTN e

i i 52 ]dy'{af [(ehw _ghor k; Lehos ]_ % [(ehwm' _e o k;l Lol ]} (40)

LMoy

rac

Honcrasum B (40) Beipakenns miist C, u C; 13 (28) n Bo3bMeM uHTErpai 10 7 . B urore noiy-
yuM Houtb. Torna Tpetwe cnaraemoe u3 (31) cBenercs ko BTopomy, T.€. K (37). OxonuarensHo (M. (31))

Trp, [ H o y] OyzeT paBHA YIBOSHHOMY BBIPOKEHUIO, JaBaeMoMmy (31).
Yurem opmyisi (15), (29) u (37) B |, (em. (1))

i :_ie_n - ion” O 0 B yy ion” &(1+e’7""*7)—&(1+e”’“’”) :
g h| Lme(C, C, 2 4L,me| C, C,
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Tocre mpocThix npeobpazoBanui, moacTaHOBKH 13 (28) Boipakennit it C, u C,, a Takke 3a-
MEHe (a)+ - a)_) Ha @, coryiacHo (9) nomy4nm

j,=0. (41)

Pesynbrar (41) oueBuzieH 1 (hpu3nvecku 0OOCHOBAH JIJIsl PACCMAaTPUBAEMOIN CUCTEMBI. KBAHTOBOM
TOYKH. BaXXKHOCTB MOJTy4eHHOTO pe3yJIbTara B TOM, YTO OH elle pa3 Jqoka3ai d3ppekTuBHOCTF MOI™ kak
METO/1a, CETABIIEr0 BO3MOXKHBIM:

a) BKJIFOUEHHE TeMIepaTypsbl (CTATUCTUYECKUHN CUJIbI) B TAMUJIBTOHUAH;
0) 1 pAMOM IMyTh pacueTa TEPMOMArHUTHOTO TOKA B KBAaHTYIOILIIEM MarHUTHOM IIOJI€.

1. B.M.AckepoB. DnexmporHule sgnenus neperoca 8 noiynposoonuxax. M., Hayka, (1985) 320.

2. R.G.Aghayeva. Fluctuation of the thermomagnetic Current, J. Phys. C: Solid State, 18 (1985) 5841-5848.

3. R.G.Aghayeva. The new method of calculating the thermomagnetic current. Quantum wire, Fizika, XV Ne4
(2009) 3-5.

4. R.G.Aghayeva. On the Inclusion of the Statistical Force in the Hamiltonian, Physics of the Solid State, 56
(2014)1323-1326.

5. V.JTroucemt. Uznyuenue u wymol 6 keanmosou snekmponuxe. M., Hayxa, (1972) 400.

6. SL.Ilepuna. Kocepenmnocmo ceema, M., Mup, (1974) 367.

EFFEKTiIV HAMILTONIAN METODUNUN KVANT NOQTOSINO TOTBIQI
R.Q.AGAYEVA

Effektiv Hamiltonian metodundan (EHM) istifads edarok, kvantlayict magnit sahasinds parabolik mohdudlasdirma po-
tensiah olan kvant nggtesi tiglin termomagnit carayan: hesablanmb. Hesablama koherent hallar tosvirinds va cirlasmamis statis-
tika Ugn aparilmigdir. Alinan notica kvantlayict magnit sahosindoki termomagnit problemlorinin halli t¢tin EHM istifads
somaraliliyini tasdiglayir.

APPLICATION OF THE EFFECTIVE HAMILTONIAN METHOD TO THE QUANTUM DOT
R.G.AGHAYEVA
A thermomagnetic current for a quantum dot with a parabolic confining potential in a quantizing magnetic field has
been calculated by the effective Hamiltonian method (EHM). The calculation was performed in a representation of coherent

states and for a non-degenerate statistic. The obtained result has confirmed the efficiency of using EHM for solving thermo-
magnetic problems in a quantizing magnetic field.
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PE®EPAT.

HccnenoBaHbl 3J1eKTpUYECKHE U TEIUIOBBIC CBOMCTBA SBTEKTH-
yeckoro kommosuta INSb-FeSb B pmamasome Ttemmeparyp
80+450K u marauraom none no 0,65T. HaGmonena anmso-
TPOIHS] KUHETHYECKHX NIapaMeTPOB HPU B3aUMHBIX HAIPaBJIe-
HUSIX TOKA, MArHUTHOTO TOJS U BKIIFOYCHHI. Y CTaHOBJICHO,
4ro Mex(asHasi 30Ha HapsTy C BKIIOYCHUSIMH UIPAcT CyLie-
CTBEHHYIO POJIb B @aHU30TPOIIUHU AJIEKTponpoBoaHocTy. [loka-
3aHO, YTO 3BTEKTHYECKHil koMmmo3ut INSh-FeSh - mepcnexrue-
HBI MaTepua il TePMOCTAOUIBHBIX JATYMKOB COMPOTHUBIIE-

Kirouesble cioBa: SBTEKTUYESCKHI KOMITO3UT, MeXK(a3Hble HHS M JIETEKTOPOB TEILIOBOIO TTOTOKA MPU KOMHATHOM TeMIle-

30HbI, MAarHUTOCOIIPOTUBJICHUEC, ICTECKTOP.

patype u MarautaoM nose 0,6 Ti.

BBEJIEHHUE

IlepexonHple 37€MEHTBI TPYMIIBI XKejle3a B
TIOMYTIPOBOTHUKOBEIX coeruuennsx A’B® cosma-
I0T IIyOOKHE JIOKaJM30BAaHHBIE COCTOSIHMS, BOJI-
HOBbIE (PYHKIIMM KOTOPBIX JIEOKAIU3UPYIOTCS B
npesiesax HECKOIBKUX KOOPIMHALMOHHBIX cdep
OCHOBHOM penieTkd. [Ipy MoBbIIIEHHOM KOInYe-
CTBE INpUMeCEd B COEMHEHUSIX 00pa3yroTcs pas-
JIMYHBIE KJIacTepbl 30-37IEMEHTOB, a MpH OIperie-
JICHHBIX PEXUMAX KPUCTAJUIM3AIMHU - SBTEKTUYEC-
KHI{ KOMITO3UT, COCTOSAIIMN U3 TOJTYITPOBOIHUKO-
BOW MaTpHllbl U PETYJSIPHO PpacIpeieIEHHOrO
MarHUTHOTO BKITFOYEHHSI (COEAMHEHUs puMecen
C aTOMaMH OCHOBHOW PEIIETKH) B BHUJIE HAIpaB-
neHHblx ura [1]. Hamuume MarHuTHOTO BKITFOUE-
HUSl B MaTpHlIe MPUIAET KOMIIO3UTY YHUKAIbHbIC
(hm3uUecKre CBOMCTBA. DTH IBTEKTUKU SIBIISIFOTCS
MarHUTHBIMU TOJTYTIPOBOJTHUKAMU U TIperosara-
€TCsl BO3MOXKHOCTb MX MCIIOBb30BAHUS VISl CO3/Ia-
HUSl PA3IWYHBIX YCTPOMCTB CHMHTPOHMKH. B
HacTosmee BpeMs Hambonee msydeHsl A’B°:Mn
[2-4] 1 A®B®-MnSb [5-8]. Omsum 13 HHTEpECHBIX
U, B TOXE BpEMsl, TUCKYCCHOHHBIX MaTepuajoB
SIBJIIIOTCSL  Y3KO30OHHBIE MOMypoBoaHuKH INSh,
InAs u GaSh ¢ aromamu >xene3a. [TomynpoBogHu-

KoBoe coeaunenue INSb ¢ sxenesom ompenerneH-
HOM KOHILIEHTpaluu o0pa3yeT 3BTEKTUYECKUI
komro3ut. B[1] mokaszano, yro InSb-FeSb nByx-
¢asHplii cruiaB, cocrosumi U3 Marpuibl INSh u
MOHOKpHCTAITHYECKOro BrodeHust FeSh. Kom-
no3ut InSh-FeSh B [9] mosyuen mpu pasHbIX CKO-
POCTSIX KpUCTAJUTM3AIMM M TIOKa3aHa BO3MOMXK-
HOCTh KOHTPOJIMPOBATH TEOMETPHUYCCKUE PA3ZMEPHI
BiroueHnst FeSh u ux aucnepcuocts. B [10] 06-
pasipl InSh ¢ MeHee OfHUM MPOIIEHTOM Kee3a
TalOKe CONEp KT BKIIOYEHHUs] BTOPOHM  (haswr
FeSh. ABrops! nccienoBaHueM IEKTPHIESCKUX U
raJlbBAHOMAarHUTHBIX cBOMCTB INSh ¢ pasmiuunbM
COJZICpYKaHUEM jKeie3a MPHIILTH K BBIBOJTY, YTO 00-
HapykeHHasi aHoMasms dddekra Xoaa U MosB-
JICHUE JIOTIOJTHUTEIFHOTO MEXaHM3Ma PaCCEsHUS
HOCHUTEJICH 3apsiia CBsi3aHa ¢ mpucyTcTBreM FeSh.
Omnaxo B [11] moka3zaHo, 4TO B y3KO30HHBIX ITO-
JYNPOBOJHUKAX aTOMBI JKelie3a HaXOAATCS B
HEUTpaTbHOM cocTosiHuH. [locrieHee BpeMs 1mo-
SIBUMCH paboThl [12,13], B KOTOPBIX METOIOM
UMITYJIbCHOTO JTa3€PHOTO PACTIBIICHUS TOTyYEHBI
snurakcuanbHbele cion InSh, INAs u GaSb ¢ BbI-
COKOW KOHIIeHTparuei sxene3a (6onee 10%), 00-
nanaromnme (GeppoOMarHUTHRIMA CBOWCTBaMH 0e3
Hamuus BTOpoit ¢azel FeSh. ABrops! mpunum k
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BBIBOJIY, UTO B CJIOSX MEXaHU3M (heppoMarHeTus-
Ma He CBsI3aH CO BTOpoi ¢azoii. B nanHoit padorte
C LIEJIbIO BBIICHEHHS POJIM BKIIIOUEHUI B [IEPEHOCE
HOCHTENIeH 3apsfa M Tella MPOBEIEHb KOM-
TUICKCHBIE UCCIIEI0BAHUS KHHETHUECKUX Kod(du-
[IMEHTOB B ABTEKTHYECKOM Kommosute InSh-FeSh
B uHTEepBaie Temneparyp 80-450K.

METOIUKA SKCIIEPUMEHTA

HccnenoBanHast ~ 3BTEKTHKA — MOJIyYeHA
crutasienreM InSb ¢ 0,65 Bec % FeSh Beprukans-
HbIM METOJIOM bpumxkMeHa co CKOpPOCTBIO mepe-
JBIKEHUsT (DPOHTA KPUCTALIM3AIMKU 6 CM/Y TIpU
CTPOrOM  BBIIOJHEHUH  IEPHEHAUKYJISIPHOCTU
TUIOCKOCTH (DpOHTA KPUCTAIUIM3AIMHI K HaIpaBlie-
HUIO BBITSDKKH. MUKpPOCKOIIMYECKUIN aHAIN3, TIPO-
Be/IeHHBIN Ha MuKpockorie MUM-8, mokazain, 4ro
¢aza FeSb B moynpoBoaHuKoBoi Matpuiie InSh
pacrperienieHa MouTH PaBHOMEPHO U chopMHpO-
BaHa B BUJIE NTApaJUIEIbHO OPUEHTUPOBAHHBIX UIJI
¢ muamerpoMm  0,5mkm, mmHOM 20-100MKM U
IUIOTHOCTBIO Ha equHMIy mwomamd 2,2.108cm?2.
Ilomy4eHHBI KPUCTALUT UMEN JIEKTPOHHBIA THII
TIPOBOJIMMOCTH C KoHIeHTpammer 4,4.10 cm?,
Tepmorpaduyeckue uccieaoBaHusl MPOBEACHBI HA
nepusatorpade co ckopocThto Harpea 10K/mun
no 1273K. Pentrenoda3oBelii aHamm3 o0pa3LoB
BBINONHEH Ha audpakromerpe Bruker A8 Advan-
ce B CuK, msnyuerru mpu 20=10°-80°. Dnexrpu-
YECKHE CBOMCTBA MCCIIEIOBAHbl KOMIIEHCALMOH-
HBIM METOZIOM, TEIUIOIPOBOAHOCTh U3MepeHa ao-
COJIFOTHBIM CTallMOHAPHBIM METOAOM M HCCIIENO0-
BaHHUEM TEMIIEPaTypPONPOBOJHOCTH METOJIOM CBe-
TOBOI'O UMITYJILCHOI'O HAarpeBa.

SKCHEPUMEHTAJILHBIE PE3YJILTATBI
U1 OBCYKIEHUE

Ha Puc.l npencrasieHsl pe3ynbrarsl Tep-
MHYECKOro aHanmmza kommosuta InSb-FeSb. Dm-
JOTEPMHUYUECKUN THK, HAOIIOAaeMblii Ha KpUBOU
JATA npu temneparype 803K, orHOcHTCS K IIpo-
Lieccy IUIaBIeHNsI U (PUKCUPYETCsl JIMIL Ha KpH-
Boii JITA (xpussie TI u JITT" He uzmenstcs).

InSb-FeSb

T.K

——'—‘/—\dTGE
dTAl

785 1033
803
T
60

T, min

Y T
80 100

Puc.1

TepMorpaMMbI 3BTEKTHIECKOTo Komrtosuta InSh-FeSh.

Bcnen 3a mporieccoM 1iaBieHUst HAYMHACT-
Csl 9K30TEPMHUUECKUI (PQPEKT XapaKTepHBIN i
IPOIIECCOB OKHCICHHUS M Ha TEPMOTPapUUECKIX
KpUBBIX HaOmojaercs yBenuueHue Beca. Ha oc-
HOBE 3THX HCCJIEJI0BAaHUI OIPE/IECIICHbI OCHOBHBIC
TEPMOJJMHAMUYECKHE TapaMeTpbl  KOMIIO3HTA:
Temneparypa Hadana Ty=/85K u konua Tx=813K
wiasnenus, TermnoTaQ=20,2/1x/K Monb u 3HTpO-
must S=5,88x/x/K moip ¢ TouHocThio 2-3%.
JIByx(a3HOCTb CHCTEMbI TOATBEPXKICHA TAKKe
peHTreHodazoBbM aHanmu3oM. Jludpakrorpamma
noporka InSh-FeSb npu komuarHoO#T Temmepary-
pe npencrasieHa Ha Puc.2. Kak BuaHo, mudpak-
TOrpamMMa COJIEPKHUT PE(IIeKChI, COOTBETCTBYIO-
mpe coenrHeHnsiM InSb u FeSh.
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2 Theta

Puc.2
JudpakTorpaMMbl 3BTEKTHIECKOTO KOMIIO3UTA
InSh-FeSh. (MHTeHCHBHBIE THHUK COOTBETCTBYIOT CO-
eauneHuro InSh, a crabeie - FeSh).

28




KWUHETUYECKUE CBOMCTBA DBTEKTUUYECKOI'O KOMITO3UTA InSh-FeSh

TemmieparypHble 3aBUCUIMOCTH 3JIEKTPOITPO-
BOJTHOCTH G, TEPMOI/IC 0, KoddduimenTa Xomia R,
TEMITEPaTyPOIPOBOJHOCTH d M TEILIONPOBOIHOCTH
K TIPU Pa3iIMYHBIX B3aMMHBIX HAIpPaBICHUSX DJIEK-
TpHYecKoro Toka |, MmarauTHoro nosst B, ternoo-
ro nmoroka W (wum A T) 1 HartpaBiieHUs: pocTa Kpu-
crauia x npencrasieHsl Ha Puc. 3. Kak BugHo, 13-
MEpEHHBbIC KUHETHYeCKHue Kod(PUImeHTh mpu
paznmuunbix opueHTamsx |, B, AT u x umeror anu-
30TPOIHIO, BEIMYMHA KOTOPOM C MOBBIIICHUEM
TeMIepaTypsl yMeHbiaercs. 13 Puc.3a BumHO, 9T0
B ciydae l|x oL cooTBercTBYeT MpOBOIMMOCTH G
Matpuilbl InSh cooTBeTCTBYIOIIEH KOHIICHTpAIUH,
a nipu | Lx BBUTy KOPOTKO3aMBIKAIOIIETO JICHCTBUS
BKJIFOUEHHS TIPOUCXOIUT YBEITMUYEHHE 3JIEKTPOIPO-
BOJHOCTH. 3aKOpaYMBAHUE TEPMOSJIC MAaTPHUIIBI
BKJTFOUEHUSMU TIpU T|[x MPUBOAUT K MOHIKEHHIO
TepMOod/IC 0y BIOIL oOpasna (Puc.30). Benencreue
3aKOpavYMBaHMs TOKA BKJIIOYEHHSMH BJIOJIL 0Opas-
a npul|x LB, a Tarwke HanpsbkeHHs XOJU1a B CIIy-
gae |1x 1B xoaddurment Xomna muanmManeH. B
CTydae, KOT/ia BKIIFOUECHHS PACTIONOKEHBI MeprieH-
JIKYISIPHO SJIEKTPHYECKOMY TOKY U TIapaJUIeTbHbI
CHJIOBBIM JIMHUSIM MarHuTHOTO moiist | Lx||B, 3Haue-
uue R wmakcumanbhHo (Puc.3B). Ilpu stom Tok
B/IOJIb OOpasiia M IIC XOJUIa HE 3aKOpavdnBAIOTCS
BKJTFOUEHHMSIMH, KOHIICHTpAIMSI U XOJUIOBCKasl TMO-
JIBWKHOCTH HOCHUTENIEH 3apsiia ONpe/IeNieHbI B CITy-
gael 1x|B (n=4.10cm® u u=2.10%cm%B-c mpn
T=300K). AnHnzoTponusi TEIUIONPOBOJHOCTH Ha-
OmrosaeTcs, B OCHOBHOM, IIPU HU3KHX TeMIIepaTy-
pax 80K, otHomenue xyxi=1,2. Ilpu kKomMHaTHOM
TeMIIepaType ¥ BBIIIE 3HAYCHUS K| M KLIIOYTH HE
ormyarotcs. Cremyer OTMETUTh, YTO BCE ITO Ka-
YECTBEHHO OOBSICHSET TPOLECCHl TIePEeHOCa HOCH-
Teriel 3apsaa M TeIula B OBTEKTUKE. 3a/a4a KO-
YECTBEHHOTO BBIUHCICHHUS A(PQPEKTUBHBIX Iapa-
METPOB B HEOJJHOPOJHBIX CpeflaxX, K KOTOPBIM OT-
HOCSATCS. W KOMITO3UTHBIE MaTEpPHAIIBI, OCTAeTCS
NpeIMETOM 00CYKIIEHHUH, B HACTOsIIEe BpeMs OT-
CYTCTByeT equHasi Teoprst. Hanbomnee yHuBepcab-
HBIM METOJIOM TIpY HHTEPIPETAIH SKCIIePUMEH-
TQJIBbHBIX JIAHHBIX IO HUCCIIEIOBAHUIO KOMIIO3UTOB
SIBTSIETC  pUOIMIbKeHne A(PQGEKTUBHON — CPEIbL.
OO0o001IeHHasT TPOBOIMMOCTh CHUCTEMBI TIO CBOM-
ctBaM (ha3 BBIUHMCIIETCS TI0 (hOpMysIaM, MOTy9eH-
HBIM W3 OIpENENICHHBIX MOJICTBHBIX Mpe/CcTaBiIe-
HUH.
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TemnepartypHbie 3aBUCUMOCTH AJIEKTPOIPOBOJHOCTH
(a), repmoazc (6), koahdunmenTa Xosmia (B) ¥ TEIUIO-
MPOBOIHOCTH (Ha BCTABKE TEMIIEPATyPOIPOBOIHOCTH)
(r) InSh-FeSb mpu pasiaMyHbIX HalpaBIeHMSIX TOKA U
rpaJiieHTa TeMIePaTypbl U BKIIOUCHHIL.
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[IIupoKO NPUMEHUMBI KJIACCUYECKAsT MO-
JIeNIb MaTpuyHOM cpenpl MakcBeruta-I'apuera [14]
u cratuyeckas cpena bpyrrmena [15]. Mopnens
Makcgemna-I'apHera cnpaBeyiiBa, KOrja OJHA
(haza mpezcTapisieT co00l MaTpuiry, a Apyrasi 00-
pasyer B Hel ¢ MaJIOl OOBEMHOM JIOJIEH M30JIMPO-
BaHHbIE BKJIIOUeHUs. Mogens bpyrrmena nenosib-
3yeTcs, KOrja B KOMIIO3UTE HEIb3sl BBIICIUTH
MaTpully U BKIItOYeHus. B aToil Mozxenu npentio-
JlaraeTcsi, YTo BKJIFOYEHHSI HAXOJSITCSl HE B MaTpu-
e, a B 9 QEKTUBHON cpefie ¢ MmapamMeTpamu, OT-
JTMYAIOUMMHUCA OT KOMITIOHEHTOB. CyIlecTBYIO-
M€ METOJIbI HE TO3BOJISIIOT YAOBJIETBOPHTEIBHO
MOJTYYUTh pacripeesieHue mojield mo odpasuam u
MX 3aBHCHMOCTH OT KOS((UIMEHTOB KUHETHUYe-
CKHX CBOMCTB (a3, (hopMbl U TEOMETPUU BKIIFOUE-
HUS W yCIIoBMH Ha TpaHuie (a3. B ocHoBHOM,
paccMaTpUBAIOTCS IUIOCKUM CITy4aid M pacriofio-
KEHUE BKITIOYCHHI MPABUIILHOW GopMeI [16], x0-
TS B TMOCJIEIHEE BpEMs Pa3BUBAIOTCS METOJbI
onpeeseHUi Pa3InIHbIX (U3UUECKUX CBOICTB B
aHM30TpOIHBIX Kommo3uTax [17]. Bo Bcex BbIpa-
KEHMSIX, TOTYyYEHHBIX Ha OCHOBE HMEIOIIMXCS
MoieNiel, B OCHOBHOM, MPUCYTCTBYIOT MaplHalib-
HBbIE KHHETUYECKUE KOAPPUIIMEHTHI (a3 U 00heM-
Has 10N BKITIOYEHUs. B maHHOM ciiydae mpu vH-
TEpIpETaIU SKCIEPUMEHTATBHBIX PE3yJIbTaToB B
aprekTke InSh-FeSb namm wucmosk3zoBana Mo-
Je7b 0000IIEHHOI MPOBOAMMOCTH B IBYX(a3HbIX
CHCTEeMaxX C NWIMHAPUYECKUMH BKITIOYCHUSIMA
[18]. Cormacuo [18], sBTeKTHUECKas CTPYKTypa
TpeJICTaBIeHa B BUJIE JIBYX TapaJUIeNIbHO COEMIH-
HEHHBIX WM KaK KOMOMHAIMS TapajyieNIbHO U T10-
CIIEZIOBATEIFHO COCAMHEHHBIX ~ COMPOTHBIICHHI.
[MpuT]lx (mocnemoBaTeIbHOE COSTMHEHHE)

(7”: o,

o, ——— —
1+cC 1—|—CY

@)

a mpu T1X (koMOMHAIWS TTApaJUIETIHHOTO U TI0-
CJIEIOBATEILHOTO CONPOTUBIICHHS)

(0, - 0,) 1 e /(1+0) J+ o+ O/

@)
1+ (o, /o) J@+c)c-1)

o, =

A€ 01 U G2 BJICKTPOIPOBOJAHOCTH ITOJIYIIPOBOAHU-
Ka W BKIIIOYCHH, c-00beMHas J0JIs1 BKIIFOUCHUA,
KOTOpas OIpCACIIACTCA KaK

o= N ®)
1-V.N,

3neck Vi - o0beM ogHoro BrmoueHus, N -

TUIOTHOCTH BKITFOUCHUSI.

Kak u3Bectro, FeSb antudeppomarnerux u
npu KomHaTHOH Temmeparype ¢ =3.10%mem?.
M3-3a OTCYTCTBUS ITaHHBIX TEMIICPATypPHOMN 3aBH-
cumoctd 6 FeSb Hamu Obita perieHa oOparHas
3anada. CoBmectHo pertast hopmyisl (1) u (2) oT-
HOCHTEIIBHO 3JICKTPOITPOBOJHOCTA MATPHIBI U
BKJIFOYCHUSI U TIOJCTABJSISI 3HAYCHUS OOBEMHOU
JIOJIA ¢ ¥ DKCIICPUMEHTAIBHBIC JTAHHBIC AJICKTPO-
NPOBOJHOCTH TPH  PA3IUYHBIX HANPaBJICHHSX
AIIEKTPHUYECKOT0 TOKA M UIJI (G| X G.L), OTIPEIEITHIN
BKJIQJIbl KOMIIOHEHTOB B TIPOBOJIIMOCTH BTCKTH-
ku (Puc.4, xpussie 1u 2).

X InSb
InSh-FeShy @ Jjx
a Jix|*
v Lix|*
1) InSh
1) FeSb
1.4) loSh

1.4) FeSky
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Puc4
TeMHCpaTypHI)IC 3aBUCUMOCTHU BHGKIpOHpOBOIlHOCTI/I
InSh-FeSh.

Kak BunHO, B cimyuyae |1lx pacuerHas sniek-
TPOIPOBOAHOCTH OJIM3KA K SKCIIEPUMEHTAITLHOM, a
npu T|x BBIMMCIICHHOE 3HAYCHUS G MPH KOMHAT-
HOM TemrepaType HaMHOTO MeEHbIe 3Ha4YeHHs
anekTporpoBoAHocTH FeSh, uro, mo-BuauMomy,
CBSI3aHO C HE y4YETOM POJIM MeX(azHOro B3anMo-
JICCTBUS B MPOBOAMMOCTb. [Ipu 3TOM, ONTHOM W3
BO3MOKHBIX TIPHYHMH SIBIISIETCS BO3HHUKAIOIIEE
paccornacoBanue pemierok InSb u FeSb. Kax or-
MEYEHO BBIIIE, HCCICAYEMbIM 3BTEKTUYECKUN
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KOMIIO3UT TPEJCTABIACT IOTYIPOBOJHUKOBYIO
Mmarpuity InSbh, 061aaroIyo CTpyKTypOi [IMHKO-
BOM OOMAaHKM C IapaMeTpoM peletkd a=6.47A,
MIPOCTPAHCTBEHHOM rpymmoi FA3m u peryssipHO
pacIpeieieHHbIMA MarHUTHBIMU  BKITFOUCHHUSAMHU
FeSb ¢ rekceroHajabHOM KPUCTAJUTHYECKON pe-
werkoit: a=4,1; B=4.1; ¢=5,14A n V=74.8284,
npoctpaHcTBeHHON Tpymmoi P6/mmc [19]. B
mpolecce KPUCTAUTM3ALUKN IBTEKTUKU COEHHE-
s InSb m FeSb mpunmmaror otHocuTenBHYIO
OPUEHTAIIMIO U BCIIEICTBUE HECOOTBETCTBHSI MEX-
Iy STUMH CTPYKTYpaMy Ha TPAHHUIIEC MX BO3HUKACT
3HAUUTENIbHOE MexaHudyeckoe Hampsokenue. C
JPYTOM CTOPOHBI, MCKAKEHHWE KPUCTAIUIMYECKOU
PELIETKH B MeCTax comnpsbkeHus (a3 co3maer auc-
JIOKAIllMM, HA KOTOPBIX BO3MOXKHA Cerperamust
npumMecHbIX aToMoB [20]. Tlo Teopun aucmokarmu
BOZHMKHOBEHHE JIUCIOKAIMHA MOXKET 3aHH3UTh
sHepruto aedopmainu Ha MexdazHOH rpaHuMILE.
Kpowme Toro, mpu 00pa3zoBaHUM IBTEKTUKH MEXKITY
aroMamu (ha3 TPOUCXOAUT TepepachpeielieHue
ANIEKTPOHHOW TUIOTHOCTH M HAa TPAHUIIE UX BO3HU-
KaeT CBA3b 10 SHEPIEeTUUECKHU BBITOIHBIM HaIlpaB-
JIEHUSIM. DHEprus Mex(a3HOW I'paHULIbl B IBTEK-
tuke InSb-FeSb wusydena B [9] u cocraBmsier
9300pr-cm™. BereacTre TakuX M3MEHEHMi Kak
CTPYKTYpHass PpPEKOHCTPYKLMS, BO3HUKHOBEHHE
JMCIIOKAINN, TepepaciipeielieHHe 3JIEKTPOHHBIX
IUIOTHOCTEHN M T.A. HAa TPaHUIE MOIYNPOBOJHUK-
BKJIIOYEHHE BOKPYT BKIIIOUCHHUS (OPMHPYETCS
obonouka - MmexdasHas 30Ha. Hammume oGnaka
BOKPYT BKJIIOYEHUS B HAaHO- U MHKPO-KOMITO3HT-
HBIX MaTepuaiax 3KCIEePUMEHTAIbHO OOHapyke-
HO B paborax [21,22].

B Hacrosiee Bpemsi nzydeHHMIo Mexdas-
HBIX B3aUMOJICHCTBUM B KOMITO3UTAX YAEISETCA
ocoboe BHUMaHue. [Ipu MHTEpmpeTalyy SKcrie-
PUMEHTAIBHBIX JaHHBIX TI0 WCCIICIOBAHUIO KOM-
MO3ULIMOHHBIX MaTepHaIOB B 3aBUCUMOCTH OT KO-
JIMYECTBA BKIIIOYEHHH U pa3sMepoB Mex(pasHOM
30HBI HCIIOJB3YIOTCS Pa3Hble TEOPUM M MOJEIH
[23]. Tak, ecnmi BOKpYr BKIIHOYEHHUS MexpazHast
30Ha cnabo BbIpaxkeHa, TO 3(PPEKTUBHAS TPOBO-
JIMMOCTh PACCUUTHIBACTCS B paMKax TEOPHU (-
(EeKTHBHOI Cpebl ¥ YYUTHIBACTCS POJIb MATPHILIBI
u BrimoueHus. [lpy Hammuuu HenepekpbIBaro-
mmxcst MeX(hasHbeIX 30H 3(P(EeKTUBHAS TPOBOIU-
MOCTh OTpeneNsieTcs Mo TeopuH SPPEKTUBHON

cpeapl B MOJENHM MaTpHUIla, BKIIIOUYCHHE U MEX-
¢azHas 30Ha. B ciydae, korna MexxgazHble 30HBI
COCEITHUX BKJIFOYCHHI IEPEKPBIBAIOTCS, IpHUMe-
HSIETCSl TEOPUS CHIIBHO KOMITCHCHPOBAHHBIX pa3y-
HOPSIIOYHBIX CTPYKTYP C (UIYKTyalued NOTeHIH-
albHOTO penbeda. B Takux cucremax mpocTpaH-
CTBEHHO MOJYJIUPYETCSI KOHIIEHTpPAIUSl PaBHO-
BECHBIX HOCHTEJICH 3apsijia U 30HHAs CTPYKTypa.
Hecmorpss Ha 3HauMTenbHOE 4YHCIO paboT B
HACTOSIIIEE BpPEeMsi HET TOYHOTO METOJa pacyeTa
BIMSHUAS MEX(a3HOH 30HBI HA KHHETHYECKUC
CBOICTBa B 3BTCKTHKE. B CBs3M C OTCyTCTBHEM
OECKOHEUHBIX KiacTepoB B komro3ute InSh-FeSh
y4eT JOTOJIHUTEILHOTO 00beMa, 3aHHMMAEeMOro
Mex(azHOi 00JIacTbIO, B AIIEKTPOIPOBOJHOCTD
NPOBEJICH HAMH TI0 MOJM(UIIMPOBAHHON MOJIEIN
[6]. Criemyer oTMETHTD, YTO 3TOT METO/ YCIICIITHO
HPUMEHEH JUTS 3BTEKTHYECKMX KOMIO3uTOB INSh-
MnSb [6]. B atoit Monenn BKIIOYEHHE C 30HOM
BOKPYT' HETO MpEJCTaBIsIeTCs Kak onHa (asza B
(opme IUIHMHIPaA C TPOBOIMMOCTBIO BKITIOYEHHH,
u B dpopmynax (1) u (2) oobemuas nons ¢ (3) 3a-
MeHeHa ee 3 PEKTUBHBIM 3HAUYCHUEM Cef

_Vef N _ ViNi¢2
v 1-V,N,¢?
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f o 7za2¢NiLi :ViNi¢

(4)
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ef
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€
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b
TIe ¢ = 3 a u b - paguycel BKIIOUeHHS U d(ek-

TUBHOTO LIWJIMH]IPA, COOTBETCTBEHHO.

[TpoBOMMMOCTH KOMITOHCHTOB DBTEKTHKH,
OIpe/ieieHHbIe COBMECTHBIM peteHueM (1) u (2)
¢ 3¢dexTrBHON nonel BTopoi ¢as3bl (4) mokasza-
Hbl Ha Puc.4. [Ipu pacdyerax oTHOIIEHHE pauyca
MeK(ha3HOM 30HBI K paiyCy BKIIOUCHUH ¢ SIBIIS-
€TCsI TIOATOHOYHBIM 1 OTPEIEIICHO ITyTEM aIpOK-
cumaruu. [lomyuennas BenmunHa ¢p=1.4 o3HavaerT,
9To Mex(azHast 30Ha HAPsITy C BKIFOYCHHUSIMH UT-
paeT CyILECTBEHHYIO POJb B KOPOTKO3aMBIKAHUH
TOKa M, COOTBETCTBEHHO, B AaHM3OTPOITHH OJICK-
TPOIPOBOHOCTH.

Hamu mpoBenieHO mccienoBaHue MPOBON-
MoctH komro3uta InSbh-FeSh B MarauTHOM MIOITE.
OKCIIEpUMEHTAIIbHBIE JTaHHBIE 10 IOJIEBOW 3aBH-
CHMOCTH TIONEPEYHOTO MAarHUTOCOIPOTUBIICHUS
(MC) InSbh-FeSb Ap/p=[p(B)-p(0)]/p(0) mpu Tem-
neparypax 300 u 80K mpu paziandHbBIX OpUEHTa-
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IUSAX DJIEKTPHYECKOro TOKa |, MarHUTHOTO OIS
B u HampaBnenusi pocrta KpucTawia X MpecTaB-
nenbl Ha Puc.5. Kak Bugno, MC Bo Bcex opuel-
TalUsAX MOJIOKUTENBHO. V3 pucyHKa BUIHO, YTO
Ap/p nipu xomHatHO#M Temmieparype u B=0,65T B
opuenrauuu | Lx| B nmeer HauBbIcIIEE 3HAUECHUE.
3T0 3HaueHUE B J1Ba pa3a OOJIbIIIE MO0 CPABHEHUIO
¢ romoreHHbM InSh. Kpome toro, npu stoit opu-
eHTaIlMK TemIiepaTypHblii ko3dduiment p(B) B
obnactu temmneparyp 100-300K u B=0,6T nouru
crabuuien u paset 0,09%/rpan (BcraBka Puc.5).
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Marnutoconpotusienue InSh-FeSh mpu 300K u 80K
(BcraBka Ap/p ot B).

W3BecTHO, 4TO B MOIYNPOBOAHHUKAX MPUPO-
712 TIOJIOXKHUTEITFHOTO MArHUTHOTO COTTPOTHBIICHHS
(IIMC) obycnoieHa yJIMHEHUEM ITyTH HOCUTE-
JIeil B MAarHUTHOM IIOJIE IO, JIEUCTBUEM cuikl JIo-
pEHIIa ¥ KOMIIEHCUPYIOIIUM JICHCTBUEM XOJUIOB-
cKoro 1oist. J{iist yBenuueHus BEMYUHBI H3MEHe-
HHSL COTPOTHUBIICHUS B MarHUTHOM IOJIE HEOOXO-
JIMMO YMEHBIIUTh Pa3HOCTH MOTEHIMAJIOB XOJUIa.
B 9BTeKTHYECKHNX KOMIIO3UTaX MOJYMPOBOIHHUK-
MeTasuT Onarofapst HATMYHUIO BEICOKOTIPOBOISIIAX
U METATMYECKON (pa3bl XOIIOBCKOE T0JI€ 3aKO-
padmBaeTcs W, CIeIOBATeIbFHO, BOSHUKAET YBEIIH-
yenne MC. Kpome Toro, kak oTMe4deHO BBIIIIE,
TIPOBOJIMMOCTh 3BTEKTHKH ONPEEISIETCS] TIPOBO-
JMMOCTBIO (a3, Mex(a3HON 30HBI U (OPMOH, U
pazMepamMu BKITIOUESHHS, a BEPOSTHOCTh TYHHEJH-
POBaHMsI HOCHTENEH OIpenessieTcss pasMepaMu U
PaCCTOSIHUEM MEXIy BKIIOYEHUsIMU. B 3BTEKTH-
YeCKUX KOMIIO3UTaX ¢ MHUKPOPa3MEPHBIMU BKIIIO-
YEHHUSIMU HOCUTEIIN TOKA IPU JIBHKEHHUU 0] eH-
CTBHEM MAarHUTHOT'O TIOJISI BCTPEYAIOTCS C BBICO-

KOMPOBOJSIIMMHU UIJIAMH, U AJIEKTPUYECKas Crila
BO3BpallaeT uxX K Havyany uri. Bcnencreue storo
MIPY OTIPEJICSICHHOM OpUEHTAIMK XOJJIOBCKOE TO-
Je 3aKopauuBacTcs uriamu. B sprektrke InSb-
FeSb Gosnbioe 3HaueHne Ap/p cBsizaHO ¢ 3aKopa-
yuBaHUeM MoJisi xoiwia uriiamu npu | 1x1B. Ha
ATO YKa3bIBaeT TeMIIepaTypHas 3aBUCHMOCTb KO-
sduimenta Xoma, npuBeneHHas Ha Puc.3c.
Ot™merum, 4TO yMeHblleHne Y3PPEKTUBHON TUHBI
cBoOOIHOrO Tpodera HocUTeNel B 3TOW OpHeHTa-
IIMH CUJIbHEE TI0 CPAaBHEHMIO C JPYTUMH OpUEHTa-
musivmu. Kak BuHO (BcraBka Ha Puc.5), BeImomHs-
eTCsl KBaJpaTU4Hasi 3aBUCUMOCTb MarHUTOCOIPO-
TUBJICHHSI OT MarHUTHOTO TOJISl. DTO XapaKTEepHO
JUISL TIOYTIPOBOJIHUKOB B CNTAOBIX MAarHUTHBIX TO-
JIIX C OJHHMM THIIOM Hocutelei. M3BecTHO, UTO
MC mpu UB<<I 3aBHCHUT OT MOJBHKHOCTH HOCH-
Tenenu, (PyHKIMM BPEMEHM pellakcaliu, ycpel-
HEHHOM MO DSHEPruM, U KBaJpaTa HaNpsHKEHUS
MarHuTHOrO 1oJisi [24]. B CHIBHBIX MarHUTHBIX
MOJISAX, B OCHOBHOM, MPHU HU3KHX TEMIIepaTypax
HaOJII0ZaeTcss U OTPULIATEIIbHOE MarHUTOCOIIPO-
tusnenue (OMC), uro uHTEpIpeTUpyeTcs Ha oc-
HOBE TCOPUH KBAHTOBBIX TOMPABOK K KWHETHYE-
cKkuM Kod(urrenTamM B MarHuTHOM mone. OHa-
KO B MarHUTHBIX TONyNpoBogHukax MC wmeer
CIOkHYI0 npupoxy. MC B MONynpOBOJHUKAX C
MarHATHBIMA BKJTFOYCHUSIMU M3YYEHO KaK B 00B-
€MHBIX Kpuctaimax [26-29], tak u mnenkax [30-
32]. Ilpu HM3KHX TeMIlepaTypax HaOIOAaeTCs TH-
TaHTCKOE OTPHILIATENFHOE MAarHUTOCOMPOTHBIIE-
Hue. OHO U3 BO3MOXKHBIX OOBSCHEHUI MEXaHU3-
Ma BO3HUKHOBEHHUsI MC B 9BTEKTHUYECKUX KOMIIO-
3WUTax MpHUBENICHO B pabortax [25-32]. B [32] moka-
3aHO, YTO B 9BTEKTHKAX, coJepKamux (eppomar-
HUTHBIE Kiactepbl, momHoe MC dopmupyercs
KOHKYPEHITEH OTPHUIIATENIbHBIX M TOJIOXKHUTEThb-
HBIX YWIEHOB M CYIIIECTBEHHA POJIb ITapaMarHeTH3-
Ma Marpuipl. MC B IUIEHKax SBTEKTHYECKOTO
KOMITO3UTa OOBSCHSIETCS HA OCHOBE KOHIICTIIUN
MarHUTHBIX TOJSIPOHOB, CO3/1aBAEMBIX 3aXBaTOM
HOCHTeNeW BOJIM3M TpaHMIIbl KilacTepa H3-3a JIo-
KaJIbHOTO TMTAHTHOT'O 3€EMAHOBCKOI'O pacIlerie-
Hus. [loka3aHo, 4TO B MapaMarHUTHOW MAaTpHIIE
MPOUCXOJUT BHIPABHUBAHUE CITMHOB HOCUTENCH U
Bo3HuKaeTr orpunareabHoe MC. C yBennueHreM
temneparypsl OMC yMeHbIIAeTCs, CTaHOBUTCA
TMIOJIO’KUTENBHBIM, YTO CBSI3aHO C PA3HOCTBIO CITH-
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HOBOI OpHEHTAIIMK KJIACTEPOB M OCHOBHBIX HOCH-
Terel. OtMmeTnM, 4to mojoxkuTebHoe MC Ha-
OJI01AI0CH BO MHOTHIX MTOTYTIPOBOTHUKAX, COZIEP-
JKaIllMX MHKpOpasMepHble BKIFOUCHUs [26-29],
wiedkax [30,31] u MarHuTOrpaHyJIMpOBaHHBIX
CTPYKTypax MOTYTPOBOJHUK-(PEeppOMarHeTUK
[26-32]. [Tokazano, uro [IMC 3aBucuT OT pa3me-
pa, GOpMBI U pacripeie/icHust BKIroucHuit. B [26]
MOKa3aHo, YTO IBTEKTUKA C WUTOJbYATHIMH BKIIIO-
YEeHUsSMH MMeeT nojoxutenbHoe MC, a ¢ MUKpo-
CTPYKTYpOW IUIACTHHYATOrO THUMA HAOIIOAAeTCs
OTpUIIaTeJIbHOE MarHuToconpoTusienue. [lomo-
KUTEIFHOE MAarHUTOCOIPOTHBIICHUE OSBTEKTHYC-
ckoro kommosuta InSh-FeSh, nmo-sumumomy, kak
B [26], cBsa3aHo C wrosbyaroit GopMoil BKIIOUE-
uust. HaGmomaemoe Oonbliioe 3HaueHHE M CTa-
OWJIBHOCTh MAarHUTOCOIPOTHBIICHUSI KOMITO3UTA
InSb-FeSb nenaer ero nmepcrekTMBHBIM MaTepHa-
JIOM JUTsl TEPMOCTAOWIIBHBIX JTAaTYMKOB MAarHHUTO-
COMPOTHUBIICHUSL.

B sBrektnueckom kommosute InSb-FeSb B
pe3ylbTaTe 3aKOPAYMBAOIIETO JACHCTBHS HAIpas-
JICHHBIX METAUTMYECKUX W, KaK B CIIydae Mar-
HUTOCOIIPOTUBIICHHUS], TEPMOMATHUTHAS JJIC TAKXKE
YBEJIMYMBAETCSI IO CPABHEHHIO C TOMOTCHHBIM
InSh.

Ha Puc.6a npuBeneHb! pe3ynbTaThl HUccie-
JOBaHUM Ko3(dHMeHTa nonepeyHoro 3¢ gexra
Hepncra-Otrunrcraysena (H-3) Q npu temmepa-
typax 300K u 80K u B MaruutHOM T1071€ 710 0,65T.
Kaxk BumHO U3 pricyHKa, HanOombInas BenurnHa Q
1 COOTBETCTBEHHO Kod(duIrieHTa 0e3pa3mMepHoro
nonst &,=e/KQB (Puc.66) npu AT|[xLB. 310 cBs-
3aHO C TEM, YTO MPU PacCMaTpHUBAaEMON OpHEHTa-
IIMA B DBTEKTHKE MOTYMPOBOJHUK-METAT KPOMe
roriepeqHoro nosist H-O m3-3a 3akopaunBaHus Ur-
JIAMU TOKa, CO37[aBaeéMOr0 B HHX TEPMODJIEKTPH-
YeCKUM TI071eM, Bo3HUKaeT dddexT Xoia, KOTo-
pblil u3mepsiercs kak suc H-O. /g naeansHOro
3akopaurBanust kodhdummentr H-D Q=Qu+Qx
(wm &y=ewrtex), e Qu - K03 Gument H-3, BbI-
pakeHHe UTsl KOTOPOTO B TIONYIPOBOIAHUKAX TPH
cralbIX U CHJIbHBIX MAarHUTHBIX MOJISIX TIPOBEICHO
B [24,25], Qx=Ran/px -XOIUTOBCKAsT COCTaBJISFOIIIAS.
OTHollleHne MEXITy 3TUMH COCTaBIISIOIIMMU OIl-
penenser BeMYMHY, a TaKKe TeMIEepaTypHYIO U
TIOJIEBYO 3aBUCUMOCTH Oe3pa3mepHoro mois H-0.
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[onepbie 3aBrcuMocTH k03 durmenta HepHera-
Orruarcraysena (Q) mpu 80K u 300K (a) u koadpdumm-
eHTa 6e3pa3MEepPHOTO TOJIS €y (0) MPH PA3ITIHBIX
HaIpapJIeHUsIX TpaaueHTa Temrepatypsl AT,
BKJIFOYEHHUI X 1 MarHUTHOTO 1oJist B.

B [34] BBUOY Masioi JOIM METaJUIMYECKOU
¢a3bl U OOJBIION BETWYMHBI OTHOIIEHUS JUTMHbI
UIJT K UX CEYEHHIO IBTEKTHUYECKUM KOMIIO3UT pac-
CMaTpUBaeTcss KaKk CHCTEeMa MAaKpOCKOIMMYECKU
roMoreHHas u st koaddunmenta H-2 npuserne-
HO BBbIp@KEHHUE, OINpeAesieMoe KUHETMYECKUMU
K03 PUIMEHTaMH MaTPHIIBl U OTHOIIEHUEM TIPO-
BorMocTH ha3. OtmeTm, uto B [34] paccMoTpeH
ciyyail OecKOHEYHO OOJbIION MPOBOAUMOCTU
ur1. OHAKO B OBTEKTMUECKUX KOMIIO3UTAX U3-3a
MPEPHIBUCTOCTH WIJI MICATHHOIO 3aKOpaYMBaHUs
He TpoucxoauT. B pabote [35] yureHo 3aHMKeHHe
3aKOpaYMBAIOIIEro ACHCTBUS U1 Ha TEPMOJ/IC 3a
CUeT MX HEMApAUIEIbHOCTH M HaIWuMs IpoMe-
KYTKOB Mexkay HUMU. [IpruBenens! hopMyIisl uis
TEPMOMArHUTHBIX 3(PPEKTOB B 00IaCTH TpHUMEC-
HOM TIPOBOJMMOCTH B CHaObIX U  CHJIBHBIX
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MarHUTHBIX MOJIIX U B CUJIBHO BBIPOXKAEHHBIX I10-
JyNIPOBOHUKAX B IPOU3BOJIbHBIX MOMsX. B 3B-
TekTHyeckoM kommosure InSb-FeSh Quw, m Qx
UMEIOT OJMHAKOBBIA 3HAK, BCIIEICTBHE YEro W3-
MEpEHHBIN & OoJblle B 2 pa3a, YeM B OJHOPOJ-
Hom InSb. 3aHmwkeHHOe 3HaueHHE & IIPH
AT1x1B, xak w mia xodpduimenta Xosa
(Puc.3B) cBs3ano ¢ 3akopaurBaHueM moist H-D.
[Tomyueno, uro &y 1o Temneparypsl 350K orpene-
JISIETCS, B OCHOBHOM, XOJUIOBCKOM COCTaBIISIIOIIEH.
YMenblueHue gy Boine 350K cBsA3aHo ¢ ymeHblle-
HUEM C TEMIEPATypoill Kak IMOJBHKHOCTU AJIEK-
TPOHOB, TaK W C 3aKOPAuYMBAIOIIMM JEHCTBHEM
METAJUTMYECKOT0 BKJITIOYCHHs. YBenmdyeHne Oe3-
pazmepHoro nonst H-D B 3BTEeKTHYECKUX KOMIIO-
3UTaxX MOJIYNPOBOJHUK-METAI MO3BOJIIMIIO PEKO-
MEH/I0BaTh MX KaK NEePCHEKTUBHBIM MaTepua s
TEpMOMarHUTHbIX  mpeoOpasosareneii  HK-
W3ITy4YEHUSI.

N3BecTHO, UTO B Ka4ecTBE aKTUBHOIO 3Jje-
MEHTa B TaKMX HPHEMHUKAaX, B OCHOBHOM, MHC-
I0J1b30BaHbl MOHOKPUCTAILIBI U TUIEHKU KOMIIO3H-
TOB HAa OCHOBE Y3KO30HHBIX IIOJYIPOBOJHHKOB.
OcHoBHBIE MTapaMeTpsl MpeoOdpasoBareneil, B oc-
HOBHOM, 3aBHCAT OT Koa(¢uumenra H-O, remo-
MIPOBOJIHOCTH U 3JIEKTPOCONPOTHBIIEHUSI YyBCTBU-
TEJIBHOT'O 3JIEMEHTa, & OOHAPY>KUTEIIbHAS CIIOCO0-
HOCTb U WHEPLUUOHHOCTh TAaKXK€ W OT TOJIIIMHBI
YyBCTBUTEIILHOTO 3J€eMEHTa. Marepuaisl ¢ BBICO-
KOM O HAaXOHIAT MPUMEHEHHE B U3MEPUTENISIX Tel-
JIOBOTO MOTOKA, C BBICOKMM F - JeTekTopax u3iy-
YEeHHUs, a C BBICOKMM Z - B TIpeoOpa3oBaTessx
sHeprum. Kak yxe orMeueHo, Marepual, UCIolib-
3yeMblii B KaueCTBE HyBCTBHUTEJIBHOTO 3JIEMEHTA
JUIsL TEPMOMArHUTHBIX IpeoOpa3zoBareneld, Hoi-
KEH UMeTh OoJblIOe 3HAYeHHE Oe3pa3MEHHOro
nong H-D u HM3Koe 3Ha4YeHHEe TEMIoNpOBOJHO-
cru. B aBrextrke InSh-FeSb npu AT|xLB &, mo
CPaBHEHHIO ¢ roMOreHHbIM InSh yBenmumBaercs B
HECKONIbKO pa3 (&= 2), a TEeIIONpPOBOIHOCTh

1. AMiller, M.Wilhelm. Uber Den Gerichteten
Einbau von Schwermetall phasen in A®B°-
verbindungen, J. Phys. und Chem. Solids, 26
(1965) 2029-2035.

2. T.Dietl, H.Ohra, F.Mutsurura. Hole-mediated

ferromagnetism in tetrahedrally coordinated. Se-
miconductors, Phys. Rev. B, 63 (2001) 195205.

yMeHbIaeTcs. VCronp30BaB BBINICIPUBEICHHEIC
3HAUECHUS] W3MEPEHHBIX KUHETUYECKHX IapameT-
POB, OLICHWJIM OCHOBHBIE XapaKTEPHUCTUUECKHUE
rapaMeTpbl TEIIOBBIX MpeoOpazoBareniell ¢ yB-
CTBUTENBbHBIM 35ieMeHToM InSh-FeSh. Pacuer mo-
kazan, uyro npu T=300K u B=0,6Tn ynenbHas
gyBcTBHTENBHOCT  0=1.10°B.M.BT?,  106por-
Hocte  Z=0,4.10°K™, dakrop moGporHOCTH
F=2.8.10"BrY*m-c¥2 u npu Tommume 4yBcTBH-
TENILHOTO 3NieMeHTa 1MM OOHapy>KUTeNbHas CHO-
COOHOCTh Y  HMHEPUMOHHOCTb  COCTaBJISAIOT
D=0,45x10°Brt.m.I' "1 17=35MC, COOTBETCTBEH-
Ho. [loneBbie 3aBucumoctu & u F npu T=300K
NpuBENcHBI Ha Puc.7.
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ITosneBble 3aBUCUMOCTH Y/IENIBHOM Y4yBCTBUTENIBHOCTH O U
(axropa noopotaoctr F mpu 300 K.

Ormerum, uto dakrop podpotHoctu F 3B-
texktukH InSh-FeSh Biiite, yem B MepCrieKTHBHBIX
JUIT TEPMOMArHUTHBIX TpeoOpas3oBareniell mare-
puanax, npuBeaeHHBIX B [36]. Takum obOpazom,
9BTEKTHUECKH Komro3uT InSh-FeSh mosker ObITh
UCIIONIb30BaH B KQUECTBE aKTHMBHOIO DJIEMEHTA Jie-
TEKTOpa TEIIOBOTO IMOTOKA TPH KOMHATHOW TEeM-
nieparype u ciaboM MarHUTHOM TIOJTe.
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netic Semiconductors: GaAs:Mn and GaP:Mn,
J. Magn. Magn.Mater, 258-259 (2003) 237-241.
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teractions in Granular Paramagnetic-Ferro-
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InSh-FeSb EVTEKTIK KOMPOZITDO KINETIK XASSOLOR
i.X.MOMMODOV

InSh-FeSh evtektik kompozitin 80-300K temperatur boliminds ve 0.65TI gedor magnit sahesinds elektrik vo istilik
keciriciliyi todgiq olunub. Magnit sahasinin, elektrik corayanin vo gatqilarin qarsihigh istigamstinds anizotropluq miisahido
olunub. Qatqilar otrafinda yaranan fazalararasi zona elektrik kegiriciliyin anizotroplugunda shomiyyatli rol oynayir. Magnit
mugavimatin vo Nernst-Ettingshauzen effektin todqiqi ilo InSh-FeSb evtektik kompoziti otaq temperaturunda vo 0.6 TI magnit
sahasinds istilik selinin detektorlarinda vo termostabil miigavimatli sensorlarin yaradilmasinda aktiv element kimi istifads oluna
bilar.

KINETIC PROPERTIES OF InSh-FeSb EUTECTIC COMPOSITE
I.Kh.MAMMADOV

The electrical and thermal properties of the InSh-FeSb eutectic composite have been investigated in the temperature range
80-450K and a to magnetic field up to 0.65T1. Anisotropy of the kinetic parameters was observed for the mutual directions of the
current, magnetic field and inclusions. It was found that the interphase zone along with inclusions played a significant role in the
anisotropy of electrical conductivity. It was shown that the the InSbh-FeSb eutectic composite is a promising material for thermo-
stable resistance sensors and heat flux detectors at room temperature and magnetic field 0.6TI.

36




AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika vo riyaziyyat elmlori seriyasi, fizika vo astronomiya 2021 Ne5

YK 541.64:539.3

HAHOKOMIIO3UTHI HA OCHOBE KPUCTAJUIMUECKUX NOJTUMEPOB U
CYJIbOUJIA KAJIMHAS

A.A.IIYKIOPOBA, M. A.HYPUEB, A UT'ACBIMOBA, U.M.HYPYEB,
A.IILLMAMMAJIOBA

Hucmumym Paouayuonnwix Ilpoonem HAH Azepoatioscana
AZ 1143, baxy, b.Baxab3ade, 9
musa_nuriev@mail.ru

Ionyuena: 17.06.2021
[punsta k mevatn: 17.09.2021

KimtoueBble c110Ba: HAHOKOMITO3HT, aJICOPOLIMOHHO aKTHB-
Hasi cpeJia, TTOIMTETPadTOPITHIICH, TIOJIMATHIICH, CYJIb(OUL
KaJIMUs1, CIIEKTP TOTJIONIEHNSI, OPUEHTAIIMOHHAS! BBITSDKKA.

PE®EPAT

HccnenoBanbl  0COOCHHOCTH — (DOPMHPOBAHHS  CTPYKTYPHBI
HAHOKOMITO3UTa HAa OCHOBE OPHEHTHPOBAHHOTO TOJIFITHIICHA
(I13) un nmomurerpadropatmnena ([ITOI) B xuaKoit amcopo-
poHHO-akTHBHOM cpene (AAC) ¢ manmpHelmM GopMupoa-
HHMEeM HaHo4acTuIl cybduaa kaamus (CdS) B 9Tux mopax me-
TOZOM XUMHUUECKOH copOumm. [lomydeHHBIe HAHOKOMIIO3UTHI
M3y4eHbl HACKAHUPYIOIIEM AJIEKTPOHHOM MUKpockorie (COM)
u unentuduimposansl MetonoM EJIPC (3HeproaucnepcHoH-
Hasl PEHTTCHOBCKasl CrieKTpockomust). CpaBHEHHEM 3aBHCHMO-
creii (hv-o))?=f(hv), oTyueHHBIX U3 ONTHYECKOTO MOTJIOMEHHS
00pasIoB, MOKA3aHO, YTO C YBEJIUYCHHEM YHCIIa IUKIOB (op-
MHpOBaHHMS HAOJIFOJIaeTCsl YBENMUYEHHE Pa3MepPOB C(HOPMHpO-
BAaHHBIX HaHOYacTHIl. M3MeHeHne uncia HMKIOB (hopMHpOBa-
Hust Hanodactur, CAS OT Tpex /0 HIECTH COMPOBOMKIACTCS
YMEHBIIICHIEM IIUPHHEI 3arpenieHHoN 30HbI Eg oT ~4,25B st
[IT®D o ~2,853B mns komnosura [TTOD/61uknCdS, coor-

BCTCTBCHHO.

BBEJIEHUE

B Hactosmiee Bpemsi OypHO pa3BHBaeTCs
HAaIIPaBJICHUE, CBSI3aHHOE C TIOJIyYEHHUEM U HCCIIE-
JIOBAaHMEM HOBOT'O KOMITO3MLIMOHHOTO HaHOMare-
pHaga ¢ YHUKIBHBIMU CBOMCTBaMM. boibloin
MHTEpeC MPEJCTaBISIOT KOMIIO3UTHI Ha OCHOBE
MOJIMMEPOB U TOJYIPOBOJHUKOBBIX HAaHOUYACTHIL
[1-4]. B 5THX HaHOKOMITO3UTaX BBICOKHE (DH3UKO-
MEXaHUYECKHE XapaKTEPUCTHKU 00eCIIeUnBatOTCS
MOJIMMEPHOM MaTpuield, a BBICOKHE AJIEKTPOaK-
TUBHBIE CBOWCTBA - COOTBETCTBYIOIIMIMU BBICOKO-
JMCTIEPCHBIMM  HamoyHUTeNsIMUA.  KoMmo3utel ¢
MOJTYTIPOBOAHUKOBBIMU HATIOJIHUTESIMUA U3 TPyII-
1 A?B® 0671a/1a10T IIMPOKKM CHEKTPOM TIOTIIO-
LIEHNS U SAPKO BBIPAKEHHOW JIFOMUHECLIEHIIMEN B
BUJIMIMOM 00J1aCTH CHEKTPa, a TAKKe CEHCOPHBIMU
cBoicTBaMu [3-5]. YmpaBisisi COCTaBOM U pa3Mme-
pPaMy HAHOYACTHI[ B MOJIMMEPHON MaTpPHLE, MOX-

HO TIOJyYUTh HAHOKOMITO3UTHI C YIyYIIIEHHBIMU
cpoiictBamu [6,7]. TlyreM MexaHHYECKOrO CMe-
nieHnss mopomka moimmMepa U okcraoB (CoO,
Fe20s, Fes04, NiO) mosydaroT KOMITO3UTHI C Mar-
HUTHBIMH, CEHCOPHBIMU M (PH3UKO-MEXaHUYIECKH-
MM CBOMCTBaMH.

OmHUM ¥3 MEPCTIEKTUBHBIX METOJIOB TTOJTY-
YEeHUs] TOJIMMEPHBIX HAHOKOMIIO3UTOB SIBJISIETCS
(dhopMHpOBaHKWE TIOTYIPOBOJIHUKOBBIX HAHOYA-
CTULL B NIPEABAPUTENIHLHO CO3JJAHHBIX MOpax IMOJH-
MepHoit Matpuiibl [8-11]. [TyTem nenokanu3oBaH-
HOT'O Kpel3rHra MOJIMMEPOB B JKUIKOH ancopOIm-
oHHO akTuBHOM cpene (AAC) MOXKHO MOTYyYUTH
MOJIMMEPHYIO MAaTpUILy C MOPUCTOM CTPYKTYpOIl.
B nanpheiieMm, ¢opmupoBaHHeM B 3THUX HOpax
cynsdunos meramuion (CdS, PbS, ZnS, Cu,S), mo-
T'yT OBITh TIOJTY4YE€HBI HAHOKOMIIO3UTHI, 00Ia/at0-
e (HOTOUYBCTBUTEILHBIMA U JTFOMUHECIICHT-
HBIMH CBOMCTBaM.
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Lenpto HAcTOSIIEH PaOOTHI SIBISIETCS CO-
3manre Hanoropuctoi crpykrypsl (HIIC) B kpu-
CTAJUTM3YIOIMXCS TTOJIMMEPAX MyTeM OpHEHTAIIU-
OHHOM BBITSDKKM B  aJICOPOLIMOHHO-aKTUBHOMN
JKUJIIKOH cpezie U popmupoBanre HaHodacTuir CdS
B 3THX MOpax.

IKCIIEPUMEHTAJIBHAA YACTbD

OObeKkTamMu HCCIIeIOBaHUs SIBJSUTHCH  [IPO-
MBIIUIEHHBIE  IUIGHKH  HOJUTETPaTOPITUIICH
(IIT®3) wu mnonMATWIEH HU3KOW IUIOTHOCTU
(TTOHIT) TomumHOI0 ~20MKM B ~60MKM, COOTBET-
crBeHHO. Co31aHNe HAaHOTIOPHCTON (DHOPHILTAPHON
CTPYKTYpPBI OCYIIECTBIISIETCS ITyTEM OPHEHTAIMOH-
HOU BBITSKKH JIONATOOOPa3HOM 4acTH MOIMMEPHO-
ro oOpaslia B KHIKOH, aJ1CcOpOLMOHHO-AKTUBHOM
cpene (AAC). PexxuM OpHEHTAIMOHHON BBITSKKA
it (popMHPOBaHMS  ONTUMAIBHOM — MTOPHCTOMN
CTPYKTYpPbI ONPENEISUIN IKCIEPUMEHTAIBHO, U BO
BpeMsi COpOLIMM MOHOB CTENEHb OpPHEHTAlUH MO-
nuMepHoM tieHku cocrtaBisuia ~80-100% ot uc-
XOMHOM JUMHBL. MeToauka CO3JaHusl MOPUCTON
CTPYKTYpbI B MOJIMMEPHBIX IJIEHKaX KOPOTKO OIMH-
caHo B pabote [11]. B nanbHeiiiiem, Meroom mo-
CIIOWHOM XEMOCOpPOIIMH B 3TUX IOpax TMOJIMMEpa
(OpMUPYIOTCSI HAHOYACTHILIBl TOIYIIPOBOAHUKOB
Pa3IUYHOIO CTEXMOMETPUYECKOTO COCTaBa B 3aBU-
CHMOCTH OT Ha3HaYeHUsI ITOJyYEHHOTO KOMITO3UTA.

B nannoit pabote, B mopax mpeaBapUTeIbHO
OpPUEHTUPOBAaHHBIX 00pa3noB MieHOK [ITDD u
ITOHIT 66U copmupoBanbl HaHodacTuibl CdS.
Jlnst popmupoBanust Hanouactury CAS ObutH HC-
MOJIb30BaHbl PACTBOPBI COJNEH XJIOpUa KaJMHs
(CdCl2) u cepuucroro Hatpus (NazS) ¢ xoHIeH-
tparmeit ~0.1mon/n. B mpouecce dhopmupoBanust
HaHouactul CdS cHavyana mpor3BOAMIIH COPOLIUEO
B MIOPHI TIONMEpA HOHOB cephl S, a mocie mpo-
MEKYTOYHOW NMPOMBIBKH JUCTULIMPOBAHHOM BO-
JI0i OpUEHTUPOBAHHON TIJIEHKU MPOBOJIMIN COPO-
mmo uoHoB Kagmus Cd*. Dtum 3akaHumBascs
OJIMH IIMKJIOB (hopMUpoBaHusl HaHOYacTull. Kax-
JIbIA pa3 mocie mporecca CopoIy HOHOB TIJIEHKU
MIPOMBIBAINCH JAUCTUJUIMPOBAHHOW BOAOM. M3Mme-
HHMB YHMCJIO LMKJIOB U BpEMEHU COpOLMH MOHOB,
PEryJIMpoBaid pa3Mepbl U KOJMYECTBO HaHOYA-
CTUI] B MOpax MOJIMMEPHON Marpuipsl. Kommue-
CTBO C(hOPMHUPOBAHHBIX HAHOUYACTHII B MOJIUMEp-

HOM MaTpHLIE ONPEEISIIOCh BECOBBIM METOJIOM, U
TMOJTy4YeHHbBIE JaHHbIE TpeJicTaBleHbl B Tabnuiie.

Tabauna
KOHI/I‘{GCTBGHH&H OILICHKA MEpexoJa OT UKIIOB (l)OpMI/IPOBa-
HHSI K 00bEMHOMY COJICPYKAaHHIO CPOPMHUPOBAHHBIX HaHOYA-
CTULl B HOHHMepHOﬁ MaTpuie.

3 UK 6 LMKIT
TIOHIT/ CdS 1,5%00. 2,7%00.
IIT®D/CdS 2,3%00. 4,8%00.

Konrpons BHenpenust nanovactuiy CdS B
MOJIMMEPHYEO MAaTpPUILy OCYIIECTBIISUICS 10 M3Me-
HEHHIO I[BETa MMOJIMMEPHOH TIJICHKH TOCIIe KaXKI0-
ro IMKIa OPMUPOBAHUS U M3YyYCHHEM OITHYC-
CKMX CBOMCTB TIONYYEHHBIX HAHOKOMITO3HUTOB.
CrekTpbl MOTJIOMICHUsSI 00Pa3oB ObUTH CHSATHI B
criekrpodoromerpe Cary Scan-50 B mmamazoHe
gactoT 200+800HM. MHKpPOCKOIIMYECKUE CHUMKHU
00pa3loB ObUIM TOJYYEHBI C TOMOIIBIO CKaHH-
pytomero  30Hm0BOoro  Mukpockona  (C3M)
NanoEducator u CKaHHpYIOIIEro 3JIEKTPOHHOIO
mukpockona (COM) tuna C3MY-JIS.

OBCYXJEHHUE PE3YJIbTATOB

IIpu BU3yaIbHOM HCCIIEIOBAHUH TTOBEPXHO-
CTH NOJTYYEHHBIX IJIEHOK HAHOKOMITO3UTOB MOYKHO
OOHApPYXUTbh, YTO U3MEHEHHIO LIBETA MTOJBEPTraeTCs
J0maTo00pa3Has YacTh IUIEHKH, KOTOpasi OCTaeTcst
MEX/Ty HalpaBJISIOIIMMI POJIMKAMU M HAXOJIUTCS B
COJIEBOM pacTBOPE MPH IKCIIEPUMEHTE, a NpHJIera-
IOIIME K 3THM POJIMKaM YacTH IUIEHKU C JIBYX CTO-
poH He MmenstoT 1BeT. Ha Puc. 1. mpezcrapieHbl
C3M CHUMKH NTOBEPXHOCTH UCXO/IHBIX U OPUEHTH-
poBanHbIX MieHOK [IT®D u I[IOHII, a Takxke
HAINOJHEHHBIX HaHouacturiamu CdS  oOpasiios
HaHokomo3utoB [TT®3/CdS u [T3HIT/CAS.

N3 MUKpOCKOITMYECKMX CHUMKOB, CPaBHHBAsI
pa3Mepsl IJIEHOK 110 0cH Z B TPEXMEPHOI KOOP/IH-
HAaTHOM cHCTEMeE, MOXKHO OOHApYyX UTh, YTO Y ILIE-
HOK, NOJBEPTHYBIIMXCS OPUEHTALMOHHOMN BBITSIK-
Ke, MOSIBITIOTCST KPE3bl ¢ pazmepamu 10 ~600nm
st [ITOD n ~270nm i [IOHIL O11 cTpyKTyphI
HaOJIIO/IAlOTCSl 1O BCEM TOBEPXHOCTU  IUICHKH.
Buso, 4to y 00pa3iioB HAHOKOMITO3UTOB pa3Mephl
HEPaBHOMEPHOCTEH MOBEPXHOCTH MO OcH Z 3HAYH-
TEJIBHO YMEHBIIAIOTCS, YTO CBSA3aHO C 3allOJHEHU-
€M MOPUCTOM CTPYKTYPhl MOJMMEPHOM MATPHUIIBI
HaHouacTuriamu CdS.
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Puc. 1

MHKpPOCKOTIMYECKHE CHUMKH TIOBEPXHOCTH HCXOHBIX (8, D), MoIBeprHyBIIMXCSl OPHEHTAIIMOHHON BBITSHKKE TIeHOK [TTDD
u [IDHII (¢, d), rae ocu MOKa3bIBAIOT HATIPABJIEHHE OPUEHTALMH, U HAaHOKOMIIO3uTOB ITT®D/CAS u [IDHIT/CAS (¢, f).

Muxkpodortorpaduu, caenaHHbIE C MOMO-
uipto C3M, He Aar0T KOHKPETHOT'O NPE/ICTABIICHUS
0 cOoCTaBe, CTPYKType W pa3Mepax HAaHOYACTHII,
chopMUpPOBaHHBIX B MOpax IMOJMMEPHON Marpu-
1pl. UTOOBI yCTpaHUTh 3TOT HEIOCTATOK MONY-
YeHHbIE CTPYKTYpbl OBUTM HCCIIEIOBaHBI CIIOCO-
OOM CKaHHUPYIOIIEH SJIEKTPOHHOH MHKPOCKOIHU
(COM) ¢ Gomnbl1IoH pa3penaroiel CriocOOHOCTHIO
tura JSSM-7600F. Ha Puc.2 u Puc.3 nipencrasie-
Hbl MHKpogoTorpapun COM  HaHOKOMIO3UTA
c(OPMUPOBAHHBIX TMPH PA3HBIX HUKIAX (HOPMH-
pOBaHKsI Ha OCHOBE OPHUEHTHPOBAHHBIX ILICHOK
[IOHIT u [ITDD.

W3BecTHO, YTO MPHU OpPHEHTALIMOHHOW BBI-
msokke [IOHIT dopmupyrores crouctsie mopu-
cThle CTpYKTypbl. [lpy mOMyYeHHHM KOMITO3HMTa
[IOHIT/31ukn.CdS  moBepxHoCcTH 0Opasia  1o-
KpBIBAIOTCSl HAHOYACTUIIAMH  HEOIIPE/IENICHHOTO
pasmepa. Ilo mepe yBenmuueHHs dYHCla IMKIOB
¢dopmupoBanus o mecta ([IOHIT/6 mukn.CdS)
00pa3yroTcss HaHo4YacTHIBl pazMepamu 20-50HM,
Y MBI NPEATIONAraeM, 4To 3TU YacTUIbI 00pasy-
I0TCSl B Pe3yibTaTe arjioMepanun u3 Ooiiee Mel-
kux gactunl. B kommosutax [TT®D/3uukn.CdS B

ommure ot kommnosutoB [IOHIT/3mukn.CdS dop-
MHPYIOTCS YaCTHIIbI C OMPEAEICHHBIMUA pa3Mepa-
v (10-30uMm). C yBenMueHHEM KOJUYECTBA IIHK-
noB jo [IT®3/6mukn.CdS dopmupyrotes armo-
Meparbl ¢ 0Ooliee  BBICOKMMH  pa3MepaMu
(d>100mM), obpasyrorimecs, B CBOIO O4epe/ib, U3
yacturl CdS ¢ pazmepamu 20-50M 1 ux armome-
PAIHSIMH.

OnnoBpemenHo ¢ COM  wuccnenoBaHUsIMUA
ObUTa MPOBEIEHA SHEPrOIMCIIEPCHOHHAs PEHTTe-
HoBcKas criekTpockomnust (DJIPC) atux cTpykTyp.
Ha Puc.3 nokazansl cnektpsl 3/IPC u aHanmu3 co-
craBa komnosutoB [IT®I/CAS u IIBHIT/CAS c
IIECTBIO IMKJIaMK  (DOPMHUPOBAHUSI HAHOYACTHI]
CdS. B cmexktpax DJIPC Kak KOMIIO3HTOB
IIDHIT/CAS, tak u xommosuros ITTOD/CAS Ha-
OJFOTAOTCS IOCTATOYHO SIpKUE PedIeKChl, OTHO-
csmmecst kak k aromam kaamust (Cd), Tak 1 cepbl
(S). Kpome storo, HabmomarotTcst pedaekchl, oT-
HOCAIIMECST K MAaKpOMOJIEKYJIaM — TOJIMMEPHON
marpuiel (C u F), meanoii mommoxke (Cu) u
HAaIbUICHHON Ha MOBEPXHOCTH KOMITO3HMTA IUIATH-
HoBoit rwenke (Pt).
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Puc. 2

Mukpodororpaduu COM Hanokommosuto [IDHIT/CAS (a,b) vo IITD®D/CAS (d,e) monyuennbx mpu tpex (a,d) u mectu
(b,e) 1uKTax HOPMHUPOBAHKS HA OCHOBE OPUCHTUPOBAHHBIX TIeHOK [IDHIT u [TTDD.

. Cymumapeinad coexp
Ar, (%)
¢ 97

a 0

Puc. 3
Crekrpbl I/IPC kommosuto [TIHIT/CAS (a) u IITOI/CAS (6) ¢ mectrto mukiamu hopmepoBanus Hanoyactur CdS.
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Kak wm3BectHo, CdS susercs Qorouys-
CTBHUTEIIBHBIM TOTYIIPOBOTHUKOM, 1 KOMITO3HTHI C
HaHouactunamu COS JOIDKHBI IPOSIBIISATH aKTHB-
Hele Goro- u onrtryeckue cpoiicra [12,13]. Uc-
CIJICZIOBAaHHE ONTHYECKHX CBOMCTB IOKA3allo, YTO
komriozutsl [IHIT/CAS u [TTOD/CdS obmagaror
JIOCTaTOYHO BBIPAKEHHBIMU CIIEKTPAMH  TOTJIO-
IICHHUS], KOTOPBIE M3MEHSFOTCSI B 3aBUCHMOCTH OT
YHCIIA [UKIIOB (POPMHUPOBAHHSI.

W3BecTHO, YTO B TIONYNPOBOAHHUKAX IS
NPSIMBIX TIEPEXOJIOB KOI(PPUIMEHT TOTIIOMICHHS
oIpeieNsieTcs, Kak ykazaHo B pabore [14],

o~hv? e (ho- Ey)

rze o - kKoddduimenTt moriomieHus, hv - sHeprus
(hoToHOB, Eg - mmprHa 3anpenieHHON 30HBI.

Ha ocHoBe npernicraBieHHol GopMyIibl, 1Mo-
crpous 3apucumoctu (hv*a)>=f(hv), Gs1a ompe-
JiefieHa IIUPUHA 3alpelleHHON 30HbI TOIYIIPO-
BOJTHUKOBOTO Hanonuutenst. Ha Puc. 4 npencras-
JICHBI CIEKTPBI MOTJIOMIEHHUS UCXOAHOTO MOJIMMe-
pa IIT®D wu o00pa3loB HAHOKOMIIO3UTOB
[IT®D/CAS ¢ pasnuuHbIME HUKIAMH (HOPMHUPO-
BaHMSI.

JI71st MIGHTUYIHOCTH HCCIIEyeMbIe 00pasIibl
opueHtrpoBaHHoro IIT®D wu HaHokommo3uTa
[IT®3/CdS ObuTH M3rOTOBICHBI Ha OCHOBE ILIC-
HOK, BBIPE3aHHBIX W3 OHOTO U TOTO € pPYJIOHa
MPOMBIIIICHHOTO oOpasnia. Kak BUIHO W3 CIiek-
TpoB norinomieHus (Puc. 4a), ¢ yBenmueHneM urc-
Jia 1UKIIOB (hopMUpoBaHUs KOI(DGUIIMEHT TTOTIIO-
IIEHHS oL 00Pa3lIoB YBEIMYMBACTCA U U3MEHSETCS
yroj HaKJIOHAa KacaTeJIbHOM B HaJaie Kpas To-
TJIOIICHMS.

Ha Puc. 4(0) mpencraBieHa 3aBUCHMOCTb
(h*a)>=f(hv) gma  TIT®D u  KOMIO3MTOB
[IT®D/CAS ¢ Tpemst u MIeCTHIO IMKIaMK (HOPMH-
pOBaHus, U3 KOTOPOH ObLIa OmpeneNneHa MupruHa
3amperneHHO N 30HbI Eg 110 TouKe repeceveHus Ka-
caTrenbHON NPSAMOJIMHENHOM YacTH 3TOM 3aBUCH-
MOCTH € OChI0 alcIuce.

Ecnu cpaBHUTH 3HAuYeHUS IMPHUHBI 3arpe-
IIEHHOW 30HBI MCXOMHOM TIeHKH Eg m oOpasios
KOMITO3UTOB BHJIHO, YTO YBEIMYEHHUE YUCTIA IHK-
JI0B (pOpMHPOBAHUS COMIPOBOKAACTCS CMELLICHUEM
3HaueHui Eg B cTOpoHy Hu3kux sHepruil. [losy-
YyeHHbIe 3HaueHus1 Eq moka3pBaioT, 4To C YBEIH-

YeHHEM YKciIa IUKIOB opMHUpOBaHUS HaOIIOMA-
eTcsl YKpYITHEHHE pPa3MepoB C(HOpPMHUPOBAHHBIX
HaHoyacTull. OIHOBPEMEHHO, 3TOT MPOIECC CO-
MPOBOXKIACTCS  YMEHBIIICHUEM IIMPUHBI  3aripe-
mieHHo# 30Hbl Eg oT ~4,23B 1 ncxomHoro rmo-
mmMepa 1o ~2,853B st komrosura [TTOI/CdS ¢
mectbio ukiamu opmupoBanus. [llupuna 3a-
nperieHHoi 30HbI Eg 1 CdS, kak u3BecTHO, H3-
MeHsieTcs: B uHTepBaie 2,42+2,533B, u nonyyen-
HBIC HAMHU BEJIMYMHBI XOPOIIO COTNIACYIOTCS C JIU-
TepaTypHbIMHU JAaHHbIMH [15,16].
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a - criekTpbl oryiommerust [TTDD (1) 1 HAHOKOMITO3UTOB
[ITDS/CAS ¢ pasnuuHBIM YHCIIOM HUKIOB (POPMUPOBa-
HusL: 2 - 3 IUKIIa, 3 - 6 LUKIIOB; O - 3aBUCHMOCTH
(hv*e))>=f(hv) momamepa ITTDD 1 HAHOKOMIIO3UTOB
IIT®D/CAS ¢ TpeMs 1 HIECTHIO IMKIaMU (POPMUPOBAHHSL.
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@®0TO M JTFOMUHECLICHTHBIE CBOWCTBA ITUX
KOMITO3UTOB MUMEIOT OOJIBIIOE 3HAYEHHUE C TOYKH
3peHus ux npuMeHeHus. [loaromy ObLIM U3yUCHBI
JIFOMMHECLICHTHBIE ~CBOMCTBa HAHOKOMITO3UTOB
[ITOD/CdS ¢ pa3sHpIMH YKCIIaMU IMKIOB (popMu-
poBanust. CrieKTpbI JIIOMUHECHEHIINH KOMITO3UTOB
ObUIM MOTYYEHBI C MIOMOIIBIO CHIEKTPO(POTOMETPa
Varian Cary Eclipse (Puc.5).
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Puc. 5
CrieKTphI JTFOMUHECIICHITMN HAHOKOMITO3UTOB
IIT®D/CAS: AB03.=365uM; 1 - [ITDDI; 2 - 3 nukia CdS;
3 - 6 muxiios CdS; 4-16 1ukios CdS
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KRISTALLASABILON POLIMERLORLO KADMiUM SULFID OSASINDA ALINMIS NANOKOMPOZITLOR
0.9.SUKUROVA, M.LANURIYEYV, A.i.QASIMOVA, i.M.NURUYEV, A.S. MOMMODOVA

Polietilen vo politetraftoretilen tobagolorinin adsorbsion aktiv muihitds oriyentasiyasi zamam polimerds yaranan mosamo-
lorda kimyavi sorbsiya metodu ilo CdS nanohissaciklorinin formalasdiriimast asasinda nanokompozit strukturlarinin formalagdi-
rilmas xtisusiyyatlori todqiq edilmisdir. Almmis nanokompozitlor skanedici elektron mikroskopu (SEM) ilo dyranilmis vo torki-
binin enerjidispers rentgen spektroskopiyasit (EDRS) ilo identifikasiyast aparilmigdir. Nimunoslorin optik udulma spektrindan
almmus (hv-a)?=f(hv) asthhglarmm miigayisesinden goriniir ki, formalagdimlma tsikllorinin artmast ilo hissociklarin 6lgtilori do
artir. CdS nanohissacCiklorinin formalasdiriimasmin {i¢ tsikldon alti tsiklo kimi artmasi, PTFE-nin Eg gadagan olunmus zonasi
giymatinin ~4,2eV-dan PTFE/6tsikICdS (igiin ~2,85eV-a gadar azalmasi ilo miisayist olunur.

NANOCOMPOSITES BASED ON CRYSTALLINE POLYMERS AND CADMIUM SULFIDE
A.ASHUKUROVA, ML ANURIEV, A 1.GASIMOVA, . M.NURUEV, A.Sh.MAMMADOVA

The features of the formation of the structure of a nanocomposite based on oriented polyethylene (PE) and polytetrafluo-
roethylene (PTFE) in a liquid adsorption active medium (AAM) with the further formation of cadmium sulfide (CdS) nanoparti-
cles in these pores by the method of chemical sorption have been studied. The resulting nanocomposites were studied by a scan-
ning electron microscope (SEM) and identified by EDX (energy dispersive X-ray spectroscopy). Comparison of the dependences
(hv-ay’=f(hv) obtained from the optical absorption of the samples shows that with an increase in the number of formation cycles,
an increase in the size of the formed nanoparticles has been observed. A change in the number of cycles of formation of CdS na-
noparticles from three to six has been accompanied by a decrease in the band gap Eg from ~4.2eV for PTFE to ~2.85eV for the
PTFE/6cycle CdS composite, respectively.
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REFERAT

The effect of a-SiO; and the absorbed dose of y-radiation on the
electret properties and IR spectra of UHMWPE+a-SiO, com-
posites was studied. The dependence of the electret potential
difference and surface charge density on the volume content of
the filler has an extreme character: at 1% a-SiO; it reaches a
maximum and then decreases. Analysis of the TSD spectra
indicates the thermal stability of electrets made from the
UHMWPE + 1% a-SiO, composite. The character of the TSD
current of preliminarily y-irradiated films proves that, after y-
irradiation, the charges injected from the corona zone are

mainly accumulated in the near-surface layers.

INTRODUCTION

Ultra-high molecular weight polyethylene
(UHMWPE) and composites based on it due to its
high breakdown strength, low loss, good chemical
resistance, low friction coefficient, low weight to-
gether with the excellent mechanical properties is
considered as the most reliable material for various
applications. It is known that one of the main ob-
jectives of polymer physics is the elucidation of
the relationship between the chemical and physical
structure and the physical properties of the poly-
mers and composites. Appreciable gain in the
knowledge of the structure and specific properties
of such materials has been accomplished through
FT-IR study, frequency and temperature depend-
ences of the electrical conductivity and dielectric
constants [1]. Also, external parameters, such as
the effect of y-radiation, play role in the electrical
behavior of such materials. Among most of meth-
ods, y-radiation and UHMWPE - based compo-
sites are two main methods.

Nowadays, radiation methods are widely us-
ing in improving physical and chemical properties

of the polymeric material for high technology ap-
plications [2]. It is believed ionizing radiation
could alter molecular structure, cause chain degra-
dation and therefore change the macroscopic prop-
erties of polymeric materials through the mecha-
nism of chain scission, branching and oxidation
[3]. The free radicals are generated during y- radia-
tion through the scission of C-H and C-C bonds. In
crystalline phase of polyethylene residual free rad-
icals can react with oxygen and result in oxidation
degradation of UHMWPE during shelf aging [4].

In addition of y-radiation, another alternative
method is UHMWPE - based composites. Various
inorganic nano filler materials, such as silicon di-
oxide or silica (SiO2), aluminum oxide or alumina
(Al205), titanium oxide or titan (TiOy), zinc oxide
(Zn0), etc. are usually incorporated into electrical
insulating UHMWPE to achive specific electrical,
mechanical and thermal properties.

The effect of irradiation and fillers concen-
tration in composite materials has been studied for
many years through thermally stimulated dis-
charge current (TSDC), electrical conduction, die-
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lectric spectroscopy and most recently space
charge trapping [3,5,6].

It is necessary to understand the effect of
gamma radiation on the surface potential and
charge trap characteristics of polymer nanocompo-
sites. The effect of radiation on space charge per-
formance of the UHMWPE nanocomposite insu-
lating materials is scanty. A methodical experi-
mental study was carried out to understand the im-
pact of gamma radiation of UHMWPE - o-SiO-
nanocomposites, which includes (a) variation is
space charge density with UHMWPE nanocompo-
sites during the poling and deploying period; (b)
surface potential variation with nanocomposites
and their charge trap behavior.

This paper reports research on the effect of
y-radiation on UHMWPE and composites
UHMWPE/a-SiO. under different environments,
through space charge behavior and FT-IR spec-
troscopy. The microstructure changes and genera-
tion of free radicals due to irradiation is discussed
in terms of its relationship TSDC spectra and
space charge accumulation.

EXPERIMENTAL PART

UHMWPE powder with an average mo-
lecular weight of 1.55-10°, 65% degree of crystal-
linity and 190°C melting point was used as
a polymer matrix. The density and plastic transi-
tion temperature of the powder is 940 kg/m® and
138...142°C, respectively. Amorphous silica a-
SiO. particles (Sky Spring Nanomaterials, Inc.
Hauston, USA) with a spherical shape and the size
of 20nm were used as the filler. A specific surface
area of the filler particles is 160m?%g. The density
of the filler particles is 2.65g/cm? [7, 8]. The ratio
of inorganic a-SiO; to UHMWPE was (1:99, 3:97,
5:95).

When manufacturing film samples, the following
technological scheme was provide:

- mixing in the porcelain mortar of UHMWPE and
a-SiO2 powders;

- pressing a homogeneous mixture of component
powders in a hydraulic press with heated plates at
the pressure of 15MPa with holding at the temper-
ature of 190°C for 5min and obtaining samples of

composites in the form of disks with a diameter of
20mm and a thickness of 50...80um;

- to ensure a reliable electrical contact between the
sample and grounded electrodes made of stainless
steel pressed on the surface of samples of an elec-
trode of thin aluminum foil 7 um thick, followed
by cooling in a water-ice mixture (quenching re-
gime).

All the concentrations indicated in the work
are volume concentrations. The manufacturing
mode of the composite allows obtaining the sam-
ples with recurring electro physical parameters.
Polarization of samples from the side of a non-
metallized surface was carried out in a corona dis-
charge field with a polarization voltage of 6 kV in
the needle-plane system with a needle distance 1
cm from the surface of the sample (charging time
3005).

Immediately after polarization, to measure
the thermally stimulated depolarization currents
(TSD) of the samples, they were placed in a spe-
cial screened and grounded heated measuring cell
of the “sandwich” type with stainless steel pressure
electrodes. The alignment of the electrodes was
provided with a special mandrel. The electrodes
were connected to an electrometric amplifier Y5-
11, to the output of which a two-coordinate re-
corder “Endim 620.02” was connected, on which
the current change was recorded as a function of
temperature. The recording of the currents of the
TSD in the temperature range of 20...160°C was
carried out with a linear increase in temperature at
the rate of 2.5deg/min. Spectral studies were per-
formed on a Varian 640-IRFT Fourier spectrome-
ter in the range 4000...400cm™.

The temperature of the sample was moni-
tored with a copper-constantan thermocouple.
Electrification of the samples was carried out by
exposing them to corona discharge and %Co
gamma-quanta. Measurement of the surface poten-
tial of electrets Ue was carried out periodically
with the aid of the IPEP-1 (Belorus) device. The ir-
radiation was carried out at the MRX-y-25M in-
stallation from the *°Co source.
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RESULTS AND DISCUSSION

For the analysis of the electret state of poly-
mers, was used an informative and reliable meth-
od-thermo stimulated depolarization [9]. One of
the characteristics of the electret state of the dielec-
trics is the electret potential difference Ue of their
surface. It depends on the number of injected
charge carriers penetrating into the material during
the electrification of polymers under the corona
discharge. The dependence of electret potentials
difference (Ue ) on absorbed dose (D) of the
UHMWPE (curve 1) and composite based on it
(curves 2-4) are shown in Fig. 1.
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Fig. 1

Dependence of the electret potential difference Uz on y-
irradiation absorbed dose D of the coronoelectret
samples: 1-UHMWPE; 2-1%vol.a-SiOy;
3-3%vo0l.a-SiOy; 4-5% vol. a-SiO..

Ue (D) dependencies show that for the
UHMWPE samples the difference of potential
reaches the maximum value at D=50kGy. Further
increase in irradiation dose leads to a decrease of
the Ue values of the samples. An increase in D up
to 100kGy practically does not affect the values of
electrets of UHMWPE+x% a-SiOs.

We assume that the invariance of Ue of the
films containing (1...5%) a-SiO, with increasing
dose in the investigated range is due to the fact that
most of the electrons generated in each ionization
act does not recede beyond the Coulomb field of
their ions and recombine with them can participate
in the conductivity process.

Comparison of electret characteristics of
composites with different composition is correct

only in the phase of stabilization of polarization
processes.

Relatively high stability of the electret state
in the irradiated UHMWPE+1 vol.% a-SiO, com-
posites is probably firstly due to the increase in the
degree of crystallinity (lower volume conductivity)
of ultrahigh-molecular polyethylene in the compo-
sition of the composite film, and secondly, by sta-
bilization of the internal electric field on sub-
surface traps that provide a low rate of charge re-
laxation [9].

In addition, the filling of UHMWPE can
lead to the change in the nature of the super mo-
lecular structure (SMS) of the polymer - the for-
mation of a loosened adsorption layer [10], a de-
crease in the size of crystallites and spherilites [11]
which are new nucleating agents.

Therefore in Fig. 2 the dependences of the
electret charge density of electrets from
UHMWPE (curve 1) and UHMWPE+x% a-SiO;
composites on the storage time t are presented.

0,16 3 Ce . Klm*

0,12

0,08
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Fig. 2
Dependence of the electret charge density of UHMWPE
films and composites on the storage time: 1-UHMWPE;
2-1% vol.a-SiOz, 3-3% vol.a-SiOy; 4-5% vol. of a-SiOx.

Studies have shown that the introduction of
a filler has a significant effect on the manifestation
of an electret effect in UHMWPE: 1% vol. of sili-
con dioxide in UHMWPE o, reaches a maximum
value, and then decreases (see Fig. 2, curves 2),
that is, the best electret properties of UHMWPE
compositions with 1 vol.% of a-SiO; content.
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The observed increase in e of UHMWPE
composites (curve 2) is due to the presence of the
above-described energy traps and also injected
charge carriers which is characteristic for polymer
compositions.

The stability of the coronoelectret mainly
depends on which energy traps most of the inject-
ed charge carriers fall into-small or deep ones.

It can be seen that the electret characteristics
of pure UHMWPE and composites based on it on
the first day of storage in room conditions are
sharply reduced and stabilized by 30 days.

This phenomenon is typical for traditional
electrets. A sharp decrease in the values of ce on
the first day of storage is explained by the release
of injected charge carriers from small traps, which
can be specific surface defects caused by oxidation
processes, adsorbed molecules, the short-range or-
der of molecules on the surface and in a volume
[12].

The presence of charge carriers in deep
traps, which can serve as impurity ions, the phase
boundary, the free volume of the polymer, deter-
mine the magnitude and stability of the charge of
the polymer electret.

To elucidate the reasons for improving the
electret state of the UHMWPE+1% a-SiO, com-
position, the TSD spectra were taken. The results
of these studies are presented in Figs. 3-4.

20 40 60 80 100 120 140 160
T, %
Fig. 3

TSD curves of the samples 1- UHMWPE.
2-1% vol.a-SiOs; 3-3% vol.a-SiOy; 4-5% vol. a-SiO..

80 100 120 140 160
T %

20 40 60

Fig. 4
Curves of TST for UHMWPE+1% vol.a-SiO; polarized
under the corona discharge (1), previously irradiated, and
then polarized in the corona discharge (2), pre-
electrification in the corona discharge, and then irradia-
tion in air under the action of y-irradiation (3) and
y-irradiated (4).

The results of investigations of the currents
of the coronoelectret of the UHMWPE films be-
fore and after the modification by the y radiation
are shown in Fig.3.

The spectra of the UHMWPE TSD
(curve 1) show two peaks at (48+2) °C and a weak
maximum at (116+2)°C. On the spectra of the
TSD of the composite with 1 vol.% a nanoparticles
a-SiO2 (curve 2) two peaks are also observed: pos-
itive with a maximum at (65+3) °C and negative
with a maximum at (125+3) °C.

The first peak can be caused by the move-
ment of weakly bound charges, which causes their
relaxation. The second peak corresponding to the
softening temperature of UHMWPE is due to the
destruction of the main part of the deep traps lo-
cated at the interface between the crystalline and
amorphous phases of UHMWPE.

The spectra of TSD composites with a high
concentration of 3 and 5vol.% of the a-SiO: filler
also exhibit two maxima at the appropriate tem-
peratures. However, for a composite with
1 vol.%a-SiO2 nanoparticles, the value of the cur-
rent of the TSD at a maximum at 125°C is
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approximately 5 times greater than the peak inten-
sity at 116 °C for UHMWPE.

Fig. 4 shows the spectra of the currents of
the TSD of coronoelectret samples from the com-
positions of UHMWPE+1 vol.% a-SiO2: 1) sub-
jected to discharge (curve 1, coronoelectret); 2)
previously irradiated with y-quanta (D=100kGy) in
air; and then polarized under
corona discharge (curve 2);3) previously polarized
in the corona discharge zone, and then irradiated in
air (curve 3); 4) y-irradiated samples (radio elec-
tric, curve 4).

It can be seen from Fig. 4 that preliminary y-
irradiation has a noticeable effect on the spectra of
the TSD currents (curves 2—4) of the composite:

1) the amplitude of the high-temperature peak of
all irradiated composites increases;

2) its shift toward low temperatures by approxi-
mately 50°C (absorption dose D =100kGy);

3) after the y-irradiation, the low-temperature peak
practically disappears (curves3—4) the maximum
amplitude of the high-temperature peak is approx-
imately 2 times smaller than the low-temperature
peak of the composite UHMWPE+1 vol.% o-SiO>
(curve 2).

The nature of the currents of the TSD indi-
cates that the currents of the TSD are mainly asso-
ciated with near-surface low-energy traps. Conse-
quently, y-radiation leads to the destruction of deep

volume traps at the interfaces between amorphous
and crystalline phases and the deterioration of the
electret properties of composites [13, 9,12]. The
current of the TSD of the pre-irradiated films proves
once again that after y-irradiation, the charges in-
jected from the corona zone are mainly accumulat-
ed in the near-surface layers of the irradiated sam-
ples [9]. Optimum characteristics of nanocomposite
corona electrets UHMWPE+1vol.%a-SiO; are
shown in the Table.

Studies of the effect of filler concentration
and of gamma irradiation included measurements
of the IR spectrum of pure UHMWPE films and
PCM based on it before and after exposure to these
factors. To identify the reasons for the increase in
the stability of the electret state in UHMWPE
films upon the introduction of nanosized inclu-
sions of silicon dioxide, in the present, effect of
gamma radiation on the structural properties has
been carried out using FTIR measurements.

Fig. 5 (a) shows the IR absorption spectrum
of a composite UHMWPE+1%a-SiO2. An in-
crease in the stability of the electret state in com-
posite polymers [14] in this case can be explained
by the fact that the filler modifies the conductivity
of the polymer. Due to the adsorption of water on
nano-sized filler inclusions, the bulk conductivity
of the polymer decreases, thereby increasing the
stability of the electret state.

Table
Electret characteristics of corona electrets from compositions UHMWPE+1 vol.% a-SiO,.
Sample Dose D, | Max. temperature Tr, | Activ. energy U, | Charge o,
UHMWPE+1%0-SiO; kGy °C eV C/m?
Unrradiated 0 65 0.014 38.5.106
Coronoelectret 125 0.23 143.0-107
y-irradiated 50 120 0.044 128.0-10°®
100 122 0.21 240.0-107
UHMWPE+1%0-SiO, (coronoelectret after 50 75 0.044 128.0-10°
premliminary y-irradiation) 70 0.055 85.1:10°F
100 120 0.18 137.2-107
UHMWPE+1 vol.% a-SiO, (coronoelec- 50 118 0.59 243.0 -107
tret before premliminary y-irradiation) 100 120 0.15 103.0 -10°®

48




THE EFFECT OF GAMMA IRRADIATION ON SPACE CHARGE AND THERMALLY STIMULATED DISCHARGE....

_~2858.982 32.832

(3)

Absorbance

_~3968.297 21.556

P T T S B SR B
3400 3200 3000 2800 2600

_ 2906.838 0.933
/" _~2850.967 -17.974

Absorbance

S S S S i 1
3800 3600 3400 3200 3000 2800 2600

P
2400

A -
2400
Wavel

Waver

Fig.

PR "
2200

_~1462.757 74.480

_-719.419 25.9

/,1101.510 79.976

Caa
1200

P T T I IR il b
2200 2000 1800 1600 1400 1000 800 600
nnnnnn

_1463.021 31.765

1101.735 50.927 - 729.869 17.87

1717.846 5.886 1367.769 1.999  /

2019.437 10.329 795.274 1.923

P S I S
1000 800 600

P
1200

S S S I
2000 1800 1600 1400

nnnnnn

5

FTIR spectra of UHMWPE +1% vol.a-SiO, nanocomposite before (a) and after (b) irradiated with 100 kGy: h=70mkm.

In this work, we studied the effect of y-
irradiation (D=100kGy) on the IR spectra of
UHMWPE + 1 vol. % a-SiOz (Fig. 5, b). New ab-
sorption bands appear in vy-irradiated films:
UHMWPE + 1% a-SiO; - 2906 cm™ - 2019 cm?
(C-H asymmetric stretching vibrations), 1717cm
(stretching vibrations), 1367cm™ (C- H), 795cm™®
(C-Si stretching vibrations), 729cm™ (CH2 doublet
stretching vibrations), at the same time, the peak
intensity of CH> vibrations differs from the initial
UHMWPE +1% a-SiO> (Fig. 1, b)[15-18].

The IR spectra of the studied composites in
comparison with the spectrum of unfilled
UHMWPE before and after irradiation with an in-
crease in the volume content of the filler a-SiOy, a
broad absorption band is observed in the region of
1099-1104cm™ of C-O-C groups. Apparently, it
can be explained by the rupture of hydrocarbon
chains of UHMWPE macromolecules with the
formation of -OH and C-O. To a lesser extent, this
is expressed in the spectra of samples with depos-

ited nanoparticles, which confirms the preservation
of the structure of the initial UHMWPE.

An interesting feature of the process of in-
teraction of y-irradiation with filled UHMWPE is
the chemical grafting of macromolecules on the
surface of particles. It was found by IR spectros-
copy that when the UHMWPE + a-SiO> system is
irradiated to doses of 50-100kGy, an increase in
the absorption band is observed at 468-1462cm™,
2845cm™ and 468-2010cm™ associated with the
formation of Si-O-Si, CH2 bonds, CH. Moreover,
these effects are accompanied by an increase in the
concentration of stabilized polymer radicals. The
presence of fillers in polymers can affect the effi-
ciency and direction of radiation-chemical trans-
formations in polyolefins. This is apparently due to
the difference in the electron density of the poly-
mer and fillers. With an increase in the average
electron density in a heterogeneous system, the
polymer should receive more energy from second-
ary electrons than fillers.
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Thus, it was found that the introduction of
nano-sized inclusions of aerosil (silicon dioxide)
into UHMWPE increases the temperature stability
of the electret state in these materials. This behav-
ior of the electret state is due to the electrical con-
ductivity of polymers, a catalyst that is water mol-
ecules and / or hydroxyl ions contained in the bulk
of the polymer. The relaxation time of the electret
state of the UHMWPE films calculated earlier
from the experimental data shows that the best
electret stability among the samples under study is
possessed by composite films based on UHMWPE
with a 1% aerosil content.

CONCLUSION

In this paper, the influence of nanofiller-
amorphous a-SiO2 and the absorbed dose of y-
irradiation on the electret properties of UHMWPE
was studied. It was found that with the filling of
UHMWPE with silicon dioxide, up to 1 vol.% its
electret properties are improved, which is ex-
plained by the appearance in the system of new
energetically deep traps, injected charge carrier.

Introduction ~ of  silicon  dioxide-into
UHMWPE leads to an increase and thermal stabil-
ity of the composite UHMWPE+1vol.%a-SiOx.
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QAMMA SUALANMANIN iYMPE/ 0-Si0; NANOKOMPOZITLORININ
SOTHI YUKUNO® VO TERMOSTIMULLASDIRILMIS BOSALMA COROYANI
SPEKTRLORINO TOSIRI

M.M.QULIYEV, R.S.ISMAYILOVA

Silisium iki orsid (a-SiO ) Vo y-siialanmanim udulma dozasmin IYMPE+0-SiO, nanokompozitlorin electret xassolorino va
[Q-spektrlaring tasiri dyronilmisdir. Elektret potensiallar farginin doldurucunun hacmi payindan asililigi ekstremal xarakter dasi-
yit: 1% 0-SiO2 —do maksimuma catir vo sonar azalir. Termostimullagdirilmig depolyarlasma caroyanmin spektrlorinin analizi
IYMPE+1% 0-SiO, kompozitlorin termostabilliyini gostorir. Ovvalcadon y-siialandirilmig niimunalorin TSD carayanlarmin xa-
rakteri stibut edir ki, y-siialanmadan sonar tach bosalma zonasindan injeksiya olunmus yiiklor asason sath gatlarinda toplanirlar.

BJIMSTHUE T AMMA-HU3JTYUYEHUS HA IOBEPXHOCTHbBIN 3APSAl M CIHEKTPBI TEPMUYECKHA
CTUMYJIMPOBAHHOI'O TOKA PA3PSIJA B HAHOKOMIIO3UTAX CBMIIJ/a.-SiO2

M.M.KYJIMEB, P.C. ACMANWJIOBA

NzyyeHo pnmsiaue qpokcuaa kKpeMuus (0-SiO2) ¥ TOTIIONIEHHOM 10361 Y-00MydeH s Ha 3JIeKTpeTHbIe cBoiicTBa 1 UK-
crniekTpsl kKoMmozutoB CBMITD+0-SiO». 3aBUCHMOCTh TOBEPXHOCTHOTO MOTEHIHANIA OT 00BEMHOTO COJIEPKAHUSI HATTOJTHUTEIIS
HMEeT KCTpeMaNbHbIH XapakTep mpu 1% a-SiO», qocTrras MakcuMyMa, a 3aTeM yMeHbIaercst. AHanm3 criektpoB TCJI ykasbl-
BaeT HAa TEPMOCTAOMIIBHOCTL JJIEKTPeToB n3 kommo3uta CBMIID+1% 0-SiO.. Xapakrep Toxka TCJI mpeaBapHTEIbHO Y-
OOJTyYeHHBIX TIEHOK JIOKa3bIBAET, YTO MOCTE Y-00TydeHNs] HH)KEKTHPOBAHHBIE M3 30HBI KOPOHBI 3apsibl, B OCHOBHOM, HaKarl-
JIMBAFOTCS B PUITOBEPXHOCTHBIX CIIOSX.
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PEOEPAT

HcenenoBatbl 3IEKTPOIPOBOHOCTE G, KO3D(PUIMCHTHI Tep-
MODJIC 0 ¥ TEIJIONPOBOAHOCTH ¥ B uHTepBase ~90-300K mo-
HOKpHUCTAIUIOB SNTE, BBIpallleHHbIX M3 pacillaBa COCTABOB,
comepkanmx 10 1,0a1.% wu30BITKA MPOTHB CTEXHOMETPUH
onoBa. Ornpe/ieNne bl PeIeToYHas p U JISKTPOHHAS ), COCTaB-
JISTIOIIME TETUIONPOBOIHOCTH, TEIUIOBBIE CONPOTHBIICHHS, CO-
37aHHBIC BAaKaHCHSMH B TIOZIPEIIETKE 0JI0Ba M Je(eKTaMH, 00-
Pa3yIOMIMHUCS TIPH MoNTy4YeHnn 00pasnos. [TokazaHo, 4To BBe-
JICHHBIC CBEPX CTEXHOMETPUH aTOMBI Sn TP MaJIbIX KOHIICH-
TPALUSIX CO3AI0T JIEKTPOHEUTPAIBHBIC KOMIDICKCH C BaKaH-
CHSIMH B TIOZIPETIIETKE OJIOBA, YTO IPUBOIHT K YMEHBIICHHUIO G,
Yp ¥ %> TIPU OOJBIINX K€ KOHLICHTPALHSX, 3aMOJHS 3TN Ba-
KaHCHH, a TaKkXe, CO3/1aBasi HOBbIE YPOBHH, (HOCHUTENN TOKA)
MPUBOIAT K POCTY G, %> U Yp. 3aBUCUMOCTH OL 00pa3lioB OT
KOHLICHTpALMK M30BITOYHOTrO 0JI0Ba M TEMIIEpaTypbl yJOBIIe-

TBOPUTEJILHO OOBSACHSIOTCS MOJEJIBIO IBYX BAJICHTHBIX 30H.

BBEJIEHUE

B cBs3M ¢ MepCleKTHBHOCTHIO TEILTypUaa
0JI0Ba M €ro TBEPJBIX PACTBOPOB U TEPMO- U
(hOTORNIEKTPUYECKHX TpeoOpazoBaTesel, a Takxke
OCOOCHHOCTSIMHA WX KPUCTALIM3AIMA U CTPOCHH-
€M BaJCHTHOW 30HBI WCCIIENIOBAaHUIO (PU3UKO-
XAMHYECKAX W HEKOTOPBIX (PH3MICCKHX CBOKMCTB
ATUX MATEPHAIIOB MOCBSIICH psizl padoT [1-7].

Jlnarpamma cocTostHuSI cucTeMbl SN-Te ObI-
JIa MCCIIeIOBaHa METO/IaMH TePMHUYECKOTO U MUK-
POCTPYKTYypHOTO aHam30B [6]. B cucreme Haitne-
HO ofiHO coemuHeHne SnTe, muaBsIeecss KOHTPY-
sutHO TIpn 790°C. B [7] mM3ydanmack IpoTSKeH-
HOCTb 00JIaCTH TOMOTE€HHOCTH Ha OCHOBE METOJIOB
MeTaorpauecKoro ¥ PeHTITeHOBCKOTO aHAJIH-
30B. MccnenoBaHbl CriiaBbl BOJW3U COENTUHEHHS
SnTe ¢ comepxxkanuem ot 49,5 no Slar.% Te.
Crmaeel omxuramu mpu 600, 500, 400, 300°C B
Teueane 600, 520, 650 u 950 gacoB, COOTBET-
CTBEHHO. BBIICHEHO, YTO TIOCIE OTXWra TpHU

700°C craB CTEXMOMETPHYECKOTO COCTaBa CO-
nepkan 9BTekTHKy SnTe+Sn, a omHodasHbIMU
ObH craBbl, copepxarniue 0,3 u 0,5a1.% nu30bIT-
Ka TIPOTHB CTEXMOMETPUH TeluTypa. B crutaBe ¢
0,8a1.% u30bITKa TemTypa ObLIa 3aMETHA SBTEK-
tika SnTe+Te. Ilocne omkwmra mpu 600, 500,
400°C nmanHbBIi CrUTaB OBUT OJTHO(a3HBIM, IBTEK-
tuka SnTe+Te Obima oOHApYKEHA B CIUIABE C CO-
nepkanreMm 51ar.% Te. Tawoke BBISICHEHO, YTO
npeoOagaromuMu AeekraMmu B TEJUTypPHIE OJI0-
Ba SIBJISIIOTCS BakaHCUM oioBa. B [8] mpeioxkena
KaueCTBEHHAs! MOJIeJb, OOBSICHSIONMIAS BBICOKYIO
KOHIICHTpAIIMIO BakaHcuu ojioBa B SnTe.
Brricaeno, uro [7] 06macTh roMOreHHOCTH
npu 400°C nmexur B mpenmenax or 50,1+0,1 1o
50,940,1a1.% Te. IIpu 3TOM MOCTOSIHHASI PEIIIETKU
YMEHBINACTCS C YBEIUYCHUEM COJICPKAHHS Tell-
nypa B pezenax 6,324-6,302A. T1o nannbemv [1,9]
TpaHMIEI 00IacTH ToMoreHHocTH mpu 600°C ort-
BevaroT cocraBam 50,1 u 51,1at.% Te. B [10]
TaKke IMOKa3aHo, YTo SNTe MMeeT OJaHOCTOPOH-
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HIOIO 00J1aCTh TOMOT'€HHOCTH, CMELIEHHYIO B CTO-
POHY HM30BITKa TEJUTypa, U XapaKTepu3yeTcs Bbl-
COKOI KOHIIGHTpAIMei cCOOCTBEHHBIX Ae(EKTOB (B
OCHOBHOM KaTHMOHHBIX BakaHCUi). V13 koHIIeHTpa-
LIMOHHOM 3aBUCUMOCTH IIOCTOSIHHOM PEILLETKH B
00J1aCT TOMOI'€HHOCTH, B CHCTeMe SNn-Te ObuI
oueHeH [11] addexTuBHbIl pammyc KaTHOHHOU
BaKaHCHM. YCTAHOBJIEHO, YTO BBEICHHE KATHOH-
HBIX BAKaHCUI 3a CYET OTKJIOHEHMS OT CTEXMO-
MEeTprH B SNTE MPUBOAUT K CYIIIECTBEHHO OOJIb-
el eopMaliuy peteTky, YeM Jr000e KaTHOH-
Hoe 3amertieHue [12].

Bakancuu ooBa B SnTe JO/KHBI BIUSTH HA
KOHIICHTPAIIMI0 HOCHUTENIEH TOKa, paccerBaHHe
(hOHOHOB U 3JIEKTPOHOB, T.€. HA TOJIBIYKHOCTh HO-
cuTeNel TOKa, PEIICTOYHYIO M JIEKTPOHHYIO CO-
CTaBJISIIOIIME TEIIONpPoBOAHOCTU. OHAKO, B JIH-
Teparype paboThl, MOCBAIIEHHBIE N3YYEHHUIO BIIU-
SIHUSL CTPYKTYPHBIX BaKaHCHI Ha yKa3aHHBIC T1a-
paMeTpbl MOHOKpHcTaUioB SnTe, moytu OTCyT-
CTBYIOT. Takue uCCIen0oBaHUsI UHTEPECHBI TEM,
YTO MaTepHaibl Ha OCHOBE SNTe sBISIOTCS Ccpel-
HETEeMITEpaTypHBIMUA TEPMOJIEKTPUKaMH, (P deK-
THUBHOCTb KOTODPBIX OIpeneNsieTcss 3HaueHUsIMU
MOJABWKHOCTH HOCUTEJEH TOKAa M TEIIONpPOBOJ-
HOCTH, a TaKKe TEM, YTO MOTYT J[aBaTh CBEICHHS
0 paccenBaHUM (DOHOHOB U ANIEKTPOHOB Ha CTPYK-
TYPHBIX BaKQHCHSIX.

MOXHO monarath, 4TO KOHIIEHTpPALUIO Ba-
KaHcHH oJioBa B SnTe MOXXHO BapbHUpOBaTh BBE-
JICHHEM B PacIUIaB CTEXMOMETPHUYECKOTO COCTaBa
M30BITOYHBIX (CBEPX CTEXMOMETPUM) aTOMOB OJI0-
Ba.

VYuuThIBas 3TO, C TENBI0 BBISICHEHHS MeXa-
HU3Ma JICUCTBUSI BaKaHCHW OJIOBA HA MEXaHU3M
o0pa3oBaHUSI U paccesHHs HOCHUTENeld TOKa, a
TaKXe Ha MepeHoc Tervia B kpucramwiax SnTe, no-
JY4EHHBIX U3 paciljlaBa CTEXHOMETPHUYECKOrO CO-
CTaBa, CHHTE3UPOBAHbl U3 IIMXTHI, CO/IEPIKaIIHe
10 1,0a1.% u30bITKa MPOTHB CTEXHOMETPHH OJIOBA
00pasIbl TEUTypHIa OJI0BA, BBIPAIIEHBI X MOHO-
KPUCTAJIbI,  UCCIEAOBAHBl HX DJIEKTPUYECKHE
CBOWCTBA M TEIJIONPOBOIHOCTh B UHTEPBAJIE TEM-
nieparyp 90-300K.

HccnenoBanus IpoBOIMIIMCH Ha 0oOpasiax,
HE MPOLIEIINX OTKUT, U Ha 00pa3liax, MpoIiea-
mmx omkur npu 773K. Omxur o0pasoB mpoBo-

JTJICSI B CPEJIE CIIEKTPAILHO YMCTOTO aproHa B Te-
yenue 120 yacos.

METOJIUKA 9KCIIEPUMEHTA

Cuntes o6pasnoB SnTe u3 crexuomerpuue-
CKOM MIMXTHI (M3 MXTHL, coaepxaras 50,00 at.%
Sn u 50,00 ar.% Te) u o6pa3noB SnTe U3 MMXTHI
CTEXHOMETPUYECKOI0 COCTaBa (HaBECKH), B KOTO-
PYIO JIOMOJMHUTENBHO J100aBIEHO H30BITOUHOE
(cBepx crexuomerpun) onoso 0,01; 0,05; 0,10;
0,50 u 1,0ar.%, npoBOAWICS MPSIMBIM CILUIaBIIE-
HUEM COOTBETCTBYIOIIMX KOJMYECTB HCXOIHBIX
KOMIIOHEHTOB B BaKyyMHMPOBaHHBIX 710 ~107ITa
KBapIIEBBIX aMITyJIax rmpu temmeparype ~1135K B
TeueHne 6 YacoB. BpUIM HCHOJB30BaHBI OJIOBO
mapku OBY-000, remmyp mapku T-cH (99,999). B
npoliecce CHUHTE3a MPUMEHSUIOCh BUOPAIMOHHOE
repeMelMBaHre paciiaBa. BHyTpeHHssT ToBepx-
HOCTb KBapIIEBbIX aMITyJl, PEIHA3HAUYCHHBIX IS
CHHTE3a COCTABOB M BBIPAIIMBAHMS UX MOHOKPH-
CTAJIOB, MpPEABAPUTENBLHO TIpaduTU3NPOBATACE.
JudpakrorpamMmsl, MoaydeHHble Ha AW(pPaKTO-
merpe XRD Bruker D§ ADVANCE, nonTtepau-
71 0JfHO(A3HOCTh M BBICOKHI YPOBEHb KpHUCTAJI-
JMYHOCTH HCCleayeMbIx o0pasios (Puc.1).

> -~

JOP S yiserayang ——

w

{220)

[200]
[400]

Puc.1
Judpaxipionnas kapturaa SnTe.

Monokpuctauibl SnTe ¢ U30BITKOM OJIOBa
BBIPAIIMBAIUCh METOJIOM bpHKMEHA. Y TOYHEH-
HBIC TTapaMETPhI DIICMEHTAPHOM SYCHKU TEIJLTYpH-
na omoBa okaszamuch 6.318(1)A (mp.rp.Fm 3m).
JlimHa MOHOKPHUCTA/UTMYCSCKUX CITUTKOB JTHAMETPOM
13+14mm coctarisiia ~25mMM. OTHOPOHOCTb CITUT-

53




3. BATMEBA, I, AGJTUHOBA, T.J. AJIMEBA, . 11L.ABJIHOB

KOB TIPOBEPSUIACh U M3MEPEHUSIMH JICKTPUYECKOTO
CONPOTHBIICHUSI HA PAa3IMYHBIX Y4YacTKaxX BIOJb
cruTKa. JlnMHa y9acTka CIIMTKOB OJIHOPOIHOTO 110
AJIEKTPUYECKUM CBOMCTBa gocturaiga 20-22mm.
W3 omgHOpOMHON YacTH CIMTKOB Ha 3JIEKTPOMC-
KPOBOM yCTaHOBKE OBbLIM BbIpe3aHbl 00paslibl B
BUjE IMHApa quaMerpoM 13-14MM 1 BbicOTOM
~10mm. HapymieHHbIid ciod, oOpa3yromuiics Ha
TOpIAax 00pa3loB NPH Pe3Ke, YAATSIM 3JIEKTPO-
XUMHYECKUM TPABJICHUEM.

Chsitbl MUKpOCTpYKTYpbI ciutaBoB 50,00at.%
Sn u 50,00at.% Te u crmaBos, conepkammx 0,5 u
1,0ar.% m30bITKa onoBa. M3 mccnenoBanus moiy-
YEHHBIX MUKPOCTPYKTYp CIIEIyeT, 4YTO 00pasell u3
CTEXHOMETPUYCCKON IIMXTHI COACPKHUT BTOPYIO
¢azy. [Ipu ManbIx KOHLIEHTPAIMSX H30BITOYHOTO
Sn coneprkanue BTOpOH (ha3bl yMEHBINIAETCS, a
nipu Oomnbinx (~1aT.%) KOHLEHTPAIUIX HECKOIb-
KO pacTeT.

DNeKTpUUYeCcKUe MapaMeTpbl U TEIIONpo-
BOJTHOCTh OOpa3llOB M3MEPSUTH METOIaMH, OITU-
caHHbIMU B [13], B HampaBiIeHUU JUIMHBI CIIUTKOB.
[orpenmHOCTh M3MEpEHHs YKa3aHHBIX IapameT-
POB BO BCEM MHTEpBajie TeMIIEpaTyp HE TpPEeBbI-
mana 5%.

PE3YJIBTATBI U UX OBCYXJIEHUE

TemmneparypHble 3aBUCUMOCTH 3JIEKTPOINPO-
BOJTHOCTH G 00pa3loB MOHOKpHUCTaIOB SnTe ¢
M30BITKOM 0JI0Ba, IPOILIEIIINX OTXKUT 1pu ~773K,

npescTaBieHsl Ha Puc.2.
45 ¢

35 ' ' ' ' :

2 4 6 8 10 12
10%T, K™*
Puc.2
TeMrepaTypHbIe 3aBHCHMOCTH 3JIEKTPOIPOBOTHOCTH
o6pastos SnTe ¢ noGaskoii ostosa: 0(1); 0,01(2); 0,05(3);
0,1(4); 0,5(5) u 1,0(6)at.%Sn cBepx CTEXHMOMETPHH,

otoxokeHHBIX 1pu 773K B Teuenne 120 gacos.

Bumno, uro o(T) anst Bcex 0OpasioB obma-
JaeT MeTautmueckuM xapaktepom. C  pocrom
KOHIIEHTpPAIMK M30BITOYHOTO OJIOBa B 00pasIe ¢
0,05at1.% o 00pa31oB Mpu JaHHOI TeMmeparype
najaeT. JlanpHenmid pocT KOHLIEHTPALUKU OJI0BA
COMPOBOKAACTCS] POCTOM 3HAUEHUS G MPU TaHHOU
TeMIlepaType U MpUOIMKEHUEM €€ K 3HAUCHHIO G
CTEXHOMETPUYECKOro 00pasiia.

KpuBble TemreparypHON 3aBUCUMOCTH KO-
s durmeHTa TepModC 0 00pa3IoB CTEXHOMET-
PUYECKOTO COCTaBa, HE MPOIISIIINX U TPOIIE-
[IUX OTKUT TPH PA3IUYHBIX TEMIIEpaTypax, UMe-
0T MUHIUMYM B oOnactu Temreparyp ~190-220K
(Puc.3). Tomobubie munumymbl ofT) HabOmoma-
torcst 1 it kpuctawios ¢ 0,01 u 1,0ar.% u30bIT-
KOM OJIOBA.
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TemnepartypHbIe 3aBUCHMOCTH KO3(QMOHUILMEHTA TEPMOD/IC
00pasnoB SnTe cTeXMOMeTpUIeCcKOro cocTaBa He Ipo-
mreamwx (1) 1 IpoIme X OTXKUT TIPU

473(2), 573(3), 773K (4).

Ha Puc.4a npencrasiieHsl TeMIlepaTypHbIE
3aBUCUMOCTH OOIIeH TETUIONPOBOAHOCTH ()) HC-
CJIEZIOBAaHHBIX 0OPA3IIOB, MPOIIEANINX OTKUT TIPH
773K B Teuenue 120 yacoB. BumHo, 9To Bo Bcex
ClIydasix 3HAUeHHWE ) C POCTOM TEMIIePaTyphl
YMEHBIIIAETCA.

JIn1st BBISICHEHHSI MEXaHU3MOB BIIASHHS H3-
OBITOYHBIX (BBEJCHHBIX B IIMXTY CBEPX CTEXHO-
METPHH) aTOMOB OJIOBAa Ha TEIJIOMPOBOJHOCTD
SnTe BblAEICHBI U AHATM3UPOBAHbI OCHOBHBIE CO-
CTaBIISIIOIIME OOIIEH TEIIONPOBOIHOCTH B HUX B
unteppase Temmeparyp 90-300K.
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TemneparypHbie 3aBUCUMOCTH OOIIIEH TETIONPOBO/I-
HOCTH (2) ¥ TEIJIOBOTO COTPOTHBICHNS (0) 00pa3IoB
TEJUTypHU/Ia 0JI0BA TIOCIIe OTIKHTa
(0003HaveHHS TE XKe, UTO U Ha PHC.2).

B o0mem cityyae TemonpoBogHOCTh MOMy-
MIPOBOJIHUKA MOXKET OCYLIECTBIISITHCS KOJIeOaHusI-
MH peleTku ()p), AMEKTPOHAMH TMPOBOAUMOCTHU
(%), OumossipHoit U dy3uelt TEKTPOHOB U JIbI-
POK B 001aCTH COOCTBEHHOW M CMEIIaHHOW Ipo-
BOJIMMOCTH ()c), @ TAKXKe MPU HU3KUX TEMIIepary-
pax B MarHUTHBIX MOJTYTPOBOJHUKAX MAarHOHAMHU
(Ymarn.) ¥ TIDH CPEITHUX TEMITEpATypax B JOCTATOY-
HO YHCTBIX MOJYNPOBOMHHUKAX (hoToHamMH (Xg)
[14,15]. OmHako B 06acTH IPUMECHOM TPOBO/IHU-
MOCTH, B CJIy4ae, KOrja MOJYIpPOBOIHHUK HEIPO-
3paueH B MH(PAKPaCHOU 00JIACTH, €ro TEIIONpo-
BOJTHOCTH MOYKHO BBIPA3UTh B BUJIC

=%t 0 @
Jns metamion
= LoGT, (2)

rae Lo - uucno JlopeHia, o- yaenbHas 3J€KTpo-
MIPOBOJHOCTh MCCIIEAYEMOT0 METaslIa.

Jl1s OJTyTIpOBOTHUKOB € MapabOIMYecKOi
30HOM B CIIy4ac IPOHM3BOJILHOTO BBIPOXKICHUS U
YIIPYTOro paccesHusl HOCUTENEH ToKa

L=A(xey u y=A(xe)oT,

rJe K - nocrosiHHas bonblMana, e - 3apsn anek-
TpOHa, A - mapameTp, 3aBUCAIIMI OT IapaMerpa
paccesiHusl. 3HaYeHue A OIpesessuid U3 U3MepeH-
HBIX HaMH SKCIIEPUMEHTAIBHBIX 3HAUCHUH KO3(-
¢uieHTa TEpMO-3.1.C. O 00Pa3LOB MO KPHBOH
A=f(a) [14,15].

N3mepeHHble 3HAYEHUS ¥, a TAKXKE 3HAUeE-
HUS Yp U (>, ONPEIEICHHBIC C MOMOILBIO BbIIIE-
npuBeeHHbIX BbIpaxkeHui mpu 90 u 300K, mpu-
BesieHbl B Tabnuuel, rae Takke MmpuBeeHbl 3Ha-
yeHus G 1 oL 00pastoB rpu 90 u 300K.

W3 naHHBIX TaOIUIIBI CIEIYET, YTO TEIJIO B
M3Y4YEHHBIX 00pa3liaXx NEePEHOCUTCS, B OCHOBHOM,
KOJI€O0aHUSAMU pELIETKU. DJIEeKTPOHHAs COCTaBIIS-
IOIIasl TEIJIONPOBOJHOCTH OOpa3LOB HE IMPEBbI-
raet ~30% oT o011Iel TermIonpPOBOTHOCTH.

W3 Tabnuipl Takxke cieayer, 4To 1ocie oT-
JKWUT'a TEIUIOBBIE U JIEKTPUYECKUE MapaMeTpbl 00-
Pa3LOB MU JAaHHOW TeMIlepaType MpeTepreBaoT
OIIpeZIETICHHbIE U3MEHEHUs. Bo Bcex ciydasx oT-
KUT COTIPOBOXKIAETCS POCTOM PELIETOYHON YacTu
TETJIONPOBOJHOCTH.

B HEOTOXKEHHBIX M OTOXOKEHHBIX 00pa3-
nax SnTe ¢ pocToM KOHLEHTpaluM H30BITOYHO
BBezieHHOTO oJioBa 1o 0,05at.% pernieToynas Tern-
J0npoBOoJHOCTh Kak mpu ~90 tak u npu 300K
yMmeHblaercs, a Boie 0,05at.% pacrer.

Ha Puc.46 mpezacrapieHsl TemnepaTypHble
3aBUCUMOCTH TEIIOBOIO CONPOTHBIIEHUS PELIET-
ku (Wp=1/yp) 0bpazioB SnTe ¢ n30bITOYHO BBe-
JIEHHBbIM OJIOBOM. [IpsMONIMHENHBI XapakTep 3a-
Bucumocreil Wy (T) mokasbiBaeT, 4To TEIIOBOE
COIPOTHUBIIEHUE CO3/1AETCS, B OCHOBHOM, 3a CUET
(hOHOH-(OHOHHOTO PaCCESTHHS.

Baxkancuu onoBa B SnTe co3narotr nedekTsl,
paccenBaronpie (HoHOHBL. TerioBoe cornpoTuBIie-
HHME MaTepHasa ¢ TOYCUHbIMHU Je(heKTaMU MOXKHO
npesICTaBuTh B Bujie [14]

W,= Wo+DJ/c?
rie Wo- TEeIIoconpoTuBIIeHHE MaTepraia 6e3 Jie-
¢exroB, D 1 C - mocTostHHbIE.
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Tao6muna 1

DreKTponpoBoaHOCTS (G,C2 lem™), koadduument Tepmo-3.1.c. (o, MkB/K), 061uas (), pelerounas (¥p), 3IeKTpoHHas () Co-
craBirorue terrornpoBoaHocTH (B1/(cMK)) 11 mo6aBodroe TermmoBoe conporusierne W, (cm K/BT)
00pasioB SnTe ¢ n30BITOYHO BBEICHHBIM OJIOBOM.

Conep-

A 90K 305K AW,
30b1-

TOYHO . 2 102 102 102 102 2

Shenon- c a | x-10%p -10° |y.-10°| © o x -10° pp -10° .10

Horo Jlo oTkura

0JI0Ba,

aT.%

* | 22816 24,2 |12,20| 8,61 3,59 |8337 29,8 10,18 5,80 438 | 91
0,01 |[21107 P30 [11,75| 843 3,80 | 8119 37,7 | 10,04 5,70 431 | 94
0,05 | 14572 26 |1910| 7.80 2,30 | 6662 | 35,7 902 5,51 3,51 | 10,2
0,1 (24573 35 |1188] 801 3,87 |8027 (335 | 10,28 6,07 421 | 10,4
0,5 | 19235 33,0 [11,31| 8,28 3,03 |7278 34,8 | 10,38 6,34 4,04 | 103
1,0 |21874 19,1 [12,23| 3,78 3,45 | 7812 | 20,4 | 10,39 6,22 417 | 94

Iocne omxura mpu 773K

* | 21875 8,7 |1458| 10,35 4,23 | 7086 | 5,6 10,89 5,77 512 | 6,3
0,01 | 20951 22,8 |12,53| 9,23 3,30 | 7649 (22,3 9,64 5,62 402 | 7,7
0,05 | 12861 20,8 |10,83| 8,80 2,03 | 5112 |19,7 | 8,23 5,55 2,68 | 87
01 19282 21,3 | 13,84 10,80 3,04 | 7249 (20,0 |10,04 6,23 381 | 85

05 23392 23,7 | 14,29 10,61 3,68 | 8187 (355 |10,50 6,33 4,17 | 8,2
1,0 |25557 g5 (1401 941 4,60 | 8519 | 6,5 10,77 5,66 511 | 80

O06o3HaueHUs: *- oOpaser SNTe, MoTy9YeHHBI U3 CTEXHOMETPUYHON IITAXTHL

BunHo, uto ToyeuHble NedEeKThl NAOT He
3aBUCAIIMI OT TEMIIEpaTypbl BKJIAJ B TEIIOCO-
NPOTUBIIEHUE. DTO HKCHEPUMEHTAIBLHO HaOII0/1a-
nock B PbTe ¢ mpumechio Homa [16], a Takke B
kpuctamiax PbixMnsTe [17] u SniMnTe [18].
B cBs3u ¢ 3TUM 3HaueHUe 100aBOYHOIO TEIIOBO-
ro conpotusieHust AWy, o0ycrnosieHHoe aedek-
TaMH, MOXKHO OIPENENUTh SKCTPAIOJISILIUEN JIU-
HEMHOW 3aBHCUMOCTH PEIIETOYHON YaCTH TEIUIO-
npoBogHOCTH W), OT TeMmeparypbsl B 00JacTu
HU3KHX Temmnepatyp. [lpu skcTpanomnsiiuy TuHei-
HOIl 3aBucuMoctd Wp ot T B 001acT HM3KUX
TEMIIepaTyp OTCEKalOT Ha OCH TEIJIOBBIX COMpPO-
tuBieHu rmpu T=0K oTpe3oK, paBHBIN TEILUIOBO-
My COMNPOTHUBJIECHHIO, CO3/IaHHOMY JAedeKTamH B
uccnenoBanHbIXx oopasiiax SnTe. 3Hauenuss AW,
TaKKe IOKa3aHbl B TAOJHMIIE.

CoBMeCTHBII aHaIU3 MOJYYEHHBIX JaHHBIX
[0 TEIUIOBBIM M DJIEKTPUYECKHM IIapaMeTpam
SnTe ¢ M30BITOYHO BBEJCHHBIMU aTOMaMHU OJIOBA

MO3BOJISIET BBIIBUHYTH CIEAYIOLIUE TPEANONIONKE-
HUS. ATOMBI Sn TIpY MaJIbIX KOHIIEHTpaIuMsX (70
0,05at1.%), pacnpenenssice mo odOpasiy SnTe, co3-
JTAIOT JOHOpHBIE HEHTphl [19]. DT HOHOpHBIE
LEHTPbI, KOMIIEHCUPYSI JBYKPATHO 3apsKEHHBIC
BakaHcuM B SnTe, CO3MaI0T ¢ HUMU 3JIEKTPOHEHNT-
panbHble KOMIUIEKChl. KoMmeHcarys JBYKpaTHO
3apsDKEHHBIX BAKAHCHH MPUBOIUT K YMEHBIIICHHIO
KOHIIEHTpAllM JBIPOK M, COOTBETCTBEHHO, K
YMEHBIIEHUIO 3JEKTPONPOBOAUMOCTH G U POCTY
ko3 uitmenTa TepMo-3aC o DIEKTPOHEHTPAITh-
HbIE KOMIUIEKChI BAKAHCHSI-ATOMBI OJIOBA, pacceu-
Basi (DOHOHBI, YMEHBIIAIOT PEIICTOYHYI0 YacTh
TEIJIONPOBOTHOCTH. [Tpu KOHIIEHTpAIIUsX
0,05a1.% Sn sTOT MpOIIECC 3aBepIIaeTCs, G, ¥p U
¥ JOCTHraroT MUHMMyMa. [Ipn nampHeleM yBe-
JTMYEHUH COJCPXaHUsI W30BITOYHO BBEACHHOTO
0JIOBa, CO3JJAHHBIE OJIOBOM JIOTIOJHUTENBHBIE J10-
HOPHBIE LIEHTPBI MPHUBOAAT K POCTY KOHIIEHTpa-
IIMH SJIEKTPOHOB B 00paslie, T.e. K POCTY G U ».
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[pu GonpIIMX comepKaHUSIX U30BITOUYHO BBEICH-
HOT'O 0JI0Ba YacTh aTOMOB 0JIOBA, TAK)X€ Pacroia-
rasicb B BaKaHCHSX OJIOBA, YMEHBIIAIOT KOHIICH-
TpaluKM CTPYKTYPHBIX JIe(eKTOB (BaKaHCHIA), YTO
3aBepIIAETCsl pOCTOM Yp. OO 3TOM CBUIETENHCTBRY-
€T U TOT (DaKT, YTo Mpu OOJNBIIMX KOHIIEHTPALIUIX
n30bITOYHO BBeZicHHOro Sn (Oombime 0,5a1.%),
3HaueHue kKod(duienTa TepMo3AC CUIBHO Majia-
eT. YKa3aHHOE TPEIOI0KEHHE XOPOIIIO COIacy-
eTcsl ¢ JAaHHBIMH 3aBUCUMOCTH J00ABOYHOTO TeIl-
noBoro compotuBieHus: AW, 0T KOHIIEHTpaIH
M30BITOYHO BBEJCHHOTO OJIOBa. Tak, B HE OTOXK-
KEHHBIX ¥ OTOXOKEHHBIX 00pasliax ¢ pOCTOM KOH-
IIEHTpaIMU M30BITOYHO BBEJCHHOTO ooBa AW,
BHAyaJe pacrer, a 3aTeM yMeHbluaercs. M3 Tab-
JMIBI CIIEYeT, YTO BO BCEX CIydYasx TEIUIOBOE
COMpOTHBJIEHHE, O0YyCIOBICHHOE JedeKkTaMu B
OTOXOKEHHBIX 00pasiiax MEHBIIE, YeM B HE OTOXK-
KEHHBIX. JTO CBA3aHO C YCTPAHEHHUEM OTKUTOM
ne(eKTOB B KpUCTAUIAX, BOSHUKAIONIHMX IIPU TI0-
mydeHnd SnTe W HM3rOTOBIEHUU OOpa3lOB IS
u3mepenuii. 13 cpaBuenus 3nauennii AW, 11s He
OTOXOKEHHBIX M OTOMOKEHHBIX OOPAasIOB BHIIHO,
YTO JIONS 3TUX JIePEKTOB B OOIIEM TEIJIOBOM CO-
TIPOTHBIICHUH, OOYCJIOBIICHHAS! CTPYKTYPHBIMA
nedexramu, nocruraet ~30%.

ABTOpBI PabOTHI [2], UCCHeqysl 3aBUCHMO-
CTH JIEKTPOIIPOBOTHOCTH, KO3((HIIEHTA TepMO-
3J1C, OCTOSIHHON XO0JjIa U MPOJI0IbHOTO 3(dexTa
HepHcra-OTTHHCray3eHa B TOJMKPUCTAILIAYEC-
KX oOpasmax SnTe ¢ pa3muuHBIMH KOHIICHTpA-
IUSIMU  JIBIPOK, TTOJTOTOBJIEHHBIX METOAOM TOpsi-
9eil MPECCOBKH, TOKA3aJld, YTO OCOOCHHOCTH B
ANEKTPUUYECKUX MapaMeTpax MOXHO OOBSICHUTH
Ha OCHOBE MOJIETIM JIBYX BAJICHTHBIX 30H, pa3sjie-
JICHHBIX DHEPreTUYeCKUM 3a30POM TPU HATUYUH
MEX30HHOTO paccestHus. COrmacHo 3TOW MOJEIH,
BAJICHTHBIE 30HBI TeuTypuzaa ososa mpu ~100K
pa3IeNeHbl JHEPreTHYECKHMM 3a30POM  PaBHBIM
0,033B. Jlerkue npipku uMerOT ShGEKTUBHYIO
maccy 0,4mo, monemkHOCTS ~3500cM%/B-c, a T4-
KeJble IBIPKH - 3 dexTrBHYI0 Maccy 3Mo, U Mo-
JBIKHOCTE ~50cM¥/B-c. Kak U B JApyrux Temmy-
pugax 4verBeprod rpymnmsl [2,3,5,20] ¢ poctom
TEeMIlepaTypbl IIMPUHA  3alPElICHHOM  30HBI
yMeHbInaercs. Ilpu 3ToM 3a30p Mexay IByMs
MaKCHUMyMaMH BaJICHTHBIX 30H YMEHbIIAeTCs C

TEMITICPATYpPOil C TOH ke CKOPOCTBIO, T.€. CO CKO-
pocthio [2]

?Tg =—(2-3)x105B/K.

Jlo Temrmieparypbl, COOTBETCTBYIOLIEH MHU-
HumyMmy Ha 3aBucumoctu o(T), riaBHyt0 poib B
MPOBOIMMOCTH UTPAIOT U JIETKHE JIBIPKU.

YMeHbllIeHre 3a30pa ¢ pOCTOM TeMIlepary-
Pbl MEXKY TOA30HAMHU JIETKUX U TSHKENBIX JABIPOK
COIPOBO’KAAETCS] POCTOM BKJIAJIA TSKENBIX JBIPOK
B MPOBOIUMOCT M B KOX(PQUIMEHT TEPMOI/IC.
[To-BuguMoMy, HadMHasg C TEMIIEPATyphl, COOT-
BETCTBYIOILIEH MUHUMYMY Ha KpuBo# o(T), Bkiiaz
TSDKEJIBIX JBIPOK G U Ol TIOCTETIEHHO CTAHOBHUTCS
pelIaonMM, B pe3ysibTaTe Yero o C TeMIepary-
pOii pacTer, a 3aBUCUMOCTb G 00pa3loB OT TeMIIe-
paTypbl YCUIMBAETCS. ITO MOKA3bIBALT, YTO JIBYX-
30HHAsI MOJIEJIb yJIOBIETBOPUTEIBHO OOBSICHSIET U
TEMIIEpaTypHbIe 3aBUCHMOCTH  KOX(QHUIEHTa
TEPMO3/IC 00pa3li0B MOHOKPUCTAIIIOB SNTE ¢ m3-
ObITKOM SN.

3AK/IIOYEHHUE

Meronom bpukmeHa BbIpalIEHbBI MOHO-
KPUCTAIIBI COeTMHEHHsI SNTe ¢ M30BITKOM OlIoBa
no 1,0ar.%, wuccrnenoBaHbl HX 3JIEKTPOIIPOBOI-
HOCTb G U KO3(P(PUIMEHTHI TEPMO3/IC OL U TEILIO-
IIPOBOJIHOCTH ), B UHTEpBasIe Temrieparyp ot 90 no
300K. Paccumrtanbl 3J€KTpOHHAs U PELIETOYHAs
COCTaBJISIIOIINE TEIUIONPOBOJHOCTH, @ TAKXKE TEIl-
JIOBOE COMPOTHUBJIEHHE, BBI3BAHHOE CTPYKTYpPHbI-
mu nedexramu. [TokazaHo, 4TO TEIUIO B U3y4eH-
HbIX oOpasnax SnTe ¢ U30bITOYHO BBEAECHHBIMU
aTOMaMH OJIOBA IIEPEHOCUTCS, B OCHOBHOM, KOJIe-
OaHMAMH PEILETKH, a DJIEKTPOHHAsI COCTABIISIIO-
asi TEIUIONPOBOAHOCTH B HUX HE IIPEBBIILIAET
~30% ot o0Ielt TeruIonpoBoIHOCTH. B TermmoBom
COMPOTHUBIICHUH B 00pa3liax 3HAUMTENBHYIO POJb
UTPAIOT CTPYKTYPHBIE IEPEKTHI, CBS3aHHBIE C Ba-
KaHCHAMHM ~ oJioBa. V30bITOUHBIE (BBEICHHbIC
cBepx crexromeTpun) atomsl Sn 110 0,05a1.%, Kak
JIOHOPHBIE IIEHTPBI, CO3AIOT JJIEKTPOHEUTpAIIb-
Hbl€ KOMIUIEKChI C BAaKaHCUSIMH, paccerBasi (POHO-
HbI, IPUBOAAT K YMEHBILIEHUIO G U ¥p U POCTY 0,
mocite 0,05a1.%, 3anoHsIs 3T BaKaHCUH U CO3/1a-
Basi HOBbIE HOCUTEIIN TOKA, IIPUBOJAT K POCTY O.
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3aBUCHMOCTH 0L 0OPa3LOB OT KOHIEHTPALUU H3-
OBITOYHOTO Sn M TEMIEPaTypbl XOPOLIO O00bsC-
HSIOTCS AIBYX30HHOU MOJIEIIBIO.
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HUKAIoUMe Npu noimydeHun SnTe v u3rorosie-

10.

11.

R.F.Brebrick, A.J.Strauss. Anomalous Thermoe-
lectric Power as Evidence for Two-Valence Bands
in SnTe, Phys. Rev., 131 (1963) 104-110.
B.M.Kaiinanos, 1.A.Yepruk, b.A.Edumosa. Hc-
cnedoganue 30HHOU CHPYKMYPbl U MEXAHUIMA
paccesanus Hocumeneu moxka 8 metypuoe 010ea,
@TI1, 1 (1967) 869-879.

I'3.baruesa, [I'.JI.AG6mmHOBa, H.b.Mycradaes,
J.1.AGauHOB. BrusiHue omoicuea Ha sneKkmpute-
ckue ceoticmea kpucmannog Snle, Heopean. Ma-
mepuanst, 53 (2017) 351-353.

A.C.OxotuH, A.A Edumos, B.C.Oxotus,
A.ClIlymkapckuil. Tepmoonekmpuueckue 2ete-
pamopwi, M., Amomuzoam, (1976) 320.
H.M.AxyHnnoBa. Dnexmpuueckas npogooumocmo
U  menionpo8ooOHOCMb  MEEPO020  paAcmeopa
SnixMn,Te (0<x<0,04). Mszeecmus svicuux yued-
Hoix 3aeedenuit, Pusuka, 60 (2017) 114-117.
M.Xancen, JLAHnepko. Cmpykmypsl 080UHbBIX
cnnasos. M.: Memannypeusoam, (1962) 1488.
JLE.Illenumoga, H.X. AGpukocoB. Cucmema Sn-Te
6 obnacmu coedunenus Snle, Kypuan neopeanuue-
crott xumuu, 9 (1964) 1979-1882.

M.R.Lorenz, D.M.Jepsen. An explanation of high
cation vacancy concentration and p-type conduc-
tivity in semiconductors containing a multivalent
metal in its lowest valence state, J. Phys. Chem.
Solids, 26 (1965) 1177-1179

b.A.Edumosa, B.W.Kaiinanos, b.5.Moibxkec,
WN.AYepnuuk. O zomnoi modemu Snie, @TT, 7
(1965) 2524-2527.

E.N.Porauesa, I"BI'opne, I.K.)Kurapesa,
A.b.MBanoBa. Obnacme 2omoeeHHOCHU MOHO-
mennypuda onosa, Heopean. Mamepuanvt, 27
(1991) 267-276.

H.1./I3t06enko, E.M.Porauesa, B.M.Kocesuu.
Bnusnue unous, eannus, cypomsl U 6ucMyma Ha

HHUHN 06pa3u013, YTO NPUBOAUT K YMCHBIIICHUIO 110~
0aBOYHOrO TEIIOBOTO COIIPOTHUBJICHUA 0 25-
30%.

12.

13.

14.

15.

16.

17.

18.

19.

20.

ceoticmea mennypuoa onosa, HMze. AH CCCP,
Heopean. Mamepuanet, 19 (1983)1457-1461.
E.N.Porauesa, O.H.Hamekuna. Ynpounenue pe-
WemKy npu. KAMUOHHOM 3aMeujeHuu 8 NOIYNpo-
600HUKO060M coeOunenuu SNTe, Heopean. Mame-
puanet, 31 (1995) 723-726.

A.C.Oxorun, A.CIlymkapckuii, P.ILBopoBuko-
Ba, B.A.CuMOHOB. Memoodvl uszmepenus xapax-
MEPUCIMUK MEPMOTIEKMPULECKUX MAMEPUATO8 U
npeotpazosamenei, M. Hayka, (1974) 168.
B.C.Ockotckuit, 1. A.CvmupHOB. Jeghexmot 6 Kpu-
cmaniax u menionpogooHocms, JI.: Hayka,
(1972) 160.

N.A.CmupHoB, B.M.Tamapuenko. Inexkmponnas
MENI0NPOBOOHOCTb 8 Memauiax U NOTYNPOEOO-
nukax. JI.: Hayxa, (1977) 151.

b.JI.leBsatkoBa, N.A.CMupHOB. Brusinue npume-
cell 2anoeeH08 Ha MenionpPOBOOHOCHb MELTYPU-
cmoeo ceunya, @TT, 3 (1961) 2298-2309.
I'3.barueBa, I J.A6auHOBa, H.B.Mycradaes,
JLAG6mmHOB. Tenionposoonocms MOHOKpUC-
manios kpucmanios PbiyMnTe ¢ uzbvimxom
mennypa, Heopean. mamepuanei, 49 (2013) 1164-
1167.

I'3.barueBa, I'.J.A0auHoBa, H.B.Mycradaes,
JUI.AGmmHOB. TenionposooHocms Kpucmauios
SnuxMnTe, Heopean. Mamepuanwt, 52 (2016)
1290-1294.

E.IMatm. Cymvghuo u cenenuod ceunya, B c6. Ma-
MepuaIvl, UCHOTb3YeMble 6 NOLYHPOBOOHUKOBbIX
npubopax, noo. peoaxyuei K. Xoeapma, M.: Mup
(1968) 97-146.

I'3baruera, I'.JI.A0muHoBa, H.B.Mycradaes,
JLAGwmHOB.  Dnexmpuueckue ceoticmea Mo-
Hokpucmannos Pbi,Mn,Te ¢ usbvimrxom mennypa,

®TTT, (2013) 289-292.

58




IMEPEHOC DJIEKTPUYECTBA U TEIUIOTHI B KPUCTAJIJIAX SnTe CO CBEPXCTEXUOMETPUYHO..................

STEXIOMETRIYADAN ARTIQ QALAYLI SnTe KRISTALLARINDA ELEKTRIK VO iSTiLiK
DASINMASI

G.Z.BAGIYEVA, G.C.ABDINOVA, T.C.OLIiYEVA, C.S.ABDINOV

Muxtalif birlosmolarin aridilmasi prosesi naticasinds slds olunan va qaliq stexiometriyast hisboton 1.0% doaracasine godar
olan SnTe-nin tok kristallarm elektrik kegiriciliyi o, termoelektrik gicl o vo istilik kegiriciliyi x ~90-300K arasinda
arasdinlmugdir. Istilik kegiriciliyinin qofas yq Vo elektron y. komponentlori, galaym alt hissosinds méveud olan bosluglar
torofindon yaradilan istilik miigavimotlori va niimunslorin hazirlanmasi zamani samols gslon qusurlar miisyyen edilmisdir. Asag
konsentrasiyalarda stexiometriya (zorinds totbiq olunan Sn atomlarinin o, g Vo ¥ azalmasina gotirib ¢ixaran galaym alt
hissasindoki bosluglarla elektrik-neytral komplekslorin yaradilmasi gostorilmis, yiiksok konsentrasiyalarda bu bosluglari
dolduraraq yeni soviyyslorin yaradilmasi (corayan dastyicilar) ilo o, xe Vo yxg vahidlorin artirlmasma gotirib ¢ixarmigdir.
NUmunoalorin artiq qalay vo temperatur konsentrasiyasindan asilihglart iki valentli zolag modeli ilo gonastboxs sokilds izah
olunmusdur.

TRANSFER OF ELECTRICITY AND HEAT IN CRYSTALS
SnTe WITH SUPERSTOICHIOMETRIC INSERTED TIN

G.Z.BAGIEVA, G.D.ABDINOVA, T.D.ALIEVA, D.Sh.ABDINOV

Single crystals of SnTe grown from a melt of compositions containing of up to 1.0at.% excess against the tin stoichiome-
try were researched for their electrical conductivity o, thermoelectric power coefficients o and thermal conductivity y in the range
of ~90-300K. The lattice y and electronic . components of thermal conductivity, thermal resistances created by vacancies in the
tin sub-lattice and defects formed during sample preparation have been determined. It has been shown that the Sn atoms intro-
duced over stoichiometry at low concentrations create electrically neutral complexes with vacancies in the tin sub-lattice, which
leads to decreasing in o, ¥, and . values; whereas at high concentrations, filling these vacancies and creating new levels (current
carriers) results in the growth of o, x.and y values. The dependences of the samples on the excess of tin concentration and tem-
perature have been satisfactorily explained by the model of two-valence bands.
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YK 539.2
MHOI'OIOJIMHHBIE MOJIYITPOBOJHUKU B CUWJIBHOM MATHUTHOM MOJIE (uH>C)

3.P. TACAHOB'?, IILI". XAJIMJIOBA?, .M. MAMMEOBA?

Baxunckuii F'ocyoapemeennwitl Yuusepcumem®
AZ 1143, baky, ya. 3. Xannosa, 23
Hnemumym Dusuxu HAH Azepbationcana?
AZ 1143, Baky, np. I' [Iocasuoa, 131

shahlaganbarova@gmail.com

Iomyyena: 07.05.2021 PEOEPAT

[punsta k mevatn: 17.09.2021 BriepBrie ¢ mprMeHEHHEM KHHETHIECKOTO YpaBHEHUS Bolbii-
MaHa BBIYHCIICHA YacTOTa KoJieOaHUsI TOKa B MHOTOJOTMHHBIX
TIOJTYNIPOBOJTHIKAX BO-BHEIIHEM JJICKTPHYSCKOM H CHIEHOM
MarHuTHOM ToJisiX. JIokasaHo, 4to Jyist Bo3Oy»kaeHus Koyieba-
HHSI TOKa B MHOTOJIOJIMHHBIX IOJNYIPOBOJHHMKAX pazMep 00-

KiroueBble croBa: KojieOaHus, YacToTa, (PYHKIMS pacmpe- pasiia JOJDKSH ObITh ompeefieHHbM. [1oydeHo, 4Tto KpUTH-

JIEJICHHs], DJIEKTPHYECKOE T10JIe, MAarHUTHOE MOJIe, BOJIBT-  YECKOE 3HAUYCHHE AJIEKTPUUYECKOrO OIS IPH TOSIBICHHH KOJIe-

aMIIepHasl XapaKTEepHCTHKA, MHOTOJIONMHHBIE TOJNYIPO- OaHMs TOKA MOYTH HE OTIIMYACTCS OT 3HAUCHHS AJIEKTPUUECKO-

BOJIHUKH. TO TOJIs, TIOJTyYEHHOTO AKCIIeprMeHToM [ aHHa.

BBEJIEHHUE

B Teopernueckux pabortax [1-4] nccienoBaHbl KoseGaHHs TOKa B IBYXAOJMHHBIX MOTYTIPOBOIHH-
kax tuna GaAs BO-BHEIIHEM JJIEKTPHUECKOM I10JI€, ¥ BO-BHELIHEM 3JIEKTPUYECKOM U CHJIBHOM MarHWT-
HOM TIOJISIX ITyTeM pelleHHsi KWHETHYeCKOro ypaBHeHHs1 bosbimana. B 3Tux paboTax BeIYMCIIEHBI KpU-
TUYECKUE 3HAUEHUS NIEKTPUUECKOrO U MAarHUTHOT'O TOJIS U3 YCIIOBHS

Y
d=0=0, @

/e j - INIOTHOCTB ITOTOKA TOKa, E - anekrpudeckoe none, o -nuddepeHmanbHas IpoBOAUMOCTb.

Tak kak, u3 ycnoBus (1) HEBO3MOYKHO OIPEAEIUTh YacTOThI KOJIeOaH!s TOKa, TOATOMY OIpesierne-
HHE KOJe0aHus TOKa IPH HAJIMYKMH 3TOTO YCIIOBUS MPEACTABIET O0JbIION HHTEpec. B aToit TeopeTnye-
CKOI1 paboTe BBIYHCIIEHBI YaCTOTHI KOJIEOAH!s TOKAa U KPUTUYECKOE 3HAUEHHE IEKTPUUECKOr0 M MarHUT-
HOT'0 NOJIEN ITyTEM NIPUMEHEHHSI KUHETUYECKOT0 ypaBHEHUs borbliMaHa.

TEOPUSA

Ha Puc.1. n300paskeHbl TUMMYHBIE IPUMEPHI 3aBUCHMOCTH TIOTHOCTH TOKa B TIPOCTPAHCTBEHHO-
OJTHOPOJTHOM CHCTEME OT HANPSKEHHOCTH TIOJIS B YCIOBHUAX, KOTa HA BOJIBTAMIIEPHOU XapaKTEPUCTHKE
MMEETCS NAJIAr0IIMI Y4aCTOK.

CymiecTBeHHass 0COOCHHOCTh XapaKTePUCTHKH Ha Puc.l cocTouT B TOM, YTO B ONpEAETICHHON 00-
JIACTH 3HAYECHUN TOKOB j, < j < J, HAPSHDKEHHOCTb TIOJIST €CTh MHOTO3HAYHAS (hyHKIIMS TTIOTHOCTH TOKA.
B 3TOM HHTEpBasie U3MEHEHUS TOKA CUCTEMA MOXKET HAXOJUTCS B OJHOM M3 TPEX MPOCTPAHCTBEHHO Of-
HOPOIHBIX cocTosiHu. D¢dekt 'anna ceszan N-o0paszHoil xapakrepucTukoi. IIpu orpunarTensHoM
mdhepeHIaTbHON MPOBOAUMOCTH IEKTPUUECKUE 3apsbl B CHCTEME PACIIPEIEIISIIOTCS] HEpaBHOMEPHO,
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MHOI'OJIOJIMHHBIE ITOJIYTIPOBOJAHMKN B CUJIBHOM MATHUTHOM IIOJIE (uH>C)

T.€. B CHCTEME MOSIBIIAIOTCS IIPOCTPAHCTBEHHBIE O0JIACTH € Pa3HBIMH 3HAUCHUSIMH 3apsIoB (T.€. TTOSBIIS-
F0TCS ANIEKTPUUECKUE IOMEHBI).

JA
p
i

J — ST N———

A SR i

BTETTT
1 : I : : 1
oy ) | l
Loy | \ 1
BRI 5 R
E,E,E, E, E,

E
Puc.1

3aBHCHMOCTB TFIOTHOCTH TOKA OT JIEKTPHUIECKOTO IO B IBYXIOIMHHBIX TIOIYTIPOBOJHUKAX
tuma GaAs N-o0pa3Hast XapaKTepHCTHKA.

OnmHrM M3 MEXaHU3MOB TOSIBICHUSI JIOMEHOB SIBJISETCS MexaHM3M Pummu-Yorkunca-Xuincyma
[5,6]. B anekrponHom apcenuie rayumsi GaAs 3aKOH TUCTIEPCUU UMEET crenyromuii Bu (Puc.2).

k=0 [mr;| i

Puc.2

3aBUCHMOCTh OHEPIUH DJICKTPOHOB OT BOJIHOBOI'O BEKTOPA B GaAs.

IlocKkoNIBKY ~ DHEPreTHYECKOE PACCTOSHHE MEXKIYy MUHMMyMAaMU CPaBHUTEIBHO  BEIMKO
(A= 0,303B,A T, -Temmneparypa PEIIeTKH) B YCJIOBHAX TEPMOJAMHAMUYECKOTO PABHOBECHS HAIIMUME
BEPXHUX JOJHMH (MUHUMYMOB) MPaKTUUECKH HE BIMSET HA CTATHCTUKY 3JIEKTPOHOB. OIHAKO, MPH J10CTa-
TOYHO CHJIBHOM pa3OrpeBe 3JIEKTPOHOB IEKTPUYECKUM I10JIEM YacThb UX MEPEXOJUT B BEPXHUM MUHU-
MyM. DQdeKTrBHAs Macca MEKTPOHOB B HIKHEH JJOJIMHE 1711, HAMHOT'O MEHBIIIE, YEM MAacca JIEKTPOHOB
B BEPXHEU JIOJMHE M. [109TOMY MOIBUKHOCTH 3IIEKTPOHOB B COOTBETCTBYIOLIUX JOJIMHAX CBSA3aHbI CO-
OTHOILIEHUEM

Lig = [, )
O603HauMB KOHIIEHTPALUHU B JJOJIMHAX 71, M 715, MOXKHO HAIKCATh BHIPAXKEHUE [UIS TOKA B BUJIE

= enﬁ_{tﬁg + enﬁ_uﬁg, 3
n =n, + ng; = const, 4
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3.P.TTACAHOB, IIL.IT" XAJIWJIOBA,  M.MAMMEJIOBA

31ech Mbl TpeHeOperaeM b Qy3HOHHBIM TOKOM, T.K. eEl > k,T, e-onemMeHTapHblil 3apsn, | - mmHa
CBOOOTHOr0 IPOOEra IEKTPOHOB.

B paborax [5-6] 6e3 yuera MEXIOJIMHHOTO pacCesHUs (CYMTAIOT €ro MajbIM 10 CPaBHEHHIO C
BHYTPUIOJIMHHBIM) ITyTeM PEIICHUs ypaBHEHUs bonpiiMana mosydeHsl 0osiee KOHKPETHBIE YCIOBHS IS
TOsIBIIEHUs KoJieOaHus Toka. B HayuHOI uTeparype He uMeercsi paboT, MOCBSIIEHHBIX TEOPETUYECKIM
uccrenoBanusiM 3¢ dexra 'aHHa ¢ y4eToM MEXIOIMHHOTO pacCesHUS Ha OCHOBE PelIeHHs] KHHETHYECKO-
ro ypaBHeHusi bonbimMana. Mbl TeopeTHuecky MpoaHATM3UPOBAIN BIUSHUE CHIIBHOTO MarHUTHOTO TOJIS
Ha ekt ['aHHa ¢ yUeTOM MEXTOIMHHOTO pacCessHUS M BBIYMCIIAIN YacTOThI KOJIeOaHUs TOKA B BBIIIIC-
YKa3aHHbBIX YCJIOBHSIX ITyTeM PEIICHUS] KHHETHUECKOro ypaBHeHHsI bosblimaHa.

OCHOBHBIE YPABHEHUA 3AJTIAYHN

[Tpu Bo3/€iicTBIM BHEIIIHUX CHUJI COCTOSIHUE HOCHTEIEH 3apsi/ia OnMuchIBaeTCs (DyHKIHEH pacnperie-
nenus f [:k, F), 3Ha4YE€HHE KOTOPOM HEOOXOIMMO MPHU PACCMOTPEHHHU SIBIICHUM TiepeHoca, f [k, r ) npea-
CTaBIISICT COOOM BEPOSTHOCTH TOT'O, UTO JIEKTPOH C BOJHOBBIM BEKTOpOM Kk (KBasumMITysibcoM fik ) Haxo-

JUTCS BONM3U TOYKM . MBI paccMaTpHBaeM CTALHOHAPHBIE MPOLECCHI, MOITOMY f [E, F) OT BPEMEHU
SIBHO HE 3aBUCHT. DyHKIMIO PACHpENEICHUs] HAXOMIT U3 KMHETUYECKOro ypaBHeHus bonbnmana. W3-
BECTHO, 4TO (DYHKLMS pacupe/ieeHnsl M3MEHSeTCsl 110]] BIMSAHUEM BHEIIHUX (DaKTOPOB U 107 BIMSHUEM
CTOJIKHOBEHUSI C KoJeOaHusMU penieTku ((poHoHamu) M AedekrtamMu Kpuctauia. B paccmarprBaemMoM
CTallMOHAPHOM COCTOSTHUM BIIMSIHUE 3TUX (DAKTOPOB B3aMMHO KOMIIEHCUPYIOT APYT Jpyra

o).t G =0 ®)

[Mpy HaTMYMK BHETITHETO JIEKTPUYECKOTO M MArHUTHOTO TIoJIei ypaBHeHue (5) umeet By [7]

5?;f+%{§+%[5§]}?3{'f= {Z—f) : (6)

tf eron

371ech U = %?kE[:E) - CKOpOCTb 3JIEKTPOHOB, V: 1 V3 - TPAIMEHT B MPOCTPAHCTBE KOOP/IMHAT U BOJIHO-
BBIX BEKTOPOB.

[Ipu pemieHnu mocTaBaeHHOM 3aauu Mbl IIpeHeOperaeM anu3otporueld. Tor ¢akrt, 4To npH uc-
cnenoBanusix d(ddekra ['anHa Ha obpastiax GaAs He ObUIO OOHAPYKEHO 3aBUCHMOCTH OT OPUEHTAIIUH,
TOBOPHT B TIOJIK3Y ATOTO MPETONIoKeHus. byiem npenmnomnarate, 4To JJ1s HIDKHEH JOIUHBI TIpeoliagaeT
MEXKIOIMHHOE PAaCCEesHHe M0 CPAaBHEHWIO C BHYTPHIOIWMHHBIM, a Ui BEpXHEH IONUHEI, Mpeolnanaet
BHYTPHUJIOJIMHHOE PACCEeSIHUE HaJl MEXKIOJMHHBIM. Torma ypaBHeHue bonbliMaHa Uit HUKHEW JTOJIMHBI
MOKHO 3aIliCaTh B BUAC

()t D =0 "
a ISl BEpXHEH JIONIMHBI B BUIC - ) -c -
)+ (D)=o ®

JlaBbI710B [5] mOKa3ai, 4TO B CHIILHOM 3JIEKTPUYECKOM T10J1€ (DYHKIIMS pacIipeIe/ICHNs IMEET BUT

f=f+i%, ©
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MHOI'OJIOJIMHHBIE ITOJIYTIPOBOJAHMKN B CUJIBHOM MATHUTHOM IIOJIE (uH>C)

(yHKIIMS PaBHOBECHOTO PacIpeesieHUs, p - IMITyJIbC HOCUTENEH 3apsaa

o= e AR = £ HERS (10)

OyHKIMS pacnpe/eNieHus HaliieHa U3 ypaBHeHus (8) B padote [§]

ok up i 4 ms o
P, (12); 1= ﬁ(ls), = aas (19

[oHsTHO, YTO VISt JOJMHBI «a» MOXKHO Hamucarh aHajmoruueckue Gopmyisl (13-14) 3amensst «a»

Ha «O». l4- mHA cBOOOIHOTO TIpodera, D - pedopMaroHHbIA oTeHnMal, T - TeMIiepaTypa perieHus
P - IWIOTHOCTB KPUCTAJLIA, 1y - CKOPOCTh 3ByKA B KPUCTAILJIE
Bbruricnmm rmostHbIii TOK

f[:nﬂ — Be—nu{:—ﬂ}:, (11), fi - _ Els = dfy

- -+

= }n —|— {ﬁ , (15)
.; :'_:}3 I E f vdk . (16)

=

JlaBb110B [5] MOKa3al, 4To B CIyyae BHYTPHIOIHMHHOTO PAacCesHUs f BO BHEIIHEM dJIEKTpHUe-
CKOM H MarHHTHOM TIOJIE f,° MMeeT CIIeTyIOLIHI BHI

P Jas E+(i—;f}[§g]+(%}‘§.;§*)

: — : 17)
! o op 1+fi%} H?
354’“§knr[1+[%}zﬂz]
@ = — (18)
g* " ﬁBp"J'D'[E"+;:‘E\} [E_"_':I_']

fi" n a_ nomyyarores, ecinu 3aMmeHUM «O» Ha «a» B (17-18). ITocie He c10KHOTO BEIYMCIICHUS TNIOTHOCTH
TOKa j, U ji 13 (16) nomyunm

={E() (F) ) (22 +E(Eﬁ)“”(“:§f’f}. (19)

[ocne BbIuKCIIEHNS TOTHOTO TOKA MO opMmyIie

y y J=Jatie (20)

. __ Bnc m;"l" i;, ) n’n_-"l“‘ —a azlan';"lz 23 [ 1 17 :|

Iz = zr(3/, )i, 5 1+},z‘a-"'=3a4g {1 Tty B+ 2c2m, H 1"[ /fz) 1+ty "z /28|, (21)
31ECh

j-l_tz_ flrﬂ J__”’l:, }"'_m“ ,Z=Rn,t:f—s,_ﬁ:z_1e_ﬁﬂﬂ'=
™ mg a In
Ex 2 4 s
-, —( } _ By 2 _ 3D mympg kT
€ at ( E ) ! E R:E:hsp:ug ' (22)

Hanwmmewm (21) B cnemyromiem Buje
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3.P.TACAHOB, IIL.I" XAJIMJIOBA, I M.MAMMEJIOBA

= oE + ﬂl[Eh + J:E[EE], (23)

ﬂ - €IMHAYHBIN BEKTOP [0 MArHUTHOMY IIOJIFO.

CpaBnuBas (23) ¢ (21), Jlerko MOXHO HalMCaTh BBIPAKEHUS @ + @, T, 0.

[Ipy moy4eHH: BBIPAKEHHS IS INIOTHOCTH TOKA j. (21) MBI HANPaBUM 3JIEKTPHYECKOE MOJIE U
MarHuTHoe nomne H, ciemayromumM o0pa3zoM

—

E, = hE, ,Hy = hH,, (24)
3Hauenue E » HOJYYCHO U3 CIICAYIOLICTO YyCIIOBHUA

4z _ g (25)

dE,

[Tpu onenke E f st GaAs nosryyaeTcs 3HaUeHHe

E2 = 4384(8/,,)". (26)
HpI/I BCCX CUJIBHBIX JJICKTPUYCCKUX ITOJIAX

E = E, (27
BIIOJIHE YZIOBJIETBOPSIETCSL.
Terneps BBIUMCINM YacTOTHI KojieOaHus Toka. [Ipyu BO30YKIEHUH TIEPEMEHHOTO JIEKTPUUECKOTO
nons E' BHYTpPU Cpefibl BO3HHUKAET MEPEMEHHOE MArHUTHOE Toje H' yIOBIETBOPSIOLIEE YPABHEHHIO
Makcpeiia

aH'

Pl —crotE’. (28)

[T1oTHOCTB TOKA MPU HATMYUH AIEKTPUUIECKOTO U MArHUTHOT'O TOJIEH UMEET BUJT
j = oE +a,|EH| + o, H[EH]. (29)
HamnpaBum BHelHee IIEKTPUIECKOe U MATHUTHOE TI0JIE CIIEAYIOIIUM 00pa3oM

E, = hE, , Hy, = hH,, (30)

h-eaMHIYHBIA BEKTOP TIO Z.
Haxoymm nepemMeHHO€ 3HAYeHUA ., j.., j2 13 (29) ¢ yaerom (28-30), momydaem

. _ _ uk-E ' ckyxEp )y  2ogckpE ' ZogckypEy
ji=o(1-25) g + 4 [(1+ e s °|E; Al (31)
&, C ck,.E
jy=—oEi+ (0 - 225 B 4o (1+ 222 £ (32)
ji=(o+0)E — 2 22 (B[ + E}). (33)
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MHOI'OJIOJIMHHBIE ITOJIYTIPOBOJAHMKN B CUJIBHOM MATHUTHOM IIOJIE (uH>C)

IpuparuBas Hymo j,. = 0 u j,. = 0, HaxomuM E; u E;, u3 (31-32) u, nocransas Ey, E,. B (33),
TOJTyYaeM [T j, CIIEYIOIIEE BHIPaXKEHHE

_ [ﬂ' +:|:r:|:'k4.£n(l+ickz,'.c£ﬂ+ ¢ ChyK:HEy E, Chy ¢ Eﬂ)_'_:l:’:_f?fyﬂ_ﬂ(ﬂ_'_fﬂk E'?f]f-'n)ﬂn]E, (34)

Jz = |02 Hy HH @ pHy Hy e pHy Hy W Hyp

Ilpn nomydyeHun BbIpaxeHus (34) Mbl MCHOJIB30BAIM YCIOBHMS CHJIBHOTO MarHMUTHOTO IIOJIS
uH, > c. [lpupaBHuBas BbipaxkeHus (34) u (21), Mbl nosty4aeM cieayrollee JUCIEPCUOHHOE YpaBHEHNE
J1s1 OTIPeJIeIeHNs] YaCTOThI KoJleOaHHs TOKa

- 3 2o, ek, Ey Ey 2 2o, ckypEy o ok Ep o
(o, —0P)w” +——= (1+H)m T e ck}_;:kzﬁ'ﬂ( =

n n n n ity

El:l El:l J—
=+ zH—n] =0, (35)

37€Ch

. 8Bncom e,
o = [
3vz2r(3 j.a;r

¢=+El1+rr Eﬁ+M [3K2)+(1+tr'lz*“ﬁ)] (36)

14y~ fz2z

IIpupaBHuBas o, = g, JIETKO MOTy4yaeM

5 " L .'.,. _L ) .
H. 4\~ gc"m 'tm
(_x) :1, T.C HI=H,}= .__'?i—,a . (37)
H, 3Var(3/,)ent,
_1-|I.r
IlocraBas 3HaueHUA & a * B (37), JIETKO ITOJTyJaeM
; 1y
. 1y, e\ Ya s L% f2 e 1y
= com_° " 1 ¢
Hy = [ﬁ] : (L) : a . (_J g le (38)
War| ,.':jl Impgug i glg o

N3 (38) momyuum

5 = ( " #) el, (H?)“ (39)

B

3\;2?[3} )] muuu

Takum 00pazoM, TIOTy94eHO 3HAYECHHE IMEKTPUIECKOTO TTOJISI IPH KOJIeOaHNIX TOKA B BBIIICYKa3aH-
HBIX JIBYXJIOJMHHBIX MONyNpoBoHuKax Tuna GaAs. B padore [8] momydeHo, uto ¢ yyetom (26)

Ey = E,, = 15008/ . (40)
[Mocrassis (40) B (39) nerko yoeauThes, 4To

uH, = c.
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W3 pemenus aucnepcuoHHOro ypasHeHus (35) Jierko noryyaem

1 "'-’1
l:l'_l"l N = — sz\ED + II ckZED (L_Z) ) . (41)

2 2H, —  H, \L

J171s1 HapacTarmmMXx KojaeOaHui

1

_ ckgEy | .ckgEy [Lg “—= .
= 2H, + I—HD (Lr) wy + ij. 42
W3 (42) BuaHO, 9TO B KpUCTAILIC
L,> 4L, (43)
J < g

Takum 06pazom, ¢ pazmepoM (43) (-MoxkeT OBbITh JIFOOBIM) BO30Y>KIaeTcsl KOeOaHus TOKa (T.e. He-
YCTOMYMBOCTB) TIpH nekTprdeckoM noine (39) Ipu pacuere Hanpasum E; no H,. KoHeuno, MOkHO ObI-
JI0 BBIOMpATH JIIOOYI0 OPHEHTALMIO JIEKTPUYECKOr0 W MarHUTHOTO monei. [lpu npyrux opueHTamumsx
HYKHO TOJNY4YHTh BbIpaskeHus (21) u (34) B OMHAKOBBIX OPUEHTALIUSX, U MOCNIE 3TOr0 HAWTH YacCTOTHI
KOJICOAHHMS B TEX YKE OPUCHTAIIUSX.

BbIBO/IbI

B nomunHBIX nomynpoBoHUKaxX THa GaAs MO/ BIUSHUEM BHEIIHETO AIEKTPUIECKOTO U CHITbHO-
ro (uH, »» ¢) MarHUTHOTO TIOJISl POMCXOIUT KoJieOaHusl ToKa. YacToTa 3THX KonebaHui w, (42) Onu3ka
x yactore >(dekra anna, T.e. w,~10" + 10° Hz. DTo 10Ka3bIBAET, YTO IPUMEHEHHE YpaBHEHHE
BonbliMana BOJIHE CHpaBeAIMBO, XOTs ypaBHeHUE bosibliMaHa B CUJIbHBIX MOJISAX HE BCEra MPUMEHSET-
cs. Hanpasnsist Ey = 1E,, Ey = JE,y, Hy = 1H,, Hy = JH,, MOXHO MPOBECTH TEOPETHYECKHUI PacyeT u
OIPENIENUTh KPUTUYECKOE 3HAUEHUE AJIEKTPUUYECKOrO MOJIsl (B TOM YMCIIE MAarHUTHOTO TOJISI) U YacTOThI
kosebanus Toka. KoHeuHo, mpu Takux pacuerax ycioBus (43) HaBepHsAKa M3MEHATCS. TeopeTHdecKux
aHaJIM3 KOJIeOAHUs TOKA B MHOTOJIOJIMHHBIX MOJTYTIPOBOIHHUKAX TUMa (GaAs TOKa3bIBaeT, YTo pa3Mep 00-
pasia npu KoneGaHusX TOKa CyIIeCTBEHEH. JTOT (pakT MOATBEPAMIICS B SKcriepuMenTe ['aHHa.

1. E.R.Hasanov, R.R.Huseynov, M.F.Novruzov. Energy generation and amplitude of thermomagnetic waves in
the conducting medium, Modern Physics Letter B, 22 (2008) 455-457.

2. E.R.Hasanov, A.R.Hasanova, Sh.G.Khalilova, R.K.Mustafayeva. Current oscillations in semiconductors with
deep traps in strong electric and magnetic fields, IOSR Journal of Applied Physics, 11 (2019) 13-18

3. E.R.Hasanov, R.K.Qasimova, A.Z.Panahov, A.l.Demirel. Ultrahigh Frequency Generation in Ga-As- type,
Studies Theor Phys, 3 (2009) 293-298.

4. E.R.Hasanov, R.N.Hosseyn, A.Z.Panahov, A.l.Demirel. Instability in Semiconductors with Deep Traps in the
Presence of Strong (., H >> C), Advanced Studies in Theoretical Physics, 5 (1) (2011) 25-30.

5. B.l.Davydov. On the theory of the motion of electrons in gases and in semiconductors, ZhETF, 7 (1937) 1069.
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GUCLU MAQNET SAHBSIND® COX VADILI YARIMKECIRICILOR (uH = ¢)

E.R.HOSONOV, $.G.XOLILOVA, G.M.MOMMODOV A

Ik dofo Bolsmann kinetik tonliyindon istifado edorok, xarici elektrik vo glcli magnit saholorinds gox vadili
yarimkegiricilordo caroyan rogslorinin tezliyi hesablanir. Cox vadili yarimkegiricilordoki Corayan rogsinin hayacam giin,
niimunonin dl¢lisiniin miisyyan olmasi siibut edilmigdir. Rogs meydana goldikdo elektrik sahasinin kritik giymati, Gann
tacriibasi ilo aldo edilmis elektrik sahasinin giymatindon demok olar ki, farglonmadiyi malum oldu.

MULTI-VALLEY SEMICONDUCTORS IN A STRONG MAGNETIC FIELD (uH> c)
E.R.HASANOV, Sh.G.KHALILOVA, GGM.MAMMEDOVA

For the first time, using the Boltzmann kinetic equation, the frequency of current oscillations in multi-valley semiconduc-
tors, in an external electric and strong magnetic fields, has been calculated. It has been proven that for the excitation of current os-
cillations in multi-valley semiconductors, the sample size must be certain. It was found that the critical value of the electric field
when the current oscillation appears almost does not differ from the value of the electric field obtained by the experiment of
Gunn.
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SONLU TEMPERATURDA p/a,MEZONUN HOYOCANLASMIS HALDA OLAN
BARIONLARLA MINIMAL QARSILIQLI TOSIR SABITI

N.O.NOSIBOVA
AMEA Fizika Institutu

AZ 1143, Baki, H.Cavid kii¢.,131
n.nesibli88@gmail.com

Daxil olub: 07.05.2021 REFERAT

Capa verilib: 17.09.2021 Bu mogalads vektor/aksial mezonun hayacanlanmis halda olan
barionlarla minimal garsiliqli tesir sabitinin temperaturdan astli-
higma AdS/KXD yumsaq divar modelindo baxilmisdir.

Agar sozlor: AdS/KSN dualligi, yumsaq divar modeli, Vek- g, wa (T)/g4, 52 (T) minimal qarsihqh tosir sabitinin tempera-

tor mezon, aksial mezon, giiclii qarsiligh tosir sabiti. turdan asililiq grafiki qurulmusdur.

GIRIS

Muiasir nazari fizikamin qarsisinda duran mihiim masalalardan biri da zarraciklorin garsiligh tasir sa-
bitlorinin sonlu temperaturda tadqiqidir. Qarsiligh tasir sabitlorinin sonlu temperaturda dyranilmasi boyiik
partlayisdan sonra temperaturun azalmasi ilo kainatda bas veran fiziki doyisikliklarin, nliva faza kegidlori-
nin, kainatin yarandigdan sonraki inkisaf xattinin daha dorindon izlonilmasine yardim edir. Homginin bels
masalalorin halli onlarm tacriibi naticalorlo miigayisasine da imkan verir. Nazari fizika sahasinds bu kimi
komiyyatlori hesablamaq Gctin bir cox modellor mévcuddur ki, bunlardan biri do AdS/KSN (Anti-de-
Sitter/Konformal Sahoa Nozoariyyasi) uygunlugu [1,2] prinsipins asaslanan sonlu temperaturdaki AdS/KXD
modelloridir ki [2-10], bu isdo biz homin modellordon olan yumsaq divar modelino osaslanmisiq.

Qeyd edok ki, Anti-de-Sitter/Konformal Saho Nozariyyasi kalibrlogsma-gravitasiya dualliginin xiisu-
si bir halidir ki, bu halda gravitasiya nozoriyyasi 5-0l¢ilt Anti-de-Sitter (Ad5.) fozasiin daxilinds yerlo-
sir. Dual kalibrlogsma nozariyyasi olan konform saha nazariyyasi iss (KSN) 4-6l¢tli Minkovski fazasi olan
AdSs fazasinin sarhadinds toyin edilir. Fozamin anti-de-Sitter fazasi adlandirilmasinin sabobi iso de-Sitter
fozasinin oyrilik radiusunun mashat, anti-de-Sitter fozasimimin ayrilik radiusunun monfi olmasidir. AdS fo-
zas1 5 Olgiilii olmagla, maksimal simmetrik, bircins v izotrop foza-zamandir.

Sonlu temperaturdaki AdS/KXD yumsaq divar modeli iki yolla:

1) Metrikanin temperatura gora bukulmasi
2) Temperaturdan asih dilaton sahasinin daxil edilmasi yolu ilo qurulur.
AdS/Svazsild metrikasi [11]

-

dz*

ds? = e**&| f(z,T)de? — (d9)* — = (1)

kimi toyin olunur. Burada A(z)=log(R/z) va R AdS fazasinin radiusudur. Termal faktor f(z, T) =z%/H* H
hadiss tifliqliniin voziyyati, Havking temperaturu ilo 7=1/Hx kimi slagalidir. (&, t) Minkovski fozasinin
koordinatlari, z- 5-ci 6l¢iiyo gors koordinatdir.

Sonlu temperatura uygun dilaton sahasi asagidaki kimi toyin olunur [12]
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®(z, T)=K(T)*z° )

NFT®-T®  NeT*-T*
BT N F® N 144Nz Fe
limitdaki siialanma sabiti, Ni=2,3,4... kvark rayiho parametri vo parametr k=383 [13-15].

burada, K(T)=k=(1+A4;), A;=

F=0.087 GeV, 0.1 GeV, 0.13 GeV ... kiral

SONLU TEMPERATURDA VEKTOR VO AKSIAL MEZON iL9 HOYOCANLASMIS
HALDA OLAN 4 BARION-NUKLON MINIMAL QARSILIQLI TOSIRI

A (delta) barionlar ii¢ kvarkin birlosmesindon (A%=udd, A*=uud, A"=ddd vo A**=uuu ) yaranir vo
nuklonlara banzar rezonanslar1 (A—~Nz parcalanma kanali) sayasindo nuklon potensiali, A barionlarin
nuklonlara kegid form-faktorunun tadqiqine imkan yaranur.

Barionlar spini 1/2 (nuklon) va 3/2 (4 barion) olmagqla iki spin hallarinda olurlar. 5 il¢ilii AdS foza-
sinda spini 1/2 olan barion operatorlarina bu fozanin daxilinde Dirak sahasi, 3/2 olan barion operatorlarina
Rarita-Svinger sahasi [16-19] gars1 qoyulur.

Vektor mezon va aksial mezon sahosi ilo 4 barion-nuklon garsiligh tosirinin sonlu temperaturda he-
sablanmasi UgUin avvalca tosirin ifadasi asagidaki sokilda yazilir

(00 d _ = 5. T _—&(zT) 00
SpNEL.-"rz._N& _J- d>x,/ge " *":pm;n.__\m
0 ©)
burada, ¥1m2m uygun fermion saholoridir.
(3) ifadesine daxil olan minimal garsihqli tesirinin lagranjian hoddi L© borabordir
0 _ L1 Zu mpu T M MM
’Cp.w.'n - E(Wl ey T Ve + 5 e TV ¥y ) 4)
i 1 _ —
*‘E:;[._’::Iw. -3 (PiTed T Ay ¥y + P ey T A Poy) )

1
Fl=T)

e;f =z, =z diag (f(z,T], 1,1,1,—

ni, =¥, -iY®) iso Dirak matrisiloridir.
(4) vo (5) minimal lagranjianlarin ifadslori (3) tesirinin ifadasinds nozors alinmagla vo miayyan

sadslosmolar aparmagqla, bu lagranjianlarin sonlu temperaturda yumsaq model ¢orgivasinds g vektor va a,

aksial mezonun-4 barion-nuklon garsiligh tosir sabiti g'f_\:}i’f”(i“j /9212 (1) tigiin verdiyi olavo sifir

temperaturdaki hala uygun olaraq asagidaki sokilds yazilir

] olmagla 4 6lgiilii fazadan 5 6lgiilii fozaya kegid vielbey-
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, (6)
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harada ki, ,/g metrikanin determinantidir.

(6) va (7) ifadolorina daxil olan Ag=(z,T) aksial sahanin va Vo=(z,T) vektor sahanin profil funksiya-
lart olmag]la barabardir.

Ay(zT) = K(T)**222V2L (K2(1)2%), ®)
Vo(z.T) = K(T)2z¥*V2LY (83(T)2%), )

Sonlu temperatura A barion sahasinin sol va sag profil funksiyalari asagidaki kimi toyin olunur:
Fu(2T) = ny, @z T)°L; %) (p(z, T)),
Fi;(z,T)= nmfi)[z,T]R_:L'“ lj[‘I)(z,T], (10)

Burada a parametri 5-6lculu kitlo ilo @ = m_ + i soklinda tayin olunur.
(9) ifadalorindaki normallasma sabitlarini

..Ir[:ll:ﬂ:| 5% e—‘i":HJT:' FJ.L [Z, TjFJ.R (ZF Tj = 5:':!:'1-1 (11)
normallasma sortindan istifads etmoklo asagidaki sokildos tapiriq
e
_ 1 [ 2r (n+1)
M = ket \latn+1)’ (12)
ng =myat+n (13)
burada |m_| = 2 vo beloliklo do a=3.
Sonlu temperaturdaki sag va sol hayacanlasmis nuklon profil funksiyalari
; 1/2 || EF(R_I' 1) lm!.]l
ﬁ. [Z,Tj — K:IHL+J.(T)E::HL+J. (K (T) )
|1"[n+ml+lj (14)
——
'?13' +1 +1/z | 2r(n+1) 'mR]'
(z,T) = K™R*H(T)zmR* Y2 | ————— L "V (K*(T)z%)
|1"(n—|-mR+1 (15)

kimi toyin olunur. Burada, m; =N + L —1,my =N + L — 2 vo N=3, L = 0 uygun olaraq nuklonlar
liclin parton say1 v orbital bucag momentidir. r, mindekslori iss sonlu temperatur limitindoki barionlarin
hayacanlagma halim gostarir .

Bu funksiyalar t¢lin yekun hall Lager polinomu vasitesilo ifads olunur va profil funksiyalari nor-
mallasma sartini 6dayir.

. g-EE(TER2
_rl} ('LZT (Z, T] (Z, T] :lzm’
P _E*(Tist
e .
J. r:-IEE}:—: ij. [Z,T]f{f [ZrT] = Sum
J | (16)
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Nuklon vo A barionlar i¢iin sol/sag profil funksiyalar
1 (zT)/Fi(2T) = fr(z.T)/Fi(2T),

fir(z, T)/Fig(z. T) = —for(z T)/Fau(z T)
sorti dogrudur.

Sonlu temperaturda kitlo spektri barabardir
M=M (0)1+4)+(6n—1)(n+m+ 1) (17)

burada, M?(0) sifir temperatur halia uygun kiitlo spektridir.

Belaliklo, Sakil 1 va Sakil 2 vektor/aksial mezonun nuklon va spini 3/2 olan barionlarla minimal
qarsiligh tasir sabitlorinin gy, (T)/g, ya(T) temperatur asihh@m gostorir. Qrafik hoyacanlagmis
haldaki 4 barion, nuklon vo asas haldaki aksial/vektor mezonun profil funksiyalari minimal qarsiligh tosir
sabitinin - g,xa (T)/g, ya(T) ifadosinds nozors alinmaqgla, AdS/KXD-nin yumsaq divar modeli
carcivasinda N kvark rayiho parametri vo F siialanma sabitinin muxtalif giymotlorindo “Matematika”
programinin komayi ilo qurulmusdur. Alinmus grafiklor migayissli sokilds tasvir edilmisdir.

—j?j _I ! ! I ! T T T T T T T T T T T T T T T |-
-0.35 - .
~0.40 | .

[ M=4, F=130MeV ]

-0.45 [ .

- ' MN=3, F=100MeV ]
o C ]
-0.50 | N=Z, F=87MeV .
-0.55 - —
080l e ]

_:I_EE 1 L L L |- | L L L L 1 L L L L 1 L L L L 1
0.00 0.05 0.10 0.15 0.20

Sokil 1

Osas halda olan g mezonla, hayacanlanmus halda olan nuklon - A barion g,y (T} garsthql tosir

sabitinin temperatur asthilig1.
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M=4, F=130MeV
M=3, F=100MeV

M=2, F=37MeV

L

Lo}
Lo}

s
L

[ ]

L=l
[ |

[ ]

[ I

in

[ ]

Lo}

o

Sokil 2
Osas halda olan &, mezonla, hayscanlanmis halda olan A barionlarmn g, s (T) qarsiligh
tosir sabitinin temperaturdan asililig1.

XULASO

Gorunduyd kimi, grafiklor mishat vo moanfi oblastda yerlosir vo hoyacanli halda olan nuklon vo 4
barionlarm p/a; mezonla g, (T)/ g, na (T) minimal gargthgli tosir sabiti temperaturdan asili olaraq
Havking temperaturuna godor (texminon T=221MeV) artir (azalir), g,ya (T) gq,na (T)-IN qiymati
temperaturun artmast ilo koskin artaraq (azalaraq) Havking temperaturunda sifra vo daha sonra grafiklorin
sonsuzluga getdiyi miisahido olunur. Demoli, zorrociklor arasinda qarsihiqli tosir daha yuxar
temperaturlarda deyil, yalniz Havking temperaturundan asagi temperaturlarda mévcud olur
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MINIMAL COUPLING CONSTANT OF g,/ a, MESON WITH EXCITED BARYONS AT FINITE
TEMPERATURE

N.A.NASIBOVA

The temperature dependence of the axial/vector meson with excited baryons minimal coupling constant

Gonia (T)/ga,na (T) has been considered in the framework of the soft-wall model of AdS/QCD. The temperature dependence
graph of axial/vector meson with excited baryons minimal coupling constant has been plotted.

MHUHHUMAJBHASI KOHCTAHTA B3AUMO/JIEMCTBUSA 2/ a; ME3OHA C BO3BY KJIEHHBIMHA
BAPAOHAMM TP KOHEYHOM TEMITEPATYPE

H.A HACUBOBA

Temneparyprast 3aBUCUMOCTb Gona (1) /G2, w4 (T) MUHUMAIILHON KOHCTAHTBI CBSI3M AKCHATILHOTO/BEKTOPHOTO ME30HA

¢ BO30Y KI€HHBIMH OapHOHAMH paccMartprBaercst B Mozenu Msarkoit crensl AJIC/KX/1. TloctpoeH rpaduk TemMnepaTypHo#t 3a-
BHCHMOCTH aKCHAJIbHOT0/BEKTOPHOTO ME30HA C BO30Y K /ICHHBIMHU OaprHOHAMH.
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CdxZn1.xS OSASINDA NANOMATERIALLARIN SiLA.R USULU
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REFERAT

Son illor yarimkegirici metal xalkogenidlorinin Layli ion sorbsi-
yas1 vo reaksiyasi (SILAR) disulu ilo nano6lgiilii diapazonda
genis miqyasda alinmasi onlarin hom tothig ndqteyi-nazarin-
don, hom do igdisadi cohotdon olverisli materiallar hesab
olunmasi ilo baghdir. Togdim olunan isdo SILAR iisulu ilo
alman CdyZniS nanomateriallarinin miixtalif reaksiya para-
metrlorindon asili olaraq stuktur xassolorine tosiri hagqmda

Acar sozlor: CdxZm«S, nanomateriallar, stuktur, tablama.

moalumat verilir.

GIRIS

Son illor miixtalif birlogmolor asasinda nazik
tobagalorinin alinmasi {igiin layl ion sorbsiyast vo
reaksiyast (SILAR) iisulundan genis istifado olu-
nur. SILAR iisulu ucuz basa golon, sado vo genis
diapazonda maddos almaq tgiin olverisli tisullar-
dandur. Keyfiyyatli materiallar almaq tglin reaksi-
yadaki reagentlorin konsentrasiyasi, sorbsiya miid-
doti, yuyulma miiddoti, hazirlanan mohlullarin pH-1
kimi parametrlor optimallagdirila bilor. SILAR bir
cox ustiinliiklors malikdir: niimuns hazirlananda
XUsusi sorait talab edilmir, tobagonin galinlig: ¢ok-
ma vo sorbsiya miiddotlorini, dovrlerin saymi do-
yismoklo idaro edilir. Althq materiallarina tolob
goyulmur. SILAR-da ionlar kation vo anion man-
bayindon udularaq layli formada sorbsiya olunur.

1985-ci ildo Nicolau vo hamkarlart torofin-
don istifado edilmisdir [1-3]. Usul Nicolau torafin-
don kosf edilmis vo ZnS, CdS, CdZnS birlosmolo-
rinin sintezi prosesi tadqiq edilmisdir. SILAR I-VI,
-1, -V, V-VI, VIII-VI, ikili va I-H-VI, 1I-11-
VI, H-11-VI, H-VI-VI va [I-V-VI Gg¢lu sulfidli bir-
losmolorin  alinmasinda  olverigli  Gsuldur [4].
SILAR-da mohluldaki ionlarin sorbsiyas1 va reak-
siyasi, har sorbsiyadan sonra distillo suyu vo ya
basga yuyucu maddodo tobagonin homogenliyini
vo tomizliyinin tomin edilmasi prosesleri aparilir.

Sokil 1-do SILAR iisulunun sxematik tosviri veril-
misdir. Bu althq iizerindo bir maddonin digor
maddo ilo birlosmosini  tomin edon sintez
prosesidir. SILAR-in  osasim ionlarm tobogo
soklindo adsorbsiyasi toskil edir. Adsorbsiya osas
materialin sothi ilo ionlar arasinda bas veron
ekzotermik sothi hadisadir vo altligla mohluldak:
ionlar arasinda bag veran garsiligh tosir giivvasidir.
Qarsiligh tosir qilivvelori cazbetma qiivvasi, Vand-
der Vaals qiivvesi vo ya kimyoavi qiivvolordir.
Sorbsiya mohlulun temperaturu, konsentrasiyast,
reaksiya miihiti, althgm novii kimi parametrlordon
asilidir.

Distalled

wWater

Sodium
wuiphde

Drsnilled

Cadmium
Acetate

Sakil 1
SILAR iisulunun sxemi [27].
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SILAR USULU ILO ALINMIS CDxZN1-xS
OSASINDA NANOMATERIALLARIN
STRUKTUR XASSOLORI

CdxZn1xS birlosmasinds x-in giymotini do-
yismoklo ikili vo {glii birlogmolor almaq miim-
kindlr. CdxZn1S birlosmasi (x=1) bir ¢ox tadqi-
gatcilar torofindon aragdirilmisdir. Osas moagsad re-
aksiya parametrlorini optimallagdiraraq yaxsi kris-
tallig deracasino malik CdS toboqgosi formalasdir-
maqdir. Reaksiya soraitindon asili olaraq siigo alt-
ligda CdS tobagesi rentgen diffraktoqramlarina
osason heksoqonal fazada [5,6] vo kubik strukturda
[7] formalagmisdir, uygun olaraq hissaciklorin 61-
¢ulori 26nm, 11nm vo 16,5nm hesablanmisdir.

Dévrlorin saymdan asili olaraq p-tip Si alt-
lighga c¢okdiriilmiis CdS tebagoelarinin qalinligt
doyisir, say 4-don 10-a godor artdigda, kristallitlo-
rin 6lglst 62.45-97.54nm. Heksoqonal quruluslu
CdS tobagolori formalagsmigdir [8,9]. Saokil 2-do
muxtolif dovrlordo alinmig CdS/p-Si tobagalarinin
rentgen difraktoqramlart gostorilmisdir. Siiso alt-
ligda 10; 20; 30; 40; 50; 60 dovrlords formalagmis
CdS tobagalorinin rentgen naticolorino osason 10
vo 20 dovrlordo alinan tobagolor amort, 30 dovr-
don baslayaraq heksoqonal fazada formalagmisdir,
hissociklorin 6lgiilori 10.4nm; 13.1nm; 14.2nm;
41.5nm artrmgdir [10].

1a) i 10Cy clod
e K Oy chen
n 6C vl
Wl . (W) ' — L
:' ™ ~— W ey
= —~ e AT cmge®
: A -
s /~ \k./\
- undll " .\J‘\\ '
PAA l S~

2 Theta (degree)

Sakil 2
CdS/p-Si tabagesinin rentgen difraktogramlari [8].

Aparilan reaksiyada parametrlor riyazi vo
statistik modoallosma iisullarindan olan “Rezonans
soth morfologiyas1” tisuluna asaslanaraq optimal-
lasdirilmigdir.  Noticodo optimal —parametrlor:

T=30.1°C, sorbsiya miiddati 29.5 san vo dovrlorin
say1 30-dur. Rentgen naticaloring asason kubik qu-
ruluslu struktur formalagmigdir [11].

Dovrlarin say1 200, 400, 700 vo 1000 oldug-
da, Indium tin oksid ortiiklii siiso althqda formala-
san CdS tobagolorinin sothinin nahamarlig artmais-
dir. Bunu aradan galdirmaq tgtin miixtalif kadmi-
um manbalari (CdClz, CdF,, Cdlz, CdCl2H12014,
CsHeCdOs) vo  stabillogdirici  maddalordon
(NHCH2CH.SH, CoHgN2, CeHisNOsz, CoH7NO,
(NCH2COONa)3-H20) istifads edilmisdir. Kristal-
litlorin 6lgiisii dovrlarin sayindan asili olaraq xatti
artmisdir. CdS tobaqgasi 700 dévrds yaxsi kristalliq
daracasine malik olmusdur. Rentgen naticaloring
asason qurulus heksoqonal fazaya uygun golir [12]
(Sakil 3). Siiso althiga CdS tabagesi ¢okdiiriildik-
do, kompleks agent kimi heksametilenetetramin is-
tifado edildikds, kubik fazada formalasma gedir,
hissaciklarin dl¢iisii 2.43nm olmusdur [13].

Intensity

30
20 (CuK @)/ degree

40

Sokil 3
SILAR-la almmis (700 dévr) CdS tobaqesinin rentgen difrak-
togrami (CdCl, 0.02 mol dm® vo Na,S .01mol-dm?) [12].

Tonlarla siiso altliq arasindaki qarsiliglt tosiri
yaxstlagdirilmast mogsadilo Cd?* ionlarmi merkap-
to qruplarma baglamagq ti¢iin todqiqatlar aparilmis-
dir. Siiso althga 3-merkaptopropiltrimetoksisilan
(BMPS) ¢okduriilmaklo CdS tobagosi formalasdi-
rilmigdir. Adi stisodo alinmig CdS toboagalorinin
diffraqtoqgramlar1 amorf qurulusa malikdirlar.
3MPS-ls modifikasiya edilmis althqda alinmis vo
tablanmis nazik tobagolor heksoqonal fazada for-
malasan CdS-o uygundur [14].

Nanokristallar jelatinlo ortiilmiis siiso althq-
da alindiqda. kubik fazada polikristallar yetismis-
dir. Rentgen vo SEM naticalorindon olgtilori
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10+80nm araliginda polidispersiv nanoklasterlor
soklindo toplanan ~20nm Olgiilii polikristallar
yarandigi miisahids edilmisdir [15].

Flor qatqili qalay oksid ortiiklii siiso althqda
TiO2 nanostrukturlar ilo CdS kvant noqtalori ¢ok-
dlriilmisdiir. D6vrlarin sayinin formalasan materi-
allara tosiri dyranilmisdir. Dovrlorin say1 9, 12, 15
olduqgda, alinan materiallar sotho morkozlogmis ku-
bik fazada formalasmis vo polikristallik tobioto
malikdirlor. Dovrlarin sayinin artmast ilo hissacik-
lorn 6lgiisti 2.1nm, 2.5nm, 3.1nm artmusdir [16].

Miiayyon edilmisdir ki, titan oksid nanobo-
rulart tizorina ¢okdiiriilmiis CdS nanohissaciklori-
nin fotokatalitik xassolori vo giinog batareyalarmin
effektivliyi dovrlorin sayindan asilidir. Formalasan
materiallar heksogonal fazada CdS-o uygun golir.
[17]. Masamali TiO, nazik tobagesinin {izorindo
formalasan CdS nazik tobagesinin dovrlarin sayi-
nin artdigca rongi narinctya gevrilmis, hissaciklorin
Olgiisti artmusdir  [18]. CdS/TiO2 birlogsmasinda
CdS-in hissaciklarinin 6lgtilori 0.336 nm-dir. Dif-
raktogramda miisahids olunan piklor CdS-in kubik
va heksoqonal fazalarina aiddirlor [10].

Miixtalif konsentrasiyalarda siigo altliqda ult-
ra nazik CdS tobagolori formalasdirilmigdir. NUmu-
nolorin kristallasmasi heksoqonal fazadadir. Dif-
fraktogramlarda miisahido olunan piklorin intensiv-
liyi konsentrasiya artdiqca azalmisdir. Konsentra-
siya 0.05M, 0.1M, 0.15M olduqda, Debay-Serer
diisturuna asason  hissaciklorin - dlgtlilori  uygun
olarag, 250nm, 402nm, 607nm hesablanmisdir [19].

Miioyyon edilmigdir ki, dovrlorin sayr vo
moanbolorin konsentrasiyasi artdigca tobogenin qga-
linlig1 artir. Lakin artim doyma hoddino ¢atdigdan
sonra pilinq effekti yaramr. Konsentrasiyanin
0.15M giymatinds (100 d6vrdo) tabagonin galinhi-
g1 doyma haddins catir vo daha yiiksak qiymatlor-
do sothdo material itkisi bas verir. Formalasan to-
bagaler kubik fazada yaranan polikristal formaya
uygundur. Konsentrasiyan1 sabit saxlamagla
(0.IM), dovrlorin saymi doyisdikdo vo sabit 100
dovr saxlamaqla, konsentrasiyanin qiymotini do-
yisdikdos (0.05M; 0.1M; 0.15M) hissaciklarin 6l¢ii-
lorinds asash forq olmamisdir. Dovrlorin say1 vo
reagentlorin konsentrasiyasi artdiqda hissociklorin
Olgtilari boytimiisdiir [20].

Kation-anion monbalarinin nisbatinin siiso
althgda formalasan CdS tobagasinin stexiometrik

torkibina, optik va struktur xassasing tosiri arasdi-
rilmisdir. CdS kubik fazada formalagmus, S:Cd nis-
batinin 3:1 qiymetinds on yiiksak intensivlikli pik-
lor vo yaxsi stexiometriya alinmigdir. CdS hisso-
ciklorinin 6lgiilori 2,3nm va 3.8 nm tayin edilmis-
dir [21].

Kation vo anion monbolarinin konsentrasi-
yalar1 0.02M vo 0.1M qgiymatlorinds va 10, 15, 20
dovrlards siiso altligda formalasan CdS tobaqasi-
nin strukturu heksoqonal fazaya uygundur [22].

CdS tobogasinin siiso altligda otaq tempera-
turunda sintezindo kation vo anion monbalorinin
konsentrasiyast uygun olaraq 0.1M (pH=5.9) vo
0.05M (pH=11.5), dovrlorin say1 100, sorbsiya
middati 40san. oldugda heksoqonal fazada for-
malagma getmis vo Debay-Serer diisturundan his-
saciyn orta Ol¢iisii 69.16nm hesablanmigdir [23].

CdS tobagesinin sintezindo natrium vo kar-
bon kimi olavo maddslori aradan galdirmagq tiglin
anion manbayi amonyum sulfiddan istifads edilmis-
dir. CdS nazik tobagoesi kubik fazada formalasmus,
hissaciklorin dlgiilori ~7nm hesablanmusdir [24].

S/Cd nisbetinin 1:1; 3:1; 5:1; 7:1 qiymatle-
rindo formalagan CdS tobagasinin xassalori arasdi-
rilmigdir. Sorbsiya miiddoti 15san., dovrlorin say1
50 dovr secilmisdir. S:Cd nisbatinin artmas ilo to-
bagonin qalinlig artmigdir. Buna sobob formalasan
miihitdo S? ionlarimin migdarinin artmasidir. For-
malasan materiallar kubik CdS-o uygun golir. Obo-
biyyata asason bu strukturlar kubik fazadan hekso-
qonal fazaya 623K-ds kegmisdir. Difraktogramda-
ki (111) Miller indeksli pikin intensivliyi S:Cd nis-
boti artdiqda artmis vo maksimal giymati 7:1 nis-
batindo almigdir. Hissaciklarin olgiilari S:Cd nisbo-
tin artmast ilo 11.9nm; 24.9nm; 29.4nm; 33.0nm
olmusdur [25].

Cd ion menbayini, stabillosdirici agentlori,
pH qiymatini doyismaklo miixlalif qalinligh, 6l¢U-
1ii, miixtolif kristalliq doracali CdS tobagalori (indi-
um qalay oksid ortiiklii siiso althiqda formalasan)
almaqg mumkundur. CdCl; kation manbayindon vo
6 stabillogdiricidon istifado etmokls yiiksok kristal-
liq doracali niimunalor almaq miimkiindiir. Miioy-
yan olunmusdur ki, pH doayerinin alinan material-
larin  keyfiyyotino tosiri olmamigdir. Rentgends
700-don yuxan dovrlorde CdS heksogonal fazada
formalagir. Dovrlorin say1 artdigca nimunslorin
kristallik olgiisii vo qalnhigi xotti artir. 400-don
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asag1 dovrlords kristallitlorin dlgtilori tobagenin qga-
Iinlig1 ilo boraborlosir. Kristallar monokristal for-
mada olmuslar. CdF, vo Cd(CH3COO); ils sintez-
do galinliq nisbaton boyiik, kristalliq deracasi yax-
s1, sath kala-kéturdr. Cdlz vo Cd(ClOa4): ilo sin-
tezdo kristalliq miisahido olunmamigdir. CdCl, vo
Cd(HCOOQ), ils sintezds yaxs1 kristalliq doracasila
yanas kicik kolo-kotiirliik miisahido olunmusdur.
Sathinin hamarliq deracasine géra Cd(HCOO): ka-
tion monbayilo alinmis materiallar yaxst hesab
olunmuslar. Tabagolorin qalinhigi 18.2nm va kris-
tallitlorinin 6l¢iisii 18.6nm hesablanmisdir. Kation
moanbayi Cd(Cl0s)2 oldugda hissaciklar kigik kris-
talliq doracasine malik olurlar. CdCl> duzlar ara-
sinda yaxsi kristalliq deracasiine malik olan rea-
gent hesab olunmugdur. CdClz ilo 200 dovrde sin-
tez aparildigda qalinliq 67nm-o catmamusdir.
2-merkaptoetilamin hidroxlorid va sistein stabillos-
diricilorindon istifade tobogonin qalinligmi artir-
mugchr. Sistein yaxsi kristalliq doracosine malik
madds verdiyi halda, 2-merkaptoetilamin hidrox-
loridlo har hansi kriatlliga malik olan material al-
maq miimkiin olmamigdir. Kation manbayi olaraq
CdCl, vo stabillosdirici trietanolamin istifado et-
maklo yiiksok keyfiyyato malik olan tobagos almaq
miimkiin olmusdur. Dévrlorin saymi doyismoklo
tobagonin qalinlgini idars etmok miimkiindiir [26].

CdS nazik siigo althq tizorindo anion mon-
bayinin sorbsiya miiddatini variasiya etmaklo sin-
tez edilmisdir. Rentgen noticalarine asasan qarisiq
faza kubik vo heksoqonal faza omolo golmisdir.
Kadmiumun atom faizi sulfidin atom faizinin art-
masl ilo azalmigdir. Anion monboyinin sorbsiya
muddatinin artmasi ilo tobagolarin kristalliq doro-
casi azalmig vo amorf faza omalo gotirmisdir [27].

Reagentlorin konsentrasiyasini, sorbsiya vo
yuyulma miiddatlorini, dovrlorin sayim optimallas-
dirmaqgla alinan tobagolor 250°C-do 30 doq miid-
dotindos havada qizdirilmigdir. Heksogonal struktur
omoala golmisdir, Kristallitlorin olgiilari adi soraitds
11nm, qizdinldigdan sonra 13nm-dir. Adi soraitdo
amorf qurulusu olan CdS tobaqasi, 250°C-das tab-
lamadan sonra heksoqonal qurulusa malik olmus-
dur [28].

Siiso althiqda alinmig CdS tobaqasi rentgen
naticalorine asason kubik fazada formalasmusdir.
Difraktogramlarda adi seraitds alman niimunslordo
piklor 26=27.57°;, 44° doracolords, tablamadan

sonra 26=27.72°; 44.21°; 53.80° bucaqglarinda mii-
sahido edilmisdir. Tablamadan sonra bucaglarin
boylik bucaglara toraf siirligmasi miisahido edil-
misdir [21].

Siiso althqda alinmig CdS tabagolari 30 dag.
middotindo tablanmislar. Kation vo anion mon-
balorinin  konsentrasiyalar1 0.025M (pH=5) vo
0.1M (pH=9), sorbsiya miiddoti 15san., dovrlorin
say1 20, reaksiya muhitinin temperaturu 80°C ol-
musdur. Tablama temperaturlari 373K; 473K;
573K; 673K olmusdur. Rentgen diffraktogramin-
dan hissaciklor heksoqonal fazada formalagmuslar.
Niimunolor 30 dog. azot miihitinds qizdirilmus, sul-
fur ionunun buxarlanmast vo yaranan strukturda
defektlorin yaranmasi sobabindon 673K-don yiik-
sok temperaturlarda tablama aparilmamusdir. Tav-
lamadan sonra alman hissociklorin kristalliq dore-
casi, olgtilori artmusdir [29].

S/Cd nisbatinin 1:1; 3:1; 5:1; 7:1 qiymatlo-
rindo alinmig CdS tobagolari tablama olunmus, on-
larin optik, struktur xassolori yenidon todqiq edil-
misdir. Tablama 350°C-ds 2 saat miiddstindo apa-
rilmigdir. Stuktur analizino asason niimunolor ku-
bik vo qarisiq fazadan heksoqonal fazaya kegmis-
lor vo tablama onlarmn kristalliq doracasini yaxsi-
lagdirmigdir. Digar torafdan, nisbatin giymotindon
asili olmayaraq diffraksiya bucaglari tablamadan
sonra kigik bucaglara torof stiriismiisdiir. Bu siirtis-
mo tablama zamani tobagolorin yenidon kristallas-
masimi tasdiglayir. Mahlulda S/Cd nisbati artdiqda
tobagalords kristalligin artmasi, piklarin yarimeni-
nin todricon azalmasi vo naticads kristallarin 6l-
giilorinin artmas1 miisahido edilmisdir [27].

Yiiksok keyfiyyoto malik fotohassas CdS na-
zik tobagoesini almaq iiglin parametrlor optimal-
lasdirilmisdir. Alinan materiallarin havada termik
tablamasindan sonra niimunelorin xassolorino tosiri
tadqiq edilmisdir. Rentgen diffraksiyasindan onlarm
heksoqonal fazada formalagan CdS nazik tobe-
goloring aid oldugu miisahido olunmusdur. Termik
tablamadan sonra bu piklorin intensivliyi artmus,
yeni pik miisahido olunmusdur, eyni zamanda nu-
munolorin kristalliq deracasi daha da yaxsilagmisdir.
[lkin nanohissaciklorin &lciisii 11nm, termik tabla-
madan sonra isa 21nm olmusdur [30]. Sakil 4-do
Zn/S nisbatinin miixtalif giymotlorindo SILAR fiisu-
lu ilo alinmig ZnS tabogalarinin rentgen difraktog-
ramlar gostorilmisdir.
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Sokil 4
Z1/S miixtolif nisbotlordo SILAR-la almmis ZnS
tobaqosinin rentgen difraktogrami [30].

x=0 oldugda CdxZnixS birlogsmasinds ikili
ZnS toboqasi formalagir. ZnS nazik tobogosinin
SILAR-la almmasma dair xeyli todqiqatlar vardir.
ZnS nazik tobagesi miixtalif altliglarda yetisdiril-
misdir. Siiso althqda formalagan ZnS nazik tobago-
sinin qalinhigim sintez dovrlorinin saymi dayis-
makls (50, 100, 150) idars etmok olar. Gravimetrik
usulla hesablanmis tobagonin galinligi 210nm-don
400nm-a gadar artir. Rentgeno osason kubik fazada
polikristallar formalagmisdir. Hissaciklorin Debay-
Serer barabarliyilo hesablanmus 6l¢tilori uygun ola-
raq 15A, 36A vo 49A-dir. Dovrlorin say1 artdiqda
hissaciklorin Olgulori vo kristallasma doracasi art-
musdir [31]. Si althgda formalasan ZnS tobogosi
rentgen naticaloring asason kubik qurulusa, hissco-
iklorin &lgiilori 3.08A va 1.86A hesablanmisdir [9].

GaAs altligda sintez edilmis ZnS toboqasi-
nin qalinlig1 dovrlarin say1 (150-600) artdigca bo-
yuyir (35-136nm). Tobagonin kristalliq doracasi
olduqca zoifdir. Onlarin galnhg 50nm-o qodor
olanda formalasan materiallar amorf fazaya malik-
dirlor. Bu qalinligdan sonra ZnS zaif kristalliq do-
racasi olan polikristallar soklinde formalasir. On
ylksok diffraksiya monzorasi qalmligin 136nm
giymatindadir. Bu piko kubik fazada formalasan
ZnS uygundur. Hissaciklorin 6lgiilori 250 dovrda
11nm, 600 d6évrdo 17nm olmusdur [5]. Polyester
folgadan olan altliqda ZnS nazik tobagoesi kubik fa-
zada formalagmisdir [33].

Tadgigat isinds siise altliqda miixtalif qalin-
ligl1 (330nm, 440nm, 550nm) ZnS nazik tobaqolori
formalasdirilmigdir. Tabagalor polikristal formada

yetismisdi. Tobagonin galinligr artdigca kristallarin
Olcsu artmis, kubik fazada polikristal ZnS forma-
lagmigdir. Hissaciklorin Olgiilori uygun olaraq
4.1nm, 6.2nm, 12.4nm-dir. Qalinligin artmasi ilo
diffraksiya bucaginin 27.4°-don 27.62°-ya siiriis-
moasi gofas parametrlorinin doyismasilo izah olunur
[33].

Siiso althigda ZnS nazik tobagosinin sinte-
zinds karbamid stabillagdirici kimi istifads edildik-
do, ZnS kubik fazada formalasmisdir. Dovlorin
say1 artdigca hissociklorin 6l¢iisii 1.63nm; 1.7 Inm;
1.82nm; 1.91nm intervalinda doyisir [34].

Qeyri-iizvi birlosma-polimer sothi arasindaki
qarsihgl tosiri yaxsilagdirmagq tiglin miixtolif altlig-
lardan-polivinilxlorid vo polikarbonatdan istifado
olunmusdur. Polivnilxlorid althqda formalasan
ZnS nazik tobaqgasinin qurulusu kubik fazada for-
malasan polikristallik stuktura, polikarbonat althg-
dan istifado etdikdo formalasan material amorf qu-
rulusa malikdir [35].

ZnS nazik tobagosi soda shang siisasi va indli-
yum qalay oksidilo Ortiilmiis siigo althqda, kation
monbayi trietanolamin (TEA), ya etilenediamindo
holl edilmis ZnClz vo anion monbayi NazS mohlul-
larindan istifado etmakls sintez edilmisdir. Diffrak-
stya piklori kubik va ya polikrittallik fazada forma-
lasan ZnS-o uygundur. Halledici kimi tilendiamin
olanda, niimunanin kristalliq doracasi trietanolamin-
don istifads etdikdo alinandan daha yiksokdir. Tab-
lamadan sonra kristalliq doracasi artmigdir [36].

ZnS tabogosi sliso altliqda otaq temperatu-
runda golovi vanna soraitinds sintez olunmusdur.
Daovrlarin say1 (20, 40, 60) artdigda formalasan na-
nomateriallarm kristalliq doracesi artmusdir. 60
dovrds formalagsma kubik fazada olmus, hissacik-
lorin Slgiilori 3.5nm-dir [37].

ZnS nazik tabogosi kation manbayinin kon-
sentrasiyasini sabit saxlamaqgla, sulfur ionunun 5
muxtalif konsentrasiyasinda (0.2M; 0.4M; 0.6M;
0.8M; 1M) sintez edilmisdir. Niimunalor heksoqo-
nal vo kubik fazada formalagmislar, polikristallar
amoala golmisdir. Hissaciklarin dlgiilari Zn/S nisbe-
tinin doyismasi ilo 42nm-don 8nm-o godor azal-
musdir [38]. Sokil 5-do SILAR fiisulu ilo miixtlif
ddvrlords sintez edilmis ZnS tobagpalarinin rentgen
difraktogramlari tosvir edilmisdir.
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Sokil 5
SILAR-la alinmig ZnS tabaqosinin rentgen difraktoqrami
(miixtlif dovrlords) [38].

Kation vo anion manbalarinin konsentrasi-
yas1 0.1M, pH=10, sorbsiya miiddoti 40 san, yuma
miiddati 60 san, dovrlarin say1 50, sintez tempera-
turu 300K soraitindo ZnS tobogosi sintez edilmis-
dir. Niimunonin galinlig1 sorbsiya miiddsti artdigca
artirdi. Lakin maksimal qalinhiq 150 dovrde
470nm olduqdan sonra azalmisdir. Bu piling effek-
tilo izah edilmisdir. Adi soraitds alindiqda siiso alt-
ligda formalasan ZnS amorf quruluslu, 200°C-don
400°C-0 qodor tablandigda heksoqonal fazada
olur. 2 saat miiddotindo 400°C-ds tablanmis nii-
munalerin diffraktoqramina géra qurulus heksoqo-
nal fazada formalagan ZnS-o aiddir. Daha yiiksok
temperaturlarda tablama daha yaxsi kristallasma
daracasing va qarisiq fazanin (amorf, heksoqonal)
olmasma sabab olur. Alinmis vo 2 saat miiddatindo
400°C-do tablanmigs niimunolorin orta Olgiisi
uygun olaraq 8nm, 15nm olmusdur [39]. Sakil 6-
da SILAR fiisulu ilo sintez edilmis ZnS tobagasinin
ilkin vo 400°C-do 2 saat tablamadan sonraki nii-
Mmunolarinin rentgen difraktoqramlart verilmisdir.

Tablamanin siiso altligda formalagan ZnS
tobaqgasinin xassaloring tosiri aragdirtlmigdir. Tav-
lama 100°C; 150°C; 200°C; 250°C-do aparilmis,
rentgen noticolorindon alinmig struktur kubik faza-
da formalagmis polikristallara uygundur. Hissacik-
lorin orta 6lgiisti 2.67nm olmusdur [40].

Bircins paylanmis ZnS nazik tabagaleri spin
SILAR iisulu ilo otaq temperaturunda sintez edil-
migdir. 9sas mogsad hamar, bircins vo yliksok do-
rocado soffafliga malik ZnS nazik tobagolorinin ki-
¢ik dovrlordo vo daha az halledicilo almaq ol-
musdur. Bu iisulla adi SILAR arasindaki farq

yuyulma prosesinin idara olunmasidir, yuyulma
ultrasonikls aparilir vo niimuns on diffuz qatda
olan ¢irklordon tomizlonir. Siigo vo silikon althqda
olan ZnS tobogosinin galinligi 20 dovrdon sonra
artmigdir. Rentgen diffraktogramlarma asason
ZnS kubik fazada formalasmus, hissaciklorin orta
Olgiilori 3.12nm; 2.7nm; 1.91nm; 1.63 nm-dir [41].

- (a) Before annealing
A = —— (b) After annealing
n + ZnS
g - Zn0O
3 =
3.
2
]
c
]
£ ps ;g 2apA + |
g2 2 2 (b)
20 30 40 50 60 70 80 %0 10
2 0 (degree)

Sokil 6
SILAR-la alinnis ZnS tabagasinin rentgen difraktogrami
() avval vo 400°C-do 2 saat tablamadan sonra [39].

Giinos batareyalarinin potensial totbiqi tiglin
Indium qalay oksidi/aliminium sink oksidi/ZnS/
poli(3-heksiltiyofen)/Fenil-C61Butirik-Asid-Metil-
Ester/glimiis hibrid strukturlu birlosmolor sintez
olunmusdur. ZnS tobogolori SILAR-la alinmusdr.
Yuksok effektivli giinos batareyalari ligiin ZnS na-
zik tobagalori miixtolif dévrlorlo indium qalay oksi-
di/aliminium sink oksidi tizorinds sintez edilmisdir.
Bu kubik fazada formalasan ZnS-dir. Diffraksiya
piklarinin yarimenin genis olmag: kicik hissacikle-
rin formalagdigint gostarir [42].

CdyxZn1xS Tglii birlosmasinin stuktur xassalo-
rino dair odobiyyatda bir ¢ox islor vardir.
V.K.Ashith vo Gowrish Rao K. torkibdon (x=0.2;
0.4; 0.6; 0.8) asil1 olaraq SILAR-la alinan CdxZn1xS
nazik tobagasinin xassolorini arasdirmiglar. Rentge-
na asason heksoqonal fazada polikristallik qurulus
yaranmigdir. Kompozitdo x=0.2 va ya x=0.8 oldug-
da hissociyin qofos Olgiilori, x=0.4 vo ya x=0.6 ol-
dugda gofas oOlgiilorindon boyiikdiir. Belo doyisik
naticonin sobabi x=0.2 vo ya x=0.8 olduqda, bu qu-
ruluslarm ZnS-o vo ya CdS-o uygun golmaosidir. Da-
ha boylk hissaciklorin meydana golir. x=0.4 vo ya
x=0.6 oldugda, Cd vo Zn ionlarinin miqdar1 bora-
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bar, yaxud toxminon eyni nisbatdo oldugundan da-
ha kigik hissaciklor yaranir. Demali, torkibin doyis-
masindon asil olaraq gofos Olgtilori vo kristallitlorin
Olgiilori dayisir. Kompozitdo x=0.2; 0.4; 0.6; 0.8
giymatlorino uygun olaraq kristallitlorin - 6lgiilori
13.7; 7.2; 8.1; 12.8nm hesablanmusdir [43].

TiO ortiiklii fluor qatqili qalay oksidli siiso
althgda sintez edilmis Cd1.xZnxS nanohissaciklori-
nin diffraktogramlarina osason kubik fazada for-
malasan CdS nanostrukturlar yetismis, hissociklo-
rin Ol¢ist 2.63nm-dir [44].

CdxZn1xS nazik tabogasi siiso althiqda CdS
tobaqasine Zn ionlarmi asqarlamagqla sintez edil-
misdir. Dovrlorin say1 75, Zn ionlarmin faiz nisbati
3,6% va 9% gotiirtilmiis, nlimunalor havada qizidi-
rilmigdir. Rentgens asason Zn ionlarinin konsent-
rasiyasindan asili olmayaraq kubik fazada CdS
polikristallar1 formalagmisdir. ZnS-o aid piklor
mUsahido edilmomisdir. Zn ionunun fundamental
struktura tasir edo bilmomosi, Zn vo Cd ionlarinin
radiuslar1 arasinda olan farqls izah olunur. Zn ion-
larinin konsentrasiyasi artdiqda diffraksiya piklori
bdyiik bucaglara dogru siirtismiisdiir. Hissaciklorin
Olglisii Zn ionunun faiz nisbati artdigca 20.93nm;
17.49; 16.66nm azalmusdir [45]. CdxZnixS nazik
tobaqgasi miixtalif altliglarda soda shang stisosindo,
indium qalay oksidlo Ortiilmiis stisado vo polimer
althiglarda, CdS tobaqesi vo Cd/Zn multitobagasi
polimer althqlarda sintez edilmisdir. Rentgens osa-
son kubik quruluslu vo heksogonal fazada forma-
lagmis polikristallar yetismiglor. Kation vo anion
nisbati 1:1 gotiiriilmiisdiir. CdS/ZnS ¢ox qath nii-
munalerin rentgen spektrinds CdS, ZnS-don basqa
qarsiligh tasirden yaranan CdZnS oks olunmusdur.
CdxZn1xS birlosmasindo Cd/Zn-in 1:1 nisbatinda
formalasan qurulusu CdS-o uygundur. Cd/Zn-in
1:19 kation nisbatindo siliso althqda CdogZno2S
(35nm) vo indiyum qalay oksidlo Ortiilmiis siiso
althgda CdosZno.4S (90nm) torkibli nazik tobagalor
almmigdir. CdS va ZnS-in qgofss Olgiilori uygun
olaraq 0,58nm vo 0,54nm-dir. CdxZn1.xS-i siiso alt-
ligda kation menbolorinin qarigigindan SILAR-la
sintez etdikdo, avvalco ZnS nazik tobaqasi, sonra
CdS nazik tobogoesi formalagmisdir. Sabab ZnS to-
bogasinin siiso altliqda yaxsi yetigmosidir. Siiso
ZnS-ls tamam ortiildiikdon sonra CdS-in yetismosi
baglamigdir. Rentgen diffraksiyasi kubik vo hekso-
gonal fazali CdS vo ya ZnS formalasdigimi gOsto-

rir, heksoqonal fazali CdooZnoiS birlosmasine
uygun golir. Miixtolif kation monbalarindon soda
ohang siisali altliqda sorbsiya prosesi oldugda ku-
bik vo heksoqonal fazali stukturlar formalagir.
Eyni zamanda zosif kubik ZnS vo kubik CdS-in
piklori miisahido edilmisdir. Kation manbalorindo
Zn ionunun miqdarm artirdiqda diffraksiya piklori
boyiik bucaglara dogru siirtismiisdiir [46].

GaAs altligda formalagsan CdxZn1xS birlos-
mosinds Cd ionunun migdarmi artirmagla miixtolif
dovrlards alinan niimunalorin xassalori todqiq edil-
misdir. Dovrlorin say1 300, 600, 800 oldugda ali-
nan niimunolar polikristallik vo kubik fazada for-
malasmuglar. Dovrlorin say1 artdigca tobagenin ga-
linligr artmig, Cd ionunun miqdar artanda qalinliq
azalmigdir. CdS+ZnS-in migdarm miixtalif nis-
batdo (1+9), (1+5), (2+4), (3+3), (4+2), (5+1) gob-
tlrmoakla, element analizindon niimunalarin ardicil
olaraq Cdo23Zno77S, Cdo.40ZNnoseS, CdosaZno.ssS,
Cdo.s9ZNo:30S, CdossZNo.14S, Cdo.gsZN0.04S birlogmo-
lor soklinds oldugu miioyyon edilmisdir. Rentgen
naticalorindon 800 dovrds sintez edilmis 100nm
galinhigr olan ti¢lii birlogmalar polikristallik vo ku-
bik fazada formalasmislar. ZnS birlosmasindo asas
pik bucaglara dogru siiriismiisdiir. Cd ionuna aid
pikin intensivliyi Cd-nin konsentrasiyasi artdiqca
azalmigdir. Hissoaciklorin olgtilori 2-16nm interva-
linda doyismisdir [47].

Intensity
|

2 G angle {deg)

Sakil 7
SILAR-la GaAs althqda miixtelif kompozisiyalarda
alinmis CdxZn1S tobaqgasinin rentgen difraktoqrami [48].

Stabillogdiricisi ammonyak (NH3z) olmus
CdZnS tobogasi 473K; 573K; 673K-do tablan-
migdir.  Qalinligin  orta Olglisiit  380nm-dir.

80




CdxZn1xS OSASINDA NANOMATERIALLARIN SILAR USULU iLO ALINMASI VO QURULUS XASSOLORI

Naticalora asason formalasan tobagalor CdZnS-o
uygun Xarakterik diffraksiya monzorasi yaratmis-
dir. 400°C-do tavlanmig CdZnS tobogosinin dif-
fragtogqraminda pik siirtismosi miisahids edilmisdir
[48]. Sakil 7-do SILAR iisulu ilo GaAs althqda x-
in miixtalif giymotlorinds alinmig CdxZni«S tabo-
golarinin rentgen difraktoqramlar gostorilmisdir.

NOTICO

SILAR-la alinan CdxZn1xS nanomaterialla-
rinin qurulusunda miisahids edilon amorf faza isti-
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FORMATION AND STRUCTURAL PROPERTIES OF CdxZnixS NANOMATERIALS BY SILAR METHOD

L.R.GAHRAMANLI

In recent years, the wide range formation of semiconductor metal chalcogenides in the nano-scale by SILAR method is

due to the fact that they are considered both practical and economically viable materials. In the presented work, information was
given on the effect of CdxZn1-xS nanomaterials obtained by the SILAR method on the structural properties depending on
different reaction parameters.

MNOJNYYEHUE HAHOMATEPUAJIOB HA OCHOBE CdxZni.x METOAOM SILAR U
HUX CTPYKTYPHBIE CBOMICTBA

JLP.I'”AXPAMAHJIbI

B mocneame ro/Ip! MONMyYeHre B IIMPOKOM MacIITabe HAaHOPa3MEPHBIX XaJIbKOT€HHIOB MTOTYIPOBOHUKOBBIX METAJUIOB
METOJIOM CIIOMCTOM copOrmu 1 peakimy noHoB (SILAR) cBsizaHO ¢ TeM, YTO MX MPUMEHEHHE LIENeco00pa3Ho KaK ¢ MPaKTHYe-
CKOM, TaK ¥ C YKOHOMHYECKOW TOUKH 3peHus. B mpeacTaBieHHoi paboTe 1aH KpaTKuii 0030p O BIMSHUN TTApaMETPOB PeaKIvm
Ha CTPYKTypHbIe CBolcTBa HanomatepuanoB CoxZN1S, nomyyeHHpix MmetogoMm SILAR.
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REFERAT

The modified empirical equation of state to fit experimental
(p,o,T) data of liquids and their mixtures at high pressures, wide
range of temperature and concentration was developed. The
thermal pressure (Perm=RT/), caused by the movement of
molecules; repulsive pressure (prp.), caused by repulsive forces
and created primarily from the collision of molecules; attractive
pressure (par.), caused by intermolecular attraction; and exter-
nal pressure (p) were taken as base during the formulation of

equation of state.

An equation of state (E0S) is a function that
relates dependence between pressure, temperature,
and specific volume (or density) in equilibrium; it
describes the state of matter under a given physical
conditions. An EoS can be written whenever a
thermodynamic description of a phenomena can
be applied. It differs from a simple correlation be-
cause of integration and differentiation, which al-
lows for the calculation of many thermodynamic
properties, such as isothermal compressibility, iso-
baric thermal expansion, thermal pressure coeffi-
cient, heat capacity, internal fluid pressure, and
thermodynamic sound velocity.

Nevertheless, in practice, an EoS for a real
substance can be extremely complex. Two param-
eters are independent variables (e.g., density and
temperature or pressure and temperature) and the
other parameter is a dependent variable. In gen-
eral, the EoS can be written as:

f(p,T,V) =0. @

The caloric EoS describes the dependence of
caloric properties (e.g., enthalpy and heat capacity)
on pressure (or volume) and temperature.

Usually, density and temperature or pressure
and temperature are taken as independent varia-
bles. In these instances, the EoS can be written in
the following form:

2)
©)

p=p(pT)
V =V(p,T)

The development of computing power has
contributed to the improvement of a unified analyt-
ical EoS. Specifically, it is now possible to in-
crease the total number of empirical coefficients,
computer searching methods have been improved,
and the working area on the thermodynamic sur-
face has been expanded, all improving the accura-
cy of EoS.

When developing an EoS, it is important
that, an EoS should:
describe experimental (p,V,T) data within an er-
ror of experimental data;
describe the data on the saturation line of the
vapor—liquid system with the corresponding er-
ror of experimental data;
reliably describe experimental data on caloric
properties (e.g., enthalpy and heat capacity).
Satisfactory convergence with these data is a re-
liable criterion of suitability of the EoS for the
complex description of various thermodynamic
properties;
in extreme cases (at p—0, p—0), be converted
to the ideal gas EoS (pV = mRT);
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— satisfy the critical conditions;

2
lim [@j =0; lim 0 2 =0. (4)
V-V, aV T V-V, a .
— confirm the Planck—Gibbs rule
2. 3. e
aT T=T, aT V:Vc

c

where the index with the critical point parameters
T =Tcand V = V. The EoS should also be trans-
ferred to the Planck-Gibbs equation (5), from
which it follows that, at the critical point, the slope
of the saturation line in the coordinates T-p is equal
to the critical isochor;

— allow for the determination of the analytical
form of the inversion curve, as well as the Boyle
curves for the ideal gas. Using the EOS, it is
convenient to investigate issues related to phase
equilibrium, critical properties, thermodynamic
stability, and other characteristics of thermal
systems;

give an idea of intermolecular interaction (de-
pending on the thermodynamic data), as well as
other microscopic phenomena in the liquid;
reflect all characteristic laws of thermody-
namic behavior of the substance, such as a
correct description of temperature depend-
ence of the second virial coefficient, maxi-
mum heat capacity.

If an EoS violates any of the above condi-
tions, leading to a significant error in the calculated
properties of the medium, it reflects the ineffec-
tiveness of this EoS to give a comprehensive de-
scription of the various thermodynamic properties.
Non-compliance with the above requirement can
make an EoS ineffective for complex description
of substance properties. Modern statistical physics
allow for the accurate prediction of the type and
form of local EoS. Cementing these equations is
done by means of widely used experimental re-
search results. In this connection, almost all known
EoS developed on the basis of experimental data
are empirical and essentially reflect the geometry

of isolines in the corresponding thermodynamic
diagrams.

The correct formulation of the thermophysi-
cal properties of industrial liquids in the EoS is an
important part of thermodynamic studies. The li-
terature has a large number of EoS that have been
developed to represent and predict the phase and
(p,V,T) behaviour of liquids. They range from
simple cubic EoS of the Van der Waals type, to
EoS on a molecular basis, such as those based on
statistical models.

In this paper, the modified empirical E0S
from Safarov et al. [1] (1998), which was also ap-
plied for the LiBr+CH3OH binary solutions in Sa-
farov [2] (2003), which used to fit the investigated
liquids and their mixtures during the many years
(Table 1) are discussing. This EoS was developed
according to fundamental findings by Mie [3]
(1903) and Gruneisen [4] (1912). These two inves-
tigations were developed and discussed in
Bachinski selected publications [5] (1960), as well
as Eucken [6] (1941), Plank [7] (1960), Akhundov
and Imanov [8] (1969), Putilov [9, 10] (1932;
1973), and Kurumov [11] (1992).

In general, EoS describe the equilibrium be-
tween four types of pressure: thermal pressure
(Pem=RTN), caused by the movement of mole-
cules; repulsive pressure (prep.), caused by repul-
sive forces and created primarily from the collision
of molecules; attractive pressure (pat.), caused by
intermolecular attraction; and external pressure (p)

(6)

Thermal pressure can be determined from
this equalibrium relatively easily, when the stress

coefficient (2—_?] is formed. Most often, re-

P+Poattr.= Pterm + Prep.

searchers have turned to the study of the attraction
pressure and tried to present it as a simple function
of volume and temperature. Many scientists found
it sufficient to take into account the repulsive pres-
sure, based on the model of impermeable mole-
cules, adjusting this model with a certain depend-
ence of the "own volume of molecules" k-b on
temperature, and if necessary, with the dependence
of the "volume correction™ b on the density of mat-
ter:
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P+ Py (T =, )
since
RT__RT b RT @
v-b v v v-
where %% = P+ than approximately at b<v:

Pres=bRT/V? constructed most equations of state
Clausius, Van-der-Vaals, Bertlo, Batelli, Sarro,
Ramsey, and Yung. Based on the virial theorem,

repulsive pressure can be described as ———,
Vn/3+1

where n is the degree of indicator at 1/r in the ex-
pression of the repulsive force potential between
the particles.

In 1921, Becker [12] used the nitrogen com-
pressibility values found in Amagat [13] (1893) to
form the following equation

p=R-T-1(1+5-ek’Vj—%+%, )

\Y \Y \Y \Y

where R:213, k=0.001801,  a=0.00250,
7

x=1.34-10"" and =5 are the constants of the equa-
tion. The degree of indicator is n=$+2=7.
Bachinsky [5] used the experimental val-
ues from Bridgman [14] (1931) and took the de-
gree of indicator as n=7. For pressures of approx-
imately p=1000atm, he found the following equa-
tion
p+K=L/VT, (10)
where K and L are the coefficients of equation.
Based on findings from their own experi-
ments, Putilov [9,10] (1929; 1930; 1931) decided
to take the degree of indicator as n=9, rather than
n=7.
Some years later, Eucken [6] (1941) pro-
posed the following form for the equation

A_BT.C

+_1
v oo S

p+ 11)

where A, B, and C are the coefficient of equation
(11), depending on temperature. The (p,v,T) values
of carbon disulfide CS,, ethyl ether (C2Hs)20, and
hydrogen (H.) were fit to check the accuracy of
this equation. This equation also was applied by
Plank [7] (1960) to fit water density values at tem-
peratures T=(323.15 to 573.15)K and pressures up
to p=(25.52 to 1223.4)atm.

Based on research by Bachinsky, which was
applied to fit (p,v,T) data of o- and p-Xylene,
Akhundov and Imanov [8] (1969) used the follow-
ing form of equation (11)

B
pv2=A+V—7,

(12)

where A and B are the coefficients of equation
(12), depending from temperature. The authors es-
timated the error of description of experimental
(p,v,T) data, when using this form of the equation,
to be lower than Ap/p=20.1%. Equation (12) can
also determine many thermal parameters; the au-
thors showed that in the pv?, 1/(v’) coordinates can
be linear at temperatures T=(298.15 to 623.15)K,
up to the saturation line, and densities of
p=500kg-m3,

Many researches used the EoS (12) in its
following modified form

pv’ = A+ 2 (13)

V6

After analysing EoS (12) with two coeffi-
cients and using the Lennard-Jones potential (i.e.,
the attractive force between molecules depends on
distance), Kurumov [11] (1992) showed the equa-
tion’s modified form, which consisted of three co-
efficients (A, B, and C), depending on temperature.

B

. C
V8

V12 !

p=—+ (14)

<| >

This type of EoS was also used by Mustafa-
yev for the fitting of (p,v,T) data of various liquids
(for example: for the fitting of fluorocarbon look to
Mustafayev et al. [15]).

In 1998, Safarov et al. [1] applied equation
(14) for the first time to the liquid mixtures, using
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the directly measured density values. The (p,o,T)
data of n—heptyl and n-nonyl aliphatic alcohols, at
temperatures T=(298.15 to 573.15)K and pressures
up to p=60MPa, were successfully fitted to equa-
tion (14), where coefficients A, B, and C depended
on temperature; from the concentration of binary
mixture components comes the following form

p=Ap>+Bp®+Cp?, (15)
3 4 2 2 .
A=>T>aw, B=YT'>bw!
i1 j=0 i=0  j=0
2 4
CoFT e (16)
i=0  j=0

where p is the pressure (MPa), p is the density
(g-cm™3), and w is the mass percent of n-nonyl al-
cohol. Coefficients ajj, bjj, and cij were determined
with least—square method. Using equation (15)
with equation (16) reproduces the experimental

{(1=x)C7H170H+xCoH2:OH} values with
Aplp=20.05 % average percent deviation.
Equation (15) was applied to the

{(1-X)CH3OH+xLiBr} liquid+salt solution in an-
other work of author {Safarov [2]}, in 2003, and
coefficients A, B, and C were dependent on tem-
perature and the mole fraction x of LiBr

2 4 . 1 .
T ax!, B=YT
=1 j=0

i=0

A=

ibijxj,
0

j=

17)

Equation (15) together with equation (17)
reproduces the experimental values of investigated
{(1-X)CH3OH+xLiBr} with Aplp=10.06% aver-
age percent deviation.

By adding the third constant to equation
(13), also using of fitting coefficients A(TXx),
B(T,x), and C(T,x) as dependent on both tempera-
ture and mixture concentration, it becomes possi-
ble to fit the entire temperature, pressure, and con-
centration interval of the investigated mixtures into
an average percent deviation of less than
Aplp=20.03 %. We applied this form of the equa-
tion to the various samples, shown in Table 1. Af-
ter improving the calculation, programming meth-

ods, and analysis of coefficients ajj, bjj, and cij, Sa-
farov et al. [16], in 2012 reduced the average per-
cent deviation of fitted experimental data to less
than Ap/p=20.01%, making it possible to calculate
the thermophysical properties with a high degree
of accuracy. Finally, the coefficients A(T), B(T),
and C(T) of the equation called “Baku-Rostock
equation of state-BRES” to fit pure liquids can be
written in the following form

A(T):Zk:aiT‘, B(r):ibiT‘,

cm=YeT, (18)

where k, m, and n are the degrees of polynomials
and change from the properties of fitted liquid.
Coefficients a;, bi, and ci were determined by
least—square method for every pure substance sep-
arately.

The following form for temperature and
concentration dependence of A(T,x), B(T,x), and
C(T,x) was used to fit the (p,p,T) data of various
mixtures

k | m n
A=>T">ax), B=YT"> b/,
i=1  j=0 i=0  j=0
C:Zr:Ti S c;x . (19)
i=0 j=0

where k, I, m, n, r, and s are the degrees of poly-
nomials and change from the properties of fitted
mixtures. Coefficients &, bi, and ci were deter-
mined by least—square method for every mixture
system separately. The mole fraction x of one
component of mixture in equation (19) can also be
converted to the mass fraction (w), molality
(m/mol-kg™?), absolute salinity (S/g-kg™), and mo-
lecular mass (M/kg-mol™?), depending on the mix-
ture concentration form. Following these im-
provements, the average percent deviation of fit for
experimental (p,p,T) data was reduced by
Aplp=20.005%, which can be seen in Table 1.

Plot of coefficient A=f(T) in egn. (18) from
temperature T/K for the investigated aliphatic al-
cohols are shown in Fig.1, of coefficient A=f(T) in
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egn. (18) from temperature T/K for some investi-
gated ionic liquids - in Fig.2, of coefficient A=f(T)
in egn. (19) from temperature T/K for investigated
1-butanol and Diesel fuel blends at various volume
concentration wv/% of 1-butanol - in Fig.3 and of
deviations of experimental density pexp. Of the in-
vestigated seawater samples Sa=(0+55.529)g’kg*
[together with the experimental density pexp. Values
of Safarov et al. [16], in 2009, [17], in 2012, [18],
in 2013 from the calculated density peq Obtained
from eqgns. (15, 19) vs pressure p at T=(273.15 to
468.15)K - in Fig. 4.
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Plot of coefficient A = f(T) in egn. (18) from tempera-
ture T/K for the investigated aliphatic alcohols.
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from the calculated density peq Obtained from egns.
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Table 1
Application of the egns. (15, 18, 19) for various liquids and its mixtures.
Investigated State parameter intervals
substa%ces T/K | p/MPa concentration APD.% | Publ. year
Aliphatic alcohoals, its water and alcohol mixtures, toluene
CHsOH 253.15t0468.65 | 0.101 to 200 - +0.005
C2HsOH 253.15t0468.70 | 0.101 to 200 - +0.016 2015
CsH;OH 253.15t0468.47 | 0.101 to 200 - 10.014 2016
C4HsOH 253.15t0468.67 | 0.101 to 200 - +0.009 2015
CH30OH + H,0 298.15 t0 523.15 psto 60 x=(0.1t00.9) mole fr. +0.050 2005
CoHs0OH + H,0 298.1510 473.15 psto 60 X =(0.110 0.9) mole fr. +0.050 2005
CH30H + C;HsOH 298.1510 423.15 psto 40 Xx=(0to 1) mole fr. +0.018 2008
CH3OH + C3H,OH X =(0to 1) mole fr. +0.013 2008
CoHsOH + C3H,0H Xx=(0to 1) mole fr. +0.035 2008
CiHs 253.1510468.06 | 0.101 to 200 - +0.008 2010
Aqueous electrolyte solutions
LiBr + H,O 298.15 t0 398.15 pst059.74 | m=(0.23500 to 2.03202) mol-kg* +0.010 2005
LiCl + H,0 298.15 t0 398.15 psto 60 X = (0.04499 to 0.25757) mole fr. +0.020
Lil + H.O 298.15 t0 398.15 psto 60 m = (0.11053 to 4.88147) mol-kg* +0.008 2006
LiNOz+ H,0 298.15 t0 398.15 psto 60 m = (0.29600 to 7.80991) mol-kg* +0.010 2005
Ca(NO3), + H,0 298.1510 398.15 psto 60 m = (0.18848 to 3.28155) mol-kg* +0.023 2005
CaCl, + H,O 298.1510 398.15 psto 60 m = (0.18388 to 6.00687) mol-kg* +0.021 2005
ZnBl, + H,O 293.1510 393.15 psto 60 m = (0.06220 to 4.18418) mol-kg™* +0.006 2006
ZnCl, + H,0O 298.15 t0 398.15 psto 60 m = (0.07627 to 7.71336) mol-kg* +0.008 2006
Ca(CHsCO0)+H,0 273.15t0353.15 | 0.101t0100 |m=(0.04918 to 1.81668) mol-kg* 10.014 2018
Methanol or ethanol electrolyte solutions
Lil + CH;OH 298.15t0 398.15 0.101to 40 |m =(0.08090 to 1.65415) mol-kg* +0.020 2007
LiNO;3;+ CH;0OH 298.1510 398.15 0.101t040 |m=(0.15512 to 3.61398) mol-kg™ +0.011 2006
CaCl, + CH;0H 298.1510 398.15 0.101t040 |m=(0.10819 to 2.39344) mol-kg™ +0.012 2006
ZnBl, + CH;0H 293.1510 393.15 0.101to40 |m=(0.05772 to 1.95061) mol-kg* 10.012 2005
ZnCl, + CH;0OH 298.15t0 398.15 0.101to40 |m =(0.13476 to 5.36750) mol-kg* +0.006 2006
LiBr + C,HsOH 298.15 10 398.15 0.101to 40 |m=(0.23351 to 3.36783) mol-kg* +0.023 2010
LiCl + C;HsOH 298.15 10 398.15 0.101to 40 |m =(0.10487 to 2.87989) mol-kg* +0.030 2008
LiNO3+ C,HsOH 298.15 10 398.15 0.101t040 |m=(0.12071to 3.27773) mol-kg* +0.011 2009
CaCl, + C;Hs0OH 298.15 10 398.15 0.101t040 |m =(0.09327 to 1.55045) mol-kg* +0.050 2009
ZnBl, + C;Hs0OH 293.1510 393.15 0.101to 40 |m=(0.05681 to 1.88723) mol-kg* 10.015 2009
ZnCl, + C;HsOH 298.15t0 398.15 0.101to40 |m=(0.18061 to 3.99245) mol-kg* 10.011 2009
Geothermal Waters (more than 100 sample)
Azerbaijan 274.15t0373.15 | 0.101to 100 - 10.015 | from 2007
Germany 274151037315 | 0.101to 100 - +0.014 | from 2007
Russia 274.15t0373.15 | 0.101to 100 - +0.015 | from 2009
Turkey 274151037315 | 0.101to 100 - +0.013 | from 2010
Seawater samples (more than 100 sample)

e _ o 2009, 2012,
Artificial Seawater 273.15t0468.15 | 0.101t0 140 |S=(0t055.529) g-kg +0.006 2013
Atlantic Ocean 273.1510373.15 | 0.101t0100 |S=(01035.794) g-kg* +0.006 2014
Baltic Sea 273.1510373.15 | 0.101t0100 |S=(01016.9152)g-kg™? +0.005 2014
Black Sea 273.1510413.15 | 0.101t0100 |S=(01013.945)g-kg™ +0.006 2017
Bosphorus 273.1510413.15 | 0.101t0100 |S=(01t019.572)g-kg™* +0.005 2018
Caspian Sea 273.1510353.15 | 0.101t0100 |S=(3.31111013.9416)g-kg™? +0.010
Mediterranean Sea 273151041315 | 0.101t0100 |S=(01039.522)g-kg* +0.018
Read Sea 273.1510413.15 | 0.101t0100 |S=(01040.942)g-kg* +0.008
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Table continuation

Fuels and blends

Diesel fuel B0 2015 253.1510468.48 | 0.101to 200 - +0.005 2018
Diesel fuel B0 2016 253.1510468.40 | 0.101to 200 - +0.004 2018
Diesel fuel + C;HsOH | 253.15t0468.71 | 0.101t0200 |w = (0 to 100) volume percent +0.022
Diesel fuel + CsH,OH | 253.15t0468.48 | 0.101t0200 |w = (0 to 100) volume percent +0.030
Diesel fuel + C4H,OH | 253.15t0468.67 | 0.101t0200 |wy = (0 to 100) volume percent +0.021
Gasoline 253.15t0468.25 | 0.101t0200 |- +0.005
Gasoline + ethanol 253.151t0468.15 | 0.101t0 200 |w, = (0 to 100) volume percent +0.018
Ravenol 263.15t0453.15 | 0.101to 200 - +0.008
SRS CF 253.15t0468.15 | 0.101to 200 - +0.008
lonic liquids and its organic mixtures
[EMIM][AC] 273.1510413.15 0.101 to 140 - +0.005
[EMIM][BF4] 273.1510413.15 0.101 to 140 - +0.009
[EMIM][DCA] 273.1510413.15 0.101 to 140 - +0.006 2021
[EMIM][EtSO4] 283.1510413.15 0.101 to 140 - +0.011 2012
[EMIM][MeSOs]+(M) |263.12 to 413.19 0.101 t0 60.740 +0.068
[EMIM][NTf] 283.151t0 373.15 0.101 to 100 - +0.022
[EMIM][NTf;] 2 273.1310413.16 0.101 to 139.998 +0.009
[EMIM][TCB] 273.1510413.15 0.101 to 140 - +0.007
[EMIM][TFQO] 273.1510413.15 0.101 to 140 - +0.017
[BMIM][AC] 283.1510413.15 0.101 to 100 - +0.007 2014
[BMIM][BF4] 273.1510413.15 0.101 to 140 - +0.007
[BMIM][BF4] 2™ 273.1110413.18 0.101 to 139.987 +0.007
[BMIM][BF4]+(M) 298.15 10 398.28 0.21t040.12 x=(0to 1) mole fr. +0.013 2008
[BMIM][DCA] 283.1510 373.15 0.101 to 100 - +0.011
[BMIM][FAP] 273.1510413.15 0.101 to 140 - +0.006 2017
[BMIM][FeCl4] 273.1510413.15 0.101 to 140 - +0.008 2021
[BMIM][NTf;] 273.1510413.15 0.101 to 140 - +0.022
[BMIM][OctSO4]+(M) | 298.15 to 398.28 0.11 t0 40.08 x=(0to 1) mole fr. +0.014 2008
[BMIM][PFe] 273.1510413.15 0.101 to 140 - +0.006 2020
[BMIM][PFe]+(M) 298.15 10 398.15 0.73 to 40.07 x=(0to 1) mole fr. +0.011
[BMIM][PFg]+(M)2™ | 273.1310413.17 0.101 to 140 x=(0to 1) mole fr. +0.006
[BMIM][TFO] 283.1510413.15 0.101 to 140 - +0.016 2019
[BsMPyr][BF4] 283.1510 373.15 0.101 to 100 - +0.008 2011
[B4aMPyr][BF4] 283.1510 373.15 0.101 to 100 - +0.010 2012
[BsaMPy][BF4] 283.1510 393.15 0.101 to 100 - +0.004
[HMIM][BF4] 283.151t0 373.15 0.101 to 100 - +0.008 2010
[HMIM][BF,4] 2™ 283.1110413.17 0.101 to 139.999 +0.012
[HMIM][NT#] 273.1510413.15 0.101 to 140 - +0.022
[HMIM][PFe] 283.1510 393.15 0.101 to 100 - +0.007
[HMIM][TFO] 293.151t0413.15 0.101 to 140 - +0.017
[NMIM][AC] 273.1510413.15 0.101 to 140 - +0.012
[OMIM][BF4] 283.1510 393.15 0.101 to 140 - +0.011 2018
[OMIM][PF¢] 293.151t0413.15 0.101 to 140 - +0.005 2020
[OMIM][NT#] 278.151t0 413.15 0.101 to 140 - +0.022
[OMIM][TFQO] 283.1510413.15 0.101 to 140 - +0.017

+(M), binary solution with methanol.

CONCLUSION fraction (w), molality (m/mol-kg™), absolute Sali-
nity (S/g-kg™), and molecular mass (M/kg-mol™],
depending on the mixture concentration). The phy-
sical fundamental findings of this EoS and wide

literature analysis were carried out.

The equation of state was developed for lig-
uid mixtures at high pressures, wide range of tem-
perature and concentration [mole fraction x, mass
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MAYELSR VO ONLARIN QARISIQLARI UCUN YUKSOK TOZYIQLORDO, TEMPERATURUN
VO KONSENTRASIYANIN GENIS INTERVALINDA HAL TONLIiY1

C.S9FOROV

Mayelar v onlarin garisiglari tigiin yiiksok tozyiglards, temperaturun ve konsentrasiyanin genis intervalinda modifika-
siya olunmus hal tonliyi islonib hazirlanmigdir. Hal tonliyinin hazirlanmasi zamani asas olaraq molekullarm harakstina asaslanan
termiki tozyiq (pem. = RT/), italoma qiivvalarin yaratdigi va asason molekullarin togqusmast naticasinds yaranan italoma tozyiqi
(prep.), molekullararasi cazibs naticasinds yaranan caziba tozyiqi (paw,) Vo Xarici tozyiq (p) gotiirtilmiisdiir.
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J.SAFAROV

YPABHEHUE COCTOSIHUSA 11 )KUJIKOCTEW 1 X CMECEM TP BbICOKHUX JABJIEHUSIX,
HINPOKOM JUAITABOHE TEMITEPATYP 1 KOHIIEHTPAIIUU

Jlx.CA®APOB

Pa3paboTano MOIU(PUIMPOBAHHOE IMITMPUUECKOE YPABHEHHUE COCTOSIHUS JIIS OMMCAHMS SKCIIEPUMEHTABHBIX (P, p, T)
JTAHHBIX JKUJKOCTEH U UX CMECEH TIPH BBICOKHX JABJICHHSX, IMUPOKOM JTUANIa30HE TEMIIEpaTyp M KOHIICHTPAIHIA. 32 OCHOBY IIPH
COCTABJIEHUM YPABHEHHS COCTOSIHHS ObLIU B3AThI TEPMUYECKOE AaBiieHUe (Perm=RT/V), 06yCIIOBIEHHOE IBIKEHHEM MOJIEKYIL,
OTTAIKMBAIOIIICE [aBIICHHE (Drep), OOYCIOBICHHOE OTTAIKHMBAIOIINMHA CIJIAMH M BO3HHKAIOIIEE, B OCHOBHOM, TIPH CITHITAHHH
MOJICKYJT; TIPUTSTHBAIOIIEE JaBIICHIE (D), 00YCIIOBICHHOE BHY TPUMOJIEKY/ISIPHBIM [IPUTSDKECHIEM; M BHETITHEE aBJeHuE ().
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PE®EPAT

HabmoiaeMoe MOHOTOHHOE Ta/ICHAE TOKA B HOHHOM MaTepH-
ane (ueonmT) OOBICHACTCS 00pa30BaHUEM AWIICKTPUYCCKOTO
3a30pa BONM3u 3nekrpona. [lomyueHa dopmyrna 3aBrHCHMOCTH
TMOJIHOTO TOKa OT BPEMEHH B TIPOLIeCCce 00pa30BaHKUsI PHAIIEK-
TPOJHOTO 3a30pa BO BHEIIHEM 3JICKTPUYECKOM IIOJIC, aHO-
MaJIbHO BBICOKOE 3HAYEHHWE H3MEPEHHON IUAJIEKTPUYECKON
MPOHHMIIAEMOCTH TaKXKe OOBICHACTCS TAKUM 3a30poM. [loka-
3aHO, YTO AWAICKTPUYECKHUI 3a30p MOXKET OOpa3OBBIBATHCS
KaK CJICACTBHC HAPYIICHHUs SJICKTPOHCHTpaIbHOCTH 00pa3iia
Jiaxke 0e3 MPIJIOKEHHOTO BHEIIHETO 3JICKTPUYCCKOro Harpsi-
SKEHMS.

BBEJIEHUE

[Iprmenenne TBEPABIX MaTepUaOB C HOH-
HOI MPOBOIMMOCTBIO CTUMYJIMPOBAJIO H3yUEHHUE
UX DJIEKTPUYECKUX CBOUCTB. LleommT 310 OtMH 13
TaKMX, [MIMPOKO MCHOJIb3YEMBIX, HOHHBIX MaTepH-
anos. Harmpumep, B pabote [1] ycraHoBieHo, 4To B
KOHTAKT€ LIEOJIMTA ¢ METAUTMYECKUM 3JIEKTPOIOM
MepeHoC MaTepraa JIeKTPOIa Ha IIEOUT ITPOUC-
XOJIUT B CIA0bIX 3JIEKTPUYECKUX MoisiX. B pabote
[2] momydeHbl MpsiMble AKCIIEPUMEHTANILHBIE J0-
Ka3areabCTBAa Ta30BOTO paspsia B HAHOMOPAxX
TIPUPOTHOTO IIEOJIUTA B MTOCTOSIHHOM JJIEKTpUYe-
ckom mosie. B pabore [3] Habmonanacy cTaOumm-
3aiUsi TOKa B IeonmTe Tipu jgobamiennn 10%
KpeMHHEBOro mopomka. [IpoaHanusupoBaH Me-
XaHU3M Mpo00si BBICOKOOMHOTO MaTepuaia ¢
HMOHHOM TpoBOIMMOCTRIO B [4]. B pabote [5]
YCTaHOBIICHO, YTO yMEHBIIICHHE TUIOTHOCTH pac-
TMIOJIOKEHHST KPUCTAUIUTOB LIEOJIUTA TPUBOAUT K
YBEJMYCHUIO BIMSIHUS BIIATH HA JIDJIEKTPUYECKUE
criekTpel. B pabote [6] HabMI01a710CH MOHOTOH-
HOE YMEHBILIEHHE TOKa CO BPEMEHEM KaK Ha YHCTO
LICOJIUTOBOM TOPOIIIKE, TAK U HA CMECH I[EOJIUTO-
BOIO MOpPOLIKA C METAUIMYECKUMHU YaCTULIAMU

(Puc.1). Takoe ke yMeHbIIEHHE TOKAa CO BpeMe-
HEM (B TIOCTOSIHHOM DBJIEKTPHYECKOM  IIOJIE)
HaOJIIoAan0ch B JPyroM Marepuaiie ¢ HOHHOM
MPOBOJIMMOCTBIO [7]. ABTOpBI 3TOI paboThl 00b-
SICHSIFOT T1a/ICHHUE TIOJTHOTO TOKA TOKOM T dy3u,
BO3HUKAIOLLM
VOHOB BOJIM3M OJTHOTO M3 3JIEKTPOAOB, HAIpaB-
JIEHHBIM TPOTUBOIMOJIOKHO Jpeii(poBOMy TOKY BO
BHEIIIHEM I10JI€.

n3-3a HAKOIUICHHA IIOABHXXHBIX

30 4 3 - NOPOLWIOK
6 - nnactuma
6
".'< 20 oo . . . . . . . - . . .
Q
-l
= -
w0 "
b
- ° o a
" " = s . L] .
50 150 . 250 350
t, min
Puc.1

3aBUCUMOCTB TOKa OT BPEMEHHU: a - YUCTHII
LICOJIUTOBBIN MOPOIIIOK; O - IICOJIUTOBBIH ITOPOIIOK
¢ 00aBJICHUEM METAITMYCCKIX YacTuIl [6].
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B pabore [8] ycTaHOBIIEHO, UTO TIPH HU3KHIX
YacToTax UAJICKTPUYCECKasl TIPOHUIIAEMOCTh aHO-
MasbHO Benmka Puc.2. B a10ii ke pabote 310 5B-
JICHHUE OOBSICHSACTCS HATMYHMEM JTUAIICKTPHYECKOTO
3a30pa Ha Tpanuie oopasua. [lostomy aktyasieH
BOIPOC O MEXaHU3ME 00OPa30BaHUS JAUIICKTPUUC-
CKOT'0 3a30pa Ha TPaHUIIC HOHHOTO MaTepuaa.

E

700
500
300
100

25 45 65
lg w
Puc. 2

YacToTHas 3aBUCUMOCTb IJIEKTPIYIECKOH IIPOHUIIae-

MOCTH MIPUPOIHOTO 1ieosuTa (1), MOANHUIIMPOBAHHOTO

r“oHaMu cepebpa (2) 1 YaCTUYHO HEUTPATM30BaHHBIMU
roHam¥ (3).

B paGote [9] Obi1 OOHapykeH IJIUTEIHEHO
CMA/IAIONIMIT TOK B TIOCTOSIHHOM 3JIEKTPUYECKOM
riosie. OCHOBBI TOKOTIEPEHOCA B HOHHBIX MaTepra-
nax m3noxeHsl B [10]. B pabote [11] Opu10 00Ha-
PY)KEHO aHOMAaIBPHO BBICOKOE 3HAYECHHE JIMDJICK-
TPUYECKOM TPOHHIIAEMOCTH TPH HH3KHX YacTo-
Tax.

OBPA3OBAHUE JUDJIEKTPUYECKOI'O
3A30PA BO BHEHIHEM
IJIEKTPHYECKOM ITOJIE

JUte  WM3ydeHMs] DIJIEKTPUYECKUX CBOMCTB
LIEOJIUTA U3MEPSIICS TOK IIPU MOCTOSTHHOM Harpsi-
KEeHUH. BbUJIO yCTaHOBJIEHO, YTO B IIEOJIUTOBOM
MIOPOILIKE U LEOJIMTOBOM IUIACTMHE TOK MEIJIEHHO
criagaet (B Maciirade 4yacoB).

Hpyroil Metoa H3y4deHHs SIEKTPUUYECKHX
CBOICTB I1IEOJIMTA COCTOSUI B M3MEPEHHH COIPO-
TUBJICHHSI M EMKOCTH 00pasiia B C1aboM dJIEKTpH-

YEeCKOM I0Jie (IuaneKTpuueckue cnekrpol). He-
OOBIYHBIM OBUIO AHOMAJIBHO BBICOKOE 3HAueHHE
JMJIEKTPUUYECKOM TPOHUIIAEMOCTH, OIIpEAEIsie-
MO 13 U3MEPEHHOM EMKOCTH, NIPU HU3KUX YacTo-
tax (Puc 2).

OCOOEHHOCTH 3JIEKTPUYECKUX CBOMCTB Ma-
TEpUAJIOB C MOHHOM IPOBOIMMOCTBIO OIpENEIs-
IOTCS TEM, UTO BOJIM3U OJTHOTO AJIEKTPO/Ia BO3HHUKA-
eT M30bITOK MOHOB, a BOJIM3U JIPYrOro X HEZAOCTa-
TOK. K 3TMM OCOOEHHOCTSIM OTHOCSITCSI HECTALUO-
HApHOCTh TOKA B ITOCTOSIHHOM 3JIEKTPHUYECKOM IIO-
Jie 1 QaHOMAIBHO BBICOKAsl TMAJIEKTpUYECKas Ipo-
HHMLIAEMOCTh, U3MEpsieMasi Ha HU3KUX 4acTOTaX.

HecrarmonapHOCTb TOKa MOXKHO OOBSICHUTD
TEM, YTO 3TO MEPEXOTHON TOK Iporecca 00pazo-
BaHUs M30JIMPYIOLIETO CJIOSi CO CTOPOHBI OJTHOTO
U3 AMEKTPooB. Tak K€ HM30JMPYIOLMM CIOEM
MO>KHO OOBSICHUTh QHOMAJIBHO BBICOKOE 3HaU€eHHE
JJIEKTpUYeCcKOl npoHuriaeMocty. [lpu HHU3KHX
4acToTax OOMNbBILIYI0 YaCTh MEpUOjA JIEKTpUye-
CKO€ I10J1€ HaXOJUTCSI B U30JIMPYIOIIEM CIIOE, EM-
KOCTb KOTOpOro OOpaTHO MpPONOPLUOHATBHA
TOJILMHE U30JIMPYIOLIETO CII0sl, TO €CTh aHOMAJIb-
HO BesuKa. PaccMmarpuBaeTcst mporece oOpaszoBa-
HUSI 3alIOPHOTO KOHTAaKa B MOHHOM Marepuaie (Ha
MpUMepe 11e0JINTa) U moydeHa (opmyna s 3a-
BHCHMOCTH TIOJTHOTO TOKA B IIENIM OT BpeMeHU. B
polecce TOKOMEPEHOCA IMOJI0KUTEIbHBIE HOHBI,
NPUXOJAIIME HAa KaToj, KOMIIEHCHUPYIOTCS WM
HEUTpaM3yIOTCs AJIEKTPOHAMU W3 KaToza, a Co
CTOPOHBI aHOJa 00pa3yeTcsl 3alOpHbIA KOHTaKT
(3apspKEeHHBIH col 6e3 OABMKHBIX HOCUTENEH ).

PaccmarpuBaetcst oOpaszelr; ¢ HOHHOW TMpo-
BOJIMMOCTBIO, K KOTOPOMY HPHJIOKEHO HarpsiKe-
e Up. Ha neBoM Toplie a5eKTprudeckuil moTeH-
IMal paBeH Hymo, a Ha mpaBoM paseH - Up. Tok
MOJIOXKUTETPHBIX HOHOB HANpaBlIeH B IPaBYIO
CTOPOHY, TO €CTb BJOJIb AJIEKTPHUUYECKOTO TIOJISL.
Tak kak ¢ y3us TOIBIKHBIX HOHOB HE YUHUTHI-
BAaETCsl, TO TPAHMIIA MEXITY 0Opa3yIOIIMMCS CII0EM
TIOJIOKUTENIBHOTO  3apsijia, JIOKaJM30BaHHOTO Ha
CTEHKax I0p 1I€0JINTA, ¥ MPOBOSIIENH 00JIaCThIO -
3TO IUIOCKOCTh MapajulesibHAsl AJIEKTpoJaM. JTa
rpanuna OyJeT IBUraTthCs B CTOPOHY Karoja 0
TeX I0p, IIOKA BCE HANPSHKCHUE HE NEPEerIer Ha
00J1aCTh MPOCTPAHCTBEHHOTO 3apsi/a.

Jmna obpasna - L; TommmHa crmost Hero-
JIBIYKHOTO OTpHIaTesHoro 3apsiaa - d(t); mior-
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HOCTb HEMOJBWKHOTO OTPULIATENIBLHOTO 3apsija - O
(0<0).

Tak Kak IJIOTHOCTB 3apsiia MOCTOSHHA, TO
NOTEHIMAT ¢ Kak (PyHKIMsA KOOpIMHAThI (OCh X
HaIpaBJIeHa K KaTo/y ) UMEET BUJ

o(x) = 1)

COOTBETCTBEHHO, HAINPSHKEHHOCTh  JJICK-
TPUYECKOTO IOJISl B 00JIACTH MPOCTPAHCTBEHHOTO
3apsiia UIMEeT BUJT

—‘J—‘:+c(r). )

Tak kak 00acTh MPOBOMMOCTH, JUTMHA KO-
topoii (L- d(t)) HeliTpanbHa, TO 3JIEKTPHYECCKOES
T0JI€ B HEM TO K€, YTO Ha JBHKYIIECHCS IPaHMUIIE,
T0 ecth (2) mpu X = d(t)

pd(t)

E(t) = +C(1). )

(3) Tarke SBISIETCS OJHOPOIHBIM AJICKTPH-
YeCKUM TI0JIeM B 00JIaCTH, TJIe €CTh TPOBOJIH-
MOCTb. JTO CBSI3aHO C TeM, 4YTO 3Ta 00NacTh
HEUTpaabHa. PaccMOTpUM yCIIOBHE HENPEPBIBHO-
CTH 3apsijia Ha JBWKYyIIelcs rpanuie. J{o mpuio-
MKEHUsI AJIEKTPUYECKOro Mojs Bech oOpazer] Obul
HEUTPATBHBIM, TI03TOMY CKOPOCTh YBEITHUYCHHS
HETOIBI)KHOTO  oTpHiiaresibioro 3apsga pd(t)-S
PaBHSIETCS. CKOPOCTH YMEHBIICHUS TOJIOKUTEIb-
Horo 3apsiza -j S (j=oE, S miomasae rpaHulisl; o -
yaenbHas MPOBOAMMOCTE). Takum o0pazom, mo-
JTy4aeM ypaBHEHHE (IITpUX o3HadaeT auddepeH-
LIUPOBaHHUE)

—pd(t)' = j = oE(t). (4)

JInst momydeHus: 3aMKHYTOro TugQepeHim-
aimpHOro ypaBHeHus st d(t) mpupaBHsieM /1Ba BbI-
paKeHHsT IUISl IEKTPUIECKOTO TIONSI B TIPOBOJIS-
1ieit obiactu

—u, +‘;'u L eeddle)

pd ()

—4+C(t)=— (5)

L- mr)

JleBas cropona (5) - ato opmyna s
ANIEKTpUYECKOro Toist (3); uMCIUTeNh TpaBod
CTOPOHBI 9TO PA3HOCTh MOTECHLHAIOB HA IPOBO-
JsIieit 001acTy, 3HaMeHATeNb - IIMPHHA 3TOH 00-
nactu. U3 (5) nomydaem

N3 (3) u (6) C yu€rom Toro, uro p = —|p| ,

(%)

3HAQ4YE€HUE LIMPHUHBI 3a30pa IpU

pdlr} pd'r}

+c[r)- (U + (6)

@)

E(t)=4

~
[Z2UgEg

.
\
OOMBIINX BPEMCHAX.

[Moacraemsis (4) B (7), momydaem mudde-
peHImanbHoe ypapHenue 11s d(t)
Llpldg,

(o-(2).

Perrenne storo muddepeHnpanisHoro ypas-
HeHus ¢ HadanbHbIM yetoBueM d(0)=0 umeer Bu

=]

[l

diedr 2

)

oy T

30€Ch T =

©)

Ybenumcs B TOM, YTO TOJHBIA TOK B HpO-
BOJIAIIEH M HEMTPOBOJIALIEH YacTsAX CUCTEMBI O/IU-
HaKoB. B 3amopHOM 3a30pe NOTEeHIMal ONHCHIBa-
ercs (1). JInst snekTpruyeckoro mosst HoJIydum

E(x) = —p(x) =E+C[t]. 10)

[T10THOCTH TOKa OIpEAENSETCs] TOIBKO TO-
koM cmerierust. U3 (10) cienyer, uto
— !

J = g,C(t)". (11)

B mpoBopsiieli 0o0acTH  3IEKTpUIECKOe

nosie onpenaensercs u3 (3). Beruncanm ¢ yuérom
(4) TOK cMerIeHus B 3TOM 00JIacTh

&oE' = —j + 5C(®), 12)
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npubasisis K Toky cmenienus (11) miotHocTs TO-
Ka MPOBOIMMOCTH, IOJy4YaeM, YTO IOJHBIA TOK
TO-TIPEXKHEMY paBeH £,C(t) ",

Tak MbI yOeIITHCh, B TOM, YTO TTOJTHBIA TOK
B 00pasLie OJIMHAKOB 110 BCE JUTMHE U PaBEeH
g,C(t)"

Jlis onpezneneHust 3aBUCUMOCTU TIOJHOTO
TOKa OT BPEMEHH B Tporiecce (popmupoBaHus 3a-
IIOPHOTO KOHTAKTa BBIYMCIMM IPOU3BOJHYIO OT
neBoi u npaBoi vactelt (6). Torna ¢ yuérom (9),

TNoJIyYuM

J(O) =2 (13)

W3 (13) cnenyer, uto nipu t ~ 7 3TO MpaKTH-
YEeCKH TOCTOSIHHBIA TOK B HICATHHOM OOpasIie.
Ilpu t ~ 7 TOK PKCHOHEHIMATLHO YOBIBACT KaK

-

2F
EXP (— —). OTU BBIBOABI CIIEIYIOT U3 MEPBOTO
T

comuoxutens (13). Bropoit coMmHOXHTENb 32 BCE
BpeMsl peJlaKCalliil M3MEHSETCS OT €IUHUIIBI J0

d
(1—T°°), TO €CTh HE3HAYUTEIILHO B aKTyalTbHBIX

ciy4vasix (d ~ L). VI3 npuBenéHHbIX BbIie GOpMyT
s 1, d., (7), (8) momyunm

(14)

N3 (14) cnemyer, uto BpeMsi perakcalyu
00paTHO NPONOPIMOHATIBHO YAEIBHOW MPOBOIH-
MOCTH M KBaJpaTHOMY KOPHIO U3 MPUJI0KEHHOTO
Hanpspkenust. (13) omuceiBaeT mporecc oOHYyIe-
HUSI TOKa C OJJHOBPEMEHHbIM 00Opa3oBaHUEM 3a-
MIOPHOIO KOHTAKTA, HA KOTOPBIA MEPEXOAUT BCE
MIPAIOKEHHOE HampsbKeHue. Takol THIT 3a30pa
peanu3yercs JMIIb B IPUCYTCTBUM BHELIHETO
ANEKTPUYECKOTO HAMPSKEHUSL.

JINDJIEKTPUYECKHAIM 3A30P KAK
CJEACTBUE HAPYIIEHUSA
IJIEKTPOHEUTPAJIBHOCTHU OBPA3LA

N3mepenne IUPIEKTPUYECKUX — CIEKTPOB
JIEMOHCTPUPYET aHOMAJILHO BBICOKOE 3HAUCHHE
JRJIEKTPUYECKOM MPOHUIIAEMOCTH TIPH HU3KUX
yacToTax. Takoe TMOBEICHUE UAICKTPHUECKON
HpOHI/IL[aeMOCTI/I MOXHO O6L§ICHI/ITI> JIMIIIb TOHKUM
JVRIIEKTPUYECKAM 3a30pOM Ha TPAHHUIIE C OJHUM
U3 DIIEKTPOJIOB. be3 BHEIIHEro 3JIEKTPUYECKOro

TOJIS AMDIIEKTPUYECKHUH 3a30p (B MOHHOM MaTepH-
aje) MO)KeT o0pa3oBaThbCsl BCIIEJICTBHE Hapyllle-
HUs 3JIEKTPOHEHTPAIBHOCTH 00pa3lia B IIEJIOM.
JlelicTBUTENBHO, €CITN MOJIOKUTEBHBIN 3apsi 10-
JIBHKHBIX MOHOB MEHBIIIE OTPULIATEILHOIO 3apsa
Ha CTEHKax IOp LIEOJINTa, TO 00pa3el OKa3bIBaeT-
csl 3apshKEHHbIM OTpuLarenbHo. Kak Ha Beskoe
3apsDKEHHOE TEJIO0 Ha HEro OCEHarT U3 BO3IyXa
VOHBI IIPOTHBOIIOJI0KHOI'O 3HaKa, BOCCTAHABIINBAS
AIEKTPOHEUTpaIBbHOCTh 0Opasua. B Hamem ciy-
Yae MOJI0KUTENIbHBIE MOHBI U3 BO3IyXa KOMIICH-
CUPYIOT OTpULATEbHBIM 3apsn wneomura. Jlis
OIPEAENEHHOCTH OyzieM 00CYKAaTh aKTyaabHbIN
CllyYail IJIoCKoNapauieNbHON IUIacTUHBL. PaBHO-
BECHOE pacCIIpeieieHUE 3aps/ioB B CUCTEME C I10-
JIBHKHBIMUA HOCUTEIISIMU BO3MOXKHO TOJIBKO, €CIIH
B IPOBOJALIMX OOJACTAX 3JIEKTPUUECKOE IO
paBHO Hymo. Takoe ycioBue OyJeT BBIIOIHEHO,
€CJIM Y OIHOW M3 CTOPOH IUIaCTUHBI, HA KOTOPYIO
oceJl KOMITEHCUPYIOIMHA TOJ0KUTENbHBIN 3apsiy,
o0pasyercs II0CKOoapauIeNIbHbIN CJI0H, U3 KOTO-
POrO MOJIBHKHBIE MTOJIOKUTEIbHBIE HOHBI ITepeMe-
CTWJIHCh B TIPOBOMAIIYI0 00JacTh Tak, YTOOBI
IUIOTHOCTh 3apsDKEHHBIX HMOHOB B 3TOH 00jacTv
paBHSUIaCh IUIOTHOCTH OTPULATENIBHBIX HEMO-
JIBIDKHBIX 3apsi/IOB TaK, YTOObI MX KOHIIEHTPALMS
paBHa KOHLEHTpAlMM HEMOJBIKHOIO OTpHLA-
TEJILHOTO 3apsizia. TakuM 0Opa3oM B TPOBOJISIICH
00J1acTH 3JIEeKTpHYEcKoe Mose OyIeT paBHO HYJIO,
a Ha OJJHOW M3 CTOPOH IUIACTUHBI 00pasyercs Ju-
IIEKTPUYECKUN 3a30p. YKa3aHHas BBILIE KOMIICH-
cauysi 3aKJIF0YaeTCsl B TOM, YTO 10 MOJYJIIO TI0JIO-
JKUTEJIbHBIA 3apsil Ha TIOBEPXHOCTU PAaBEH OTpPU-
LATeIbHOMY 3apsily HPUIIOBEPXHOCTHOTO CJOSI.
(10) - oT0 DMEKTpHUECKOE TIONIE BHYTPHU 3apsiKeH-
Horo cjosi. Ha rpanuiie miacTuHsl 31eKTpudecKas
MHIYKIUST JIOJDKHA PaBHATHCS IOBEPXHOCTHOM
TUIOTHOCTH 3apsiza (os MOBEPXHOCTHAS TUIOTHOCTh
3apsiia)
E(0) = a.. (15)
Ha rpanuiie 3a3opa 1 npoBotieii oonactu
AJIEKTPUYECKOE TI0JIE TOJDKHO PABHATHCS HYITHO (d-
IIMPHHA 3330pa)

E(d)=0. (16)

C yuérom (10), (1), (16), nomyuum
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MEXAHI3MBI ObPASOBAHU S JIUDJIEKTPMYECKOI'O 3A30PA 1 EI'O BJIMSIHUE HA OJIEKTPUYECKUEE.........

pd = a.. @an

DTO U eCTh KOJMYECTBEHHOE BBIPAKCHHE
HEUTpAIM3aLuK: IOJIOKUTEIIBHBIA 3apsi] Ha II0-
BEPXHOCTH (T10 MOJIYJII0) PaBEeH OTPHILIATEIILBHOMY
3apsily B IPUIIOBEPXHOCTHOM CJIO€, & B TIPOBOJIS-
el oosacTu mosie paBHo HyJr0 (Puc.3).
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B.M.OPBYX, H.H.JIEBEJIEBA, I'M.9IIBA30BA

ION MATERIALLARDA DIiLEKTRIK BQSLU(;UN YARANMA MEXANiZMLaRi VO ONUN ELEKTRIiK
OLCMOLORINO TOSIiRi

V..LORBUX, N.N.LEBEDEVA, Q. M.EYVAZOVA

fon materiallarda (zeolit) corayanin monoton azalmasi miisahido edilmisdir. Bu elektrodun yaninda dielektrik boslugunun
meydana galmasi ilo izah olunur. Xarici elektrik sahasinds elektrod boslugu yarandiqda imumi coroyanin zamandan asililigt
figiin diistur almmsdir. Olgiilmiis dielektrik niifuzlugunun geyri-adi yiiksok giymotlori bu boslugla izah olunur. Géstorilir ki,
xarici elektrik gorginliyi olmadan da, dielektrik boslugu tatbiq olunan niimunanin elektrik neytralliginin pozulmasi naticasinds
yarana bilor.

THE MECHANISMS OF DIELECTRIC GAP FORMATION AND ITS INFLUENCE ON ELECTRICAL
MEASUREMENTS IN IONIC MATERIALS

V..ORBUKH, N.N.LEBEDEVA, G.M.EYVAZOVA

A monotonic drop in a current observed in the ionic material (zeolite) has been explained by the formation of a dielectric
gap near the electrode. The formula for the dependence of the total current on time during the formation of the near-electrode gap
in an external electric field has been obtained. The abnormally high value of the measured dielectric constant has been also
explained by such a gap. It has been shown that the dielectric gap could be formed as a result of the violation of the electrical
neutrality of the sample, even without an applied external electric voltage.
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REFERAT

Uzvi kation vo izvi vo geyri- lizvi poliatomik ionlardan ibarot
olan ionlu mayelorin timumi xarakteristikalar tasvir edilmisdir.
Sinfinin tipik nimayandosi olan triflat anionlu ionlu mayelorin
sintezi, totbiq saholori, sintez prosesinds istifads olunan ilkin
materiallar vo onlarin prosess tosiri, alinan mohsullar, onlarin
tomizliyi proseslori, [EMIM][TFO] vo [BMIM][TFO], onlarmn

almmasi, sonayedo totbiq formalari geyd edilmisdir.

fonlu mayelor (IM) yeni sinif absorberlardir.
Onlarin alinma vo istifads tarixi XX asrin avval-
lorina aiddir. 1990-c1 illarin avvallarinds Vilkesin
ammonium-xloridi heksaxlorfosfat vo ya tetrafluo-
roboratla avozetmoklo ritubstlonmays garst daha
davamli olan IM-lori togdim etmasi bu sahays olan
marag1 daha da artirdi. IM-lorin kationlar1 kimi
imidazoliumdan baglayaraq piridinium, ammoni-
um, fosfonium, tiazolium, triazolium, anion olarag
isa xlorid, bromid, yodid, heksafluorofosfat, tetra-
fluoroborat, triflat, bis (triflimid)imid vo digor
novlori da daxil olmagla xeyli artmigdir [1].

Oksar IM-lor tizvi kation, lizvi va geyri-lizvi
poliatomik anionlardan ibarstdir [1]. Onlara otaq
temperaturunda maye duzlar kimi baxilir. IM-lor
nazora alinmayacaq daracads zaif buxar tozyiqina,
ylksaok kimyavi va istilik dayamqlihigina malikdir-
lor. Toksiki tobisto malik deyillar, bu baximdan da
ekoloji tomiz maddalar hesab edilirlor. Son bir ne-
¢o il arzinde IM-o maraq koskin artnsdir. Buna
sobab iso onlarin totbig sahalorinin genislonmasi-
dir. IM-lorin rongsiz, soffaf maye olmasina bax-
mayaraq onlarn alinmast iigtin gedon sintez reak-
siyalarinda ilkin olaraq rongli maddolor alinr.
Rongli maddonin alinmasi ionlu mayenin sinte-
zinds kation va anion tipina gors doayisir. Bu rang
isa ilkin maddalarin oksidlogma reaksiyalarinin qa-
liglar1 kimi gobul edilir. Kation vo anionun to-

bistindan asili olaraq bu rong galiginin miqdari da
doyisir. Masalon, piridinium duzlari imidazolium
duzlan ilo muqayisada daha ¢ox rangli tullantilar
yaratmaga meyillidirlor. IM-lorin torkibinds ugucu
hissolor do mdvcuddur vo bunun mixtslif sosobi
var. Belo ki, oksor hallarda sintez zamani ekstrak-
siya morholalarinds istifads olunan halledicilar, al-
killosmo reaksiyalarinda (IM-larin kationunu for-
malagdirmaq ti¢iin) reaksiyaya girmomis baslangic
maddalar vo ya avvallor IM-lorda hall edilmis ucu-
cu Uzvi birlosmalor yaranir. Sintez prosesinds izafi
Vo mohdudlagdirict madds kimi istifads edilon al-
Killosmo maddasi vakuum soraitindo somarali so-
kildo ¢ixarilmast tglin kifayat godor ugucudur.
Basga ilkin maddolorin ¢ixarilmasi isa ¢atindir. 1-
alkil-3-metilimidazolium kationlu IM-lords olan
asas Girkli maddslordon on tipik olam metilimi-
dazoldur. Yiksak gaynama temperaturu (198 °C)
vo IM il gliclii garsiligh tesirinin olmas1 sababin-
don hatta yliksok temperatur vo vakuum soraitindo
belo bu birlosmoni IM-lordon ¢ixarmaq oldugca
gatin olur [2, 3]. Odur ki, uygun alkillogsma sortlo-
rindon istifado etmoklo reaksiyaya girmoyan metil-
imidazolun son mohsulda olmadigindan amin ol-
maq lazimdir. IM-lorlo bagh digor bir gatinlik on-
larmn hidrofil olmalaridir. Adi halda suyun IM-nin
torkibinds olmasi onun istifadesinds ¢atinlik yara-
dir. Bu problemi aradan galdirmagq iigiin IM istifa-
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do olunmazdan avval muxtslif Usullarla qurudulur.
Totbiq sahesinden asili olaraq IM-lorin torkibindo-
ki suyun zararli olub - olmadigin1 da muoyyon et-
mok lazimdir. Onlarmn istifadesindon avval iso su-
yun miqdart yoxlanilir. Bu proses keyfiyyatca inf-
raqurmuzi spektroskopiya vo ya tsiklik voltametri-
ya, kamiyyatca iso Karl-Fiser titrometri ilo aparilr.

Bioktiilodon enerjinin almmasinda IM-lorin
rolu boyiikdiir. Belo ki, IM-lor biokiitlonin osas
komponenti olan sellilozanin halledilmasi vo nis-
baton yiiksok enerji alinmast mogsadilo ligninin
(en vacib barpaoluna bilon biokiitlo materiali) tor-
kibini azaltmaga imkan verir. Xisusilo bu pro-
sesdo metilimidazolium asash ionlu mayelor daha
genis totbiq edilir [4].

Yer kiirasindo sonayenin inkisafi ilo olage-
dar olaraq, enerjiyo olan tolobatin artimi osason
ononavi qaliq yanacaqglarla tomin edilir. Ononovi
yanacaqlardan genis istifado edilmasi CO.-nin at-
mosferdo emissiyasim artirir ki, bu da global so-
viyyada ekoloji bohrana yol agir [5]. Bu prosesda
“istilik effekti”nin kifayot qodor tosiri vardir. Qlo-
bal istilogmonin qgarsisim almaq {iglin tobii gaz
osasli zavodlardan COgz-nin tutulmast proseslori
hayata kegirilir. Homg¢inin neft anbarlarinda neftin
barpasi iigiin tomizloyici maye kimi do istifado
edilir. CO2-nin alds edilmasinds ilkin marholo onu
yuxarida tutulmasi vo pargalanmasidir. CO2-nin tu-
tulmast iiclin ii¢ osas proses movcuddur: yan-
madan ovval tutulma, yanmadan sonra tutulma,
oksiqazlarin yanmast va tobii qazlarin tomizlonma-
si. Yanmadan sonra olan prosesdo CO-nin tutul-
mast {i¢lin ananavi texnologiyadan, yoni, kimyavi
absorbentlor olan sulu aminlordon istifado olunur.
Yanan gazlar (baca gazlart) sulu aminlor olan ka-
merada axan zaman karbon qazi kimyavi absorb-
siya ilo tutulur. COz-nin tutulmasinda aminlordon
istifado olunmasinin osas effektivliyi onlarin yiik-
sok reaktivlikli vo udma qabliyyatli olmalari ilo
olagodardir. Ancaq buna baxmayaraq, yliksok bu-
xar tozyiqli vo korroziya tobiatli olmalart osas ¢a-
tismazliglaridir. Buxar tozyigino malik olmalari
onlarin atmosfers buxarlanmasi va naticads toksin-
lorin meydana golmasina, korroziya tabistino ma-
lik olmalar iso onlarin texnoloji avadanhglari zo-
doalomoaloring sobab olur. Bu ¢atismazliglarin qarsi-
sin1 almagq iiciin alternativ olaraq yeno do IM-lor
istifado olunur. Xiisusilo do, CO2-nin IM-da yaxsi

hall olmasi onun sanayeda bu ciir totbigini daha da
genislondirir.

Elmi aragdirmalarim zamam istifads etdiyim
1-etil-3-metilimidazolium  trifluorometansulfonat
[EMIM][TFO] va 1-butil-3-metilimidazolium trif-
luorometansulfonat [BMIM][TFO] IM-lorin osasmi
toskil edan triflatlar vo ya “trifluorometansulfonat”
CF3SOs™ funksional grupu {[TFO] va ya [OTf]}
olan Gzvi goxatomlu ionlardir (Sokil 1).

2 B

C
Sakil 1
a) [EMIM]* va b) [BMIM]* kationu; ¢) [TFO] anionu.

Bu isa triflik tursusunun supertursu olma xii-
susiyyatindon qaynaglanir. Hoatta tursuluq xassasi-
no gora qlivvatli tursu hesab edilon sulfat tursusu
ilo miiqayisads daha yiiksakdir. Triflatlar genis is-
tifado edilon zoif koordinasiyali anionlardir. Trif-
latlarin totbiq sahalorino asason niikliiofil avozet-
ma, Suzuki kombinasiyalari, Heck reaksiyalar ki-
mi bir sira tizvi reaksiyalarda istifado olunan ma-
kommaol ayrilma qrupu olmasi, onlarin lantanoid-
lorlo birgs 11 va 13-cii qrup elementlori {i¢iin li-
gand kimi, bozi Li-ion batareyalarinda elektrolitin
torkib hissasi kimi istifado olunmasi va s. daxildir.
Xususilo senayeds triflat anionlu ionlu mayelorin
praktiki totbigi daha genis maraq dogurur. Bunlar
hidrolitik cohatdon kifayot godor dayaniglidirlar vo
bu baximdan digor anionlu (xiisusilo do, tetrafluo-
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roborat BFs vo heksafluorofosfat PFg) iM-lar ilo
muqayisado daha perspektivli reaksiya muhiti he-
sab olunurlar [6]. Bundan olava, triflat anionlu IM-
lordo metimetaakrilatin polimerlosmasi asason on
yiksok molekulyar kiitloli mohsullar verir. Tabii
ki, bu xtsusiyyatlor Uzvi sintez va polimer kimya-
sinda triflat IM-lorin tothigini olverisli edir. Ancaq
yiiksak istilik vo elektrokimyavi dayanigliliq xiisu-
siyyatlorino goéro onlarin istifado imkanlart daha
genisdir. Mosolon, triflat IM-lori istilikdasiyici
maddolar, lubrikantlar vo elektrokimyovi element-
lor Ggln elektrolit komponentlori kimi boylik ma-
raq kasb edirlor. Xiisusilo elektrokimyada istifado
olunmas: tiglin ionlu mayenin tomizliyi on vacib
amil hesab edilir. Mahz bu sahadas totbiq edilmolari
ucdn triflat anionlu ionlu mayelarin sintezinds key-
fiyyato nozarot 6nomli faktordur.

IM-lor 6zlori reaksiyalarin aparilmasi {igiin
Uzvi halledicilors alternativ kimi istifado olunur.
Son dévrlerde IM-lor halledicisiz halda mikrodal-
ga, giiclii ultrasas vo bunlarin birgs stialanmasi tot-
biq edilorok test edilir. Belo ki, triflat anionlu IM-
lor miioyyan bir gabda KOTf-n istiraki ilo piridin,
N-metilpirrolidin vo ya N-metilimidazoliumun
xlorbutan vo ya xloroktanla reaksiyasindan alimr-
lar. Deetlefts vo Seddon sintez prosesi ilo bagli he-
sab etmisdirlor ki, bu tisul “yasil kimya” tolablo-
rinod nisbaton Uygun deyil, yoni “yasil” natico al-
mag (iclin IM-lorin (izvi maddalorin miivafiq alkil-
lasdirici reaktivlorla alkillogsma reaksiyasi vasitasila
sintezi daha magsadoauygundur [1].

Trifluorometansulfonik oldugca giicli tursu-
dur va triflat anionlu ionlu mayelarin sintezinds bas-
langic maddo hesab edilir. [EMIM][TFO] wvo
[BMIM][TFQ] IM-lorin sintez prosesi asagidaki so-
kildo aparilir: [EMIM][TFO]-nun sintezi tgtlin yeni
distillo edilmis etiltrifluorometansulfonatdan isti-
fads edilir. Madds 6 saat orzindo T=273.15K tem-
peraturda magqnitlo qarigdurlan N-metilimidazoliu-
mun igarisino asta damciladilir. Reaksiyanin sona
catmast tigiin qarigdirma T=303.15K temperaturda
daha 12 saat davam etdirilir. Sonda etiltrifluorome-
tansulfonatin artiq qalan miqdar buxarlandirma ilo
xaric edilir, mahsul isa soffaf vo rongsiz maye kimi
alinir. [BMIM][TFO]-nun sintezi do eyni tisul ilo
aparilir vo bu zaman metiltrifluorometansulfo-
natdan istifads edilir. Sintez zamani ilkin kompo-
nentlorin tomizliyi doqiq nozors alinmalidir.

[EMIM][TFO] vo [BMIM][TFO] do daxil
oldugu tipik IM-lerin molekulyar ionlar1 arasinda
gUclii elektrostatik qiivvalorin tosir etdiyi maye
duzlar oldugu tigtin sinfinin oksor niimayandalori-
nin zdif uguculug/yanmazliq vo yiiksok kimyovi vo
elektrokimyovi stabillik vo s. kimi asas xususiy-
yatloro malikdirlor. Bu xassalorine gora onlar hal-
ledici vo elektrolit Kimi istifadasi {igiin alverisli he-
sab olunur. Halledicilik xiisusiyyatlori ilo yanasi
asagl orimd noqtasi, yaxsi istilik vo kimyoavi da-
yanmiqliligi, ugucu olmamalari, zoharsiz olmalari vo
digar xiisusiyyatlori onlarin barpa olunan, alterna-
tiv vo yasil enerjidon istifado sahosindo olduqgca
ohomiyyatli edir.

Qeyd edilon ionlu mayelor xiisusilo do
[BMIM][TFO] COz-nin tutulmast ils yanasi, hom-
Ginin H2S-in tutulmasi prosesinds do istifads edilir.

[EMIM][TFO] va [BMIM][TFO] IM-lor ma-
yelor neft vo gaz sonayesindo homginin naften tur-
sularinin ekstraksiyasi, ¢irklondiricilorin tomzilon-
mosi, yanacaglarin kiikiirddon tomizlonmasi, bio-
yanacaglarn sintezi, tobii gazdan selektiv gazlarin
va civanin ¢ixarilmast moagsadils istifads olunur. Bu
IM-lor eyni zamanda CO-nin parcalanmas: iiciin
da istifado edilir. Belo ki, digar ionlu mayelarlo mii-
gayisado [EMIM][TFO] vo [BMIM][TFO] karbon
gazim daha yaxst hall eds bilirlor. Odur ki, CO2-nin
pargalanmasinda bu ionlu mayelor membran faza-
nin hazirlanmasi tiglin istifads edilir.

Azorbaycanda do neft vo sonayenin inkisafi
ilo olagodar olaraq IM-lor maraqli materiallar he-
sab edilir. Belo ki, AMG-10 hidravlik mayesinin
distillatlarinin selektiv tomizlonmoasi mogsadilo M
ekstraksiyasi todqiq edilmisdir. Miioyyon edilmis-
dir ki, hidravlik mayenin distillatinin ekstraksi-
yasinda IM-nin istifado olunmasi zamam yiiksok
doracads dearomatlasma doaracasi alinir [7].

Hal-hazirda Li-ion batereyalar1 0-50°C ara-
sinda yigcam elektrik cihazlarnm totbiqindo osas
komponentdir [1]. Elektrolitin fiziki tobiotinin neco
olmasindan (maye, polimer vo ya gel) asili olma-
yaraq dasinma istiqgamati doyismir. Tipik maye
elektrolitlori tsiklik vo xatti alkilkarbonatlarin qari-
sigina osaslanir. Bu halledicilor Li-ion batareyala-
rinimn faaliyyatine uygunlasdirilir. Elektrolitin kegi-
riciliyini, eyni zamanda 0zvi halledicilorlo yani-
ciliq problemlorindon azad olmagq iigiin IM-lardon
yiiksok Olgiilii Li-ion batareyalarinda elektrolit ki-
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mi istifadesi mogsadouygundur. IM-lor yanmaya
miiqavimat, zaif uguculuq vo genis elektrokimyavi
dayamqliliq gostarirlor. Xiisusila, IM-lor iizvi hal-
ledicilor vo onlarmn gqarisiglarimin  doyisdirilmasi
ti¢lin daha uygun hesab olunur [4, 8].

Molumdur ki, oksor sonaye totbiglorinds su
istilik dastyict madds kimi daha ¢ox istifado olu-
nur. Suyun yiiksok istilik keciriciliyi, xtsusi istiliyi
var. Suyun istilik dasityict madds kimi istifado
olunmasinda on boyiik ¢atinlik maye diapozonu-
nun mahdud olmasidir. Daha genis temperatur dia-
pozonu zaman istilikétlriicii madds kimi qazlar-
dan istifads edilir. Amma gazlarin sixhigy, istilik tu-
tumu vo kegiriciliyi asagi olduguna gora onlar isti-
lik dastyict maddo olaraq mayelor kimi effektli
deyildir. Termiki yaglar maye fazani toqriban
300°C-dok saxlaya bilir v termiki saxlanma mihi-
ti va istilik dastyict maddalor kimi istifado olunur.
Buna baxmayaraq asag1 parcalanma temperaturu,
sixligin az olmasi, alovlanma, yiiksok buxar toz-
yiqi, zararlilik vo zoif kimyavi dayaniqliliq kimi
XUsusiyyatlori onlarin tatbiglorini mahdudlasdirir.
Maye metallar vo orinmis duzlar iso 250+1000°C
kimi temperatur araliginda istilik dastyict maddo-
lor kimi toklif edilir. Sox zaman orinmis duz miihi-
ti Kimi natrium nitrit, natrium nitrat vo kalium nit-
rat garisigi istifads edilir. Belo istilik dastyicilari ilo
isloyon qurgularin borulart vo nasoslarin divarlari-
min qalinhgy, istilikdayisdiricilorin va digor hissolo-
rin yliksok temperatur diapozonunda islomasing
baxmayaraq metal olduglart iigiin buxar tozyiqlori
daha asagidir [9]. Osas problem odur ki, maye me-
tal vo orimig duzlarin maye halda saxlanmasini to-
min etmak t¢lin istilik-doyisdirici sistemin avval-
cadon qizdirilmasi lazimdir. ©gar temperatur kifa-
yat gqodar olmadigi halda maye va ya arinmis duz
donur. IM-lor iso arinmis duzlarin genis temperatur
diapozonunda da maye halda olan grupudur. Istilik
dastyict miihit kimi istifado edilmasindo osas iis-
tinliiklori  gostordiklori istilik-fiziki  xassalordir.
Osas xassolari isa yliksak sixliq, xtisusi termiki is-
tilik tutumu, zoif buxar tozyiqi, yanmazliq, yuksok
kimyovi va termiki dayanighiligdir. ©n osas tistln-
liiklori isa anion, kation vo torkibin tolob edilon
xassalora uygun diizoldilmoesinin miimkunllyudur.
Anion v kationun miixtalif kombinasiyali IM-lor-
don termiki miihit va istilik dastyict miihit kimi is-
tifado edilo biler.

IM-lorin zaif uguculug, yanmazhq, yiiksok
termiki dayamqlilig, genis maye diapozonu srtiin-
ma sistemlari iglin istifade edilon slrtgu yaglarmn
xassalorina tam uygun olmas bu sahada do IM-lo-
rin totbigini aktual edir. Sart siirtiinma sortlori Stirt-
gii yaglarinin yiiksok istilik dayamqlihighh vo ki-
myovi cohatdon inert olmalarini tolob edir. IM-lari
stirtgii yaglarindan farglondiran bir xassa do onla-
rin yiiksok polyarliga malik olmalaridir. Bu xiisu-
siyyat ¢ox tosirli uducu sath va hazir tribokimyavi
reaksiya meydana gotirmoyo imkan verir. Bu iso
anti-korroziya qabliyyatli olmalari ilo naticolanir.
fonlu mayelorin siirtgii yaglari kimi istifadosi daha
¢ox osas yaglar, qatqi maddolari vo nazik sathlor
kimi todqiq edilmisdir. Bu sahads do on ¢ox imi-
dazolium osasl ionlu mayelor daha ¢ox perspek-
tivlidirlor. Adi siirtkii yaglan ilo miigayisado zoif
konsentrasiyali IM-laorin slava edilmaosi ilo hom la-
boratoriya triboloji qiymotlondirilmasinds, hom do
tamolcili miharrik dinamometr testlori zamani
korroziyanin vs siirtiinmonin daha yiiksok doraco-
do azalmasina nail olunur. Bu da IM-nin sonayenin
bu sahasindo do totbiqi ticlin mogsadouygunlulu-
gunu vo olverigliliyini gostorir [10].

IM-lorin totbiq edildiklori miixtolif saholordo
onlarn istilik-fiziki xassolori miihiim rol oynayir.
Bu mogsadlo todqiqatimizda [EMIM][TFO] vo
[BMIM][TFO] ionlu mayelorinin miixtalif istilik-
fiziki xassolorinin: atmosfer tozyiqinde sixhq vo
sas sUrati [11] (Sokil 2), xiisusi istilik tutumu [12],
yiiksok tozyiq vo genis temperatur intervalinda
sixliq [13] (Sakil 3), ozlulik [12, 14] (Saokil 4) va
COz-do halloma [15] (Sakil 5) tacriibalari aparil-
misdir. Tadgigatlarimizin naticalori ¢ox Sayli konf-
ranslarda niimayis edilmis, yiksok impakt faktorlu
jurnallarda dorc olunmusdur.

Hom¢inin  ([EMIM][TFO]+CH30OH)  vo
([BMIM][TFO]+CH30H) binar garigiglarmin geyd
edilon istilik-fiziki xassalari ilo yanagi eyni zamanda
buxar tozyiqi tadqiq edilmisdir. Tacriibalords yiik-
sok dogiqlikli miiasir cihazlardan istifads edilmis-
dir: atmosfer tozyiqinds sas siirati vo sixliq tigiin
Anton Paar DSA 5000M densimetri, (p,p,T) tocrii-
balori {igiin Anton Paar DMA HPM densimetri,
Ozliilik tocriibalori tiglin Anton Paar SVM 3000
Stabinger viskozimetri vo Anton Paar MCR 302
Rheometeri, istilik tutumu tocriibalori Ggtin Perken
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[BMIM][TFO]-nun sixligmmn miixtalif temperaturlarda
sixligdan asililig1.

Olds edilon naticaler adabiyyat qiymatlari ilo
miiqayiso edilmis vo xotalar hesablanmisdir. (p,p, 7)
tocriibalorindon alinan giymatlarden digor parametr-
lor, moasalon izotermiki sixilma x1(p, T)/MPa?, izo-
barik genislonmo  op(p,T)y/K?:, daxili tozyiq
Pint(p, T)/MPa, termiki tozyiq omsali y/MPa-K?, izo-

barik istilik tutumu cp(p,T) /-kg?-K™, izoxorik isti-
lik tutumu c,/J-kg™-K?, sabit tozyiqdo va sabit hoc-
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[EMIM][TFO]-da hall olan CO2-nin (xcoz/ mole
fraksiyasi) tozyiqdon asililigi p/MPa.

Qarigiglarn sixliq tacriibalarindon alinan qiy-

motlarindon izafi molyar hacm, xayali molyar hacm
vo hisso molyar hocmlor hesablanmigdir. Tomiz
ionlu mayelarin va onlarin binar garisiglarinin hom
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tocriibadon alman, ham do hesablanan qiymatlorinin
miixtolif grafiki asililiglan tosvir edilmisdir.

NOTICO
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APPLICATION FIELDS OF [EMIM] [TFO] and [BMIM] [TFO] IONIC LIQUIDS
A.GULUZADE

lonic liquids are a new generation of materials that have a wide range of applications in engineering and practically all
industries. They expand their field of application due to their excellent chemical, thermophysical, and electrochemical properties.
Solubility properties inevitably contribute to the use of ionic liquids in alternative, renewable and green energy applications. They
are also considered environmentally friendly and safe materials in their respective fields due to their low volatility, non-toxicity,
non-flammability, electrochemical properties and high thermal stability.

OBJIACTH ITPUMEHEHMSI MIOHHBIX )KAIKOCTEM [EMIM] [TFO] ¥ [BMIM] [TFO]
ATYIIV3AIE

VloHHBIE JKMIKOCTH - 3TO HOBOE TIOKOJICHHE MAaTepUaIOB, KOTOPbIE UMEIOT IIMPOKUI CTIEKTP MPUMEHEHUSI B TEXHHKE U,
MPAKTUYECKH, BO BCEX OTPACISIX IPOMBINUICHHOCTH. OHM pacIMpsfOT 00JacTh CBOErO NPUMEHEHHsS OJnarojaps CBOUM
MPEBOCXO/IHBIM XUMHYECKHM, TEILUIOQH3NYECKUM U JJICKTPOXUMHUYECKUM cBoMcTBaM. CBOICTBAa pacTBOPUMOCTH HEH30EKHO
CMOCOOCTBYIOT MCIIOJIB30BAHUIO HOHHBIX JKUJKOCTEH B albTEpPHATUBHO, BO3OOHOBIIIEMOI U 3elieHO sHepreTuke. OHU TaKKe
CUHUTAOTCS SKOJIOTHYECKH YHUCTHIMU U Oe30TIacHBIMH MaTephalaMi B COOTBETCTBYIOIIMX OOJACTSIX ONlaromapsi CBOSH HU3KOM
JICTYYECTH, HETOKCHIHOCTH, HEBOCIUIAMEHSIEMOCTH, HJICKTPOXHMITIECKAM CBOHCTBAaM M BRICOKON TEPMITIECKON CTAOMIBHOCTHL.
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PEDEPAT

BeipariieHbl MOHOKPHCTAILTBI TBEPAOTro pactBopa Pbo7sSngsTe
¢ m0biTkoM onoBa B koimuectse 0; 0,01; 0,05; 0,1; 0,5;
1,0ar.% 1 nccnenoBaHbl MX 3JIEKTPOIPOBOAHOCTE G, Kod(du-
LIMEHTBI TepMod/C o U Xoia Ry B MHTEpBaie Temmeparyp
~90+300K. TlokazaHO, YTO W3y4eHHbIC KpPHCTAUIBI HWMEIOT
CMEIIAHHYI0 TIPOBOAMMOCTb, JJIEKTPOHBI M JABIPKH TPUCYT-
CTBYIOT B HUX B CPABHUMBIX KOHIICHTpAIMIX. 3aBUCUMOCTH G,
o, Rx OT KOHLIEHTpaIMy U30BITOYHOTO OJI0BA U TEMIIEPATYPHI,
HECOOTBETCTBHE 3HAKOB O M Rx XOpOIIO OOBSICHSFOTCS HAMHM-
YHEeM B KPHCTAUIaX TBEPAOTO PAacTBOPa 3apaKEHHBIX KaTHOH-
HBIX BaKaHCUW M CMEILIAaHHOM MPOBOAWMOCTH, a TAKKE CIIOXK-
HOCTBIO BaJIEHTHOM 30HBL. PaKTOp MOIIHOCTH KPHUCTAJUIOB C
1,0 ar.% u30bITo4yHOTO OJ10Ba B ~10 pa3 mpesbiuaer ¢axrop

MOMIHOCTH CTEXUOMETPUYCCKOI'O COCTaBa.

BBEJIEHUE

Tenmypun cBuHua sBiseTcs 3(GHeKTHBHBIM
CpeIHeTeMIIepaTypHbIM TEPMO3JIEKTPUKOM, UMEET
CJIOKHYIO BJICHTHYIO 30HY M KPHCTATU3YETCS CO
3HAYUTENBHBIM OTKJIIOHEHHEM OT CTEXUOMETPHU
[1-5]. TepmonnekTpuueckyto JOOPOTHOCTH 3TOrO
Marepuaa, MOXXHO YBEJIMUUTbH ITyTeM 00pa3oBa-
HUSI TBEPABIX pacTBOpoB, Hampumep, PbTe-SnTe.
Teepabie pactBopbl cuctem PbTe-SnTe npen-
CTaBJLIFOT MHTEPEC M KaK (DOTOTYBCTBUTEIHHBIN
Marepuan B MHPpaKpacHoi oodnactu crekrpa [6].
Orta cucremMa o0Opa3yeT HENPEpBIBHOW psI TBEP-
JIbIX PacTBOPOB, KPUCTAIUTM3YIOIIMXCS B KyOuue-
CKYI0 TpPaHEICHTPUPOBAaHHYIO pEIIETKYy THIIa
NaCl.  HawmydmmMu TepMO3NIEKTPHIECKUMU
cBorictBamMu n3 cucrteMsl PbTe-SnTe oOnamaror
criaBbl, conepkarme 25-30 mon.% SnTe [7].
Konuenrpaimsi Hocureneid TOKa B CHENUATBHO
HeJlerupoBaHHbIX oopasiax PbTe u SnTe ompene-
JsIeTcsl, B NEPBYIO OYepe/lb, KOHLIEHTpalel Ba-
KaHCHUH B IIOJPELIETKE KaTUOHOB. BBIACHEHO, YTO
nonyderne [8,9] o00pasmoB 3THX COCAMHEHHIA

OMM3KUX K CTEXUOMETPHUUECKOMY COCTAaBY MOXKHO
JOOUTHCS BBEJICHHEM B CHHTE3UPOBAHHYIO IIIUXTY
OIPEJIENICHHOTO ~ KOJIMYECTBA  JIOMOJHUTEIbHBIX
katuoHoB (Pb, Sn). YuureBas To, 4ro TBepabIe
pactBopsbl cucreM PbTe-SnTe kpucrammzyores ¢
OJIMHAKOBOW CTPYKTYPOH C MCXOMHBIMU COEIIHE-
HUSIMH, MOKHO T10J1araTh, 4TO M B HUX CYILECTBY-
10T 3apa)KeHHBIE KATHOHHBIC BAaKaHCHH, OIpeJie-
JSIOIIME HIIEKTPUUECKUE MapaMeTpbl MaTepuaia.
[TosToMy, BBemeHMEM B TBEpIbIE PacTBOPHI JO-
MOJIHUTENFHOTO KOJIMYECTBA OJIOBa (MJIM CBUHIIA)
MOXKHO M3MEHSTh B HUX KOHIICHTPAIMH HOCHUTE-
JIelt TOKa M IpyrHe IEeKTPUUECKUE TapaMeTphbl.

VYuuteiBas 3T0, B JaHHOW paboTe ¢ IENbIo
BBISICHEHUSI MEXaHU3Ma JEHCTBUS KaTHOHHBIX Ba-
KaHcui B nozpereTke Sn (Pb) Ha anekTprudeckue
CBOMCTBa TBeporo pactBopa Pho7sSno2sTe, Obuti
MIOJTy9deHbl MOHOKPHCTAUTB 3TOTO COCTaBa C W3-
obiTkoM osioBa (o 1,0ar.%) u uccrenoBaHbl MX
AIIEKTPOMPOBOJTHOCTh G, KOIPPHUIIUEHTH TEPMO-
snc o u Xomta Ry B uaTepBae 77+300K.
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HNCCJIEJOBAHHBIE OBPA3LbI 1
METOIUKA DKCIIEPUMEHTA

Cunre3 coctaBoB Pbo75SNo2sTe(Sn) ocy-
IIECTBISUTH B BaKyyMHpPOBaHHEIX 10 ~107ITa
KBapIIEBBIX aMITyJlaX COBMECTHBIM CIUIABJICHUCM
HCXOAHBIX KOMITIOHEHTOB Tipu 1245K. B mporiecce
CHHTE3a MPOUCXO/MIIO HEMPEPHIBHOE IEPEMEIIIH-
BaHME paciuiaBa. JlIs CHHTE3a HCIHOJIB30BAIN
ceuery Mapku C-0000, omoBo mapku OBY-000,
teruryp Mapku T-cH (99,999), B3areie B crexuo-
METPUYECKOM  COOTHOIICHUH C  TOYHOCTBIO
0,0001r. Monokpucramisl Pbg75SNno25 Te(Sn) BbI-
palMBAIMCh W3 CHHTC3MPOBAHHOTO Marepuaia
MerozioM bpumkmena. BHyTpeHHSISI TOBEpXHOCTh
KBapIIEBBIX aMITyJI, TIPeTHA3HAYCHHBIX JIJISI CHHTE-
3a ¥ BBIPAIIMBAHKS MOHOKPHCTAIUIOB, TPEIBAPH-
TENBHO  rpaduTu3rpoBasiack.  OIHOPOIHOCTH
CJIMTKOB MOHOKPHCTAJLIOB TPOBEPSUIaCh U3MEpe-
HUSIMU  3JICKTPUYECKOTO COMPOTHUBJICHHS HAa OT-
JeBHBIX YYacTKax BIOJb CiuTKa. V3 omgHOpOI-
HOW YaCTH CJIMTKOB Ha JJICKTPOMCKPOBOM ycCTa-
HOBKE OBUTM BBIpe3aHbl 00pasilbl B BUIE MPSIMO-
VTOJBHBIX — MAPAJUICIICTATICIOB € pa3MepamMu
3x6x12MM. Y aneHue HapyIICHHOTO CIIOsI, 00pa-
3YIOIIETOCS] Ha TIOBEPXHOCTU M TOPIIaX 0OpasIoB
MPU Pe3Ke, OCYIIECTBISUIOCh XUMUYECKHM TpaB-
JIEHUEeM. DJIEeKTPONPOBOIHOCTh G, Kod(durmen-
TOB TepModJic U Xoiuta Ry m3Mepsu MeTronamu,
orcanHbiMi B [10] B1OMB CIMTKA € TOTPEIIHO-
CTBI0, HE TpeBbIIaronien ~5%.

PE3VJIBTATBI DKCIIEPUMEHTA U UX
OBCYXJEHUE

TemmeparypHble 3aBHCHMOCTH  3JIEKTPO-
MIPOBOIHOCTH, KOI(PPHUIIUEHTOB TEPMOIIC U XOJI-
na kpuctaioB Pbo7sSno2s Te (Sh) mpencraBieHbr
Ha Puc.l. BugHo, 4To 3aBUCHMOCTL G OT TEMIIE-
paTypbl Uil BCeX OOpaslloB HOCHUT MeTaJTd4de-
ckuii xapaktep. Ilpu 0,01at.% cBepxcrexuomer-
PUYHOTO OJIOBAa 3HAYEHUS] G HECKOIBKO YMEHB-
marorest (~ 40%), 3aTeM ¢ pocToM coiep KaHust SN
pacTyT, IpUOMMKasICh K 3HAYEHHUIO JUISI CTEXHO-
METPUYHOTO COCTaBa. 3HAK Kod(hUIMEHTa Tep-
MOJJIC JUISI CTEXMOMETPHUYECKOTO COCTaBa TIpH
Hu3KkKX Temneparypax (10 ~200K) orpunarens-
HbIH, a BoIe ~200K mom0XuTeIbHbIH.
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TeMrneparypHbIe 3aBUCHMOCTH 3JIEKTPOIPOBOIAHOCTH (@),
ko3¢ dumento Tepmosdnc (b), Xomna (¢) KpucTamwioB
TBepaoro pactBopa Pbo7sSnoxsTe ¢ u30bITKOM oOnoBa
(xpuBbie 1-6 obpasnos ¢ 1- 0; 2 - 0,01; 3-0,05;4-0,1;5
- 0,5; 6 - 1,0a1.% M30BITOYHOTO OJIOBA, COOTBETCTBEHHO).

HpI/I BBCJCHHUHN B COCTAB HOIIOJIHUTCIIBHOI'O
onosa 10 0,1ar.%, aOCONIOTHBIE 3HAYCHHUS 0 T1a-
JIAl0T, a TeMIieparypa nepexoja 3Haka o, OT OTpH-
[IATEIFHOTO K TIOJIOKHUTEILHOMY CMeIaeTcs B
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I'3.BATMIEBA

CTOpOHY HU3KHX Temmeparyp (mo ~ 150K). s
cocraBoB ¢ 0,5 u 1,0 at.% Sn 3HaKk o0 BO BceM HH-
TepBaJIe TEMIIEPATYP HOJNOKUTENBHBIN. B 0bnactu
TeMIIepaTyp, B KOTOPOM 3HAK 0. ITOJIOKUTEIIbHBIH,
C YBEJIMUECHUEM TEMIIEPaTyphl 0. PaCTET.

3nak ko3hduimenta Xomwra Rx mist Bcex
0o0pa3loB BO BCEM HMHTEpBAIC TEMIEparyp
(~90+300K) otpHiaTe/bHBbIA.

CoBMeECTHBII aHaIM3 3aBUCUMOCTEH ©, 0,
Rx oT TemmepaTypbl U KOHLEHTpALMK CBEpXCTe-
XUOMETPUYECKOIO OJIOBAa TIOKA3bIBAET CIEAYIO-
miee.

B u3y4eHHbIX KpUcCTaIiax B MIPOBOJAUMOCTH
YYaCTBYIOT 3JIEKTPOHBI M JIBIPKU, W 3HAYCHUST WX
KOHIIEHTpAIMHU OJIM3KH APYT K Ipyry. BBumy Toro,
YTO MMOJIBUYKHOCTD JIEKTPOHOB B 3THX KPUCTAILIAX
MPUMEPHO B 2 pa3a MpPEBBIIIAET MOIBHKHOCT
JBIPOK, TP HU3KUAX TEMIIEpaTypax 3HaK O BO
BCEM HHTEpBajle TeMIleparyp 3HaK Ry oTpwia-
TEJIbHBIA. DTO CleAyeT U3 BbIpakeHUH 11t o ¥ Ry
B CJIy4ae CMEIIaHHOM MpoBoAMMOCTH [11]

a,0,+a,0,
a=——;
o, +0,
2 2
_i Ap/upp_An:unn

R —
*ec (ypp+ynn)2

37IECb Gn=€NLn, Gp—=€EPLp, N U P - KOHIICHTPpALIK, a
Un u Lp - TIOJIBUSKHOCTD AIIEKTPOHOB U JIBIPOK, On U
Op - KOI(PQUIMEHTHI TEPMO3/C, 0OYCIOBIICHHBIE
ANEKTPOHAMH U JIbIPKaMH, COOTBETCTBEHHO, B
M3yYEeHHBIX 00pa3lax.

C poctoM TemmepaTypbl YMEHbBIIICHHE I0-
JIBWKHOCTH DJICKTPOHOB TIPOMCXOJUT CHJIBHEE,
9YeM JIBIPOK, YTO MPUBOAUT K M3MEHEHHIO 3HaKa
kod(purmenTa TepModIC T HEKOTOPBIX 00pa3-
II0B C OTPHIIATEIHLHOTO K TOJIOKUTETHHOMY.

Masibie  KOHIIEHTpamud  ojioBa  (J10
0,01a1.%), 3amomnHss KaTHOHHBIE BAKAHCUH B KPH-
CTaJiTaX, MPUBOIAT K yYMEHBIICHHIO KOHIICHTpA-
UM JIBIPOK, YTO 3aKaHUMBACTCS yMEHBIICHHEM
3HAUEHUS] G U a0COMOTHOro 3HaueHus o. [lpu
OOJIBIINX KOHIICHTPAIMSX W30BITOYHBIC ATOMBI
0JI0Ba, CO3/[aBasi HOBBIC IMPHUMECHBIC YPOBHH B
KpPUCTAIJIaX, YBEJIMUMBAIOT KOHIIEHTPALMIO HOCH-

TeJNel TOKa, YTO MPUBOIUT K POCTY G U IMOJIOXKH-
TEJIbHOMY 3HaKy KodgduieHta tepmodac (00-
paziibl ¢ 0,5 1 1,0aT.%SN) Bo Beelt ncciie10BaHHOM
obnacTu Temmeparyp.

XanpKoreHuiHbIe 37eMeHThl |V rpynmsl u
UX TBEPIbIC PACTBOPBI, B TOM YHCJE, TBEPHbIA
pactBop Pbo75SNo25T€ UMEIOT CIIOKHYIO BaJICHT-
Hyto 30Hy [1-3,12,13]. BanentHas 30Ha 3THX Ma-
TEpHATIOB COCTOUT U3 JABYX MOA30H, Pa3JeiIeHHbIX
DHEPreTHYECKUM 3a30pOM. TspKesbie JBIPKU UMe-
IOT B HECKOJIBKO Pa3 MPEBBIMAIONILYI0 dPPEKTHUB-
HYIO Maccy JIeTKHuX JIbIpoK. C pocToM Temriepary-
PbI 30Ha JIETKUX JBIPOK CMEIIAETCS B CTOPOHY TS~
JKETIBIX JIBIPOK U TIOATOMY Y9acTHe B MPOBOIUMO-
CTU TIOCIIETHUX pacTeT. ITO U CHOCOOCTBYET po-
cTy Kod(puitmenta TepModIC ¢ TEMIIEPaTypoil B
TBepaoM pactBope Pho75Sng2sTe (Sh).

3AK/IIOYEHHUE

BeIsicHEeHO, YTO MOHOKpPHCTALIBI TBEPIOTO
pactBopa Pbo75SNo25 T UMEIOT CMENIaHHy O TIpO-
BogmMocTh B uHTepBaie ~90+300K. Ilpu stom
KOHIIEHTpAIUS 3JIEKTPOHOB U JBIPOK, Y4acTBYIO-
MX B TPOBOJMMOCTH, CpaBHHMBL M3-3a TorO,
YTO MOJIBH)KHOCTb 3JIEKTPOHOB OOJIbIIIE, YeM MO-
JIBIDKHOCTH  JIBIPOK,  KOA(PHUIIMEHT TEpPMOdJIC
TBEPJOr0 PacTBOpa B 0OJIACTH TEMIIEpaTyp HIDKeE
~200K umeer orpuniatenbHbIii 3HaK. [Ipu mobas-
JIEHUHU B COCTaB CBEPXCTEXMOMETPUYHOI'O OJIOBA B
kormuectse (,5aT.% 3a cueT pocTa KOHIIEHTpAIUn
JBIPOK 3HAK 0 OOpa3loB CTAHOBUTCS MOJIOKHU-
terpHBIM B mHTEpBae 90+300K. Koaddumment
Xoyta BCEX COCTaBOB HMEET OTPHULATEIbHBIN
3HAaK BO BCEM MHTEpBajIe TEMIIEPATyP.

3aBUCHMOCTH G U 0. 00pa3loB OT KOHILIEH-
Tpaluy U30BITOYHOTO OJI0BA U TEMITEpaTyphl Y10~
BIICTBOPUTENHEHO OOBSICHSIOTCS HAJIMIUEM B KpH-
CTaJulaX TBEPJOro pacTBOpa 3JIEKTPOAKTHBHBIX
KaTHOHHBIX BaKaHCHHA M MOJICNBIO JIBYX BAaJICHT-
HBIX 30H, Pa3/ICJICHHBIX YHEPTETUYECKUM 3a30POM.

®akTop MomHocTH KpuctaiwioB ¢ 1,0ar.%
u30bITOUHOrO 0510BO B ~10 pa3 mpesbiiaer ax-
TOP MOIIHOCTH CTEXMOMETPUYECKOTO COCTaBa.
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QALAY ARTIQLIQLI Pbo7SnozsTe BORK MOHLULU KRiISTALLARININ ELEKTRIK XASSOLORI
G.ZBAGIYEVA

Bricmen metodu ilo 0; 0,01; 0,0%; 0,1; 0,5; 1,0 at.% stexiometriyadan artiq qalay atomlarma malik Pbgz5SnozsTe bark
mahlulu monokristallar: gdyardilmis, onlarin elektrikkegiriciliyi o, termoehq o vo Holl Ry amsallar1 90+300K intervalinda todqiq
olunmusdur. Gostorilmisdir ki, dyranilon kristallar garigiq kegiriciliyo malikdirlor. Onlarda elektrik parametrlorinin artiq qalaymn
miqdar1 vo temperaturdan asililiglari, o vo Ry-un isarslorinin uygunsuzlugu kristallarda kation vakansiyalarmin olmasi, qarisiq
keciricilik, habelo mirokkob valent zonanin varligi ilo izah oluna bilir. 1,0 at.% artiq qalay atomlarma malik kristallarin
termoelektrik giic faktoru stexiometrik kristala nisbaton ~ 10 dofs artiq olur.

ELECTRICAL PROPERTIES OF CRYSTALS OF PhoSnozsTe
SOLID SOLUTION WITH TIN EXCESS

G.Z.BAGIEVA

Single crystals of the Phg7sSno s Te solid solution were grown with an excess of tin in an amount of 0; 0.01; 0.05; 0.1; 0.5;
1,0 at.% and investigated their electrical conductivity o, thermoelectric power a and Hall coefficients Ry in the temperature range
~ 90+300K. It was shown that the studied crystals have mixed conductivity and electrons and holes were present in them with
comparable concentrations. The dependences of &, o, Rx on the concentration of excess tin and temperature, and the discrepancy
between the signs of a and Rx have been well explained by the presence of infected cation vacancies and mixed conductivity in
the crystals of the solid solution, as well as by the complexity of the valence band. The power factor of crystals with 1,0 at.%
excess tin is ~10 times higher than the power factor of the stoichiometric composition.
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temi, hidrogenin radiasiya-kimysvi ¢iximi G(Hy)

REFERAT

Nano-SiO,-nano-Al,Os sisteminds suyun par¢alanmasinin ra-
diasiya-termokatalitik proseslorinds molekulyar hidrogenin
G(Hy) ¢iximma gamma siialanmanin vo temperaturun tosiri
todqiq olunmusdur. Tadgiq olunan sistemlords radiolitik pro-
seslor zamam molekulyar hidrogenin amologalmo kinetikasi
Oyronilmisdir. Miixtalif temperaturlarda nano-SiO2-nano-
Al,O5+H,0 sisteminds suyun pargalanmasi zamani hidroge-
nin amoalogalmo sliratlori vo radiasiya-kimyovi ¢iximin qiy-
moatlori hesablanmugdir.

GIRIS

Nanomateriallarin istehsalinin inkisafi miia-
sir materialstinashigin mithiim masalalari ilo miay-
yan olunur vo nanohissaciklor asasinda miixtolif
nov katalizatorlarin, adsorbentlorin va s. alinmasi
texnologiyalart ilo six baglidir. Nanodlgiilii materi-
allara kegidlo bir torafdon mdvcud o6lgulorin kigil-
masina, digar torafdon nanohissacik sistemi sathi-
nin nozoragarpacaq doracada bdyiumasina gatirib
cixarir. Beloliklo, nanohissaciklorin istiraki ilo ge-
don proseslars baxildigda eyni zamanda iki faktor -
kicik 6lct vo moxsusi sathin boyuk giymatlori mi-
hiim rol oynayir. Son zamanlar miioyyan olunmus-
dur ki, zorraciklorin 6lgularinin nanomiqyaslara
godar Kicilmasi fiziki xassalords miayyan dayisik-
liklora gotirib ¢ixarir [1-6]. Nanoquruluglu materi-
allar zarracik sarhaddinds ylksok defektliliys va
sotho malikdirlor, bu da onlarin istiraki ilo gedan
radiasiya-heterogen proseslorda, eloco do ionlagdi-
ric1 stialanmanin yiiksok hossasliga malik detektor-
larin hazirlanmasinda boyiik shomiyyat kosb edir.
Fiziki-kimyoavi xassalorin modifikasiyast ii¢iin na-
no0lculi oksidlorin garisiglar asasinda materiallar
hazirlanir. Komponentlor arasinda qarsiliqlt tasir
naticasindo sathi akseptor moarkazlorinds, kompo-

nentlor sisteminin mexaniki vo fiziki xassalorinda
doyisikliklor bas verir. ©dabiyyatda nano-SiO»-
nano-Al>Os sisteminda sathi fiziki-kimyavi va ra-
diasiya-katalitik xassalora temperaturun tosiri hag-
qmnda moalumatlar yoxdur. Ona goro do radiasiya-
katalitik xassalora temperaturun tosirini askarla-
maqg mogsadilo mixtolif temperaturlarda nano-
SiOz-nano-Al>Os sisteminds suyun heterogen ra-
diolizi zamam hidrogenin amolagoalma proseslori-
nin kinetika vo mexanizmi tadqiq olunmusdur.

TOCRUBOLORIN METODIKASI

Todgiqatlar zamam zarraciklorinin 6lgulori
d=20+30 va 20--60 nm olan 99,9% tomizlikli SiO-
vo AlbO; (Sky Spring Nanomaterials Inc., ABS
istehsal1) nanotozlarindan isifado olunmusdur. Ad-
sorbsiyadan awval SiO2 vo Al:03 nimunalori
T=673K temperaturda vo 10°Pa tozyiqdo 8 saat or-
zinds termovakuum iglonmoys moruz qalmisdir.

Su buxarmin adsorbsiyasi [7] metoduna oSa-
son aparilmigdir. Nano-SiOz-nano-Al2Oz+H:0 sis-
teminds suyun pargalanmas1 T=373+673K tempe-
raturlarda aparilmisdir. Niimunolor ®°Co izotopun-
da dD,/dt=0,12 Qr/san doza giicinds aparilmisdir.
Stialanmanin  udulma dozasinin giicii  kimyavi,
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ferrosulfat vo tsikloheksan dozimetrlori ilo miioy-
yan olunmusdur [8]. Tadgiq olunan sistemlards sii-
alanmanin udulma dozasinin giicii onlarin elektron
sixliglarmin  dozimetrik sistemlorlo miigayisasine
osason toyin edilmisdir [8].

Ampullar xtsusi daracslonmis hacmoa kegi-
rilmis, radioliz mohsullart dozatorun kémayilo xro-
matoqrafa daxil edilmisdir. Burada ayri-ayr1 amolo
golon komponentlorin konsentrasiyasi vo torkibi
mUayyan olunmusdur. Analizlor “Agilent-7890”
xromatoqgrafinda aparilmigdir. Radioliz mahsullari-
nin tarkibinds Hz va O, gazlari miisahido olunmus-
dur. Oksigenin bir hissasi oksidlar torsfindan tutul-
mus va suda hall olmusdur, ona géra da radioliz

M0 mo s g

lekul §

NHir10
.

mohsullarinin torkibinds oksigenin ¢iximi miim-
kin stexiometrik hala nazaran Kicikdir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Sokil 1-do nano-SiOz-nano-Al20z+H20 sis-
teminin sathindo suyun radiasiya-heterogen radio-
lizi zaman1 molekulyar hidrogenin smolagalms ki-
netikasimin ayrilori gostorilmisdir.

Sakil.2-do T=673K temperaturda mxtolif
komponent  nisbatlorinds  nano-SiOz-nano-
Al,O3+H0 sisteminds suyun radiasiya-heterogen
pargalanmasi zamani molekulyar hidrogenin sme-
logoalmasinin kinetik ayrilori gostorilmisdir.

mstekal g

10

T, smar

<)

Sokil 1

1 6 s

Muxtolif temperaturlarda nano-SiO,-nano-Al,0s+H-0 sisteminds suyun radiolizi zamani1 molekulyar hidrogenin amalagoalmo
kinetikasi: D=0,12 Qr/s; a) 373, b) 473, ¢) 673K

a)

molekul' g

N(Hz)=10""

, molekul’q
- -

N(H=10"

Sakil 2
T=673K temperaturda mixtslif komponent nisbotlorinds nano-SiO,-nano-Al,0s+H-0 sisteminda suyun radiasiya-termiki (a)
va termiki (b) pargalanmasi zamam molekulyar hidrogenin amalogalmasinin kinetik ayrilari
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Kinetik ayrilor asasinda molekulyar hidroge-
nin amalagalmo stiratlori vo radiasiya-kimyavi ¢i-
ximlart miioyyan olunmusdur. Molekulyar hidro-
genin amalogalma komiyyatlorinin miisahids olu-
nan giymatlori cadval 1-do g0storilmisdir. Nano-
SiO2 va nano-AlOz nimunslorinds molekulyar
hidrogenin ¢iximinin qiymatlorinin miigayisasin-
don goriindr ki, nano-Al2Oz daha yiksak radiasiya-
katalitik aktivliys malikdir. Codval 1-don gorun-
dayd kimi, nano-Al.Os-don nano-SiO2-ya kecid
zamam molekulyar hidrogenin radiasiya-kimyavi
¢iximinin qiymati Xatti olaraq azalr.

Komponentlorin miqdart va radiasiya-kim-
yavi ¢iximlarin giymotlori osasinda additiv topla-
ma ilo nano-SiO2-nano-Al2Oz garigiginin istiraki
ilo suyun heterogen radiolizi zamam molekulyar
hidrogenin ¢iximini miisyyan etmak olar:

LG, =xG, +(1—x,)G,, @
burada x;, - ayri-ayr1 komponentlorin garigiqda payz,
Gi - nanooksid niimunalorinin istiraki ilo radiasiya-
kimyovi ¢iximin qiymeatidir.

Hidrogenin ¢iximmin qiymati (1) ifadasi ilo
toyin olunur, bu da tocriibi miisahids olunan asili-
liglara uygundur. Nano-SiO2-nin nano-Al.0s3-2
olavo olunmasi ilo ¢iximin azalmasi gostorir ki,
komponentlor arasinda garsiliglt tasir mévcuddur.
Bunun da naticasinda nano-SiO2-nano-Al2Os siste-
minin radiasiya-katalitik aktivliyi azalir.

Nano-SiO2-nano-AlOz  qarisiginin  istiraki
ilo suyun radiasiya-heterogen radiolizi zamam
G(H2)-nin giymatlorinds miisiihido olunan farg he-
terogen radiolizin elektrofiziki modeli ilo misiihi-
do olunur. Bu models asasan, suyun heterogen ra-
diolizi zaman1 bork fazanmn osas pay1 ionlasdirict
stialanmanin enerjisinin qeyri-tarazli yiikdastyici-
larin vo hoyacanlagmis hallarn enerjisino gevril-
mosindan ibaratdir [9-10]. Oksid dielektriklor Uctin
geyri-tarazh yiikdastyicilari hodd enerjisi barabar-
dir [9,11].

E, = 2E_,

g

2

burada Eg - oksid dielektriklorin gadagan olunmusg
zonasinin enidir.

Nano-Al>03 va nano-SiO;-ds gadagan olun-
mus zonanin eninin qiymatlori uygun olaraq 6,2 vo
10,1eV-o, geyri-tarazli yiikdastyicilarin generasi-
yasinin hadd enerjisinin giymatlori iso uygun ola-
raq 12,4 vo 20,2eV-a barabordir. Qeyri-tarazl yiik-
dastyicilarin radiasiya-kimyavi Giximmimn qiymot-
lori

G(g.t.y.d.) = 100/E_,

ifadosi ilo toyin olunur vo uygun olaraq 8,06
ciit/100eV va 4,95 clit/eV-a barabordir. Qamma
kvantlarla oksidlorin qarsiligh tosiri zamam ilkin
aktlar naticosindo omalo golon ikinci elektronlarin
enerjisi E, = 10* + 10%eV, oksid dielektrik-
lordo bu elektronlarn sorbast gagis mosafosinin
uzunlugu iso [~10 + 10* nm intervalinda doyisir.
Bundan olavo, oksid dielektriklords ikinci elekt-
ronlarin slialanmasinin tosiri altinda qeyri-tarazl
yiikdastyicilart vo hoyacanlasmis hallar1 yaranir.
Asagienergetik elektronlarin ytiklorinin sorbast qa-
¢1s mosafasi oksidlorlo garsiligh tosirin ndvbati
aktlart naticasindo yaranur.

Oksidlarin sothindo su molekullar akseptor
markaozlorin sothindo adsorbsiya olunmus halda

olur:
©)
burada Ls - sathi-akseptor markazlori, L-H2O -gey-

ri-tarazli yiikdastyicilarla vo hayocanlagmis hallara
qarsiligh tosirds olan adsorbsiya kompleksidir:

L.+ H,0— L —H,0,

L—H,0+(+) = L—H,0%, (4)
L—H,0"+e—>L—H,0' =L+ H+0H,(5)
H+H — H,, (6)

OH + OH — H,0,. (7

Suyun parcalanma mohsullart sothi frag-
mentlors boliiniir vo ona gbra do mahsullarin miix-
tolif novlii rekombinasiyalarinin yaranmasi ¢atin-
lagir. (3)-(6) reaksiyalarim nozoro alaraq, qeyri-ta-
razli yiikdastyicilarin vo hidrogenin ¢iximi asagi-
daki ifada il toyin olunur:

G(H,) = %E(q.r.}r.d. ]
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Goriindiiyli kimi, nanooksidlorin igtiraki ilo
adsorbsiya halinda suyun heterogen radiolizi za-
mani onun pargalanmasi prosesinds qeyri-tarazli
yukdastyicilarin yalmz miioyyon hissasi istirak
edir, galanlar1 iso tomas miihitindo emitasiya edir.
Bu sistemlords har bir zarrocik ikinci elektron va
ionlar Gigiin morkaz rolunu oynayir. Nanohissacik-
lor arasinda fozada mikroplazma reaktoru rolunu
oynayan elektron vo ionlarm yiiksok konsentrasi-
yali oblasti amalo golir ki, burada da ikinci elekt-
ron siialanmasmin enerjisi hidrogenin kimyovi
enerjisina gevrilir [12-13].

Cadval 1-do termiki vo radiasiya-termiki
proseslor tgiin (Wt(H2), Wrt(H2)) molekulyar
hidrogenin (H2) amoalo golmo siiratlorinin tocriibi
giymotlori, eloco do miixtalif temperaturlarda

(T=373+673K) nano-SiO,-nano-Al.Oz sisteminds
komponentlor nisbatindon asili olaraq G(H2)-nin
giymetlari verilmisdir. Cadvaldon goriindiyd Kimi,
gostarilon  sistemlords  G(H2)-nin  daha bdyuk
giymatlori 80 kit.% nano-AlxOs-20 kiit.% nano-
SiO; (4:1) konsentrasiya nishatlorindo miisiihido
olunur, bu da AP* sathi-aktiv merkozlorinin radia-
siya-katalitik aktivliyi ilo baghdir. Wr(H2) vo
WRrT(H2)-nin miigayisali analizlori gostorir ki,
gostarilon temperatur (T=373+673K) diapazonun-
da radiasiya-termiki proseslards hidrogenin amolo
golmo siirati termiki proseslorlo miiqayisado nozo-
ragarpacaq doracads boyiikdiir. Bu da radiasiyanin
bu proseslords stimullagdirici rolunu gostarir.

Cadval 1

T=373+673K temperaturlarda nano-SiO,, nano-Al;03 vo nano-SiO;-nano-AlOs sistemlarinin sathinds suyun termiki, radiasiya-
termiki par¢alanmasi zamani molekulyar hidrogenin radiasiya-kimyavi ¢rximinin G(Hz) vo
amala golmoa siiratlarinin (Wr(H2), Wrr(Hz2)) qiymatlori

Ne Sistem T,K | D,Qr/s Wr(H2), Wrt(H2), G(Hy),
molekul/g-san molekul/g-san molekul/100eV

1 | n-AlLOs 0,69-10% 2,78-10% 2,75

2 | n-SiOy 0,12-10% 0,86-10% 1,07

3 | n-AbO3-n-SiO; (4:1) | 373 01 0,60-10% 2,1-108 2,2

4 | n-ALOsn-SiO; (1:1) 0,48-10% 1,85-10% 1,74

5 | n-ALOsn-SiO, (1:4) 0,39-10% 1,44-10% 1,08

Ne Sistem T,K | D,Qr/s Wr(H2), Wrt(H2), G(Hy),
molekul/g-san molekul/g-san molekul/100eV

1 | n-AlLOs 2,21-10% 5,83-10% 4,15

2 | n-SiOy 0,27-10% 0,99-10% 1,98

3 | n-AbOs-n-SiO; (4:1) | 473 01 2,01-10% 45-108 35

4 | n-ALOsn-SiO; (1:1) 1,7-108 3,3-10% 2,8

5 | n-AkbOsn-SiO, (1:4) 1,3-10%8 2,5-10% 15

Ne Sistem T,K | D,Qr/s Wr(Hy), Wrt(H2), G(H2),
molekul/g-san molekul/g-san molekul/100eV

1 | n-AlLOs 4,17-10% 9,44-10% 8,6

2 | n-SiOy 2,09-10% 5,23-10% 4,15

3 | n-AbO3-n-Si0O; (4:1) | 673 01 3,9-10%8 6,5-10% 6,4

4 | n-ALOsn-SiO; (1:1) 2,85-10% 51-108 4,32

5 | n-ALOsn-SiO, (1:4) 19-10%8 3,5-10% 2,95

Sakil 3-do suyun heterogen radiolizi zamam
molekulyar hidrogenin radiasiya-kimyavi ¢iximi-
ni komponentlor nisbatinden asililig1 gostorilmis-
dir. Sakil 3 (ayri 3)-don goriindiiyli kimi, qarisigda
nano-SiOz-nin molyar faizinin artmast ilo hidroge-

nin ¢ixim 8,6-don 4,15 molekul/100eV-a qador
azalir.

Nano-Al.03 va nano-Al;Os-iin yiiksok faizi
oldugu garisigda molekulyar hidrogenin ¢iximimn
yiiksok olmasit onu gostorir ki, nano-AlOs-dan
ikinci elektronlarin siialanmasi vo nano-Al,Oz-nin
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hacminds enerji dastyicilarin suyun parcalanmasi
prosesindo effektiv istirak etmosi noticasindo

G(H;). molekul/100eV

hidrogenin yiiksok ciximlarmin amalo golmasine
sabab olur.

G(H1), molekul/100eV

10 o
I- 3 10
9
8 F T 18
6 + . {6
2 e -
4 M e
| T e - i} T 4
~— 4 B G
|
n-Al,0; 0 20 40 60 80 100 n-Si0;
100 80 60 40 20 0
Sakil 3

Miixtolif temperaturlarda nano-SiO2-nano-Al,Os sisteminin igtiraki ilo suyun heterogen radiolizi zamani1 molekulyar
hidrogenin radiasiya-kimyasvi ¢iximmim komponentlar nisbatinden astliligi
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EFFECT OF GAMMA-QUANTS AND TEMPERATURE ON MOLECULAR HYDROGENE YIELDS IN
RADIATION-HETEROGENEOUS PROCESSES IN nano-SiOz-nano-Alz0s+H20 SYSTEM

T.N.AGAYEV, S.Z.MELIKOVA, LAMAMMADYAROVA

The effect of gamma radiation and temperature on the yield of molecular hydrogen G(H.) in the radiation-thermocatalytic
processes of water decomposition in the nano-SiO,-nano-Al,Oz system was studied. The kinetics of molecular hydrogen forma-
tion during radiolytic processes in the studied systems were examined. The rates of hydrogen formation and radiation-chemical
emissions during the decomposition of water in the nano-SiO,-nano-Al,0s+H,0 system at different temperatures were calculat-
ed.

BJIMSTHUE T'AMMA-KBAHTOB U TEMIIEPATYPBI HA BBIXO/J MOJIEKYJIAPHOI'O BOJIOPO/IA B
PAINALIMOHHO-TETEPOI'EHHBIX ITIPOLECCAX B CUCTEME nauo-SiO2-Hano-Al203+H20

T.H.ATAEB, C.3.MEJIUKOBA, H.AMAMEJBAPOBA

HccnenoBaHo BIMSTHUE TaMMa-H3IIydeHHS U TEMITEPATyphl Ha BBIXOA MOJIEKy spHoro Boropoaa G(Hz) B paanarmoHHo-
TePMOKATATMTUYECKHX TIPOLIECCAX PA3JIoKEeHHs BOABI B cucTeMe HaHO-SiOz-HaHo-Al03. M3yueHa kuHeTHKa 06pa3oBaHus MO-
JIEKYJISIPHOTO BOJIOPO/A TIPH PaIMOIMTHIECKIX TIPOLIECCaX B HCCIEAYEMBIX cHCTeMax. PaccanTaHbl CKOpocTr 00pa30BaHMs BO-
JIOpO/ia ¥ PAIHAIOHHO-XUMHIECKON SMHUCCHH TIPH Pa3JIoKeHHUH BOMIbI B cricteMe HaHO-SiO-HaHo-AlOs + HO mpu pasimin-
HBIX TeMIIepaTypax.
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PEDEPAT

Bein paccMoTpeH MexaHu3M 00pa3oBaHUS M30BITOUYHON
npoBoguMocTH B KympatHoM BTCII  marepuane
Y0,5Cdo5Ba,CusOr.5 B pamMkax Mozenu JOKAIbHBIX Iap €
yueToMm Teopun Acnamazopa-JlapkuHa BOIM3M KpuUTHYE-
ckoii temmepatypbl (Tcmf). OnpeneneHbl OTKIOHEHUS
3aBHCUMOCTH YyZenbHOro compotusieHus p(T) ot mu-
HEWHOCTH, T.e. Hauaja 0Opa3oBaHUs JIOKAIGHBIX KyIepOB-
ckux map B o6pasue (T7). Paccunransl Temmeparypa Ter Tre-
pexoma ot 2D ¢nykryarmonHoit obmactu k 3D obmactm
(Temneparypa 2D-3D kpoccoBepa). PaccumraHo 3HaveHue
Jumsbl KorepeHTHOCTH &(Q) Bomb ocu ¢ (IyKTyaIlMOHHBIX

KynepoBckux — map.  OIeHEHAa  Talke  IOCTOSIHHAS
MEKIIOCKOCTHOTO CTapyBaHUs )] oOpasia
Yo5CdosBa,CusOrs  cormacHo  Teopum  Bapmamosa-
JIuBaHoBa.

BBEJIEHHUE

AHOMaJBbHBIE CBOMCTBA CIOMCTBIX MeETall-
JIOOKCHJTHBIX BBICOKOTEMIIEPATYPHBIX CBEPXIIPO-
BoHUKOB (BTCII) - o/1Ha M3 HEHTPATIBHBIX MPO-
OneM coBpeMeHHOM (hr3uKu TBeporo Tena [1].

IIpu sKcrepUMEHTAILHOM M3YyYEHHH JUHA-
MHKH TepeHoca 3aps/ia B TAKUX CUCTEMaxX BO3HH-
KaeT psiJl OOBEKTUBHBIX TPYIHOCTEN: JOCTATOYHO
cliokHasi Kpucraumdeckas crpykrypa BTCIL
HEOHOPOIHOCTb  PACIPENENEHUS] CTPYKTYPHBIX
nedexToB [2], HaTMuNe MEX3epeHHbIX TPaHUIl U
KJIaCTEpHBIX BKJIIOYEHWM [3], HEroMOreHHOCTb
KOHKPETHBIX 3KCIHEPHUMEHTAIbHbIX 00pa3loB [4],
3a4acTyro 00yCIIOBJIEHHAs Pa3IMYHON TEXHOIOTHU-
YEeCKOU MPEIABICTOPUEH, U psiat ApyTruX. HeoObaHbI
u ¢usnueckue cpoiictBa BTCII, ocobenHo B HOp-
MaJIbHOM COCTOSIHHH, TJIE B CIEKTPE BO30Y KACHUI

otkpsIBaetcs ncesaouiens (1) npu xapakrepu-
criyeckoir Temreparype >>Tc¢ [5] (Te- xputnue-
ckas Temreparypa cBepxnpoposiero (CII) me-
pexoja).

Co Bpemenn otkpbrtust BTCII ¢ akTuBHOI
1ockocThio CuQ2 (KyIrpaToB) MpearpUHIMAIIICH
MONBITKH YIY4IIEHHsS MX CBEPXIPOBOIIMX Xa-
PAKTEPUCTHK IyTeM H30MOPGHBIX 3aMelIeHHUH
OJTHOTO M3 KOMITOHEHTOB [6]. OnHu u3 HambosIee
MHTEPECHBIX MaTepPUAJIOB /ISl U3yYEHUS! CBOMCTB
BTCII coemunenuss YBa,CusO7s (YBCO), uro
00YCIIOBIIEHO BO3MOKHOCTBIO IIMPOKOTO BapbH-
pPOBaHMS MX COCTaBa IyTEM 3aMEHbI UTTPHs €ro
M307JIEKTPOHHBIMU aHAJIOTaMHU, JIMOO H3MEHEHHEM
CTEIIEHU KUCIIOPOJHOM HecTexuoMmeTpuu. Urrpuit
B cocrae YBCO 3amemmaercs OOJIBIIMHCTBOM
JAHTAaHWJIOB U JPYIMMH 3JeMeHTamu [7-8], 4ro
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OOBIYHO HE MPUBOJUT K YXY/IIEHUIO CBEPXIIPO-
BOJIAIIX CBOMCTB.

N3BecTHO, YTO HOHBI PEAKO3EMENBHBIX
AIIEMEHTOB 3aMEIIAIOT aTOMbl UTTPHS, B YaCTHO-
CTH aTOMBI St BHEAPSIIOTCA B TIO3UIIMK aTOMOB Ba,
a JIpyrue JETHPYIOIUe 3JIEMEHTbl BHEAPSIOTCS B
no3urmu Cu(1) [9].

OnHako 3TOT MPOILIECC HEIOCTATOYHO H3Y-
yeH. OCTaloTCsi HEBBIICHEHHBIMH MEXaHU3MBbI
BiMsiHUSL Mojudukanuu Ha cBoiictBa BTCII B
HenonomupoBanHbXx (underdoped) m mepemornu-
poBanHbIX (overdoped) pexumax JIETUpOBaHUS,
BBITIOJTHEHHUE YCIIOBUI KOTOPBIX HEOOXOIUMO IS
nocTrbkeHnsd onTuManbHEIX cBoiicTB BTCII mate-
PHAJIOB, a TAKKE BIFSIHUSI 3aMEICHUST Ha (DIIyKTY-
anMoHHble Tpoueccel. [losTomy wHccnenoBaHue
3aMelIeHrss B KIIACCHYECKOM  CTPYKType
YBa2CuzO7.5 m03BOJISIET MOTYYUTh HOBBIE TAHHBIE
0 MEXaHU3ME CBEpXIIPOBOJMMOCTH U BKJIAJE B
CBEPXIPOBOAMMOCTh aToMOB Y, Ba, Cu.

beu1  cunresupoBan BTCII  marepuan
YBaxCuzO7-5 ¢ YaCTUYHBIM 3aMELIEHUEM B COCTa-
BE UTTPUS HA KaJMHM, TTOCKOJIBKY, HECMOTpSI Ha
TeTePOBAJICHTHOCTh UTTPUS M KaJMUSI, OHH OJH3-
KU 10 HOHHOMY pazuycy (coorBercTBeHHO 0,90 1
0,95A). ITO MOCITYKHI0 OCHOBAaHHUEM ISl TTO100-
Horo 3amenieHus B YBaCuO.

N3BecTHO, UTO ecTh ABa (DIyKTyallMOHHBIX
BKJIaJla B NMPOBOIUMOCTB. IIpsAMoii BKiIan, Teope-
TUYECKH 00OCHOBaHHBIN AcliamazoBbIM U Jlapku-
HbiM (AJD) [10], Bo3HMKaeT B pe3yiabTaTe CIOH-
TaHHOTO 00Pa30BaHMs BHIIIE T KYIIEPOBCKUX Tap,
CO3MaHHBIX (IyKTyarusMu. J[OMOTHUTETbHBIN
Bkiag Maku u Tommicona (MT) [11,12] B pa3Bu-
K Teopun AJl nHTEprpeTUpyeTCs Kak pe3ysbTar
B3aUMOJICUCTBHSI YK€ CYIIECTBYIONHX (ITyKTya-
LMOHHBIX Map ¢ HOPMAJIbHBIMUA HOCUTEJISIMU 3apsi-
Ja W OIpPENeNsieTCs TPOIECCaMH CUETUICHUS B
KOHKpeTHOM oOpasiie. Bemmunna MT Bkiana 3a-
BUCHUT OT BPEMEHH XU3HHU (DIYKTyaIrlMOHHBIX Tap
W JTOMHHUPYET B 007acTH BYMEPHBIX (PIyKTya-
i B cimyyae cnaboii cBsizu. Mexanusm AJl no-
MHUHHUPYET B TPEXMEpHOI o0nacti (a3oBOro Iie-
pexona BOomm3u Tc. Takum o6pazom, Korja Temrie-
patypa mpubmmKaeTcs K Tc, U3MEHEHHE MeXa-
HU3MOB ()IyKTyalluu JOJDKHO HAOOAThCS IKC-
MEPUMEHTAIILHO. B CIIOMCTBIX CTPYKTYypax, B TOM
yriciie BTCII, Bkmax AJl oObrdHO ompenensercs

mogensto Jloypenca-Jlonnu (JII) [13], koTtopas
Mpe/IcKa3bIBaeT UIaBHbIN nepexon ot 2D k tpex-
MepHOMY (DITyKTyallMOHHOMY TOBEJICHHIO TIpU
T-Te.

Takum 00pazoM, LIESTbI0 HACTOSIIEH PadOThI
SBISICTCS W3YYECHHE HOPMAJIBHOTO COCTOSIHUS
Yo5CdosBa,CusO75 B obmacte  Temiieparyp
T*>T>T., a Taxke BIUSIHHUE 3aMEIICHUS B CHCTE-
Me Y-Ba-Cu-O Ha mmMHY KOTE€peHTHOCTH Ky-
nepoBcKux nap, Temneparypy 2D-3D kpoccosepa
Ter 1 TOCTOSHHYIO MEXKIUIOCKOCTHOTO CIIapuBa-
HUS. AHAIW3 TIPOBOJMIICS HA OCHOBE HCCIIEIOBA-
HUSI U30BITOYHOM MPOBOMMOCTH BbIle Tc B pam-
kax mozemu JokanbHbIX map (JIII) [14,15] ¢ yué-
TOM (DIyKTyallMOHHOW Teopuu AciaMa3oBa-
Jlapkuna [10] BOmm3u T..

IKCIHHEPUMEHTAJIBHBIE PE3YVJIbTATbBI
N UX OBPABOTKA

[Momyyenne oopasua Y1xCd x Baz Cus Oz
MIPOBOAMJIOCH B JiBa ATamna [16]. Ha mepBoM stare
UCXO/IHBIE KOMIIOHEHTHI B CT€XHOMETPHYECKOM
COOTHOIIICHUH TTEPEMEIINBATICH H OT)KUTAIUCH B
BO3ylIHOM cpezae npu temmneparype 1120K B Te-
yeHue 25 4. Ha BTOpoM 3Tarne moiydeHHbId co-
CcTaB oDKuraincs B cpenae kucinopoaa (P=1,2-
1,5atm) pu Temneparype 1190K B Teuenue 25 u.
U MEJIEHHO OXJIKIAICS 0 KOMHATHOM TemIie-
parypel. B Hacrosieir pabote aHaIM3UPYIOTCS
pe3ynbrathl 3amenienust Y Ha Cd mpu x=0,5.

TemrieparypHas 3aBUCHMOCTb  yJEITHHOTO
cornporuBiiehuss  p(7)=pan(T)  mommkpucTamIa
Y05CdosBa;CusO7.5 mokaszana na Puc. 1. 3aBucu-
Moctb p(T) obpastia umeer dhopmy, XapakTEpHYIO
Tt onTuMaibHO JorpoBaHHbix BTCILL

Kak Bugno n3 Puc. 1, kputndeckast Temie-
patypa obpasma Yos5CdosBaCuzOr-s pu gormupo-
BaHuu Cd B pacCMOTPEHHOM CITydae COXpaHseTCs
no T~85K. B wHTepBane Temreparyp BbIIIe
T"=(136,6+0,5)K no 300K 3asucumocts p(T) 06-
pasia COXpaHseT JIMHEHHBIA XapakTep C HakJIo-
HoMm dp/dT=1,95mMxOm-cm/K (Puc.1). Hakson om-
peAeIsICS Ha KOMITBIOTEpE almpoKCUMAaIeH dKC-
MEPUMEHTATLHBIX 3aBUCUMOCTEH B HOpPMAJIBHOM
cocrostaud, pn(T), MOATBEPAUIICS TMHCHHBIA X0/
JaHHOU 3aBUCHUMOCTHU.
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TemmeparypHasi 3aBHCUMOCTB YICTBHOTO CONPOTUBIIE-
HHUA B Yo,5Cdo,5BaZCU3O7-a.

Bonee TouHBII MeTOA OIpeAeneHUs MOIy-
yaercss mpu ucnosb3oBanun  kpurepust [p(T)—
po]/aT=1, koropslii moy4aeTcst TpaHchopmarmeit
ypaBHeHus npssMol juHuM [17], roe po - ocratou-
HO€ CONPOTHUBJIEHUE, OTCEKAEMOE 3TOW JIMHUEW Ha
ocu Y mipu T=0K. B stom ciryuae T onpezenser-
cst (Puc.2) xak temmneparypa otkinonenus p(T) ot
1[17].

x
0 T =136,6K
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-5 []
n
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Merton, OIIPCICIICHUS T B Yo,5Cdo,586.2CU307.5
¢ ucrions3oBanureM kputepust [p(T)-po] /aT=1

JIMHENHBI X0/ TEMIIEPATYpPHOU 3aBUCHMO-
cru|[] yaenbHOrO COMPOTHBJIEHHS oOpaslia B
HOPMAJILHOM (pa3e XOpOIIO AKCTPANOIUPYETCs
seIpakerreM pn(T)=(po+xT+BT?) (3mecs B uk -
HEKOTOpbIe MIOCTOSIHHBIE, COOTBETCTBEHHO
0,00175 u 0,8). DTa nMHEHHAs 3aBUCUMOCTb, DKC-

TpParoJIMpOBaHHAs B 001aCTh HU3KUX TEMIIEparyp,

ObLTa UCIIONB30BaHA IS OMPEACICHUS H30BITOY-

Houi mpoBoaumocT Ac(T) cormacHol
_ 4l -1

Ac(T) =p~ (T) —pn— (T). 1)

AHamm3 noBezieHHUs1 M30BITOYHON TIPOBO/IH-

MOCTH OBUT TIPOBEJICH B paMKaxX MOJICIH JIOKAITh-
HBIX map [4].

IIpennonaras BO3MOXKHOCTb OOpa3oBaHUs
JIOKaNbHBIX Tap [2] B oOpasiie mpu Temiieparype
ke T=136,6K, MOJTyYEHHBIEC IKCIIEPUMEHTAIIb-
Hble pe3ynbTaTsl BOM3M T GbumM IpoaHaI3y-
POBaHBI C Y4ETOM BO3HUKHOBEHHUS (DITyKTyarmoH-
HbIX KynepoBckux nap (PKII) semue Te B pamkax
teopun Acnamasoa-Jlapkuna [10] (Puc.3).

0,0012+
0,0010+
0,0008 4

0,0006 4

2

* (mkOm.cm)’

0,0004 4

AC

0,0002 4 c

0,0000 o T
84 85 86

g; 8I8 8I9

Puc.3

TemneparypHast 3aBUCUIMOCTb 0OPAaTHOTO KBajpaTa 13-
6brTounoit posomMoctu Ac(T), onpenensornas T
B Y05CdosBaxCusOyr.s.

Ha Puc.4 npencrasieHa 3aBUCHMOCTb JIOTa-
pupMa U30BITOYHON MPOBOAUMOCTH HCCIEJOBAH-
HOTrO 00Opasiia oT jioraprudmMa MpUBEACHHON TEM-
neparypsl £=(T/T™-1). Cormacuo Teopru AJl, a
taoke Xukamu-Jlapkuna (XJI), passuroil mis
BTCII [18], B o6mactu T>T. (5o BOmm3m T
MPOUCXOUT (IYKTYallMOHHOE CTIApHUBAHUE HOCH-
TeJel 3apsijia, TPHUBOAAIICE K BO3HUKHOBEHHIO
¢nykryatronHoit npoBoxumoctu (PII). B aroit
00J1acTH 3aBUCUMOCTH M30BITOYHOW TPOBOANMO-
CTH OT TEMIIEPATyphl OMUCHIBACTCS BHIPAKCHUSIMH

)
3)

Acanap = Can{e%/[32h&(0)]} Y2,
Acamp = Con{e?/[16hd]} e,
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COOTBETCTBEHHO Uil TpéxmepHbIX (3D) u nBy-
MepHBIX (2D) obmacreit. CKIiMHTOBBIC KO QH-
meHTsl C CityXaT JUisi COBMEIIEHUS TEOpHU C
SKCIEPUMEHTOM [2].

\\Imfz,sm
N

5-
4
34
2
1

InAc, (Om.cm)™

04
14
24
-34

-4

-3 -2
In(T/T™"-1)

Puc4

3aBHCHMOCTH JIorapr(hmMa H30BITOUHOH TPOBOIMMOCTH
ot IN(T/T¢-1) B Yo5CdosBa;Cu3z07-5 (crutomsbre juHmm -
pacder B pamkax Teopreii Acnamasosa-Jlapkuna).

Taxum oOpaszoM, N0 yITy HaKJIOHA O 3aBH-
cumocreit IN(Ac) kax dysxmmnm & = In(T/TM-1)
(Puc.4) moxHO BbiienuTh obnactu 2D (tga=-1) u
3D (tga=-0,5) @OII. Takke MOXHO OMPEICITUTH
TeMIieparypy kpoccoepa To (Temmepatypy mepe-
xo71a oT Ac2p K AG3Dp) U TaHTEHCHI YITIOB HAKJIOHA
3aBucumocreil Ac(T), oTBevaromme nokasaresnsim
crenenu € B ypaBHeHHsX (2) u (3). CooTBeTCTBY-
fomme 3HadeHus mapamerpoB 2D u 3D obGnactw,
ONpe/eNiéHHbIE U3 OSKCIEPUMEHTa Ul oOpasia
Yo05CdosBaCusO75 cocrasmsiior 2D (tga=-1) u
3D (tga =-0,5).

[To remmeparype kpoccoBepa To, KoTOpas
oTBevaer Inep, mo ganHbM Puc.4 MoxkHO orpene-
JUTh JUTMHY KOTEPEHTHOCTH JIOKAJIBbHBIX Tap
B110J16 ocH ¢ [19]

&(0) =dy=0, (4)
e d=11,7A - PacCTOSIHUE MEKITy BHYTPCHHUMHU
MPOBOSAIIMMU TIOCKOCTsIMH B Y-Ba-Cu-O [9].

PaccunranHoe 3HaYCHHE JUTMHBI KOTEPEHT-

HOCTH (ITyKTyalMOHHBIX KyrepoBckux map &c(0)

obpasiia Yo5CdosBa>CusO7.5 Bosb ocu ¢ coctas-
nsier 3,6A (Inep=-2,347).

B pamkax Tteopun [I'mun3Oypra-Jlanmay
GIIyKTyaIMoHHasl ONPaBKa K MPOBOAUMOCTH ISt
BTCII marepuanoB Obiia paccuntana Bapmamo-
BbIM U JIuBanoBbM [20]. CoryiacHO 3TOi TeopuH,
BEJIMYMHA U30BITOYHON MPOBOIMMOCTH UMEET BH/T

~li) G ] o

rie J = (26.(0)/d)? - mocTosHHAsA MEKIIOCKOCTHO-
IO CIIApHBaHUSI.

W3 ypaBHeHust (5) BUAHO, YTO TIPH BBICOKHX
temrieparypax T>>T¢ (tae J<<g; e=((T/T¢)-1), Ac
nporopiyonansaa € (2D - mpoBoauMocTs ), a
IpU MPUOIIIKEHUH K TemriepaType mepexoma T
(rme J>>¢) AG UM3MEHseTCs MPOIOPIMOHAIBHO
&2 (3D - npoBOIMMOCTS).

Takum o6pazom, Teopust XJI npenackaspiBa-
€T KaK N3MEHEHHE JIEKTPOHHON pa3MEpHOCTH 00-
pasia (2D-3D-kpoccoBep) Tak U M3MEHEHUE Me-
XaHU3Ma CBepXIpoBoadmuX Quykryarmi (MT-
JI/T xpoccosep) npu npudbmpkenuu T x Te. B co-
OTBETCTBUHU ¢ Teopueid, 2D-3D-kpoccoep 1om-
YKEH MPOUCXOIUTh TIPH

2

&
16nd

T

TC

T

b6

C

Tea=To{1+4(&(0)/d)’}. (6)
Paccuntannas temneparypa 2D-3D kpoc-
coepa (Ter) nccnenoBanHoro oopasia (Puc.4) o
ypaBHeHuto (6) coctapiseT 88,19K.
OrieHeHa Taroke MOCTOSTHHAS MEKIUTOCKOCT-
HOTo criapuBaHus 1o ypasHeHuto (6): J= 0,0526.

3AK/IIOYEHHUE

IIpoBeneHHbIE HCCIENIOBAaHUS W AHAIM3HE
MOKa3aJi, yTo M30bIToyHas mpoBouMocTh Ac(T)
B Yo05CdosBa:CusO7s B mHTEpBasie Temmeparyp
T"<T<T" ymOBIETBOPUTENLHO OIMCHIBACTCA B
paMKax MOJIEIH JIOKaJIbHBIX Hap.

Ha ocHoBe unccnenoBaHuil YCTaHOBIIEHBI
KpuTHUecKas Temmeparypa mepexoma (Tc™),
OTIpe/IeSieHbl OTKJIOHEeHUs 3aBucumoctu p(T) ot
JIMHEHHOCTH, T.€. Hayajgo OOpa3oBaHMs JIOKANb-
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Yo5CdosBazCusOr-s IFRATKECIRICI MATERIALIN FLUKTASIYA PARAMETRLORININ
(Ter, &(0), T™, J, T*) TOYINI

V.M.OLYIEV, C.0.ROHIMOV, R.i.SOLIM-ZADO, S.Z.DOMIROVA, G.9.9LiYEVA

Y05CdosBa;CusOys ifratkegirici materialda kritik temperatura yaxinliginda (T.™) olava kegiriciliyin amolagolms mexaniz-
mino lokal clitlor modeli gargivoasinds Aslamazov-Larkin nazariyyssi asasinda baxilmisdir. Xiisusi miigavimatin temperatur p(T)
asiliigmm diizxatlilikdon ¢rxmasmi, yoni niimunads lokal Kuper citlarinin amalagelmsa temperaturu (T%) toyin edilmisdir. Bu if-
ratkegirici materialin 2D fluktuasiya oblastindan 3D oblastina kecid temperaturlari (Ter) toyin edilmisdirsdir. Eyni zamanda, bu if-
ratkegirici materialin ¢ oxu istigamatda kuper cltlorinin koherentlik uzunluglar &(0) hesablanmisdir. Yo5CdosBa;CusOyr.s ifrat-
kegirici materialin Varlamov-Livanov nozariyyssine uygun olaraq tobagolor arasi birlogmo sabiti do (J) giymstlondirilmigdir.

DETERMINATION OF FLUCTUATION PARAMETERS (Ter, £(0), T™, J, T*) IN Y05CDosBA:CU:O7:5
HTSC MATERIAL

V.M.ALIYEV, JARAHIMOV, R.1.SELIM-ZADE, S.Z.DAMIROVA, G.A ALIYEVA

The mechanism of the formation of excess conductivity in cuprate HTSCs Y5CdosBa:CusO7.s was considered in the
framework of the model of local pairs, taking into account the Aslamazov-Larkin theory near the critical temperature (T.™). De-
viations of p (T) from linearity were determined, i. e. the beginning of the formation of local Cooper pairs in the sample (T7). The
temperature Tcr of the transition from the 2D fluctuation region to the 3D region (the temperature of the 2D-3D crossover) was
calculated. The values of the coherence length &:(0) along the ¢ axis of fluctuation Cooper pairs were calculated. The interplanar
pairing constant (J) of the Ys5CdosBaCusO7.s sample was also estimated according to the Varlamov-Livanov theory.
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REFERAT

Eu nadir torpaq elementi ilo aktivlosdirilmis CaS birlosmasi
bark cisim reaksiyasi ilo sintez edilmisdir. Sintez edilmis nil-
munolorin  hoyacanlanma vo fotoliminessensiya spekirlori
dalga uzunlugunun gériinan oblastinda todqiq edilmisdir. Fo-
toliminessensiya spektrindon misyyan edilmisdir ki, siialan-
ma Eu?* ionlarinin kegidlori hesabina bas verir. Hom CaS,
hoam do CaS:Eu birlogsmolarinin infragirmizi spektroskopiya
(FTIR) analizlari aparilmig vo miiqayisali sokilda tohlil edil-
migdir. FTIR spektroskopiyasima asason sintez edilmis niimu-
nalordo CaS vo CaS:Eu birlosmalorini togkil edon atomlar ar-
asinda rabitalatin tobioti arasdirilmusdir.

GIRIS

Yarimkegiricilor  fizikasinin ~ Gyronilmasi
0zlndo bir sira mosalalori bir problem Kkimi
birlogdirir ki, bunlar da  kvant elektronikasi,
spektroskopiya, kristallografiya va s. istiqamatlor-
dir. Bir sira saholords bu istigamatlor artiq 6z tot-
big sahasina golib ¢atmisdir ki, bu da nadir torpaq
ionlar1 ilo aktivlesdirilmis kristallarin dyranilmo-
sindon ibarat olmusdur [1-4]. Muxtalif torkiblori
nadir torpaq ionlar ilo aktivlosdirdikdo asagidaki
bir sira masalalorin hoallini tapmag mumkin olur:
stialanmanin kvant ¢ixiginin artmasi, enerjinin 4f
elektronlarna effektiv sokilda Otlrtlmasi, siialan-
ma moarkazlorinin yaranmasi, bu morkazlors hayo-
canlanmanin Gtiirtilma Usulunun tayini vo siialan-
maya uygun elektron kegidlorinin toyini vo s. [5-6]
Isiq diodlarinda totbiq olunmasi mogsadilo ag
is1&1n alinmast ticiin yeni effektiv liiminofor mate-
riallarin alinmasi va ya hal-hazirda méveud olan
liminoforlarin tokmillosdirilmasi bu sahads mdiasir
elm vo texnologiyanin qarsisinda duran asas prob-
lemlordondir.

Molumdur ki, ag is1q diodlarinin yaradilma-
sinda yasil vo qumizi siialanmaya malik liimino-

forlar totbiq edilir [7]. Belo ki, ag isigmn alinma-
sinda zoruri olan Gglincl - mavi rongli siialanma,
totbiq edilon diodun 6ziiniin stialanmasi hesabina
aldo olunur. Bu sobabdon do istifado edilon lumi-
noforlarin effektiv hayacanlanma oblastinin mavi
oblastda olmasi yekunda ag 151q diodlarnin
somarali islomayini tomin edir. Artiq kommersiya
saviyyasina ¢ixmis yasil rongli siialanmaya malik
Iimonoforlar kifayst godar ¢oxdur. Lakin bu isdo
osas problem qurmizi oblastda slialanmaya malik
liminoforlarin yaradilmasi va tokmillogdirilmasidir
ki, bu zaman bir ¢ox hallarda yaradilmis material
butiin taloblori 6daya bilmir. Qeyd edilon istigamat
Uzra on effektiv materiallardan biri kimi Eu nadir
torpaq elementi ilo aktivlosdirilmis CaS birlosma-
sini géstormok olar [5]. Ucuz sintez texnologiyasi,
fiziki va kimyovi tosirlora garsi dayanighg, elaco
do effektiv hoyacanlanma vo slialanma oblastina
gors ag is1q diodlarinin yaradilmasinda CaS:Eu
birlosmasi ugurla istifado oluna bilocok material-
dir. Bu istigamotdo totbiq perspektivlorinin arasdi-
rilmasinda on effektiv metod olbatto ki, onun siia-
lanma xassalarinin arasdirilmasidir. Bununla yana-
s1 birlosmonin infraqirmiz1 spektroskopiyasi mate-
rial daxilinds rabitolorin askar edilmasilo onun qu-
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rulusu haqqinda vacib molumatlarim alimmasina
imkan verir.

Yuxarida geyd olunanlar1 nazars alaraq Eu
nadir torpag elementi ilo aktivlosdirilmis CaS bir-
losmasinin  fototluminessensiya Vo infraqirmizi
spektroskopiya tadigatlar1 aparilmis vo alinan nati-
calar otrafli sorh edilmisdir.

TOCRUBO

Tadqiqat obyekti kimi se¢ilmis birlasmalor
morhalali sekildo sintez edilmisdir. ilkin morhaloda
CaS birlogsmasi kalsium karbonatin hidrogen sulfid
miihitinda 900°S temperaturda 24 saathq parcalan-
ma reaksiyasi ilo sintez edilmisdir. Isin gedisi za-
mani CaS mikrotozlarindan basqa sistemdo yara-
nan slavs qazlar arqon (Ar) qazi vasitasilo gqovula-
raq 40%-li KOH va ya NaOH mohlulunda neytral-
lagdirilir. ikinci mroholodo iso EUFs birlosmasi ilo
CaS birlogsmosinin stexiometrik qarigg1 yuksok
keyfiyyatli kvars ampulada 1100°S temperaturda
Vo yiksok vakuumda bork cisim reaksiyasi ilo 2
saat muddatinds sintez edilmisdir. Sintez prosesin-
don sonra sobanim temperaturu tadricon 700°S-ys
godor azaldilmig va homin temperaturda 6 saat
termik domlomo prosesi aparilmigdir. Termik dom-
lomadon sonra niimunonin kristallasma xiisusiy-
yatlorindoki yaxsilasma rentgen difraksiya analiz-
lorindon tosdiq edilmsdir.

Numunolorin fotoliminessensiya spekirlori
“Perkin Elmer LS-55" qurgusunda dalga uzunlu-
gunun goriinan oblastinda (400-600nm) cakilmis-
dir. Hayacanlanma monbayi kimi ksenon lampa-
dan istifado edilmisdir. Infraqirmiz1 spektrlori “Va-
rian 640 FT-IR” cihazinda dalga odadinin (foza
tezliyinin) 400-4000sm™ diapozonunda tadqiq
edilmisdir.

NOTICOLOR VO MUZAKIRO
FOTOLUMINESSENSIYA ANALIZI
Sokil 1-do Eu?* ionlan ilo aktivlosdirilmis

CaS birlasmasinin hayacanlanma va fotolimines-
sensiya spektrlori verilmisdir.
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CaS:Eu birlogmasinin hayacanlanma (qurmizi) vo
fotolliminessensiya (gara) spektrlori.

Hoyacanlanma spektrinin (qirmizi) on inten-
siv intervalt 450-550nm dalga uzunlugu oblastint
ohato edir. Alan spektr tosdiq edir ki, CaS:Eu®*
birlosmasinin effektiv hoyscanlanma oblasti mahz
mavi isiq diodunun dalga uzunluguna (460nm)
ohatos golir, hansi ki, isiq diodlarinin yaradilmasin-
da asas sortlordon biri effektiv hoyacanlanma ob-
lastinin mavi isiga uygun golmasidir.

CaS:Eu?* birlosmosinin fotoliiminessensiya
spektri (gara) tok maksimuma genis zolaql siialan-
ma zolagindan ibarotdir. Slialanma spektrinin
maksimumu dalga uzunlugunun qirmizi (650nm)
oblastina uygun golir, hansi ki, ag isiq diodlarinin
alinmasi on aktual problemlordon biri do qurmizt
rongin alinmasidir. Miisahido olunan hoyacanlan-
ma Va siialanma spektrlori Eu?* ionlarmm 4f" kon-
fiqurasiyasmin hoyacanlanmus 4%5d soviyyasi vo
osas 8Sy7 arasmndaki energetik kegidlor hesabmna
yaranr.

INFRAQIRMIZI SPEKTROSKOPIYA

Infraqumuz1 (FTIR) tocriibesi tgtin CaS vo
CaS:Eu nimunolori KBr (1:100) birlogsmasi ilo
bork qatisiq halinda diametri 7mm  hindurliyu
Imkm olan silindir formasinda presformanin ko-
moayilo 0,5kN/sm? tasyiqdo preslomo yolu ilo ha-
zirflanmigdir. Niimunolorin infraqumizi - spektrlori
“Varian 640 FT-IR” cihazinda dalga ododinin
(foza tezliyinin) 400-4000sm™ diapozonunda tod-
qiq edilmigdir. CaS vo CaS:Eu nimunalarinin
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FTIR spektrlori ayri-ayriligda miiqayisali olaraq
Oyranilmisdir.

[k olaraq tomiz halda CaS-in FTIR spektrlo-
rino baxilmusdir. ilkin yanasmada spektrdo dalga
adadinin 833sm™ giymatinds pik miisahida edilir.
Dalga odadinin bu giymatinds miisahido olunan
piki Ca-S rabitasi ilo izah etmok olar. Baxmayaraq
ki, bir c¢ox odobiyyatlarda Ca-S rabitasine
950+1000sm™ dalga ododi uygun golir [8-12].
Qeyd edok ki, Ca-S rabitolorina uygun galon dalga
odadinin siirtismasi ola bilsin ki, sintez prosesi ila
slagolidir. Diger torafodon dalga adadinin 400-sm™-
don kicik giymatlorinds yeni bir pikin izlori musa-
hida olunur ki, bunu da Ca-O rabitalori ilo izah et-
mok olar. Eyni zamanda, boyiidiilmiis spektrdo da
iki pik miisahido olunur. Dalga adadinin 1470sm'*
giymatinds miisahido olunan pik C-O rabitesi ilo
izah olunur. Bu iss, ehtimal olunur ki, sintez prose-
sinda (CaCOz) va ya atmosferdan az migdarda CO;
gazinin adsorbsiyasinm naticasidir. Diger torofdon
dalga ododinin 3250sm™ giymatinds miisahido olu-
nan pik adston guicli hidrogen rabitasi ilo izah olu-
nur. Bazi odabiyyatlarda iss, dalga adadinin bu qiy-
matinda S-O va hidrogen rabitasinin mumkunliy
do geyd edilir. Qeyd edok ki, CaS niimunasinin
FTIR spekirinds yalmz Ca-S rabitosini izah edon
833sm* dalga adodindo giiclii signal miisahido edil-
misdir. Mdveud digor piklor iso ¢ox zaifdir vo bu
onu demaya osas verir ki, digar rabitolor nimuno
daxilinds ¢ox az miqdarda movcuddur.

Eu atomlan ilo askarlanmis CaS:Eu niimu-
nasinin FTIR spektrlarini Sakil 2-da verilmisdir.
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CaS:Eu birlogsmasinin FTIR spektri.

Ik &nca geyd edok ki, spektrin nisbaton bo-
yuk dalga adadlorine uygun galon hissasinds xao-
tiklik musahido edilmisdir ki bu da sintez prose-
sinda nlimuns torafindon udulan su molekullar ilo
alagalidir. Mohz bu sabobdan spektrin sdziigedan
arahig toqdim edilmomisdir. CaS:Eu nimunasin-
nin FTIR spektrinds dalga odadinin 3100-400sm*
arah@inda Umumilikdo 9 forgli piklor miisahido
edilmisdir.

Dalga ododinin 400sm™ giymeti otrafinda
musahido edilon yarimpikin intensivliyinin artma-
s1, bu niimunads tomiz nimuns ilo migayisads
C-O rabitalarinin nisbaton artmasmim naticasidir.
Digor torofdon dalga odadinin 870sm™ giymeotinda
misahido olunan pik sirf Ca-S rabitolorini izah
edir. Bu pikin nisboton zayif olmasi onu gostorir
ki, Ca-S rabitasinin konsentrasiyasi asqarlanmadan
sonra azalmigdir. Malumdur Ki, nisbaton yuxari
temperaturlarda qizdirma zamam CaS niimunasi
daxilinds SO ionlarmm konsentrasiyas: kaoskin
artir (4). Qeyd edok ki, toqdim olunan isds Eu
atomlart vakuumda CaS-lo asqarlanmigdir. Belo
olan halda ehtimal olunur ki, SO~ ionlari ilo yanasi
Eu-S rabitalori do yaransin (5). Mahz bu sababdon
dalga ododinin 1150sm™ giymoti otrafinda giiclii
signal miigahido edilmisdir. Bu isa ya Eu-S ya da
SO?, anionundaki S-O rabitesinde méveud olan
asimmetrik uzununa (asymmetric stretching) rags
ilo alagoalidir (assignable to S-O stretching vibra-
tions in the SO% anion).

Digor torafdon, dalga ododinin 670sm™ va
980sm™ giymatlorinds miisahido olunan zoif piklor
Si-O rabitalorinin ayilma (bending) rogslari ilo ola-
golidir (6-8). Dalga adadinin 1435sm™ giymatino
uygun pik 6nca geyd etdiyimiz kimi C-O rabitasini
izah edir. 1800sm™ dalga ododindo miisahido olu-
nan zoif pik cox giiman ki, H-O-H ayilmo rabitolo-
rini izah edir (7,8). Digor torofdon dalga odadinin
2350sm? vo 2530sm? giymatlori R-OH, Ca-OH
Va ya O-H uzununa rabitalori izah edir.

NOTICO

CaS va CaS:Eu birlogmalori bark cisim reak-
siyasi io sintez edilmisdir. CaS:Eu birlogsmasinin
hoyacanlanma vo fotoliminessensiya spektrlorin-
don mioayyan edilmisdir ki, bu birlosma Uglin ef-
fektiv hoyoacanlanma oblasti mavi isiq diodunun
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siialanmasina (460nm) uygun golir. Muayyan edil-
misdir ki, birlosmodo fotoliminessensiya spekiri
miisahido olunmas1 Eu?* ionlarinin 4185d — 8Sy7
enerji kegidi hesabmadir. Infraqirmuzi spektrosko-
piyada dalga adedinin 833sm? giymatinda pik mii-
sahidoa edilir ki, homin pik Ca-S rabitasi ilo izah et-
mok olar. Baxmayaraq ki, bir ¢ox adobiyyatlarda
Ca-S rabitosino 950-1000sm™ dalga odadi uygun
golir. Dalga ododinin giymatindoki siirlismanin
sintez prosesi ilo slagodar oldugunu giiman etmoak
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PHOTOLUMINESCENCE AND INFRARED SPECTROSCOPY OF CaS COMPOUNDS ACTIVATED BY Eu
RARE-EARTH ELEMENT

T.N.MAMMADOVA

Eu activated CaS compound was synthesized by conventional solid state reaction at high temperature and vacuum.
Photoluminescence excitation and emission spectra were investigated in the visible range of wavelength. Based on the
photoluinescence spectra, it was determined that the emission spectra is due to the electronic transition of Eu®* ions. Infrared
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spectroscopy investigations were carried out for both CaS and CaS:Eu compounds and comparatively analyzed in detail. Based
on the FTIR spectroscopy, the nature of the bonds between atoms in the Ca$S va CaS:Eu compounds were studied.

®OTOJTIOMUHECIHEHIIUS U ”THOPAKPACHASI CIEKTPOCKOIUA COEUHEHMIA CaS,
AKTUBUPOBAHHBIX PEIKO3EMEJIBHBIM 9JIEMEHTOM Eu

T.HMAMEJOBA

Coemunenue CaS, akTMBUPOBaHHOE HOHAMU Eu?*, ObUI0 CHHTE3MpOBaHO 0OBIMHOM TBepA0(asHOl peakiyei Ipy BbICO-
KO Temmepatype 1 BakyyMme. MccrieioBaHbl CieKTpbl BO30YKICHHS U M3ITydeHUs (DOTOIFOMHHECIICHIIMM B BHAMMOM AHaria-
30He TMH BoiH. Ha OCHOBaHMM CHEKTPOB (DOTOIFOMHUHECLICHIMN OBUIO OIPEENCHO, YTO CIIEKTPBI U3TyUeHHsS! 00YCIIOBIICHBI
3MIEKTPOHHBIM TEPEX0IOM MOHOB Eu?*. MH(paKpacHble CIEKTPOCKOMMYECKHE UCCIICIOBAHMS ObUTH NPOBEICHBI KaK IS COE/IH-
nennii CaS, tak u it CaS:Eu u cpaBHUTEIBHO M0 [poOHO npoaHam3upoBanbl. Ha ocHoBe K-Dyphe criekTpockorvy n3yucHa
npHUpoza cBsi3eit Mex Iy aroMamu B coeuHenusix CaS vo CaS:Eu.
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Kimtouessie cnoBa: CdInySs, ontuyeckoe raienue GoToTo-
Ka, SHEPTETHYECKHI CIIEKTP, (POTOMPOBOIMMOCTb, JIOKAITh-
HbIE YPOBHH, LICHTPb PEKOMOMHAIMH, LIEHTPbI (OTOUYB-
CTBUTCIILHOCTH, IICHTPBI MPWIMIIAHKSA, CTPYKTYpHBIC JIe-
(eKThI, MPUMECH.

PED®EPAT

Wydgeno omrudeckoe rameHue ¢ototoka (OI'd) B crexwmo-
METPHYECKAX M HECTEXHOMETPUYECKHX, a TAKKE JISTHPOBAH-
HBIX Me/ibio MoHOKpucTamiax CdIn,S, Mccienoana 3aBucu-
MOCTb BEJIMYMHBI TalleHHs! (JOTOTOKA OT IUTMHBI BOJHBI U HH-
TEHCHBHOCTH TacsILIEro MPUMECHOTO CBETa, a TAKKe OT UHTCH-
CHBHOCTH (DOHOBOH MOJCBETKH. Y CTAHOBJICHO, YTO JICTUPOBa-
aue CdINySs MebIO MPUBOIUT K M3MEHEHHIO SHEPI€THIECKOTO
pacCTOsIHUSA [-IICHTPOB B 3amperieHHoi 30ue (E%—=0,73 3B st
Cllyyasi YUCTHIX, a Takke 00pa3loB C HEJOCTATKOM KaiMHS U

unmus, E%=0,86 3B ms ciyyas npumecu Cu).

BBEJIEHHUE

Tpoitnoe coemnenne CdlnzSs, srstrore-
Cs TIPEIMETOM WCCIIEIOBAaHUS JAHHOW padoTHI,
(OTOUYBCTBUTENBHO B IIMPOKOH CIEKTPaIbHON
obmactu W sipko Jomueecimpyer [1-11]. B
CdIn;Ss nabmomaercst 3(pheKT MepeKroUeHus
maMmata Ha kKoHTakre CdInpSs-meramn, cseroBast
NaMsATh, TeHEpalys TOKOBBIX KoneOaHui, poroka-
TaJIMTHYECKHE CBOMCTBa M ap. MHTEpec Kk aToMy
TIOJTYIIPOBOJIHUKY CBSI3aH C BO3MOXKHOCTBIO IPaK-
THYECKOTO TIPUMEHEHHUS B KadecTBe (hOTOpe3u-
CTOpa, COJHEYHOI'O 3Je€MEHTa, (POTOKATAIUTHYE-
CKOTO Marephaia W CBETOM3IIYYarolero AWoia
[12-28].

Coemuuenne CdInoSs otHOCHTCS K Kitaccy
aJIMa30M0/I00HBIX  MTOTYTIPOBOTHUKOBBIX ~ COE/IH-
HEHHH, KPUCTAIUTH3YETCS B KYOUYECKOU CTPYKTY-
pe IMMuHeM C NocTosHHOM pemerku a=10.797A
(p.rp. On’ Fd3m). DHeprust HeNpsIMO#A IIeIH Co-
crapisieT Eq™ =2,285B npu xomHaTHO# Temmnepa-
type [9]. B ommune or OMHApHBIX AHAIOTOB B
crpykrype CdIn,Ss, BBHIY Hammums JByX COPTOB
aTOMOB B KATHOHHOH MOAPEIIETKE, TOMUMO KaTH-
OHHBIX M aHUOHHBIX BakaHCcUil Vin,VcdH Vs, Mex-
y3eibHBIX aToMOB INint, Cdint 1 Sint, BO3MOYKHO 00-
pa3oBaHHE AHTHCTPYKTYpPHBIX Je(eKToB, o00y-

CJIOBJICHHBIX B3amMo3amerieHneM KarroHoB Cdin
1 INcg, BO3MOXKHO 00pa3oBaHKE acCOIMAaTOB yKa-
3aHHBIX JedektoB. Jedextsr Vs, Incd u Cdint Mo-
ryT 00pa3oBbIBaTh JIOHOPHBIE LIEHTpbL J[lpyrue
nebextol, Takue Kak Vcd, Cdea ¥ Sint MoryT hop-
MHpPOBAaTh AaKIENTOpHBIE IEHTphl. Kpome Toro,
IMpoKast  00JIacTh TOMOTEHHOCTH — IO3BOJISIET
yIpaBisATh pusmdeckumu napamerpamu CdInaSs B
0OJIBIIIOM MHTEpBAJIe BApbUPOBAHUEM CTEXHOMET-
PHUH TIO OT/IEIBHBIM KOMITOHEHTaM. JTH (PaKTOPBI
NPUBOAT K HATMYMIO OOraToro CrheKTpa JIOKalb-
HBIX COCTOSIHUM W MHOTOOOpa3Hi0 OCOOEHHOCTEN
MPOTEKAHUS HEPAaBHOBECHBIX MPOLIECCOB.
Onrnueckoe ramenue ¢ororoka (OI'D)
HabmoaeTcsl B OOJIBIIMHCTBE MOTYTIPOBOJHUKOB
[29]. OI'® npexcrapnser coboii ramenue (HoTo-
TOKa B oOnacTy BO30YX/I€HUsI COOCTBEHHOM (ho-
torpoBogumocty  (PII) or ponomHUTENHEHOrO
ocsenieHust U3 obnactu npumecHoit @I, Iposs-
nenue storo 3ddekra, Hampumep, B (POTOAIEK-
TPUUYECKHX MpeoOpa3oBaTessix COJHEYHOM 3Hep-
TUM OTPUIIATEIIFHO CKa3bIBACTCSI HA XapaKTepH-
crukax npubopos. Kpome storo, onruueckoe ra-
IIEHUE MOXKET HCIOIb30BaThCsl Il HM3y4YeHMs
30HHOW CTPYKTYpBI CHUCTEMBI SJIEKTPOHHBIX CO-
CTOSHUM B TOJYIMPOBOAHMKAX. OrmpeneneHHbIi
MHTEpEC MPE/ICTABISIET MCCIIEA0BaHUE MEXaHU3-
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moB ramenns @I B momynpoBonaukax [29]. B
YaCTHOCTH, LIEHHYIO HH(OPMAIHIO O LIeHTpax (o-
TOYYBCTBUTENILHOCTU (DY) MOXKHO MOIYYUTH IO
uccrnenopanuto  OI'®. [lo 1IMHHOBOIHOBOMY
kpato criektpa OI'd MOKHO yCTaHOBHUTH OINTHYE-
CKOE dHepreTuyueckoe paccrosiHue 1eHTpoB ®Y or
norojika BajieHTHOM 30HbI (E°r). C 1enbto mosy-
4yeHus MHGOpPMaIMU O POJIM KAaTUOHHOTO HEO-
cTaTka W TpuMmeceid B (OPMHUPOBAHHUM IICHTPOB
@Y B CdInySs mcenemoBaHo BIMSHUE JTOMOJTHU-
TenbHOM noacBeTkn Ha DI M3ydena 3aBucu-
MOCTb M3MEHEHHs (POTOTOKA OT JUIMHBI BOJHBI U
WHTCHCUBHOCTH JIOTIOJTHUTEIIBHON ITOJICBETKH, a
TaKKe OT MHTEHCHBHOCTHU (DOHOBOM IMOJCBETKH B
CTEXHOMETPUYCCKHX, HECTEXUOMETPHICCKUX (C
HenocratkoM kaamus Cdogs IN2Ss  wim wHams
CdInygg S4) m nerupoBaHHBIX Menplo (2 M0On%)
MoHOkprcTamiax CdIngSy,

INOJIYYEHUME KPUCTAJIJIOB U
METOIUKA OKCIIEPUMEHTA

[Momkpucramueckue  o0pasibsl - CdIngSs
TMOJTy4eHbl HAMU CIUIABJIEHUEM HCXOIHBIX KOMIIO-
HEHTOB. [IpOyKThI cHHTE3a OBUTM WCIONIB30BAHEI
JUIL BBIPAILIMBAaHUS MOHOKPHCTa/UIOB. MOHOKpH-
CTaUThl BBIPAIIMBAINCH METOAOM MEIIEHHOTO
oxiaxaenus. Monokpuctawisl CdInaSs nmeror n-
THIT IPOBOJIMMOCTH. BBeIeHHbIE IPHUMECH U HEZI0-
CTaTOK KaJMUsl, a TaKKe MHIUSI He KOHBEPTUPYIOT
THIT TIPOBOAUMOCTH n—p. OTOHpamich (oTouyB-
CTBHTEJBHBIE, BHICOKOOMHBIE B TEMHOTE 00pas3IIbI C
yaembHbM conpoTuBienreM 10%+1080m.cm, kpat-
HOCTBIO TEMHOBOTO W CBETOBOTO COMPOTHBIICHHUS
Ry/R=10%10° (mpu ocBemennoctu 200LX u
300K). s mpoBeneHWss W3MEpeHH o0Opasiam
NPUIABAICS BUJ TUIOCKONAPAUIENBHBIX ILUIACTHH
pasmepamu  3x2xImv’. B KauecTBe OMMYECKHX
KOHTAKTOB HCIOJIb30BAJICS METAJUTMIECKUIA MH/IUH.
HanpspkeHHOCTB ANIeKTPHYIEcKoro ToJis B 00pasiax
He npesbinaga 20V/cm. Ilpyu Takux HanpspKeHHO-
crix BAX nmuneiina u npenotsparieHb! d3pQeKTsl,
CBSI3aHHBIE C TOKaMU 0OBEMHOT'0 3apsizia.

Jna uccnenoBanuss OI'® ucnons3oBanach
yCTaHOBKa, u300paxkeHHas Ha Puc.1. B atoii cxe-
M€ KpPHUOCTaT COCTOUT W3 LIMIMHIPUYECKOTO KOp-
Mmyca, CAENAHHOTO W3 HepKaBelolleld CTamu Hu
UMEIOILIETO JIBa KBAapLIEBBIX OKHA B BaKyyMHO-

IUIOTHOM onpase. BHyTpu Kopltyca IpOXOauT Lu-
JMHAPUYECKUI COCY]] U3 MEJIbXUOpPa, KO JHY KO-
TOPOTO MPUKPEIUISETCS MEIHBIN OJIOK, MMEIOLIHIA
HarpeBaTeIbHyI0 0OMOTKY. JI1st BO3OYXIeHHUs 13
cOOCTBEHHOI oOnactu crektpa ((hoHOBOE BO3-
Oy>K/ieHHe) MCIOJIB30BaNach JlaMIla HaKaJIMBaHUS
CU-6-300 B coueranuu ¢ HAOOPOM CIEKTpallb-
HBIX, HEUTPAJIbHBIX U BOJSHBIX (DHIBTPOB, 0Oec-
MIEYMBAIOIIAs PABHOMEPHOE TOTJIOIICHUE CBETA B
kpuctawie. s co3manust JOMOJIHUTELHON pu-
MECHOW ITOJICBETKH HCIIOIB30BAIICS MOHOXPOMa-
Top CD-4A. ToK perucTpupoBajICs CaMONKUCIEM
MIOCTOSTHHOTO TOKa. ['padiik TOCTPOEH 1Mo TOUKaM
B PEXHMME TIOCIEOBATEIbHOTO BO30YXKIICHUS.
V3mepeHusi MPOBOIIMCH IO CTAIIMOHAPHOH Me-
Toauke B oonacty i BoiH 0,4+2,0MkMm.

Puc.1

Cxema YCTaHOBKH JUISI HCCIIEJJOBAaHHS OINTHYECKOTO
ramerus QoroToka:1-namma rakammBaaust CH-6-300;
2-KBapleBas JIMH3a; 3-MOHOXpOMATOp; 4-CBETOQMIBT-
PBL;, S-HeHTpabHBIE OCIaOHUTEIN; 6-KpHOCTaT, 7-00pa-
3e11; 8-KBapIieBasi OKHa.

IKCIIEPUMEHTAJIBHBIE PE3YJIbTATbBI
N UX OBCYXJIEHUE

Ha Puc.2 mpuBeneHO CIIEKTpallbHOE pac-
npeneneane OI'D B CTEXMOMETPUYECKUX KpH-
cramiax CdIn2Ss mpu pas3inuyHBIX WHTEHCHUBHO-
cTaXx (hOHOBOTO BO3OYXKIECHHS W3 COOCTBEHHOMU
obmacty morsomenust. Ha ocrt opiiHAT OTIIOKEHO
3HayeHus: (otoToka (i) MpU OJHOBPEMEHHOM
OCBEILICHUU U3 JIByX MCTOYHHKOB cBera: 1). Mc-
TOYHHKA CBEeTa M3 O0JIaCTH COOCTBEHHOU (hOTO-
pOBOIMMOCTH; 2). JIOMONHUTEIBHOTO OCBeIIle-
Hust 13 obnactu npumecHoit OI1. OI'® B CdlInzSs
npoucxomuiao B obmactu sHepruii (0,73+2,0)3B
npu T=110K. Ilo [IMHHOBOIHOBOMY Kparo CIEK-
Tpa OI'® onpenensiii SHEPreTUYECKOe PACCTOs-
Hue 1eHTpoB Y oT NoTOoJKA BAJICHTHOM 30HBI.
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CrieKkTpalnbHOe pacipe/ie/IeHHe ONTHYECKOTO FallleHIs
¢ototoka B MoHokprcTamiax CdlnySs (T=110K) mpu
Pa3ITYHBIX HHTCHCUBHOCTSIX (DOHOBOTO CBETA.

JU1s  HeJerupoBaHHBIX —(CTEXHOMETpHUYe-
CKHX) KPHMCTAJUIOB OHO cocTaBistio E°=0,733B.
ITpu sueprun dorona 0,73<hv<1,353B nHabmona-
eTcsl TOJBKO TamieHue (POToToka. ITO O3HAYAET,
YTO NPH TaKUX SHEPIHsAX NIEKTPOHBI NEPEXOST
W3 BAJICHTHOM 30HBI Ha LeHTpbl OY U abIpku me-
PEXOIAT B BAIEHTHYIO 30HY, OCBOOOXKIASICh M3
ueHtpoB @Y. B pe3ynbraTte yMEHbIIAETCS BpEeMs
KW3HU DJIEKTPOHOB B 30HE IIPOBOAMMOCTH, 4YTO
MPUBOAWT K rameHuto coocrseHnoit ®@I1. Oro sB-
JIEHWE MOXHO OOBSICHUTH YMEHBIIEHHEM 4Hciia
ANIEKTPOHOB, PEKOMOMHUPYIOIIMX Yepe3 MeJIeH-
HbIE [-LIEHTPBI, 1 YBEIMYEHHEM TOTOKA PEKOMOU-
HalluK Yepe3 ObICTPbIe S-1IEHTPBI.

W3yudensl mporecchl B 00JaCTH KOPOTKO-
BostHOBOM Tpanuipbl OI'®. HalineHo, 4to crek-
TPAJIbHOE TIOJIOKEHUE KOPOTKOBOJIHOBOM I'paHU-
16l OI'® CHIIBHO 3aBUCHUT OT MIPOIIECCOB 3aIOJTHE-
HHSA-OITyCTOIICHHUS PEKOMOWHAIIMOHHBIX LIEHTPOB.
B pesynbrare kopoTkoBoaHOBOM Kpaih OI' D oka-
3bIBA€TCSl YyBCTBUTEIBHBIM K BHELIHUM BO3/EH-
crBusiM. [lokazaHo, 4TO U1 KOPOTKOBOJIHOBOM
vactu cnektpa OI'® CdInzSs xapakTepHa KOHKY-
pentus oToBO30YKICHUS U TaleHus. B pesyib-
Tate paszueneHust 3PpdexToB GoToBO3OYKACHUS U

TalleHust ONIPEIEIIIN JTMHHOBOJIHOBYIO TPaHHILY
¢boToB030Y:xIeHus HocuTenel 3apsana. [Ipu suep-
rusix Qorona hv>1,353B nabnromaercs cTumyoisi-
1y ¥ raiienue Gpotoroka. OjHa U Ta K€ CBETOBAs
BOJIHA TMPUBOAMT K YBEIMYEHUIO (POTOTOKA,
BCIIC/ICTBUE T'€HEpallii HOCUTEINEH ¢ YPOBHS B C-
30HY, U K YMEHBIICHUIO (POTOTOKA, TEPeBOAs
JIBIPKU U3 I-IIGHTPOB B V-30HY. B o0nactu criekrpa
1,35<hv<2,05B ramieHue mpeobiagacT Hal BO3-
Oy>K/ieHHeM, BbI3BaHHBIMU TeMU ke (poToHamu. B
JTAHHOM CITy4ae CBoeoOpasre KHHETUKH (DOTOTOKa
MOYKHO HCIIONIb30BaTh I pazzeneHus d3PQexToB
TalieHusi W CTHMYJIHH, TOCKOJIBKY COOTBET-
CTBYIOILIME aMILUIATY/bI MTPOMOPIIMOHAIBHBI CIIEK-
TpaJIbHBIM 3aBUCUMOCTSIM CeYeHHH 3axBara (oTo-
HOB. TeM camMbIM MOXHO BOCCTAHOBHUTH WCTHH-
HYI0 (OpMY TIOJIOC BO30YKACHHS M JTHHHOBOJI-
HOBYIO Tpauuily Bo30OyxneHus. [losBieHue
«BCTIBIIIKK» (POTOTOKA TPH SHEPruax (HOToHA
hv>1,355B 103BOJISIET MPEATOIOKHTh, YTO B 3a-
NPEIICHHON 30HE HIDKE JTHA TIPOBOAMMOCTH HaXO-
JISITCSI TOHOPHBIE YPOBHU U, Hanbosee O1M3Kuil 13
HUX K C-30HE, IMeeT dHepruto nonmzarmu 1,353B.
BeiieykasanHble (akThl yKa3bIBalOT Ha TO, YTO
ypoBeHb Ec—1.355B urpaer aktuBHYO pOIIb B Te-
HEPAIMOHHO-PEKOMOMHAIMOHHBIX ~TIpOIleccax B
CdIn2Ss. TMockonbky criektpbl OI'® mpocTuparoT-
¢4 BIUIOTH 10 2,05B, He HCKIIIOYEHBI JIBOMHBIE OIT-
TUYECKHUE TIepexo/ibl U3 LeHTpoB DY.

Crextpel OI'® CdInzSs ¢ npumeceio Cu, a
take CdIn2Ss ¢ HemocTatkoM KaaMus UM MHIUS
noka3anel Ha Puc.3. Ha ocu opauHar OTiokKeHO
i=iph-lir, TJI€ iph ¥ iir - 3HAYCHHsT (POTOTOKA B OTCYT-
CTBUHM W TIPY HAJIWYUH JIOTIOHUTEIEHOTO OCBe-
menus u3 obmactu npumecnorr ®I1. Henocrarok
KaaIMHUS W WHIUS HE TPUBOIUT K W3MEHEHHIO
HHEPreTUUECKOr0 PACCTOSHUS [-IIEHTPOB, TaK KaK
JUIMHHOBOJIHOBBIE IpaHuiibl ciekrpa OI'® B 3Tux
KpUCTaJIax HE OTIMYAIOTCS OT HEJIETMPOBAaHHBIX
CdInzSs. Criemyer OTMETHTD, YTO MPH KATHOHHOM
HEJI0CTaTKe aMIuUTyia U gopma criekrpos OI'D
MPETEPIIEBAIOT 3HAYNTEIBHBIE U3MEHEHHS, UTO, Ha
Halll B3MJI/I, YKa3blBAlOT Ha  COOCTBEHHO-
nedextHyro npupoay neatpo @Y. B obpasiax ¢
HEZIOCTATKOM MHAWS TIPU W3YYEHUH KHHETHKU
OI'® no MIMHHOBOJIHOBOMY Kparo BO30YKICHHS
(oTOTOKA OIpPE/IENICHO IHEPreTHYECKHE PACCTOs-
HHE JIOHOPHBIX LIEHTPOB OT JIHA 30HBI MPOBOJIM-
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MOCTH, KOTopoe cootBerctByer 1,083B, a B 00-
pasliax ¢ HEIOCTATKOM KaJIMHs JJIMHHOBOJIHOBOM
Kpaii Bo30y>kieHHs (OTOTOKA HE OTIIMYACTCS OT
CTEXHOMETpUYECKUX 00pa3ioB. B obpasmax ¢
npuMecbio CU JUIMHHOBOJTHOBOM Kpail BO30Yy»k/ie-
Hus ¢dororoka B crnekrpax OI'®D cocrapiser
1,25B. Heo0XxoauMo OTMETUTb, YTO JISTUPOBAHUE
CdIn2Ss menpro mpUBOIMT K M3MEHEHHIO DHEpre-
TUYECKOT0 paccTosHus LeHTpoB PY B 3arpelies-
Hoit 30He (E°=0,733B ms1 ciydast crexuoMeTpu-
YECKHX, a TAK)KE 00PA3IOB C HETOCTATKOM KaIMHST
wm uHams, E°=0,86sB nnas ciydas mpumecu
Cu).

.E' " Photon Energy,eV
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CrieKTpasIbHOE pacrpe/ieieHIE OITHIECKOTO TaeH st
¢orotoka B MoHOKpHcTamiax CdIn.Ss (T=110K):
1- ¢ venocrarkoM kagmust Cdogsln,Sy;
2- ¢ nenocrarkoM uHaust CdInggg Sa; 3-¢ mpumeckio Cu.

Ha Puc.4 npuBenena temnepaTtypHas 3aBU-
CUMOCTh BEJTMYHMHBI TallleHHs 1" ph=iph-lir B CTEXHO-
Mmetprueckux kpuctamiax CdingSs.

Tempersture K

Puc.4

TemmnepaTypHas 3aBUCHMOCTb BETHYHHBI OIITHYECKOTO
raureHns pororoka (i=ipg—ii) B MoHOKprcTamax CdinySs.

JlnrHa BOJHBI TacsIEro CBETa COOTBET-
CTBYeT MaKCHMaJIbHOMY 3HAYCHHIO TallCHHs
(850uM) B criektpe OI'® (MHTEHCHBHOCTH Tacs-
IIero cBera MnocrosiHaa). C pocToM TeMIepaTyphbl
OITHYECKOE TAIICHHE YMEHBIACTCS U BBIIIEC TEM-
nepatypel 260K He Habmomaercs. Takum oOpa-
30M, TPOBEIICHHBIC HCCIIENOBAHUS TMOKA3bIBAIOT,
YTO B TMpPOLECCE PEKOMOWHAIMU YYacTBYIOT
CTPYKTYpHBIE Je(EeKThl - KaTHOHHBIC BaKAHCHU
npucyre CdinSa.

3AK/IIOYEHHUE

M3MeHeHre SHepreTMYecKoro pPacCTOSHHS
r-uentpoB npu BBeaenun Cu B CdInxSs moxHO
OOBSICHUTH TEM, YTO TIPUMECh, BXOJS B COCTaB
CIIO)KHOTO TIEHTPa, MEHSIeT ero napamerpsl. MoH-
mele pammycsl Cut m Cd?* [R(Cd®")=0,97A n
R(Cu*)=0,96A] 6mu3ku, H03TOMY BO3MOKHO B3a-
umoyieiicteue atomoB Cd ¢ aromamu Cu. B pe-
3yJbTaTe OOpasyrOTCsl aHTUCTPYKTYpHBIE nedex-
b1 (ClUcq), KOTOpBIE UIPAIOT polib I-1ieHTpoB DY.
[Mpeamnonoraem, uro B kpuctamwiax CdInxSs c
npuMeckio Cu nosioca ¢ AJIMHHOBOJIHOBBIM KpaeM
npu 1,555B B criektpax ¢GoTormpoBoMOCTH 00Y-
CIIOBJICHA TIEPEXOJIOM DIIEKTPOHOB C I-IIEHTPOB
@Y B 30HY IPOBOJMMOCTH. JTO MOATBEPKAAETCS
u TeM, uto cymma 1,555B u E°=0,865B Ormmke K
IIMpHHE 3anpenieHHon 30Hbl: Eg™ =2,415B npu
T=110K.

VMeHbIIIeHNe BEMYHMHBI TaIlIeHHs C POCTOM
TeMIieparypbl 00yCIIOBJIEHO T€M, YTO B 3TOH 00-
JaCTH TEMIIepaTyp HAYMHACTCS TEPMHUYECKOES
OCBOOOXIICHHE IBIPOK M3 OYYCTBIBIIOIINX (Me[-
JICHHBIX) I-IIEHTpOB. M3MeHeHre xapakTepa 3aBH-
cumoctd B obmactu Temreparyp 200+250K 00b-
SICHSIEM OCBOOOYK/IEHHUEM HJIEKTPOHOB U3 LIEHTPOB,
OKpY’KEHHBIX OTTaJIKMBaroUMM Oapbepom. Panee
Obuto mokazano, yro B CdIn2Ss cymecrByror
HEHTpPBI TPHIATAHUS, OKPY)KCHHBIC OTTAJIKUBA-
IOIUM KYJIOHOBCKUM OapbepoM JUIsi OCHOBHBIX
Hocutenel. CedeHHe 3axBara, KOHLIEHTpaIWs W
HHEPreTUUECKOE PACIIONIOKEHUE OTHOCHTEIBHO
30HBI TTPOBOJIMIMOCTH ISl STUX LIEHTPOB COCTAaB-
ot ~10%em?, ~10%em® u 0,23 +0,253B, coot-
BercTBenHo [1,2,8,10].

Hamume TemmeparypHOrO ¥ ONTHYECKOTO
rameHust (OTOTOKA, a TaKKe TEPMOCTUMYIUPO-
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BaHHOW mpoBomuMoct B CdIN;Ss monmHOCTBIO
OOBSICHSIFOTCS, €CITH TPEANONOKHTh, YTO TIPH
temneparypax T<260K pexomOuHaims 31eKTpo-
HOB TIPOMCXOJUT Yepe3 JBa THIA PEKOMOHHAIM-
OHHBIX LIEHTPOB C Pa3IMYHBIMH CEUCHHSMHU 3a-
XBaTra HOCHTENEH 3apsja. OYyBCTBILIOIIME pe-
KOMOHMHAIMOHHBIE [-LEHTpbl [29] (Wmu LeHTpbI
kiacca Il mo Poysy [30]) ¢ cedyenmem 3axBara
SNIEKTPOHOB Spr M LEHTPHI OBICTPO peKoMOMHA-
UM S-LIEHTPBI (MM LeHTphI Kitacca [) ¢ ceuennem
3axBara 3JIEKTPOHOB Sps, puueM Spr«Sps (Puc.5).
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CdIn,S: MONOKRISTALLARINDA FOTOCOROYANIN OPTIK SONDURULMOSI

Z.QODIROGLU

Stexiometrik, stexiometrik olmayan (cadmium va ya indium azlig1 ilo) vo mis ilo asqarlanmig CdIn,Ss monokristallarinda
fotocorayamin optik sondiiriilmaesi todqiq edilmisdir.Fotocarayanm sénmesinin slave isiglandirmanin dalga uzunlugundan
(A=0.4+2.0mkm) vo intensivliyindon, kristalin temperaturundan (T=110+260K), habelo moxsusi fotokegiricilik oblastindan fon
isiglandirmanin intensivliyindon asilihigt 6yronilmigdir.Miioyyon edilmisdir ki kadmium vo ya indium azlig1 r—fotohossasliq
markazlorinin valent zonanimn zirvesindon hesablanan enerjetik mosafasini dayismir (Stexiometrik, cadmium vo ya indium azlig
ilo olan nimunolor Gigin E%,=0,73eV). Cu ilo asqarlamaq CdInzSs birlogsmasinds r-fotohassasliq markazlorinin valent zonanin
zirvasindoan hesablanan enerjetik mosafasinin dayismesina gatirir (E%=0,863B).
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OPTICAL QUENCHING OF PHOTOCURRENT IN CdInzSs SINGLE CRYSTALS
Z. KADIROGLU

The optical quenching of the photocurrent in stoichiometric, nonstoichimetric (with a deficiency of Cd or In), and copper-
doped CdIn,Ss single crystals has been studied. The dependence of the photocurrent quenching on the wavelength
(A=0.4+2.0mkm) and the intensity of the additional illumination, on the crystal temperature (T=110+260K), as well as on the in-
tensity of the background illumination from the region of the intrinsic photoconductivity was studied. It was found that the
deficiency of Cd or In hasn’t led to a change in the energy distance of the r-photosensitivity centers from the top of the valence
band (E°=0,73eV for stoichiometric, as well as samples with a deficiency of Cd or In). Doping of CdIn,Ss with copper led to a
change in the energy distance of the r-centers from the top of the valence band (E°=0,86¢eV).
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REFERAT

The concentrations of heavy metals (Fe, Na, Ca, Cu, Ni, Zn,
As, Pb, V, Cr, Cd, Mg, K, Mn, Co) in surface sediments from
River Kurakchay were investigated. 5 sediments from sampling
points were collected and analyzed. The mean concentrations
of heavy metals were in decreasing order of
Fe>Ca>Mg>K>Na>Mn>V>>Zn>Cu>Ni>Cr>Co>As>Ph>Cd.
Pollution load indices (enrichment factor (EF), contamination
factor (CF), geo-accumulation index (Igeo), contamination de-
gree (DC) and pollution load index (PLI)) were calculated to
evaluate contamination in sediments. Calculated EF values of
Cr, Mn, Co, Ni, Zn, Pb for all sampling sites were less than 1.5
indicating that the source of this metals in sediments are not an-
thropogenic. . EF values of V, Cu, As, Cd are higher than 1.5
(less than 3) in some sampling sites which indicates minor
modification with these metals for mentioned sampling points.
Results of Igeo calculation showed that, majority of sampling
sites can be classified as unpolluted or unpolluted to moderately

polluted with investigated heavy metals.

INTRODUCTION

Heavy metal is a relatively dense metal or
metalloid that is noted for its potential toxicity, es-
pecially in environmental contexts [1]. In the
aguatic environment, sediments have been widely
used as environmental indicators for the assess-
ment of metal pollution in the natural water [2].
Sediment is an essential and dynamic part of the
river basin, with the variation of habitats and envi-
ronments [3]. The investigation of heavy metals in
water and sediments could be used to assess the
anthropogenic and industrial impacts and risks
posed by waste discharges on the riverine ecosys-
tems [4]. Pollution of the aquatic environment
with heavy metals has become a worldwide prob-
lem. Heavy metals are indestructible and most
have toxic effects on aquatic organisms, animals
and humans [5]. Heavy metals contaminate sur-

face and ground water, resulting in deterioration of
drinking water and irrigation water quality and can
enter into the human food chain, posing a risk to
human health [6].

Kurakchay is the right tributary of the Kura.
It flows through Goranboy, Goygol and Yevlakh
districts. The length of the river is 186km, the area
of the basin is 2080km?. Kurakchay starts from the
northern slope of the Murovdag range (3100m). Its
main tributaries are the Goran (33km long), Agsu
(15km long), Korchay (38 km long) and Azadchay
(18km long) rivers on the right and left. There are
a number of lakes in the river basin. The largest of
these are Goygol and Maralgol. The flow is mainly
formed by groundwater (47%) and snow (43%),
and partly by rainwater (10%). The average annual
water consumption is 14.5 cubic meters per sec-
ond. Most of it takes place in spring (32%) and
summer (42%). The flow in autumn and winter is
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10-15% of the annual flow. During intensive irri-
gation, 20% of the annual flow flows. The average
annual consumption of the river is 1.16kg, and the
siltation is 73g/cubic meter. Maximum siltation is
observed in May-June. Water of the river is mod-
erately mineralized (150-350 mg/L) and enriched
with hydrocarbonates-calcium. Kurakchay is wi-
dely used in water supply of settlements, irrigation
of agricultural lands and energy.

MATERIALS AND METHODS

5 sampling points along river Kurakchay
were estimated to investigate heavy metals in this
study. Sediment samples from the surface were
collected by stainless-steel Van Veen grabs from
the sampling points. Approximately 200g of sam-
ple was taken from the surface oxic layer of sedi-
ment at each station. Labeled samples stored in a
frozen on the way back to the laboratory. All plas-
tic-ware sample bottles, pipette tips, filtration unit
and flasks were soaked in 10% v/v HNOs for 24 h
and rinsed with ultrapure water before being used.
Ultrapure water collected from Milli-Q apparatus
(resistivity 18.2MQ-cm, pH(5.5-6.5)) was used
throughout, and all laboratory operations. Geo-
graphical locations of investigated stations are giv-
enin Table 1.

Collected sediment samples air dried in the
laboratory, disaggregated with a mortar and pestle
and passed through a 2mm sieve. Particles with a
bigger diameter than 2mm were discarded. Dried,
disaggregated and sieved particles (<2mm) were

mixed well and kept in labeled plastic containers
for further analysis. To determine an analytical and
handling errors, two sub-samples were taken from
each of these sediment samples, each undergoing
an independent digestion procedure. Aliquots of
approximately 0.5g of sediment samples were
weighed and added into the acid-cleaned TFM
vessels and digested with a 9ml of nitric and 3ml
of hydrochloric acid mixture in a microwave oven
(Milestone Ethos 1 with HPR-1000/10S high pres-
sure rotor). After dilution, samples were analyzed
with Varian SpectrAA 220 FS atomic absorption
spectrometer.

Table 1

Geolocation of sampling points.

Point Coordinates
K1 40.414489° 46.298386°
K2 40.442183° 46.328542°
K3 40.468453° 46.365082°
K4 40.585690° 46.508178°
K5 40.664084° 46.639820°

RESULTS AND DISCUSSION

Descriptive statistics of the measured
parameters for sediment samples including mean,
maximum, minimum and average shale values are
shown in Table 2.

Table 2
Concentration of heavy metals in sediments from Kurakchay (mg/kg).

Sample Fe Na Ca Cu Ni Zn As Pb

Sed. Kurakchay K1 54526 925 15377 52.17 31 88.93 11.78 2.56
Sed. Kurakchay K2 52395 635 7872 50 30.84 101.5 15.09 444
Sed. Kurakchay K3 52404 810 13684 56.87 31.02 91.76 11.8 36
Sed. Kurakchay K4 89528 1356 40685 61.36 38.01 148.8 4.31 353
Sed. Kurakchay K5 38492 990 182713 35.09 32.39 70.39 192 221
Min 38492 635 7872 35.09 30.84 70.39 192 221

Max 89528 1356 182713 61.36 38.01 148.8 15.09 444

Aver. 57469 943.2 52066.2 51.1 32.83 100.27 8.98 3.27
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Table continuation
Sample \Y Cr Cd Mg K Mn Co

Sed.Kurakchay K1 184.6 34.1 0.151 16431 3580 1000 19.97
Sed.Kurakchay K2 195.8 30.18 0.212 13614 4314 683 18.86
Sed.Kurakchay K3 150.7 27.31 0.192 13930 5084 799 21.07
Sed.Kurakchay K4 333.7 42.87 0.148 15665 5493 1185 22.75
Sed.Kurakchay K5 142.4 271.75 0.18 12016 6653 622 11.4
Min 142.4 2731 0.148 12016 3580 622 114

Max 3337 42.87 0.212 16431 6653 1185 22.75

Aver. 201.44 32.44 0.177 14331 5025 857.8 18.81

As it can be seen from the Table 2 the mean Fe>Ca>Mg>K>Na>Mn>V>Zn>Cu>Ni>Cr>Co>
concentrations of heavy metals were in decreasing As>Pb>Cd.
order of Comparison of heavy metal concentrations
with EPA guideline is given in Table 3.

Table 3
Comparison of measured concentration of heavy metals with EPA guideline.
Metal Not Polluted M;gfsigly goﬁm% PSrteusggt Average
Fe <17000 17000-25000 >25000 38492-89528 | 57469
Na - - - 635-1356 943.2
Ca - - - 7872-182713 | 52066.2
Cu <25 25-50 >50 35.09-61.36 | 51.1
Ni <20 20-50 >50 30.84-389 | 3283
Zn <90 90-200 >200 70.39-148.8 | 100.27
As <3 38 >8 1.92-15.09 | 8.98
Pb <40 40-60 >60 2.21-4.44 3.27
vV - - - 142.4-333.7 | 201.44
Cr <25 5-75 >75 27.31-42.87 | 3244
Cd - - >6 0.148-0.212 | 0.177
Mg - - - 12016-16431 | 14331
Mn <300 300-500 >500 3580-6653 | 857.8
Co - - - 114-22.75 | 18.81
ENRICHMENT FACTOR EF = (Cs/Cr) ] 1)
{Csh /Crhb )

The enrichment factor (EF) is based on the
standardization of a tested element against a refer-
ence one. In this study, we used Fe as a reference
element to differentiate natural and anthropogenic
components EF could be calculated using follow-
ing equation [7]

Cs and Cr are the content of the target ele-
ment and reference element in the examined sedi-
ment, respectively and Cs and Cr are the content
of the target element and reference element in the
average shale. Calculated EF values are given in
Table 4.
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Table 4
EF values
\Y Cr Mn Co Ni Cu Zn Pb As Cd
Sed. Kurakchay | 1.3
K1 68 | 0266 | 0928 | 0.826 | 0474 | 134 | 0954 | 0108 | 1764 | 1.206
Sed. Kurakchay | 1.5
K2 1 /0245 | 0659 | 0811 | 0491 | 1.336 | 1.133 | 0195 | 2352 | 1.762
Sed. Kurakchay | 1.1
K3 62 | 0222 | 0771 | 0906 | 0494 | 1519 | 1.024 | 0158 | 1.839 | 1.596
Sed. Kurakchay | 1.5
K4 06 | 0204 | 0669 | 0573 | 0362 | 096 | 0972 | 0.091 | 0393 | 0.72
Sed. Kurakchay | 1.4
K5 95 |1 0307 | 0817 | 0668 | 0.702 | 1.276 | 1.07 0.132 | 0407 | 2.037
EF>1 indicates 5 human influence, lation index. The geo-accumulation index (lgeo) has

1.5<EF<3 indicates minor modification, 3<EF<5
indicates moderate modification, 5<EF<10 indi-
cates severe modification, EF>10 indicates very
severe modification [8]. EF values of Cr, Mn, Co,
Ni, Zn, Pb for all sampling sites were less than 1.5
indicating that the source of this metals in sedi-
ments are not anthropogenic. EF values of V in
sampling point 4 (1.506), Cu in sampling point 3
(1.519), As in sampling points 1, 2 and 3 (1.764,
2.352, 1.839), Cd in sampling points 2, 3 and 5
(1.762, 1.596, 2.037) are higher than 1.5 (less than
3) which indicates minor modification with these
metals for mentioned sampling points.

GEO-ACCUMULATION INDEX (lgeo)

A common criterion to evaluate the heavy
metal pollution in sediments is the geo-accumu-

been used since the late 1969s, and has been wide-
ly employed in European trace metal studies.
Geo-accumulation index was proposed by Muller
[9] to determine metal contamination in sediments,
by comparing current concentrations with pre-
industrial levels and can be calculated using the
following formula

lgeo = 10g2[(Cn)/(1.5Bn)], @

Chnis the concentration of element “n” and Bn is the
geochemical background value of the element n in
average crust. As an average upper crustal concen-
tration suggested values by K.K.Turekian,
K.H. Wedepohl, [10] were used. Calculated Igeo
values of heavy metals are given in Table 5.

Table 5
Igeo values.
\Y Cr Mn Fe Ni Cu Zn Pb As Cd
Sed. Kurakchay
K1 0.343 | -2.017 | -0.217 | -0.109 | -0.378 | -1.185 | 0.313 | -0.176 | -3.316 | 0.710 | 0.162
Sed. Kurakchay
K2 0428 | -2.193 | -0.767 | -0.166 | -0.460 | -1.193 | 0.252 | 0.014 | -2.522 | 1.068 | 0.651
Sed. Kurakchay
K3 0.051 | -2.337 | -0.541 | -0.166 | -0.301 | -1.184 | 0437 | -0.131 | -2.824 | 0.713 | 0.508
Sed. Kurakchay
K4 1198 | -1.687 | 0.028 | 0.607 | -0.190 | -0.857 | 0.547 | 0.566 | -2.853 | -0.740 | 0.133
Sed. Kurakchay
K5 -0.031| -2.314 | -0.902 | -0.611 | -1.187 | -1.122 | -0.259 | -0.514 | -3.528 | -1.907 | 0.415
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The geo-accumulation index (lgeo) Scale con-
sists of seven grades (0-6) ranging from unpolluted
to highly polluted. 1geo<O uncontaminated,;
0O<lgeo<1: uncontaminated to moderately contami-
nated; 1<lgeo<2: moderately contaminated;
2<lgeo<3: moderately to heavily contaminated;
3<lgeo<4: heavily contaminated; 4<lgeo<5: hea-
vily to extremely contaminated; 5>1geo: extremely
contaminated [11]. As it can be seen from the Ta-
ble 5, Igeo values of V in sampling point 5, Cr in
all sampling sites, Mn in point 1, 2, 3 and 5, Fe in
point 1, 2, 3and 5, Co in all points, Ni in all points,
Cu in point 5, Zn in point 1, 3 and 5, Zn in points
1, 3 and, Pb in all sites, As in point 4 and 5 is low-
er than O meaning they can be categorized as un-
contaminated. Igeo values of V in point 1, 2 and 3,
Mn in point 4, Fe in point 4, Cu in points 1-4, Zn
in point 2 and 4, As in point 1 and 3, Cd in all
sampling points are in the O<lgeo<1 range. It indi-
cates that, these sampling sites for can be catego-
rized in second grade pollution (uncontaminated to
moderately contaminated) for mentioned heavy
metals. CF values of V in point 4 and As in sam-
pling point 2 is higher than 1 meaning moderate
contamination present in these points.

CONTAMINATION FACTOR

The level of metal contamination can be ex-
pressed by the contamination factor (CF). CF is the

ratio between the metal content in the sediment
and the background value of the metal. Contami-
nation factor is calculated according to the equa-
tion given by D. C. Thomilson et. al [12]

C
c.==.
il Cp

©)

According to Hakanson [12] CF<1 indicates
low contamination; 1<CF<3 indicates moderate
contamination; 3<CF<6 indicates considerable de-
gree of contamination; and CF>6 indicates very
high contamination. CF values were calculated us-
ing equation (3) and results were given in Table 6.

As it can be seen from the Table 6, CF val-
ues of Cr in all sampling points, Mn in point 2 and
5, Fe in point 5, Co in point 5, Ni in all points, Pb
in all points, As in point 4 and 5 are less than 1,
meaning mentioned sampling sites present low
contamination with these heavy metals. CF values
of V in sampling point 1, 2, 3and 5, Mn in point 1,
3 and 5, Fe in point 1-4, Co in point 1-4, Cu and
Zn in all sampling points, As in point 1 and 3, Cd
in all sampling sites are in the range of 1<CF<3
indicating these sites can be evaluated as moder-
ately contaminated. CFs of V in sampling site 4
and As in sampling site 2 are higher than 3. This is
the indication of considerable degree of contami-
nation in these sites with mentioned metals.

Table 6

Calculated CF values.

Vv Cr Mn Fe

Co

Ni Cu Zn Pb As Cd

Sed.Kurakchay K.1 | 1.903 | 0.371 | 1.290 | 1.391

1.161

0.660 | 1.863 | 1.327 | 0.151 | 2.454 | 1.678

Sed.Kurakchay K.2 | 2.019 | 0.328 | 0.881 | 1.337

1.097

0.656 | 1.786 | 1.515 | 0.261 | 3.144 | 2.356

Sed.Kurakchay K.3 | 1.554 | 0.297 | 1.031 | 1.337

1.225

0.660 | 2.031 | 1.370 | 0.212 | 2.458 | 2.133

Sed.Kurakchay K4 | 3.440 | 0.466 | 1.529 | 2.284

1.323

0.828 | 2.191 | 2.221 | 0.208 | 0.898 | 1.644

1.468 | 0.302 | 0.803 | 0.982

Sed.Kurakchay K.5

0.663

0.689 | 1.253 | 1.051 | 0.130 | 0.400 | 2.004

DEGREE OF CONTAMINATION AND
POLLUTION LOAD INDEX

The Pollution load index (PLI) represents
the number of times by which the heavy metal

concentrations in the sediment exceeded the back-
ground concentration, and give a summative indi-
cation of the overall level of heavy metal toxicity
in a particular sample. In geochemical investiga-
tions, Pollution Load Index (PLI) is used as a re-
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sourceful tool to measure and compare sediment
contamination [13]. It can be calculated using fol-
lowing equation [13]
PLI=(CqxCpXxCix (3)
Cm is the Cs value of metal n. PLI=0 (perfection);
PLI=1 (baseline levels of pollutants present);
PLI>1 (progressive deterioration of site) [14]. Cal-
culated PLI values are given in Table 7. As it can
be seen from the Table, PLI value of sampling site
5 is less than 1 meaning it can be categorized as
not polluted. PLIs of point 1 and 3 is around 1
meaning baseline levels of pollutants is present in
this samples. PLIs of sampling points 2 and 4 is
higher than 1 meaning it could be said that pro-
gressive deterioration of site is in progress.

Table 7

Calculated DC and PLI values

DC
14.24872
15.3783
14.30732
17.03197
9.739942

PLI
1.036708
1.102878
1.042914
1.222898
0.706313

Sed. Kurakchay K1
Sed. Kurakchay K2
Sed. Kurakchay K3
Sed. Kurakchay K4
Sed. Kurakchay K5

To facilitate pollution control, Hakanson

[12] proposed a diagnostic tool named ‘degree of
contamination’. The sum of contamination factors
of all elements is referred as the degree of contam-
ination (DC) and it describes the contamination of
a particular location by all the examined elements.
It can be calculated via equation below
DC=3Cf;. ()

DC is aimed to provide a measure of the de-

gree of overall contamination in surface layers, in a
particular core or in sampling site. Hakanson [12]
proposed the classification of the degree of con-
tamination (DC) in sediments as: DC<6 low de-
gree of contamination; 6<DC<12, moderate de-
gree of contamination; 12<DC<24, considerable
degree of contamination and DC>24 high degree
of contamination. Contamination degree (DC) of
heavy metals were calculated using equation (4)

and results are given in Table 6. As it can be seen
from the results, DC value of sampling point 5
(9.739942) indicates that site can be assessed as
moderately contaminated. DC values of sampling
point 1, 2, 3 and 4 are in 12<DC<24 range. It
means that, considerable degree of contamination
present in this points.

CONCLUSION

Heavy metal content in 5 sediment sample
taken from sampling sites along Kurakchay were
determined. The mean concentrations of heavy
metals were in decreasing order of
Fe>Ca>Mg>K>Na>Mn>V>>Zn>Cu>Ni>Cr>Co
>As>Pb>Cd. For evaluation of contamination pol-
lution load indices were calculated. EF values of
Cr, Mn, Co, Ni, Zn, Pb for all sampling sites were
less than 1.5 indicating that the source of this met-
als in sediments are not anthropogenic. EF values
of V in sampling point 4 (1.506), Cu in sampling
point 3 (1.519), As in sampling points 1, 2 and 3
(1.764, 2.352, 1.839), Cd in sampling points 2, 3
and 5 (1.762, 1.596, 2.037) are higher than 1.5
(less than 3) which indicates minor modification
with these metals for mentioned sampling points.

CF values of Cr in all sampling points, Mn
in point 2 and 5, Fe in point 5, Co in point 5, Ni in
all points, Pb in all points, As in point 4 and 5 are
less than 1, meaning mentioned sampling sites pre-
sent low contamination with these heavy metals.
CF values of V in sampling point 1, 2, 3and 5, Mn
in point 1, 3 and 5, Fe in point 1-4, Co in point 1-4,
Cu and Zn in all sampling points, As in point 1 and
3, Cd in all sampling sites are in the range of
1<CF<3 indicating these sites can be evaluated as
moderately contaminated. CFs of V in sampling
site 4 and As in sampling site 2 are higher than 3.
This is the indication of considerable degree of
contamination in these sites with mentioned met-
als.

Igeo values of V in sampling point 5, Cr in
all sampling sites, Mn in point 1, 2, 3 and 5, Fe in
point 1, 2, 3and 5, Co in all points, Ni in all points,
Cu in point 5, Zn in point1,3 and 5, Zn in points
1,3 and, Pb in all sites, As in point 4 and 5 is lower
than 0 meaning they can be categorized as uncon-
taminated. Igeo values of V in point 1, 2 and 3, Mn
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in point 4, Fe in point 4, Cu in points 1-4, Zn in
point 2 and 4, As in point 1 and 3, Cd in all sam-
pling points are in the O<Igeo<1 range. It indicates
that, these sampling sites for can be categorized in
a second grade pollution (uncontaminated to mod-
erately contaminated) for mentioned heavy metals.
CF values of V in point 4 and As in sampling point
2 is higher than 1 meaning moderate contamina-
tion present in these points.

PLI value of sampling site 5 is less than 1
meaning it can be categorized as not polluted. PLIs
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KUROKCAYDAN (AZORBAYCAN) GOTURULON DiB COKUNTULORINDD AGIR METALLARIN
QIYMOTLONDIRILMOSI

S.S.MOMMODZAD®, F.Y. HUMBBTOV, .0.MOMMBDYAROVA

Kirokgaydan géturtlon sath ¢okintilorindoki agir metallarm (Fe, Na, Ca, Cu, Ni, Zn, As, Pb, V, Cr, Cd, Mg, K, Mn, Co)
konsentrasiyalar1 tadqiq edilmigdir. Niimuna gétirma ndqtslerinden 5 ¢okiintii toplanmig vo analiz edilmigdir. Agir metallarin
orta konsentrasiyalart Fe>Ca>Mg>K> Na>Mn>V>Zn> Cu>Ni>Cr>Co>As>Pb>Cd soklinds olmusdur. Dib ¢okiintilorinds
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cirklanmani giymeotlondirmok Gglin cirklonma yiik indekslori (zonginlosms faktoru (EF), ¢irklonmo faktoru (CF), geo-yigilma
indeksi (Igeo), girklonmo doracasi (DC) va girklonms yiik indeksi (PLI)) hesablanmigdir. Biitiin nimuna gétirma ndqtsleri Uigiin
Cr, Mn, Co, Ni, Zn, Pb-un hesablanmig EF dayarlori 1,5-don az olmusdur ki, bu da metallarm ¢okiintiilordoki manboyinin
antropogen olmadigim gostarir. V, Cu, As, Cd-un EF dayarlari bazi tadgigat ndgtolorinds 1,5-don yuxaridir ki (3-don az), bu da
geyd olunan néqgtaslar ticlin bu metallarla az migdarda modifikasiyam gostarir. Igeo hesablamasmm naticalori gostormisdir ki,
numune gotiirma ndgtslarinin oksariyysti tadgiq olunmus agir metallarla girklonmomis va ya girklonmomisdon orta doracado
cirklonmigo kimi tosnif edils bilar.

OIIEHKA TSDKEJIBIX METAJLIOB B OTJIOKEHHUSAX PEKH KYPAKYAI, ASEPBAIKAH
C.IILMAMMA/BAJIA, ®.JO.T'YMBATOB, 1.A.MAMEIbSIPOBA

Boun wccnenoBansl KoHIEHTpaIwH Tsokenbix Metaiuios (Fe, Na, Ca, Cu, Ni, Zn, As, Pb, V, Cr, Cd, Mg, K, Mn, Co) B
MOBEPXHOCTHBIX OTJIOKEHUSIX peku Kropakuaii. Bputo coOpaHo 1 MmpoaHAIM3HPOBAHO S OTIOKCHHI U3 TOUeK 0TOOpa mpood. Pac-
NpefesieHHe  CPelHMX  3HAYCHMH  KOHLEHTpAllMM  TSDKENBIX ~ METAUIOB B TOPSZIKE  YOBIBAaHMS  TaKOBO:
Fe>Ca>Mg>K>Na>Mn>V>>Zn>Cu>Ni>Cr>Co>As>Pb>Cd. J{yist orieHKH 3arpsA3HEHHUS B OTIOKEHHSX ObLITH PaCCUMTAHBI HH-
JIeKChl Harpy3ku 3arpsisHeHus (koagpduument odoramenus (EF), koadduument zarpssuenus (CF), MHIEKkC reoHakoruieHus
(Igeo), crenienn 3arpsizaenns (DC) u uHAeKe Harpy3ku 3arpszaetus (PLI)). Pacuetssie 3nauennst EF ms Cr, Mn, Co, Ni, Zn, Pb
U BCEX Y4acTKOB 0TOOpa Mpo0 ObLIM MeHsbIIe 1.5, 9To yKa3pIBaeT Ha TO, YTO HCTOYHUK STHX METAIUIOB B OTJIOKCHHUSIX HE SIB-
nstiercst aaTporioreHHbM. 3HaueHws EF misa V, Cu, As, Cd Opum Beime 1.5 (MeHee 3) Ha HeKOTOPBIX y4acTKax 0ToOpa mpood, 9To
YKa3bIBAaCT Ha HE3HAYUTEIBHYIO MOJU(DHUKALIO STHX METAIUIOB B YKa3aHHBIX TOYKax oTOopa mpod. Pesynpratsl pacuera Igeo
TIOKA3aJIM, YTO OOJIBIIMHCTBO YYaCTKOB 0TOOpA MPOO MOKHO OTHECTH K KAaTETOPHH HE3arpsi3HCHHBIX WM YMEPEHHO 3arpsi3HEH-
HBIX UCCIICNOBAHHBIMU TSDKEIIBIMI METAJLIAMHL.
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PEOEPAT

IIpuBeneHs! TaHHBIE MCCIIENOBAHUM IO CO3JAHUIO IOITIOIIA-
fomux NokpbITiii CBY m3imydeHHs Ha OCHOBE KOMITO3UTHBIX
MaTepUaoB, YTHWIN3UPYIOIIUX OCTaTOYHOE U HEKENATEIIBLHOE
AJIEKTPOMAarHuTHOE U3JydeHue. [IOKpBITHS MOryT OBITH HC-
TIOJIF30BaHbI JUTS 3AlIUTHI JKMBBIX OPraHU3MOB OT BPEIHOIO
BozeticTBust CBY u3iy4yeHus 3aaHHOM YacTOThI (JIOKAIMOH-

Hasg TCXHHUKA, TCJIICBUJICHHUC, MOOMIILHAS CBﬂSL).

BBEJIEHUE

B nmreparype M3BECTHBI pa3HbBIC MOTJIOTH-
TEJH JIEKTPOMArHUTHOTO U3ITy4eHUs, BbIIOTHEH-
HbIC Ha OCHOBE KOMIIO3UTHBIX MaTepuaios [1,2],
TIOTJIOLIEHUE 3JIEKTPOMAarHUTHOIO M3JIyYeHHUs B
KOTOPBIX OCYIIECTBIISIETCSI B TIOBEPXHOCTHOM CJIO€
HaIoJIHUTENEH, COJepKallluX B CBOEM COCTaBe
TOHKHE METAJUTMYECKHE TIPOBOJIA I BBICOKO-
JIACTIEPCHBIE METAUIMYECKHUE YacTHIIBl, 33 CYeT
ckuH-3¢¢exra. Henocrarok 3Tux mnoriorutenei
COCTOHT B TOM, YTO 3()(eKTUBHOCT MOITIOLICHHS
ANIEKTPOMAarHUTHOTO M3IIy4eHHsI OCTa0eBaeT ¢
YBEJIMYEHHEM €r0 4acTOThl, YTO 3aTpyJHSET CO-
371aHAe BBICOKOYACTOTHBIX TOTJIOTUTENCH DIIeK-
TPOMAarHUTHOTO W3JTy4eHHs Ha 0a3e CyIIeCTBYIO-
IIMX MTPOBOJISIIAX MAaTEPUAIIOB.

M3BecTeH MOIrMOTUTEN AJIEKTPOMAarHUTHO-
IO W3JIyYEHHs], UMEIOIINI METAJUINYECKOE OCHO-
BaHHE C HAHECEHHBIM Ha HETO TOHKOTO CJIOEM JIU-
ANIEKTPUKA, B Ka4eCTBE KOTOPOTO HCIOJIB30BAHO
MIOJIIPHOE BEIIIECTBO C MAaKCUMAIBHOW JUCIIEpCH-
el BOJIM3M 3aJITaHHOTO JIMaria3oHa JUTHH BOJH, TIPH
STOM TOJIIIMHA CJIOS JIUAJIEKTPUKA ONPEAEIISEeTCS
W3 YCJIOBUSI MUHUMyMa MOMYJisi Kod(hHuIMeHTa
OTpaXKEHHsl BOJHBI ISl CJIOSI TIOJISPHOTO JTUAJICK-
TpHUKa Ha MeTasuie [2].

IonsipHbIe )KUIKOCTH TOXKE MOYKHO HUCTIONb-
30BaTh B KauecTBE MOITIOTUTENEH MHKPOBOJH.

TexHrueckn 3TO BO3MOXKHO TPU HUCHOJIB30BAaHUN
MOJSIPHBIX  KMJIKOCTEM KaK ~KallCyJIMPOBAaHHbBIX
BKJTFOYEHHI B ONPEAEIIEHHOE TBEPIOTEIBHOE T10-
kpbiTue. [Ipy ManoM oObeMe TakuX KarCyiupo-
BaHHBIX XKHJIKUX BKITFOYCHUH MOTy4aeMbIe MOTJIO-
TUTENIM UMEIOT HEOOXOIUMYIO0 KOHCTPYKTHBHYIO
XKeCTKOCTh. CrielyeT OTMETUTD, YTO TIPU OTpese-
JIEHHOM TIO/I00pEe KOHIIEHTPALUK BKITFOUYEHUH pe-
ATU3YIOTCSl YCIIOBUS TIOJTHOTO TIOTJIONICHUSI B HUX
nanatoniero CBY uznyuenus. [lororurens 3mek-
TPOMAarHUTHOTO M3ITy4YeHHUs1 ObLT CO3/1aH Ha OCHO-
B€ HCCIIEIOBAHUM JMUAJIEKTPUYECKUX CBOMCTB U
XapaKTEPUCTHK OTPaKEHHUS KOMITO3UTHOTO Mare-
pHaa BoJa-3MOKCUIHASL CMOJIA B JUANa30HEe CaH-
THUMETPOBBIX BOJH, [2]. BbUT0 ycTaHOBIIEHO, YTO
MY 33]aHHOM YacTOTe MaJAIOIIEro M3IIyYeHUs U
TEMIIepaType pacTBopa TOJHOE Oe30TpakaTellb-
HOE TIOIJIOIIEHHE BOJH BO3HUKAET MPH CTPOrO
OMpPENETICHHBIX TOJIIIMHAX CJIOSI U COCTaBaX KOM-
no3uTHOro marepuana. OAHako, B TAKUX MOTJIO-
TUTEJISIX HA OCHOBE KOMITO3UTHOTO Marepuaia Bo-
JIa-3TIOKCHUJTHAsI CMOJIa B JIMANIA30HE CAaHTUMETPO-
BBIX BOJIH 3((EKTHBHOE TalleHHe 3JIEKTpoMar-
HUTHOTO M3JIyYEHHsI YXY/IIAETCS C YBEJIMUECHUEM
€ro 4acTOThI, YTO 3aTPYJHSET CO3JaHHE BBICOKO-
YACTOTHBIX TMOIJIOTUTENEH 3JIEKTPOMArHUTHOTO
W3ITYyYEHHS.

HenmocratkoM OTMEUEHHBIX ITOIVIOTUTENCH
CBY wuznmyueHus sIBISIETCA TO, YTO HA BBICOKHMX
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qgacToTax 3(PQPEKTUBHOCTh HM30MPATENBHOTO TIO-
TJIOIICHUS U3JTyYCHHs TAKUX TOTJIOTUTENCH PE3KO
nagaer. Kpome Toro, qake Ha HU3KHMX YacTOTax
JUTSL TOCTYDKEHHSI TIOJTHOTO TTOTJIOIICHUS TTOKPBI-
THSI TIOZIOOHOTO THUIA MPUXOJUIOCH JOBOJHTH 10
CPaBHHUTEIBHO OOJIBIION TOJIIMHBI, YTO 3aMETHO
YTSDKEISUIO 3allMIIaeMble OOBEKTHI, a TPHMEHE-
HHUE B KaueCcTBE HAIoOJHHTENCH Ooree d(hheKTHB-
HBIX (DEppPOMArHUTHBIX MAaTEPHAIOB JENAN0 3TU
TIOTJIOTUTENT MEXaHUYECKH MEHEe TIPOYHBIMHU.

3amaueil MPOBEICHHBIX HCCIIEIOBAHUN SIB-
JISIETCS TIOBBIICHHE U30MPATEITLHOCTH U 1yBCTBHU-
TEJIBHOCTH TIOKPBITHIA, TMOTJIOMIAIONINX 3JIEKTPO-
MarHUTHOE U3JTy4CHHE.

IKCIIEPUMEHTAJIbBHAA YACTD

B mornorurene 31eKTPOMarHUTHOTO HU3ITY-
YEeHHUS] HA OCHOBE KOMITO3UTHBIX MaTepHaJIOB, CO-
CTOSIIMX M3 TIOKPBITUSI C BHECEHHOW B HETO YKUJI-
KoM (pazoll (KarcyJMpoBaHHAs >KUIKOCTb) C JIUC-
riepcreil BOJIM3M 3aJJaHHOTO JMara3oHa BOJH Ma-
JTAIOIIEr0 U3TYYEHUS], CIIOM MOKPBITUS BHITOJHEH
HaMH U3 OTHOPOAHOrO TBEPAOTEIBHOIO MaTepua-
Jla, a B Ka4eCTBE MOIVIOMIAIONIETO HAIOIHUTEIS
WCIOJIb30BaHA TOJIIPHAST JKUAKOCTh. [lpu 3TOM
KOHIIEHTpAalYsl TOJSIPHOIO KOMIIOHEHTa CMECH U
TOJIIIMHBI CJIOSI TIOKPBITHSI ObLTa BhIOpaHa W3
YCJIOBHSL PaBEHCTBA HYIIO MOy KodpduimeHTa
OTpaXXEHHUs BOJIHBL. B CBSI3M ¢ 3THM, Tak KakK Mpo-
SIBJICHHE yKa3aHHOTO 3 QeKkTa BOZMOKHO B KOM-
MO3UTaX, MOJSPHBIE KOMIIOHEHTHI KOTOPBIX HUMe-
0T JIUCTIEPCUI0 B MHUKPOBOJIHOBOM JIMAIa3oOHE
BOJIH, OBUT TMPEIOKEH TOTJIOTUTENb H3ITyUeHUS
CBY Ha ocHOBE KOMIIO3UTHOTO MaTepHaia are-
TOHUTPWII-3MTOKCUIIHAS CMOJIA. DKCIIEPUMEHTAITh-
HBIE HWCCTIEJIOBAaHUS OE30TPaKATEIBLHOTO TIOTJIO-
IICHUS] Ha TIpUMEpPE KOMITIO3UTA AalleTOHUTPHIA-
SMOKCUIHAST CMOJIa MPOBOAMIIUCH C YYE€TOM TOrO,
YTO JUCIIEPCHOHHBIE 00JIaCTH alleTOHUTPHIIA Jie-
KaT B JMAra30He CAaHTUMETPOBBIX M MIJUTUMET-
poBbIx BoONH. MccnenoBaHusi ObUTH BBITOTHEHBI
npu JyTMHAX BoH A=1,5cM u A=8,15Mm u Temrie-
parype 20°C. JIns TpOrHO3MpPOBAHMS 3HAYEHMIA
TOJILIMHBI CJIOS U COCTaBa KOMIIO3UTHOTO MaTepH-
ana, MpU KOTOPBIX HAOJIONAETCsl MOJHOE IOTIIO-
meane CBY u3nmydeHnst B BBIOpaHHBIX KOMITO3H-
TaxX, UCMOJIL30BAIUCH JAHHBIE U3MEPEHUsI UX JU-

ANIEKTPUYECKUX TPOHUIIAEMOCTEN €' M JAWdIIeK-
Tpuueckux noreps €. [lomydeHHble FKCIIEpUMEH-
TaJIbHbIE 3HaUeHUs € U €' KOMIIO3UTHBIX MaTepu-
aJloB Pa3NIMYHbIX KOHLIEHTPAIMH ObLIM UCHOJIB30-
BaHbl U1 HAXOXACHHUS TpadoaHaATUTHICCKUM
CIOCOOOM PE30HAHCHBIX KOHIEHTpALW MOJsp-
HBIX KOMIIOHEHTOB KOMIIO3UTHOTO Marepuala,
MIPY KOTOPBIX HaOmomaercst 3 GEKT MOTHOTO T10-
riotiennss CBY  um3iyueHuss 3agaHHOM  JUTMHBI
BOJIHBI B IIIMPOKOM criekTpe yactor CBY uzimyye-
Hust. C 9TOM 1eNbI0 CHUMAIIUCh KOHIICHTPAITOH-
HBIE 3aBUCUMOCTH KOIPQPUIIMEHTa OTPAKEHUS
BOJIHBI P TIOCJIEIOBATENBHO VISl KaXKJ0r0 OYepea-
Horo Homepa N=1,2,3 munumyma ¢yHkimu o(l).
OKCIIEpUMEHTAIIbHBIE 3HAUEHUS € U €~ KOMITO3H-
Ta ALETOHUTPHII-3MOKCUIHASI CMOJIAa HCIOJIb30Ba-
JIMCh AJIs1 IOCTPOEHHSI B TOM K€ TIOCKOCTH KOOp-
nuHat [¢',e”"] 3aBucuMocTeil BemmunH € oT €.
[pennoxen rpadoaHaATUTHYECKU METO/ pelle-
HUSI UCXOJTHBIX YPaBHEHUH, ONMUCHIBAIOIINX YCIIO-
BUS1 BOBHUKHOBEHHS P eKTa 6e30TpaXKaTeIbHOrO
TIOTJIOIIEHHUS BOJTH B BelllecTBe. B cooTBeTcTBIM €
ATOM METOAMKOM OBLTH HalIeHbl TOYKH Tepece-
YEeHUS] 3aBUCHUMOCTH €" OT € B IUIOCKOCTH KOOP-
nuHat [g',e"]. 3areM, UCIIONB30BaB HAMIEHHYIO B
AKCIIEPUMEHTE 3aBUCHUMOCTb €" OT €, MPOBEIU
rpaguuecKoe BBIYUCICHUE PE30HAHCHBIX 3Haue-
HHUI (o ¥ TOJIIMHBI lo alleTOHUTpHITa, MU KOTO-
PBIX BO3HUKAEeT Oe30TpaKaTellbHOE TOTJIOIICHUE
MHUKpPOBOJH. [lolydeHHBIE TEOpEeTHUYECKHE pe-
3yJIbTAThl COIMOCTABISUIUCH C SKCHEPUMEHTAIIb-
HBIMH pe3yJbTaTamu ¢ U lo.

OBCY)XJAEHMUE PE3YJBTATOB

HaiinenHble pacueTHbIM TMyTEM pPE30OHAHC-
HbIE 3HAYEHUsI TOJIIIMH CJIOS U COCTaBOB KOMIIO-
3UTOB COIOCTABIISUTMCH C TEMU K€ JAHHBIMH, T10-
JYYEHHBIMU HEMOCPEICTBEHHO M3 3KCIIEPUMEHTa-
JBHBIX UCCIeA0OBaHMiA 3aBrcuMocteid p ot 1. Kak
cnenyet u3 Puc. 1, s koMmno3ura aneToOHUTpII-
AMOKCHUJIHASI CMOJIa BCE MUHUMYMBI 3aBUCUMOCTH
€'0T €', HaUMHAas C TMEPBOTO, C N3MEHEHNEM KOH-
LEHTPALUN KOMIIO3UTA alleTOHUTPUII-3IIOKCUIHAS
CMOJIa JJOCTUTAIOT CBOMX HYJIEBBIX 3HAYCHHI.

HpI/I HUCITOJIb30BAHNHN KOMIIO3UTA allCTOHUT-
PUJI-3MIOKCH/IHAST CMOJIa TIOBBIIIEHHE M30MpaTelib-
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HOCTH U YYBCTBUTCIIbHOCTHU HOKpBITI/If/’I, 10110~
IIAOIIMX JJICKTPOMArHUTHOE U3ITYUCHHUE, SIBIISICT-
ca HauOoee 3(pdeKTUBHBIM, T.€. HAa Oosee BBICO-
KHUX Y4aCTOTaX M3JIyYCHHS, YEM B CIIy4ae KOMITO3H-
Ta BOJIa-3IOKCH/IHAS CMOJIA.

Puc.1

I'pachoananmTiyeckuii METO ONpeIeNeH s YCIOBHUS
BO3HHMKHOBEHHM: d(p(hekTa mostHoro norsonieHus CBY
H3ITYYCHUSL

B kadectBe HaroiHUTENEH MHKPOBOJIHO-
BBIX TOKPBITHH MCTIOJIB3YIOTCS TTOJISIPHBIE JKUIKO-
CTH, 00JIaJJalolHe B 3TOM JIana30He BOJIH BBICO-
KAMM 3HAUEHUSIMH KaK JUAIEKTPUYECKUX TOTEPh
€’, Tak U JUIIEKTPUUYECKONW IPOHUIAEMOCTH €.
JInst TeXHUYecKoM peanu3alu MOJO0OHBIX T10-
IJIOIIAOIINX TOKPBITHH TOJISIPHAst KUAKOCTb MO-
KeT OBITh UCIIONIb30BaHA B KAUECTBE HAIIOJIHUTENS
TBEpJOTENBHOrO Matepuana. [Ipu manom obbeme
TaKMX KallCyJIMPOBAaHHbIX JKUJKUX BKIIOUEHUH
MOJTy4aeMble TMOTJIOTUTENIM MOIJIM Obl UMETh He-
00XOMMYI0 KOHCTPYKTHUBHYIO JKECTKOCTb, a TIPU
onpe/esIeHHOM T0100pe KOHILEHTPAIMK BKIIIOYE-
HUI - o0ecrieunBaTh pPean3alyio YCJIOBUS MOJ-
HOTO TorjoiieHus B Hux nagaromero CBY msny-
yeHus. CaMu BKJIIOYEHMS BBITIOJHEHBI B BHUJIE
KarcyJl JKUJIKUX MOJISIPHBIX BELLECTB, 3aK/IIOYEH-
HBIX B 3allUTHBIE MOJMMEPHBIE TUICHOUHbIE 000-
no4kd. Tak Kak y HENOJSPHOTO MaTpU4YHOIO Be-
mectBa norsotutess € = 0, a € He 3aBUCHUT OT
4acTOThl, TO NpH 3aJaHHOW Temmeparype t u
JUTMHE BOJIHBI A MAJAIOIIEro 3JIeKTPOMAarHUTHOTO
W3JTy4eHHs BRIOOP PE30HAHCHBIX 3HAYCHUN €0 W
€0” TMOIJIOTUTENS JOCTUraeTcs BapHalMed KOH-

LIEHTPAIIMH ero KUAKOH ¢assl [3,4].

B03MOXHOCTE peanu3anuu Ipy 3a1aHHbIX t
U A HOINIOTUTENEH 3IEKTPOMAarHUTHOIO H3ITyde-
HUs Ha OCHOBE KOMIIO3MLMOHHBIX MAaTE€pPHAIIOB,
COAEPKAMX  BBICOKOMUCIIEPCHBIE  KaICYJIHPO-
BaHHBIC IOJISIPHBIE XUIKOCTH, WILIFOCTPUPYETCS
CIIeMyIONMM TMpuMepoM. B HuX mis ynoOcTBa
NIPEJICTABJICHNS] PE3YJIBTATOB IPEAIIONAracTcs -
JUTUBHBIA XaPakTep CBS3U JUAJIEKTPUYECKUX
CBOMCTB MONJIOTUTENII C  AWUDICKTPUYECKUMU
CBOMICTBAMH €TI0 KOMIIOHEHTOB M MaJIOCTh pa3Me-
pa KHUIKUX KarcyJ [0 CPaBHEHHUIO C JJIMHOW BOJI-
HBI U3JIy4YECHHSL.

B cootBercTBuM ¢ gaHHbIME paboThI [5,6],
ycioBus nonHoro norouienust CBY nznyuenus B
JBYXCIIOWHOM CHUCTEME IUAJIEKTPUK-METAL OIHU-
CBIBAIOTCA CJICAYIOIIUMHU YPABHCHUSMU

2wy _
n(1+v)—1 B
1 . ||(1+nj: + (ny)?
v w|(1—nj: + (ny)?

m(2N — 1) + arctg

1)

l

Ly 2ny
An

m} , ()

- [E(ZN —1) + arctg
rze lo - Tomumaa cinosi, N - HoMep HyJIEeBOro Mu-
HUMyMa 3aBUCUMOCTH KOA(PPHUIIMEHTA OTPAKEHHUS
BOJIHBI OT TOJIIMHBI CJIOS BEIIIECTBA.

Bxomsiiue B ypaBHenus (1) u (2) koadpdu-
IIUEHT TPEIOMJICHHS BOJHBI N U (DaKTOp AMDIIEK-
TPUYECKUX MOTEPh Y Marepuasa MOKpPhITHS CBs3a-
HBI C €rO0 €', €" U3BECTHBIMU COOTHOILICHUSMHU

En’

= n?(1—v%) " = 2n*y.

©)

Bennuunel €' 1 €', BxOnsAmMe B ypaBHEHHS
(3), cBs3aHBI C JUANIEKTPUYECKOW MPOHUIIAEMO-
CTBIO €1 W JMANEKTPUYECKUMHU TMOTEPSIMH €"1
KUJIKOU a3kl M €2 MATPHYHOTO BEIIIECTBA OTHCHI-
BAIOTCS YPAaBHEHUSIMU

i

e =¢ (@) + (1 —gy), "= £ @, (4)

TJIe () — KOHIICHTPAIHS KUKON (pa3bl B BEIIECTBE
TIOKPBITHSL.
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CosmectHoe perieHue ypasHeHuil (1)-(4) mo3Bo-
JSIeT paccurTarh W30MparebHble 3HAYCHUS! KOH-
LEHTpALUK ¢ KUIKOH (a3bl U TOMIMHBL lo criost
TOKPBITUSI TIPU 33JaHHBIX BEMMYMHAX N, JUIMHBI
BOJIHBI A MAJIAFOIIETO M3TYUCHUS M TUJICKTPUYC-
CKHX KO3(h(DULIMEHTOB.

Hike npuBeieHbI pe3yiibTaThl pacyera ¢ u
| mo ypaBuenusm (1)-(4) mpu mMHE BOJIHBI
A=1,5cM MHKpPOBOJHOBOTO MOTTIOTUTENS, (hopmu-
pPyeMOro Ha OCHOBE SIOKCHIIHON CMOJIbI BBEJICH-
HBIMHU B HErO B KQUECTBE HAIIOJIHUTENSI KaICyJIH-
POBAHHOTO AIICTOHUTPWIIA. Y SMOKCUIHON CMOJIBI
JMDJICKTPHYECKas MpOHUIaeMocth  €=2.7. Jls
aneroruTpraa mpu A=1.5cm u t=20°C £'=36.8,
€"=3,64 [7,8]. 13 COBMECTHOTO PEIICHHSI CHCTEMBI
ypaBuenuii (1)-(4) cnemyer, 4ro ycnoBusi 0€30T-
PaXaTeIbHOTO TIOTJIOIICHHUST W3IyYCHHsT BBIIIOJ-
HSIOTCS TPU OOBEMHOM KOHIICHTPAIMU KUIKOU
¢azpr ipu (=0.077 1 TOMIIMHE CITOS TTOTJIOTUTEIS

1=0.173cM 110 BenmmumHe OIU3KOM K ﬂf (mpu N=1).
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KOMPOZIT MATERIALLAR 9SASINDA 9YT SUALANMANIN MiIKRODALGALI UDUCULARI
S.T.9ZiZOV
Moagalods galiq vo arzuolunmaz elektromaqnit siialanmadan istifado olunan kompozit materiallar ssasinda mikrodalgali
uducularin yaradilmasi ilo bagh todgigat molumatlart toqdim olunur. Uducular canli organizmlori miayyan bir tezlikda
mikrodalgal siialanmanin zararli tasirlorindon gorumag ugiin istifads edils bilor (yer texnologiyas, televiziya, mobil rabito va S.).
MICROWAVE ABSORBERS OF MICROWAVE RADIATION BASED ON COMPOSITE MATERIALS
S.T.AZIZOV
The data of research on the creation of absorbing coatings of microwave radiation based on composite materials that uti-

lize residual and unwanted electromagnetic radiation have been presented. Coatings could be used to protect living organisms
from the harmful effects of microwave radiation of a given frequency (location technology, television, mobile communications).
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REFERAT

Torkibinds 20% Cu u 15% Mn olan aliminium ssasli ovuntu
kompozisiyalardan hazirlanmis niimunslorin bisirilmosi zamani
rejim parametrlorinin materialin strukturuna vo mexaniki xasss-
loring tosiri Oyronilmisdir. Nimunalor adi, mikrodalgali vo qi-
gillcim-plazma tsullan ilo 525°C temperaturda bisirilmisdir.
Optik mikroskopiya vasitasilo aparilmis mikrostruktur todgigat-
lar1 asasinda qugilcim-plazma Gsulu ilo alman nimunalarin mik-
rostrukturunun daha narm vo yekcins oldugu gostorilib.
Qigilcim-plazma Gsulu ils bisirilmis nimunalarin yiksak me-

xaniki gostarcilora malik oldugu miioyyan edilmisdir.

GIRIS

Muasir dovrun texniki va texnoloji tolablori-
no uygun olan yiiksok keyfiyyatli konstruksiya
materiallar1 arasmda aliiminium osaslt kompozitlor
xUsusi shomiyyat kasb edir [1]. Altiminium osasl
arintilordon mamulat hazirlanmasinda onlarm son-
raki emal va istismar proseslorina angal torads bi-
locok bir ¢ox qiisurlarin meydana galmasini gabag-
lamag, eloco do kitlovi istehsal soraitindo murok-
kob komponentli, yekcins mikrostruktura malik
arintilor almaq mogsadilo ovuntu metallurgiyasi
genis tatbiq edilir [2,3]. Momulatlarin aliiminium
ovuntularindan hazirlanmasi onlarin daha doqiq
forma vo Olgulorini tomin etmaklo yanast ham do
bir sira xassalorinin keyfiyystca yiksalmasine im-
kan yaradir ki, bu sobobdan do ovuntu texnologi-
yasi todrican tozyiq altinda tokmoni avazloyir [4].
Bu cur momulatlar istor igtisadi, istorsa do texniki
gostaricilor baximindan ononoavi {isullarla alinan
anologlarin1 gabaglayir. Ona goro da aliminium
osasli ovuntu sistemlorinin bigirilmasi ganunauy-
gunluglarmm todqigi muhim praktiki oshomiyyat
dastyr.

Aluminium asasli kompozisiya materiallari-
nin bisirilmasinds “aktivlesdirilmis™ bisirmoa Usulu

genis totbiq tapmugdir. Bu ciir bigirmo prosesinds
sixtoyo Xususi olaraq slave edilmis elementlor he-
sabina kontakt saholorindo yaranan maye faza
prespastahin sixlasdiriimasina kdmak edir. Alimi-
nium ovuntularina ikinci faza kimi g¢atin ariyan
metal hissaciklorin olava edilmasi onlarmn plastik-
lik xassolorini saxlamaqgla yanasi mdohkomlik,
barklik, istiya va yeyilmaya davamliliq kimi gosto-
ricilorini yliksaltmays, strtlinmo vo Xatti genislon-
moa omsallarini iso agagi salmaga imkan verir.
Qarsiligh tosirdo olan muxtolif elementlor-
don ibarat ovuntu cismlorin bisirilmasi zamani on-
larin fiziki-mexaniki xassolorinds bas veron doyi-
sikliklorin izaht xiisusi olaraq aktualdir. Aliimini-
um asash kompozitlors kegid elementlorinin ovun-
tularini olava etmokls bisirilma proseslorinin tadgi-
gi yeni nasil kompozisiyalarin yaradilmasi kimi el-
mi problemls six bagl olan bir praktiki masalodir.
Yuksok 6zltluyd il secilon aliminiumun tarkibinoe
mis olava etdikds 6zIUltyin bir gador azalmas: fo-
nunda borkliyin artmasi miisahido olunur. Misin
migdarmin artmast ilo barkliklo yanasi dartilmaya
mohkomlik do artir [5]. Miioyyan edilmisdir ki,
aliminium asasli ovuntu kompozisiyalarda misin
miqdarinin artmasi onlarin korrozion gostaricilori-
na shamiyyatli daracads tasir etmir. Al-Cu sistemi
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arintilori termiki emal edilorok yiiksok mohkamlik
(08=500...550MPa) va 0zlUluk vaziyystine ¢atdiri-
lir ki, bu da onlarin aviasiya texnikasinda vo digor
ndv nagliyyat vasitolorinin istehsalinda tstbigini
daha somarali edir [6].

Aliminium osash funksional materiallarin
yaradilmasinda perspektiv istiqamotlordon biri do
mohkamlandirici faza kimi altiminidlorden-altimi-
numla kecid metallarin intermetallik birlasmalarin-
don istifado olunmasidir. Al-Cu arintilori ilo yanasi
Al-Mn arintilori do texniki maraq kasb edir. Onla-
rin baslica cohatlori ylksok plastiklik, korroziyaya
davamlilig, istilikkecirmo oamsalinin boyiikliiyiidiir
[7]. Manganin kiitlo etibarilo migdar1 0,5%-don
yuxart oldugda orintinin plastikliyino xalol gotir-
modan onun 6zlultyind vo méhkamlik haddini ar-
tirir. Manganin méveudlugu strukturda AleMn dis-
pers hissaciklorinin amola golmasine sabab olur.
Noticads dislokasiyalarin horokati ¢atinlasir, bu da
mohkomliyin artmasina getirir. Momulatin forma-
lagdirilmas1 zamani bag veran deformasiya natico-
sinds yaranan siirlismo mustovilari sonraki marho-
lodo sabit plastikliyi tomin edir vo yorgunluga da-
vamliligr xeyli yiiksoldir [7]. Manganimn olavs edil-
moasi bu materiallarin korroziyaya qarst davamlili-
gin1 da artirir.

Moagalads yilksok mdhkemlik va plastiklik-
liya, eloca do dovrl yorgunluga qarst davamlihiga
malik olan kompozisiyanin alinmasi magsadilo Al-
Cu-Mn torkibli arintilor Gzorindo todqgiqat isinin
naticalari verilmisdir. Bisirmo prosesinds adi qiz-
dirict sobadan, ovvallor yalmiz metal oridilmosi
ucln istifado olunan mikrodalgali sobadan vo qi-
gileim-plazma sobasindan istifado  olunmusdur.
Mikrodalgali zonada metal ovuntularmm bisiril-
mosi imkanlar1 ilk dofo Gton asrin 90-c1 illarinin
sonunda verilmisdir [8]. Muixtalif torkiba malik
olan damir, mis, aliminium, titan va s. asash ovun-
tu kompozisiyalarmm mikrodalgali sobalarda bi-
sirilmasi ilo bagh tadgigat melumatlart méveuddur
[9-10]. Bu usulun mahiyyati grafit 6rttklt matri-
saya Yerlosdirilmis metal ovuntusunun sabit coro-
yan manbayindan verilon impulslarin tasiri altinda
preslonmasindan ibaratdir. Bu texnologiyanin bas-
lica Ustinliklori bisirmo muddatinin qisa olmasi,
yuksok sixliq va xirdadonali strukturun sldo edil-
mosi imkanlaridir. Qigileim-plazma  gostarilon
Usullar arasinda daha yenidir. Bu tisul asason

2000-ci illordan etibaran totbiq olunmaga baslan-
musdir va ultradispers aliiminium ovuntularinin bi-
sirilmasi Uglin daha perspektivli hesab olunur. Qi-
gilcim-plazma bisirmasinin magneziumla legirlon-
mis aliiminiumun xassalarina tosiri atrafli sokildoa
sorh olunmusdur [11]. Bu Gsulun fiziki mahiyyati-
nin asasini klassik bisirma nozariyyasi toskil edir.
Lakin qizdirilma siiratinin yiksok olmast ilo slage-
dar olan bir sira amillari Klassik nazariyys ssasinda
izah etmok olmur.

Tadgiqatin praktiki shamiyyati yiksok me-
xaniki, texnoloji vo istismar xassolorino malik
olan, igtisadi cohatdon samoarali hesab edils bilocok
aliiminium asash yeni ovuntu kompozit materiallar
almaq ti¢lin optimal bisirma rejimi parametrlorinin
osaslandirilmasidir.

TIODQIQATIN METODIKASI

96% texniki tomizliys malik olan v hisso-
ciklorinin orta 6lgiisi <40mkm tagkil edon Al, Mn
vo Cu ovuntularmni proporsional migdarda 1 saat
muddatinds garisdirmagla AI65Cu20Mn15 nomi-
nal torkibi alinmisdir. Qarisiq torkibli kompozisi-
yam toskil edon silindrik granullar hidravlik presdoa
400MPa tozyiq altinda sixlasdirtlmisdir. Alinmig
prespastahlarin ilkin sixligi noazori gostoricinin
72%-ni togkil etmisdir.

Prespastahin molibden disilisid (MoSiy) tor-
kibli qizdiric1 elementi olan yiiksok temperaturlu
kamera sobasinda bisirilmosi zamani qizdirilma
slrati 5°C/daq toskil etmisdir. Bisirmo prosesi
525°C temperaturda bir saat muddatinds davam et-
mis, nimunoin sixligi hidrostatik tisulla toyin edil-
misdir. Digar halda prespastahin bisirilmasi Ugiin
elektrik coroyanmmn giicti 6Kvt, tezliyi 2,45GHs
olan mikrodalgali sobadan istifado olunmusdur.
Bisirilon ndmunonin bitin hissalorinds  yiiksok
temperaturun barabar paylanmast {i¢iin o, coxqatl
izoloedici materialdan hazirlanmis paketo yerlos-
dirilmisdir. Bunun Gguin avvalca nimunalor divari-
nin gqalinligr 10mm olan mullit borucuga, sonra ho-
min borucuq paketo salinmigdir. NuUmunalarin
mikrodalgali sobada qizdirilma siirati 40°C/daq ol-
mus Vo onlar 10 dog muddatinds bisirilma tempe-
raturunda saxlanilmiglar. Temperatur 6lgmolori is-
tiliyin siialanmas1 gostaricilorina asaslanan piro-
metr vasitosilo hoyata kegirilorok 700°C-do [12-
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13] aliiminiumun stialanma amsali 0,04 kimi gabul
edilib. Bir gayda olarag temperaturun doyismasilo
siialnma amsalinin da doyismasi miisahids olunur.
Lakin apardigimiz tacriibs zamani mévcud olan
temperatur intervalinda bu amsalin doyismasi Gox
kicik migyasda olmusdur.

Prespastahi bisirmak ti¢lin qigilcim-plazma
sobasindan istifads olunaragq nimunalor 100°C/daq
strati ilo qizdirilmg Vo bisirilma temperaturunda 5
dogige middstinds saxlamildigdan sonra soba ilo
birlikdo soyumaga buraxilmigdir. Temperaturu 0l¢-
mok Uciin K tipli termocitdan istifado olunmusdur.
Bisirma ilo eyni zamanda nimunanin 50MPa tozy-
iq altinda biroxlu sxem tizro preslonmasi yerino
yetirilmisdir.

Bisirilmis prespastahlari kasmoklo onlardan
metallografik todgigat, dartilmaya vo barkliys si-
nag Ucln nimunalar hazirlanmigdir. Mikrostruktur
todgigati tigtin gotiiriilon nimunalar abraziv alstlo
Vo almaz pasta ilo emal edilorak Keller reaktivindo
agilanmigdir. NUmunalarin mikrostrukturu 200 do-
fa boyltmokls tadgiq edilib.

Mikroborklik Vikkers cihazinda 0,2N yiikin
10 san muddatindo totbigi ilo toyin edilmisdir. Bu-
nun {i¢lin asagidaki diisturdan istifado olunmusdur

P
HV = 1,854 —

1=,

burada HV - vikkers skalasi tizro mikroborklik; P -
indentora tasir edon sinaq yiikii (N); | - dioganalla-
rn orta uzunlugudur (mm).

Mexaniki xassalori toyin etmak ti¢iin bu moag-
sadlo hazirlanmig, uzunlugu 26mm olan silindrik
niimunalor dartict sinaq masininda 20kN yiiki{n
totbigilo 3,3x10%san siiratlo deformasiyaya ugra-
dilmusdir.

Al-Cu-Mn kompozisiyasinin elektrokimyovi
korroziyaya miigavimotini toyin etmok {iglin nii-
munalor cilalanmis vo elektrokimyovi 6zok vasito-
silo onlarin elektrod potensiali dlgiilmiisdiir. Mii-
gayiso liclin kalomel elektroddan, komokei elekt-
rod kimi grafit cubugdan, elektrolit olarag 0,1mol/l
gatihglh HClI mohlulundan istifado olunmusdur.
Elektrokimyavi 6zokdo yerlosdirilmis niimunonin
1sm? sahosi elektrolit mohluluna batirihir. Potensio-
dinamik polyarizasiya oyrilorinin almmasi tgiin
muvafiq kompiiter programi vasitasilo idars olu-

nan potensiometrdon istifado olunmusdur. Her
eksperimentdon avval 60doq miiddstinds elektrod
potensialinin geydiyyati aparilmigdir. Potensiodi-
namik todqiqatlar noticasindo polyarlasma oyrilori
almmisdir ki, bunlarin vasitasilo korroziya poten-
sial1, korroziya corayani va korroziya siiratini tayin
etmoak miimkiin olmusdur. Stern Gisulu ils [14] kor-
roziya parametrlorini toyin etdikdo korroziya siirati
ilo korroziya cerayam arasindaki empirik asililiq
asagidaki kimidir

Korroziya siirati = 0.0033 (e / p) lcor,

burada e - ekvivalent ¢oki (q); p - materialin sixligt
(a/sm?); lcor - korroziya corayamdir (A/sm?).

NOTICOLOR VO MUZAKIROSI

Sixhq. Adi, mikrodalgali vo plazma sobalarinda
bisirilmis Al-Cu-Mn kompozisiyal orintilorin six-
lasma prosesinin bisirilmo Gsulundan va tarkibdon
astliligi 1-ci Sokilds tosvir edilmisdir.

100

ST Conventional

Microvave

Spak plasma

w

»M

33, Sintered Speclmen Theoretical Deosity

3

65 AT-20Cu-15Mn

Sakil 1.

Miixtalif tisullarla bisirmads ovuntu kompozisiyalarin
sixlagma doracalorinin migayisssi.

Bisirilmo Usulundan asili olmayaraq sixlas-
ma 525°C-ds bas verir. Plazma sobasinda bisirilon
prespastahlarin analoglar1 ilo miqgayisads daha
yuksok sixlagsma doracasi (~99%) miisahido oOlu-
nur. Bu gostaricini tozyigin vo yiksok qizdiriima
stratinin birgs tosiri ilo izah etmok olar. Bu tsulla
bisirmo zamanm1 hamginin ovuntu materialimin his-
sociklori arasinda lokal plazma yaranir, hissaciklo-
rin sathindo buxarlanma bas verir vo onlarin kon-
takt zonasinda “boyuncuq” sokilli tohrif olunmus
formalar nozora carpir. Boyuncugun inkisafi vo
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transformasiyast 99% sixlasdirilmig prespastahla-
rin alinmasina sorait yaradir.

Bisirmo zamam niimunanin sathinds tempe-

raturun artma sirati yiksok oldugundan ilkin
ovuntu hissaciklarinin shamiyyatli daracads boyu-
moasi bas vermir. Prespastahin mikrodal@ali sobada
bisirilmasi zamani1 da yuksok sixlasma doracasi
hissaciklarin bdyimasini gabaglayan yiiksak qizdi-
rilma slrati ilo izah olunur. Digor torofdon, adi
Usulla bisirma prosesinds nlimunanin xarici sathi-
nin qizdirilma sUrati agagt olur. Bu zaman yalniz
istilik enerjisinin tasirine moruz galan nimunalor-
do sixlasma prosesi mahdud xarakter alir Vo natica
etibarilo onlarin sixhig1 digar iki tisulla alinanlara
nishoton asagi olur. Miixtolif {isullarla bisirilmis
nimunolords bas vermis hacmi dayismalori (Kip-
losmo omsallar1) muqayiss etdikds do anoloji ten-
densiya miisahido olunur.
Mikrostruktur. 2 va 3-cti Sakillords miixtalif Gsul-
larla bisirilmis kompozisiyalarin daxili strukturunun
optik vo elektron mikroskop vasitasilo alimmis go-
rintulori aks olunmusdur. Strukturda nozars garpan
az miqdarda bosluglar (27%) adi tsulla bisirilmis
nimunoalordos miisahido olunmusdur (Sokil 2, a).
Lakin qizidirilma siiratinin doyismasi ilo onlarin ok-
sariyyati tadricon aradan galxmisdir. Naticads qugil-
cim-plazma Usulu ilo 525°C temperaturda bisirilmis
Al osasli kompozisiyanin sixlagma dorocasi 99%
toskil etmisdir. Sokildo miisahido olunan oxla isara
edilmis qara noqtalor (Sakil 2, ¢) tadgiq olunan sat-
hin cilalanmasi zamani yaranmig ¢uxurlart gostorir
[15-16].

Mikrostruktura nozor saldigda mis vo man-
ganin aliiminium matrisada yayildigi goriiniir. Qi-
gilcim-plazma prosesi naticasindo alinan mikrost-
ruktur adi tisuldakina nisboton daha narmn olur
(Sakil 3), ¢iinki bu halda qizdirilma siirati yiksok
oldugundan donoanin bdylimasini qabaqlayir [17].

Moalum oldugu kimi bigirma temperaturunda
bark hissaciklarin garsiliglt hallolma daracasi mah-
dud xarakterlidir. Buna gora do Al vo Mn arasinda
intermetallik birlogsmo yaranmir. Miisahido olunan
intermetalliklor asason Al.Cu va AlCu-dur. Al-Cu
hal diagramina asason geyd eds bilarik ki, tetrogo-
nal kristal gafasina malik olan Al>Cu (6 faza) mi-
sin 31,9-33,0% miqdarlarinda, monoklinik kristal
gofosina malik olan AlCu (n faza) iso misin
49,3+52,8% miqdarlarinda moévcud olur. Misin

aliminiumda yuksak diffuziya doracasini vo asagi
hallolma qabiliyyatini osas tutaraq fikir yirids bi-
lorik ki, bisirmo prosesinds AICu aliminiumla
zanginlasarak Al,Cu-un meydana galmasine sobab
olur [18]. Tadgigat prosesina calb etdiyimiz inter-
metallik fazalar [19]-cu isds geyd olunan miiddoa-
lar tasdiq edir. Adi Usulla vo mikrodalgali sobada
bisirmo zamam saxlama miiddotinin uzun olmasi
iridonali strukturun yaranmasina sabab olur. Qigil-
cim-plazma Gsulu ilo bisirmads bu hal miisahids
olunmamusgdir.

Sokil 2
AI65Cu20Mn15 kompozisiyanin agtlanmus sathinin
optik mikroqrafi, x500: a) adi tisulla bigirma;
b) mikrodalgali bisirma; ¢) qigilcim-plazma bigirmasi.

4-cii sokilda har {i¢ tisulla bisirilmis 65A1-
20Cu-15Mn numunalarinin rentgen difraktoqrami
gOstorilmisdir. Sokildon goriindiyu kimi adi vo
mikrodalgali sobada bisirilmo zamani alman nii-
munonin tarkibindoki intermetallik fazalarin mig-
dart qigilcim-plazma  sobalarindakina nisbaton
xeyli coxdur.
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Sakil 3
Al65Cu20Mn15 kompozisiyanin agilanmig sathinin
elektron mikroqrafi,: a) adi tisulla bisirma, x500; b)
mikrodalgali bigirma, X1000;
¢) qigilcim-plazma bisirmasi, X500.

Qigilcim-plazma  sobalarinda  qizdirilma
muddati daha qisa oldugundan intermetallik faza-
larm amala goalmasina sobab olan diffuziya prose-
sino vaxt ¢atmur. Bu tisulla bisirma daha az zaman
muddstindo tamamlandigindan xirdadonali struk-
turun alinmasina imkan yaradir.
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Sokil 4
AIB5Cu20Mn15 kompozisiyasindan adi, mikrodalgali vo
qigileim-plazma tisulu ilo bisirilmis niimunslarin XRD
ayrilori.

Mikrobarklik. 1-ci Cadvalds bisirilmis niimuns-
lorin mikrobarkliyi va donalarinin 6l¢iisii hagqinda
molumatlar verilib. Adi vo mikrodalgali tisullarla
bisirilmis niimunalorin mikrobarkliyinds ciddi forg
olmayib.

M.Kubota va digor musalliflorin fikirlorino
asason adi nimunalarin barkliyinin xeyli agagi ol-
masini onlarin yekun sixligmin kigik haddi ilo izah
etmok olar [20]. Misin borkliyi ovuntunun torki-
bindaki digor elementlors nisbaton daha yiiksak ol-
dugu tigiin bu elementin hissaciklarinin slavs ola-
raq daxil edilmasi mikrobarkliyi shomiyysatli doro-
cado yiiksalda bilor. Bundan bagga aliiminium
ovuntusuna misin slavs edilmasi bisirmo prosesin-
do karkasin moéhkomliyinin artmasina sabab olur.
Dartilmaya smaq. Bisirilmis AI65Cu20Mn15
kompozisiyalarin méhkamlik va plastiklik géstori-
cilori 2-ci Codvaldo Umumilagdirilmis formada ve-
rilib. Dartilmada mohkomlik, axiciliq hoddi va
plastiklikliyin dayismoasi mikrobarklikds miisahido
olunan tendensiya ilo 0xsar xaraktera malikdir.

Xassolorin  Oyronilmasi zamani Al asaslt
ovuntularin qigilcim-plazma Gsulu ilo bigirilmasi
digor tsullar qarsisinda bir sira tstiinliiklori ilo se-
cilir. GOzlonildiyi kimi adi vo mikrodalgali soba-
larda bisirilon nimunoalorin strukturunda interme-
tallidlorin olmasi sobobindon, onlarin plastiklik
gostaricilari yiiksok deyil. Aparilan tadgigatlar ho-
min nimunalarda mikrostrukturun diizgiin forma-
lagsmadigmi (Sakil 2) va hissaciklar arasinda slage-
nin zaif oldugunu géstarir.
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Cadval 1
Bisirilmis niimunslarin mikrobarkliyi va denolorinin dlgilori.

Kompozisiya Adi tisulla biirilon, HVog2 | Mikrodalgal tisulla bisirilon, qigileim-plazma tsulu ilo
Al65Cu20Mn15 HVoo2 bigirilon, HVo0r
Mikrobarklik 57.3£1.2 63.06+0.8 116.04+0.45
Dononin 6lcist 36mkm 24mkm 15mkm

Cadval 2
AIB65Cu20Mn15 kompozisiyalarinin dartilmaya mohkamliyi, axiciliq haddi va nisbi uzanma daracasi.
Bisirilmo Usulu Mohkamlik haddi, MPa Axicilig hoddi, MPa Nisbi uzanma, %
Onanovi 4535 32412 5+0,5
Mikrodalgali 63+2,1 51+17 1240,3
Qigilcim-plazma 89+1 67+0,2 2301
Alinmus tasvirlords donolorin sarhadlori ara- v
.. o . . 20F
sinda yiksok doracads galiq masamoalilik miisahi- .
do olunub. Bu ndgteyi-nozordon qigilcim-plazma . 15}
Usulu ilo alinmig niimunanin mikrostrukturunu da- &
ha yekcins hesab etmak olar. Hamin niimunalorin ; wr Sparkplasma
daxili qurulusu xirdadenali oldugu tigiin onlarin z il Comvetional T
mohkamliyi ilo yanasi plastikliyi do kifayyat gador § =S
yiiksokdir. = oof e
Korroziyaya davamhhq. 5-ci Sokildo 525°C-do z |
bigirilmis niimunalorin potensiodinamiki polyar- | G
lasma ayrilari tasvir olunub. Gortndiyt kimi, qi- = asl
gileim-plazma Gsulu ilo bisirilmis niimunalorin - .
o0 01 1

korroziya coroyam digorlari ilo miqgayisado daha
yuksak sixliga malikdir. ©n xirdadonsli struktura
malik olan orintilords korroziyaya davamliliq daha
agagl soviyyadadir. Bunu strukturda korroziyaya
meylli olan Al.Cu danolarinin g¢ox olmas ilo izah
etmak olar. Qizdirlma siiroti artdigca qigilcim-
plazma Gsulu ilo bisirilon nimunalards korroziya
corayaninin sixligt 50%-dok azalir. Homin niimu-
nalara xas olan masamoalilik daracasi sath tobage-
sindoki anod sahasini azaldir va belsliklo diger
anologlara nishaton korroziya ehtimalini asagi
salir.

3-cll Cadvalda bisirilmis niimunalarin poten-
siodinamiki polyarlagsma gostaricilori verilmisdir.
Gorilindiiyli kimi adi tisulla bisirilon nimunalar di-
gorlari ilo migayisads asagi potensial forgi ilo
yanasi, daha yiiksok Caroyan sixligma va korroziya
suiratine malikdirlor.

Current Denisty, A/ o’

Sakil 5
525°C-do Al65Cu20Mn15 kompozisiyasindan
bigirilmis niimunalarin potensiodinamiki polyarlagma
ayrilari.

NOITICO

Al65Cu20Mn15 kompozisiyasindan ovuntu
metallurgiyasinin miixtolif bisirilmo metodlar ilo
standart nimunalor hazirlanmis va onlarin miihiim
fiziki-mexaniki gostoricilori toyin olunmusdur.
Borklik, mohkomlik, plastiklik vo sixligin toyin
edilmasi naticasinds on yuksak gostaricilarin qigil-
cim-plazma Usulu ilo bisirilon nimunalors aid ol-
dugu mlayyen edilmisdir.

Mikroskopik va rentgenstruktur tadgigatlari-
nin naticalari gostarir ki, mikrodalgali vo qigilcim-
plazma sobalarinda bisirilon nimunalor adi Gsulla
bisirilonlora nisboton daha xirdadonali struktura va
kicik 6l¢tlt mosamolora malikdir.
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Cadval 3
AI65Cu20Mn15 kompozisiyalarmin potensiodinamik polyarizasiya gostoricilori
Bisirilms Usulu | kor. (AJMm2) E kor. (V) Korroziya surati (mm/il)
Ononovi 1,7918 -0,002 2,003
Mikrodalgali 1,6466 0,007 1,826
Qigileim-plazma 0,7752 0,001 0,903

Potensiodinamik tadgigatlar naticosindo qi-

gileim-plazma Usulu ilo bisirilmis niimunalorin
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E.K.YAQUBOV

FEATURES OF THE STRUCTURE AND PROPERTIES OF POWDER ALUMINUM COMPOSITIONS
SINTERED BY DIFFERENT METHODS

E.KYAGUBOV

The influence of the parameters of the heating mode on the structure and mechanical properties of the material during sin-
tering of samples from powder materials based on Al containing 20% Cu and 15% Mn has been considered. The samples were
sintered at 525°C by conventional, microwave and spark plasma methods. Based on the results obtained have been noted that the
samples prepared by the spark plasma method had higher mechanical characteristics than the samples prepared by the other two
methods. On the basis of microstructural studies performed using optical microscopy, it was concluded that due to the properties
of high-speed heating of the spark plasma device, the microstructure of the sample obtained here was of a higher quality than oth-
ers.

OCOBEHHOCTH CTPYKTYPbI U CBOMCTBA MOPOIIKOBBIX AJJIOMUHHUEBBIX KOMITO3UIIHIA,
CIIEYEHHBIX PA3JIMYHBIMUA CIIOCOBAMUA

3. KAT'YBOB

PaccmoTpeHo BIMSIHIE TApaMeTpoB PeXHUMa HarpeBa Ha CTPYKTYPY M MEXaHHYECKHE CBOMCTBA MaTepHasa MpH ClieKa-
HHH 00pa3LOB U3 TIOPOIIKOBBIX MaTepuasioB Ha ocHoBe Al, coneprkarux 20% Cu u 15% Mn. O6pasub! criekaich npu 525°C
OOBIYHBIM, MUKPOBOJIHOBBIM M MCKPOBBIM IUTa3MEHHBIM MeTolaMH. Ha OCHOBaHMM MHKpPOCTPYKTYPHBIX HCCIICOBAHHH, BBI-
TIOJTHEHHBIX METO/IOM OITHYECKOH MHMKPOCKOIIHMH, NMOKa3aHO, 9TO MHUKPOCTPYKTypa 0Opa3loB, MOJYYEHHBIX MCKPOBBIM ILIa3-
MEHHBIM CIICKaHHeM, 00JIee MEIKO3epHNCTa 1 OAHOPOJHA. Ha OCHOBaHMY MOJyYEHHBIX PE3yIbTaTOB YCTAHOBIICHO, YTO 00pa3-
I1b1, IPUTOTOBJICHHBIE HICKPOBBIM IUIa3MEHHBIM METOJIOM, 00JIaJat0T 60JIee BRICOKUMH MEXaHNUECKUMH XapaKTEPUCTHKAMH.
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Kmouessle crosa: ZnGa,Seq:(EU%, Nd*), dotomomunec-
LIEHITNS, BHYTPHIICHTPOBEIC TIEPEXO/IbL.

PEDOEPAT

HUccnenosaHel CIIEKTPBI (hOTOMOMUHECLICHITUH
ZnGa,Seq:(EU®*, Nd**) mpu komHaTHOl Temmepatype. Brep-
Bble OOHApYXCHbI U MACHTH(HIMPOBAHBI CIICKTPaAIbHBIC JIH-
HAM B criektpe (oromomunectieHmu ZnGa,Ses B obmactu
580-750mM mpu sermpoBanmu EU m B oOmactm crmekTpa
860+950uMm mipu sterupoBannu atomamu Nd, KoTopbIe CBSI3aHbI

CB

HY TPHUIIEHTPOBBIMH TIEpEX0/iaMu B MoHax Eus*u Nd*,

BBEJIEHHUE

W3yueHne Wu3IydaTenbHbIX XapaKTEPUCTHK
IIMPOKO30HHBIX  TOJIYIIPOBOJHUKOB  ITO3BOJISIET
CO3/1aBaTh Ha MX OCHOBE PpasiM4Hble NPHOOPHI
(cBETOM3ITyHarOIUE AUOJbI, AETEKTOPbI) I KO-
POTKOBOJIHOBOM 00JacTH crnekTpa. B mocnenuue
ro/ibl HIMPOKO HCIOJIB3YIOTCS METO/bI BBEICHUS
PEIKO3EMETBHBIX aTOMOB B ITOJIYIIPOBOJHUKOBBIE
KPUCTATIMYECKUE MaTepuasbl, pa3IUyHble OKCH-
Ibl, TpaHaTel U Ip. BHenpeHne peaxko3eMenbHbIX
AKTMBATOPOB TIO3BOJISIET TMONy4aTh 3PPEKTUBHOE
CBEYEHHE C JIOCTATOYHO BBICOKMM KBAHTOBBIM
BBIXO/IOM. D(P(HEKTUBHOCTD M3ITYUYEHHS YBEINUH-
BAcTCsI IIPU UCIIOIb30BAHUM MUKPO- M HAHOCTPYK-
Typ COeAMHEHNH JerupoBaHHbIX P3D. Hanpumep,
B [1] npuBozasATCA pe3ysbTaThl BIMSHHUS ATOMOB
€BpOIMs Ha U3Ty4yaTeNIbHbIE XapaKTEPUCTUKU
okucu Lu2Os:Eu. ABtops! [1] Habmroany UHTEH-
CHUBHOE KpacHoe cBeueHue mpu 611HM, ¢ yBenm-
YeHWeM WHTEHCHBHOCTH BO30YXIECHHS U3 CIIOH-
TAHHOW JIFOMUHECLIEHIUS TEPeXOJUT B HMHAYLIHU-
poBaHHOE cBeueHue. B [2] uccnenoBaHbl CrIeKTpbI
JIFOMUHECHEHIIMY €BpOMUsl B PA3IMYHBIX HaHO-
KPUCTAUTMYECKUX MTOPOILIKAX.

Coemmmenns  A’B%C®%  xapaxTtepusyrorcs
SAPKOW JTIOMHHECICHIIMEH, BBICOKOH (hOTOUYB-
CTBUTENIBHOCTBIO, 3HAYMTEIBbHBIMUA 3HAYEHUSMU
IIMPUHBI  3amlpetieHHol 30HBl ~2,4-43B, dro
NpeCTaBIAeT UHTEPEC ISl UCIIONb30BAaHUS B Ka-

4yecTBe Marpullbl i JerupoBanus P39, Crnenyer
OTMETHUTh, YTO UMECTCSI HE3HAYMTEITEHOE KOJINUe-
CTBO paboT, B KOTOPBIX MPHBOJISITCS PE3yJIbTaThI
WCCIICIOBAHUSI JTFOMUHECIICHTHBIX XapaKTePUCTHK
coemuuennit A’B*C® ¢ ucnons3oBanuem P33 B
Ka4yecTBe akTUBaTopoB [3-7]. BriepBrie ObUI0 00-
Hapy’keHo 3enéHoe cBeuenne B ZNGaxSs nerupo-
BaHHOM atomamu Eu [3]. UccrenoBanus ZnGaxSs
C MPUMECHIO €BPOMUS MOKa3and, 4To EU B 3THX
COCJIMHEHUSX 00pasyeT He3HAYMTEIIbHOE KOINYe-
CTBO COEAMHEHUS EuGa;Ss, xotopoe otBerT-
CTBEHHO 3a u3inydeHue npu 536um. B [6] Habmro-
nmaemas mojoca B @JI ZnGaxSes:Eu mpu 566HM
aBTOpaMM mpumucana nepexony 4f5d—4f(3S7,)
B HoHe EU.

JlerupoBanne woHamu Nd coenuHeHHI
A*B3CE mposmenser snekTponHbIe nepexomst Nd,
B ocHoBHOM, B IK oGnactu criektpa [8]. B [9] no-
Ka3aHO, YTO MOHBI HEOJIMMa WHTCHCHBHO JIFOMH-
HecimpyoT B Y®- u Buaumoii obnmactsix (250-
750HM) B CHeKTpax HMMITYJIbCHOM KAaTOIOIFOMH-
HECIICHIINA WUTTPUHA-ATIOMUHAEBOTO TpaHarta |
MIEPOBCKUTA, aKTUBUPOBAHHBIX HeoaumoM. B [10]
MHTEHCUBHYIO mosiocy nipu /80HM, OOHapyxeH-
Hyto B EuGa;Ses:Nd, aBTophI CBSI3BIBAIOT C BHYT-
pHIIEHTpOBBIM TiepexozoMm B none Nd**, 3aBucn-
MOCTh MHTEHCHUBHOCTH 3TOH IIOJIOCHI OT YPOBHS
BO30YK/ICHUSI UMEET HEJIMHEHHBIN XapaKTep.

VYuuteiBasi aKTyalbHOCTh HCCIIEIOBAHUI
U3ITyYaTeNbHbIX XapPaKTEPUCTHK TIONYIIPOBOIHH-
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KOBBIX COCIMHCHHUI C MPUMECHIO PEIKO3EMEITh-
HbIX aTOMOB JIA HOJ'Iy"IeHI/IH HMHTCHCHUBHOI'O CBC-
YCHHUA B pa3JII/IqHBD( O6HaCT5IX CHeKTpa, B HACTO-
sied pabdoTe MPUBOIATCSA PE3yJIbTaThl HCCICIO-
BaHUs CIIEKTPOB (DOTOIFOMUHECIICHIIMN KPUCTAII-
7108 ZnGapxSes: Eut u ZnGazSes: Nd*.

CHUHTE3 COEJIVHEHMI U METO/IUKA
IKCIIEPUMEHTA

OO0pa31ipl 7151 U3MEPEHU ObUT CHHTE3UPO-
BaHbI U3 UCXOOHBIX KOMITOHEHTOB ZN, Ga u Se B3s-
TBIX B CTEXHOMETPUYECKOM COOTHOIICHHH B Tpa-
(UTH3UPOBAHHBIX KBAPIIEBHIX amiryiax. [Ipumech
penkozemenbHoro sementa EU(5%), Nd(2%) BBo-
JAJIach BO BpeMsl CHHTe3a. PeHTreHamdpakTomer-
PUYECKHE MCCIISIOBAHHS IPOBOAMIIHCH Ha IPHOOPE
Bruker D8 Advance. Ilapamerpbl pemieTku
a=b=5,51104, c=10,9643A, c/a=1,989. ZnGa,Ses
KPUCTAUIM3YETCS. B TETPArOHAIBLHON CTPYKType
(np.rp.55). V3mMepenus crieKTpoB (hOTOTFOMUHEC-
LEHIIMK ObUTH MPOBEICHBI Ha KOH(OKATLHOM Jia-
3eprom mukpocnekrpomerpe Nanofinder 30 (To-
kyo Instr., Japan). B kadecTBe UCTOUHHKA BO30YK-
JIAIOIIIETO CBETa MUCTIONIb30BAICS (DEMTOCEKYHIHBIH
repecTpanBacMblii CarpupoBbIA ¢ TMPUMECHIO Ti
nasep (Spectra Physics, USA) ¢ mmHOl BOJHBI Ha
BTOpoii TapMoHuke A=400HM W MaKCUMaJIBHOM
mornHocThio 10MBT 1 nazep Nd:YAG ¢ BeIxomHO#M
JUTMHOW BOJIHBI W3ITYYCHUS Aex=D32HM C MaKCH-
MaJIbHOM MomHocThi0 10MBT. Jlerektopom m3my-
YeHUs SBIUIACH OXJIKHaeMasi (TepMOdJIEKTpHYe-
ckuM crocobom 710 -70°C) CCD kamepa (1024 Ha
128 mukcens), paboTaromas B pexxume cuéra ¢o-
TOHOB, BPEMS SKCIO3UIMH OOBIMHO COCTABJISLIIO
1cex., MOITHOCTB TAIAIONIETO HA 00pa3ell N3IIyye-
HUs 3-5MBT, ameTp yya oKono 4MKM.

OBCYXJIEHHUE PE3YJIBTATOB

Ha Pwuc.l mnpencrasnen cnekrp @DJI
ZnGaSes:EUu* npu Bo36yxaennmn 400HM mpu
300K. Kak BumHO m3 Puc.l, crektp coctout u3
Y3KHX JIMHUHM C Pa3MYHBIMH WHTEHCHBHOCTSIMHU,
BCC OHM HAaxXOJTCA B [Hara3oHe [UIMH BOJH
580~+750uMm. IIpu BO30OYKACHUH JIFOMUHECTICHITAN
MPOUCXOJIUT BO30YXIEHHE 3IEKTPOHOB HA MOHAX
EBPOMHS M3 HIDKHETO YPOBHS 'Fo Ha BBIIIENEKa-

nwe ypoBHu H. M3 3Tux ypoBHEN 31€KTPOHBI pe-
JNIAKCHPYIOT Ha ypoBeHb °Do. DTH JMHMM pac-
LICIUIEHbl KPUCTAUIMYECKUM II0JIEM, IIO3TOMY B
CIIEKTpe HAOJII01aeTCsl TOHKAsl CTPYKTypa.

591
.592

IPL _arb.un.

Wavelength, nm

Puc.1
Crektp ¢poTomomuHecteHm ZnGaySes: Eu®*
mipu 300K.

CrnemyeT OTMETUTbH, YTO B MPOTHUBOIIOIOXK-
HOCTh JaHHBIM B [1], T7Ie aBTOpHI HAOMIO AT WH-
TEHCHUBHYIO KpPAacHYIO JIFOMMHECLICHIIMIO. T10JIOCY
n3imydyenust npu 611HM, B HameM cirydae HaOro-
Jarotes 4 y3kux auHub pu 612, 613, 617, 618HMm,
KOTOpBIE COOTBETCTBYIOT MpaBiiam otoopa [11],
SIEKTPOIMIIONBHOMY Tiepexofy “Do—'Fo. B or-
mane oT pesynsraroB [1] B ZnGagzSes: EUS* m-
HuM npu S581HM He Habmomaercs. B cmektpe
ZnGa Ses:Eu B Hambosee MHTEHCHBHOM IOJIOCE
BBIJIEIISIIOTCS y3Kkue uHUM npu 588, 591, 592nwMm,
KOTOpBIE MOTYT OBITH TMPHITUCAHBI K IEPEXOIY
®Dy—'F1. DTOT TIepexoj1, COrNIACHO MPaBHIAM OT-
oopa [11], sBiIsIeTCSI MATHUTOIUITOIBHBIM [IEPEXO-
JIOM U U3IIy4eHHUE, TaK)Ke C BEICOKON WHTEHCHBHO-
CTBIO, OOHAPY>KEHO B CIIEKTPE JIFOMUHECIICHITUH B
HAHOKPUCTAIMYECKHX ropormkax YAG:Eu®* [2].
[Tpu 649um (Puc. 1) nabmromaercs crnabast THHUS,
COOTBETCTBYIOIIAsi MATHUTHOMY JUIIOJIBHOMY Tie-
pexoxy *Do— Fa.

B crekrpe ®JI ZnGa,Ses:Eu** monoca, co-
OTBETCTBYIOILASl AJIEKTPOAUTIONBHOMY TIEPEXOTY
®Dy — F4 paciuemniena Ha TpY Y3KHe JIMHUU TP
680, 689, 693um u ciaboe tuieyo npu 698HM. B
ATOU TOJIOCE TAKXKE TPHCYTCTBYET ClAOBINA MUK
npu 703HM, B 3TOM ke obOmactu mpu 709HM
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OOTOJIIOMUHECHEHIMS ZnGa,Ses JETUIPOBAHHOI'O ATOMAMMU Eu u Nd

HaOJIFOaJICs HanOOoJIee WHTCHCHUBHBINA MEPEX0JT B
criextpe momuHecnenn YAG:Eu®t [2].

Ha Puc2 mnpencrasnen cnekrp @DJI
ZnGasSes: Nd®*. U3 10 HaGmromaBIIMXCs JIMHHMIA
CaMbIMHA HWHTCHCHUBHBIMHU SIBJISIFOTCS JIMHUU TIPU
898, 905um. Bce criekTpanbHbIe JTMHUM COOTBET-
CTBYIOT BHYTPHIIEHTpoBOMY Tiepexoxy Nd**

Far —*lor.
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Wavelength. nm
Puc.2
CrexTp dotomomunectenmu ZnGazSes: Nd**
nipu 300K.

[NomymmprHa Beex JIUHHUNA HAOMI0JaeMbIX B
criextpe DJI ZnGa,Seq:EU®" u ZnGaSes: Nd** mo-
psanka 1+2,5um. B Tabmuie 1 mpuBeneHa uieH-
tdukamys muEni Eu¥n Nd® B ZnGagSea.
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Eu vo NdATOMLARI ILD ASQARLANMIS ZnGa:Ses-nin FOTOLUMINESSENSIYASI
1.0.MOMMODOVA
ZnGazSes:EU® Vo ZnGa,Seqs:Nd**-nin fotoliminessensiya spektrlori otag temperaturunda todgiq edilmisdir. ilk dofo

olarag ZnGa,Se4:Eu** fotoltiiminessensiya spektrinds 580-750nm oblastinda Eu®* ionunun va ZnGa;Ses:Nd**-nin fotolumines-
sensiya spektrindo 860-930nm oblastmda Nd**-nin daxili-markazi kegidlorilo bagh olan spektral xstlor miisyyan edilmisdir.

PHOTOLUMINESCENCE OF Eu and Nd DOPED ZnGazSes
I.AMAMEDOVA

The photoluminescence spectra of ZnGa2Se4: Eu®* and ZnGa;Ses: Nd** have been studied at room temperature. For the
first time, lines were discovered in the photoluminescence spectrum of ZnGa2Se4: Eu®* in the range of 580-750nm and in the
case of ZnGa,Seq: Nd** spectral lines observed at 860+950nm, which were associated with intracenter transitions in the Eu and
Ndions.
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PEOEPAT

B cBoe Bpems (heHOMeH HaOmonaTesns ObUT BBEICH B KBaHTO-
Boe mMepenne Humbcom bopoMm. B manHOU crathe TimyOke
paccMmaTpuBaeTcsl HaOJroaTesb IPH U3MEPEHHSAX HE TOJBKO B
MHKPOMHpE, HO ¥ B MakpoMmupe. OTMeyaeTcs NpHHIUITHAIb-
HOe pasnnuue 3ThX Habmonartened. [lostomy HaOmoneHue,
SABJIACH LEJICHAIIPABJICHHBIM BOCTIPUATUEM, MOXKET OBITH pac-

CMOTPCHO B HOBOM aCIlICKTC MJIA CI)I/IBI/IKI/I.

OObsicHEHHE TPUPOBI UMEIOLIMX MECTO B
MHUKPOMHUPE COOTHOIIIEHHI HEOIpeAeIeHHOCTEeN
Ieif3enOepra BBI3BIBAIOT Yy YYEHBIX /10 CHUX IOp
60mb1110i HHTEpec. OHO MOXKET CTaTh MOHSATHBIM,
caMmo co00i pa3yMErOIIUMCS, €CIIi O0OpaTUTHCS K
¢brI0cOPCKIM MOHATHUSAM BOCHPHATHS M OTpake-
nust. U3 punocoduu mzsecto [1], uro Habmone-
HHUE - JTO LEJIEHanpaBiIeHHoe BocrpusTue. Kak
nucai u3BecTHbI ¢usuk E.Burnep [2], wis mon-
HOTO0 Hay4yHOTO 3HaHHMs HEoOXomuMo Oojee Iily-
OOKOE TIOHMMaHWE TIPOLIECCOB HAOMIOJCHUS |
Bocnpusitus [2]. Bocnpusitue, kak «BU3yaabHOE
MBIIIJIEHNE» BO3HUKAET B PE3yJIbTare HEemocpen-
CTBEHHOT'O BO3/ICHCTBHSI OOBEKTOB PEabHOIO MH-
pa Ha HaIlllK OpraHbl YyBCTB. JTa (hopMa Mo3HaHUS
SIBJISIETCS OTIPaBHBIM, OCHOBHBIM ITyHKTOM M He-
00XOMMBIM KOMITOHEHTOM TIpoliecca MO3HAHMUSL.
Ho HekoTopbIM (pu3MKaM KaXKeTcs, 4TO Hay4yHOE
MO3HAHUE HAIPABJIEHO TOJIBKO JIMIIb HA MOTyye-
HHE OOBEKTMBUPOBAHHOIO 3HAHMS, CYIIECTBYIO-
IIEr0 BHE OTJENBbHOIO HMHIMBUA, HAlpuMmep, B
BUJIE OT/IEJIbHBIX HAyUYHBIX TEKCTOB. 3[1ECH MOKHO
ObUTO ObI BCIIOMHUTH CIIEAYIOIICE TPEaypeKIe-
Hue Burnepa [2]: «OtneneHue Haiero BOCHpHs-
THUSI OT 3aKOHOB IPUPOJIBI - HE OoJiee, 4eM ympo-
1eHre. XOoTs Mbl M yOeXKICHBI B TOM, YTO OHO HO-
cuT Oe3BpeIHBIN XapakTep, TeM He MeHee 3a0bI-
BaTb O HEM He cienyer». OnpeneneHue Bocupusi-
THs B hutocoduu ciemyromiee. Bocnpusitre - 310

LIEJIOCTHOE OTPAaKEHHE INPEIMETOB, SIBICHUM, CO-
ObITHI1 B pe3yJIbTaTe HEMOCPEICTBEHHOIO BO3/IEH-
CTBUSI Ha opranbl 4yyBCTB. HoO sBisieTcs Jm BOc-
npusiTHE MUKpoMupa LiesnocTHeIM? KoHeuHo ke,
Her! HeBumuMmbIii MUp MHMKpPOYacTUI] HE MOKET
HETIOCPEICTBEHHO BO3ZEHCTBOBAaTh Ha HAIM Op-
raHbl 1 TIO3TOMY BOCHPHHUMAETCS HaMH C ITOMO-
IbI0 PHOOPOB. DTO, KOHEUHO, NMPUBOAUT K €ro
HELIEIOCTHOMY OTPaKEHHIO B CO3HAHHUH YEJIOBEKA.
Cornacumcs, 4ro HaOMIOZEHHE B MAaKpOMHpE,
HaIpuMep, BOCXO/1 COJIHIA ¥ HAOIIO/IEHNE B MUK-
pOMHMpE, HallpUMEp, U3MEHSIOILMXCS YHACEN Ha Ka-
KOM-TO Tipu0ope, He 0JHO U To xe. Habmoxaenue
B MaKpOMHpE SIBIISIETCSI HETIOCPEACTBEHHBIM, a B
MHUKpPOMHpE OCYIIeCTBIsgeTCs uepe3 npudop. [lo-
HUMaHHE TOTO, YTO O3HAYAIOT TH YMCJa Ha TIpH-
Oope, kakue (U3MUECKHUE TIPOIIECCHl CTOST 32 HH-
MM 3aBHCHUT OT YPOBHSI HAyYHOI'O 3HAHHUS YEJIOBE-
ka. Takum 00pa3omM, eciy BOCTIpUATHE MaKpOMHUpa
YEJI0BEKOM HE 3aBHCUT OT YPOBHSI €r0 HAay4HOTO
3HaHUS, TO BOCHIPUSTHE MUKpOMHpA 3aBUCUT. Kak
U3BECTHO U3 (uocoduu, HAyYHOE 3HAHHUE - ATO
OTpakeHHe OOBEKTHBHBIX XapaKTEPHCTHK Jei-
CTBUTEIBHOCTH B CO3HaHMM 4enoBeka. [loatomy
YPOBEHb HAYYHOI'0 3HAHMS 3aBUCHUT OT YPOBHS OT-
paxenus. U3 ¢unocopun nzBecTHo, 4To paznuy-
Hble (DOPMBI U YPOBHH OTPAKEHUS NPEACTABIISA-
I0TCS pa3HbIMU BUJIaMU U YPOBHSIMU CO3HaHUs. B
KOHEYHOM MTOTre, BOCHPHSITHE MHUKPOMHpPA 3aBU-
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CUT OT CO3HaHMs Habmromaresns. Bor modyemy co-
3HaHME HaOMIoZaTeNsl HaxomuT cebe MecTo B
KBaHTOBOH (hu3uke. boree monHoe 3HaHuUe, O KO-
TopoM nuiet Burnep, Tpedyer He paccMaTpuBaTh
MOPO3Hb (PU3UUECKHE SBICHUS U SBIICHUS], COMPO-
BOX/IAOIIME MBIIUIEHNE, CO3HaHue. Peraroruii
11ar K TaKOMy 3HaHUIO, Kak roBopuT Buruep, - 3to
YCTaHOBUTh MpEZeNbl Hallel CIOCOOHOCTH BOC-
IpuHUMaTh OoKpyxarouiee. [loHATHO, 4TO 3TO
npesies 3aKaH4YMBaeTCsl Ha BOCHPUSITHU HAIero
MHpa - MakpoOMHpa, KOTOpPBI MbI HENoCpen-
CTBEHHO BHJIUM, CIyIlaeM, 4yBCTByeM. JlelicTBu-
TEJIbHO, 1IEJIOCTHOE BOCHPUSTUE MAaKpOMHpA IpU-
BOJUT K TOMY, YTO 3/1€Cb HET MecTa Heolpee-
JICHHOCTSIM, U TIpY ONpPENENICHUH MMIIyJbca p U
KOOPIMHATHI X, T.€. Ap 1 AX MOryT ObITH paBHBI 0
u noatomy ApAx=0. I'erens ckazan Obl, 9TO TaKOE
ObITHE €CTh HerocpeacTBeHHoe Obitue [3]. Herro-
CPEIICTBEHHOE, [IOTOMY YTO HETOCPEIACTBEHHO Ye-
pe3 opraHbl 4yBCTB BOCIpHUHMMaeTcs. Bocnpus-
THE K€ MUKPOMHpPA MPUBOIUT K TOMY, UTO 3/1€Ch
y’Ke U3-3a HELIEIIOCTHOCTU BOCTIPUSITHSL, HE MOXKET
OBbITb OJIHO3HAYHO, TOYHO OIPEAETIEHHOW KapTH-
HBl, YTO TPUBOAUT K HEOIPEAEICHHOCTSIM IpU
OIpeNIENIeHNN UMITYJIbCa U KOOPJIUHATHL, T.€. Ap U
Ax yxe He paBHbl 0, OOJbIIE HYJS, U [TOITOMY
ApAx>0. TouHas KOJMUYECTBEHHAs CBSI3b MEXKIY
Ap m Ax Obuia Haiinena [eif3enOeprom u 3TO
ApAx>h. D10 HepaBEeHCTBO MOKa3bIBACT HaM, IJIe
HAYMHAETCSI BOCTIPUATHE MUKPOMHpA U IOCTOSH-
Hast [I1anka h - 310 TOT Ha3BaHHBII BBIIIIE TIPEJIET,
KOTOpbIII COOTBETCTBYET HAllled CHOCOOHOCTH
BOCIIPUHMMATh OKpYXaromuii Mup. Takum oOpa-
30M, eci ApAx<h, TO OKpyKarOIKii MHp BOC-
MIPUHAMAETCS HAMH [IPUBBIYHO, T.€. OTHO3HAYHO U
3TOT MHUpP -MaKpoOMHUp U TpUMeHseMas (H3MKa -
knaccuueckas ¢msuka. Ecim ApAx>h, To okpy-
MKAIOUIMHA MUP BOCIPHHUMAETCS HAMU HETIPHUBBIY-
HO, T.€. HEOZAHO3HAYHO U 3TOT MUP - MUKPOMHD U
npuMmeHsieMasi (u3uKa - KBaHTOBas (PU3HKA.
VIMEHHO HEOTHO3HAYHOE BOCHIPUSITUE MUKPOMHUPA
YeJI0BEKOM MPHUBOJIUT K TOMY, YTO OHO CTAHOBHUT-
Csl COBCEM JIPYTUM I10 CPAaBHEHHIO C MAKPOMUPOM.
Pa3nuunble BOCTIpUATHS O3HAYAIOT pa3IMYHbIE
(OpMBI U YPOBHH OTpaXKEHHs, KOTOpPBIE, B CBOIO
odepesib, Kak ObLIO CKa3aHO BBIIIE, IPEICTaBIISA-
I0TCSl pasHbIMU BHJAMH M YPOBHSMH CO3HAHUSL.
IlosToMy B MUKpOMHpE CO3HaHME HaOIMIOAATENs

OTJIMYAETCS OT €r0 CO3HAHMSI B MAKPOMUPE, U 3TO
OTIMYME CKa3bIBACTCA B TOM, YTO B KBaHTOBOU
¢du3KKe CO3HAHWE HAOMIOAATENs JODKHO OBITh
YUYTEHO, U OHO JEHUCTBUTEIBHO yunuThIBacTCs. Cy-
IIECTBYET JIU KpoMe TocTosiHHOM [Dnanka h ere
JIPYTOil TIpeJiesl, COOTBETCTBYIOIIMIA HAIIEH Cro-
COOHOCTH BOCHPHHUMATh OKpyxarormii mup? Jla,
CYILECTBYET U 3TO CKOpOcTh cBera c. U3 ¢uioco-
(¢uu U3BECTHO, YTO TPOCTPAHCTBO M BPEMSI SIBIISI-
IOTCSl  anpropHbIMU (hopMamu  co3eprianust [1].
PasButne TeopuM OTHOCHTENIBHOCTH NPHIUIO K
TaKOMY 3aKJIFOUEHHUIO, YTO BBITEKAIOLINE U3 JKC-
[EPUMEHTAIIbHBIX JaHHBIX OOBEKTUBHBIE CBOM-
CTBa IIPOCTPAHCTBA M BPEMEHH OTPAXKAKOTCA
UMeHHO npeoOpazoBanusiMu Jlopenua. Iloatomy
OCHOBHBIE IIOCTYJIaThl TEOPUM OTHOCUTEIBHOCTU
rOBOPSAT HaM O TOM, YTO JI0OOM (husmueckuil 3a-
KOH JIOJDKEH YJIOBJIETBOPSTH IPeoOpa3oBaHUsIM
Jlopennia 1 npu V>C mpeobpazoBanusi Jlopeniia
TEpSIOT cMbICi. [1oaTOMYy IBMKEHUE Tella MOKET
OBITb TOJBKO CO CKOPOCTBIO V<C. ['erenb ckazai
ObI, YTO 3TO - OMOCPEACTBEHHAs CYIIHOCTH [3].
OnocpeznicBeHHasi, IOTOMY YTO MBI €€ JIeJlaeM I10-
CPEJCTBEHHOM, MPUroqHOM 1st Hac. Takum oOpa-
30M, MpU V>C TEpSIOTCSl OOBbEKTUBHBIE CBOWCTBA
MPOCTPAHCTBA U BPEMEHH, YTO O3HAYAeT MOTEPIO
Hallel CrmocoOHOCTH CcO3epLaTh OKPY KAFOIIHMH
MHUp WIA TOBOpSI MPOCTO, YTO HE CYILIECTBYET
omelta. Mimeercs u CBsI3b MEXy HEpaBEHCTBAMU
KBaHTOBOM (u3nku ApAx<h u Teopuu OTHOCH-
TEMBHOCTH V<C?

Hu onun ¢usnk He OyJeT CnopuTh, 4ToO UC-
TOYHHUK 3HaHWM - 3TO onbIT. Ho ecTh /M 3HaHuUe
IIPOYKT TOJIBKO JIMIIB ONBITA? DMITUPU3M CUHTA-
€T, YTO JIa - HUKAaKOe 3HaHue 0e3 YyBCTB U ONbITA
BO3HUKHYTh He MoxeT (P.bakon). Pamponanmsm
CUMTAEeT, YTO HET - TOJBKO Pa3yM MOXET c000-
[IUTh 3HAHUIO BCEOOIIHOCTh U HEOOXOAMMOCTh
([exapr). 'ennanbHbiil KaHT, BcTaB MEXIy 9TUMHU
KpallHUMH TIO3ULASAMH, MTOCTYJIMPOBAI, YTO pac-
CYZIOK HE MOXET CO3eplLiaTh, a YyBCTBA HE MOT'YT
MBICITUTh, TIOTOMY 1) OMBIT CTpajaeT He3aBep-
IIEHHOCTBIO U 2) COBEPILEHCTBO 3HAHUIO COOOIIIa-
eT pa3yM [4]. Mbl 0OBIYHO CUMTAEM, YTO OMBIT CO-
CTOMT TOJBKO M3 alOCTEPUOPHBIX JJIEMEHTOB.
Nmenno, B 3rom KaHT BUIUT €ro He3aBeplleH-
HOCTb. U Kxorzma Mbl XOTMM NpHJATh OIBITY 3a-
BEPILEHHOCTb, TO Mbl JIOJDKHBI OOBSIBUTH, YTO
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ONBIT COCTOUT, KaK U3 allOCTEPHOPHBIX, TaK U U3
alPHOPHBIX  AJIEMEHTOB. ATIOCTEPHOPHBIC 3JIe-
MCHTBI ~ 3TO HalllK OINYIICHUA, KOTOPBIC MbI I10-
JydaeM TOcJe ombita. A 4ro OyAeT arpuOpHBIM
sneMeHTOM onbita? KaHT moHsU, 4Tro 3TO - HE
OIIYIIEHHs1, KOTOPBIE, KaK Pe3yJIbTaT BO3JCHCTBHS
MOTYT OBITH TOJBKO anoctepuopHbiMH. OH m0-
HSUI, YTO 3TOT 3JIEMEHT 003aTeIbHO CBsI3aH C CO-
3HAaHWEM YeJIOBEeKa, a UMEHHO C YMO3PEHHEM, CO-
seprianueM. [lo onpenenenuto dunocodun, co-
3epLaHUe - 3TO HEHOCPEICTBEHHOE OTHOILICHHE
co3HaHus K npenMery. Ham kaxercs, 4to Hemno-
CPE/ICTBEHHOE OTHOILICHHE CO3HAHMS K IMPEIMETY
BO3MOJXHO JIMIIb TOraa, KOrga HaM SABJIICTCA
npeamet. Ho Kanr roBopwur, 4to 310 - smMmmpuye-
CKOE CO3EpLaHMe W HapsILy C 3TUM CYIIECTBYET
elle U anpHopHoe co3epuanue. s Toro, 4roosl
YACHUTB, YTO KC TAKOC CO3CPLUAHMC U BLIACIUTD
U3 HEro ampHopHoe cosepranHue KaHT BBOOUT
CIICYFOIIE TIOHSTHS: SBJICHUE, MaTepus, (opma,
MPOCTPAHCTBO U BpeMsl. SIBIeHHE, TO €CTh TO, UTO
HaM SBJSICTCSI - TO TPEAMET SMITUPHUYECKOTO CO-
3epuanus. B sBnenun Kant BblienseT Matepuro U
¢dopmy. Marteprto SIBICHHSI COCTAaBISIIOT OIILyIIIe-
HMS WM MHOTooOpasue outymenuid. To, Gmaroza-
psl 4eMy 3TO MHOrooOpasH€ ObIBaeT yropsiioue-
HO, €CTb (hopMa SIBJIEHUS, T.€. CO3eplLiaHHe. 37IeCh
MOXKHO €I1I€ pa3 OTMETHTb, uyTo KaHT, moHsB, 4TO
paccyIOK He MOJKET CO3eplarh, B OTIIunu oT [le-
KapTa CUUTAaJl, YTO CO3EpLAHHs MOTYT ObITh TOJb-
KO 4yBCTBEHHbIMU. Kak OH roBopwi, co3eplaHue
- 3TO BaKHEUIIIMI MOMEHT 4yBCTBEHHOCTH, a UTO

KacaeTcsl allpuOpHOIO CO3EpLIAHMs, TO ITO - He-
YyBCTBEHHAasI YyBCTBEHHOCTb. B TOM, 4TO CO3€ep-
IIaHMS JCIAI0T BO3MOXKHBIM OMNBIT, KaHT BUINAT NX
PEAILHOCTD, @ B TOM, YTO CO3EpLIAHUs CYILLECTBY-
FOT JIO OMBITA - UX WJICATbHOCTh. J{eHCTBUTENBHO,
B CyOBEKTE JIOJDKHO JIO OIBbITa HAXOIUTHCS ITO

CBOWCTBO - allpuOpHOE CO3epIaHKe, YTOObI B pe-
3yJbTaTe BO3/ICHCTBHSI OOBEKTa Ha CyOBEKT BO3-
HHUKaJIO HETIOCPEACTBEHHOE TIPE/ICTaBIeHNnEe 00
obwvekre. He Oynmbp 3Toro cBoiicTBa, TO BO3ZEH-
CTBHE HE PaBHSUIOCH ObI TpezacTaBieHnto. Ho uro
sBysieTcst (opMaMH  APUOPHOTO  CO3EPIIaHMS?
KanT cumran, 9T0 3T0 - MPOCTPAHCTBO U BpeMs H,
SBISIICH ()OPMaMU  «UHCTOTO CO3EpLAHUS», OHU
yXe B TOTOBOM BHJIe HaxozsaTcs B aymie. C ux mo-

MOIIBIO OPraHU3YyeTCs CIOCO0 JAHHOCTH IpeaMe-
Ta. [IpocTeIMu cllOBamMM, HaM MOKa3bIBACTCS, SIB-
J€TCsl TO, YTO OPTraHU3yeTCs ¢ IOMOLIBIO IIPO-
crpaHcTBa U BpeMeHu. OOpa3HO TOBOpsI, OIIBIT,
KaK TEeCTO YKJIAJIbIBACTCS B TOTOBBIE (HOPMOYKU
JUISL TICUCHBS WM JIOBSITCSL T€ BOJIHBL, HA KOTOPBIE
HacTpoeH npueMHMK. [loaTomy, Kak roBOpHUT
KaHnTt, no3Haercs To, 4To HaM sBJIAETCS, 4 HE BEIU
camu 110 cebe. Berm camu 1o cebe siexkar 3a mpe-
JIETIaMH  CO3EpLIaHKsA, a TOTOMY HEIO3HABAEMBI.
OTO CBUIETENBCTBYET O IPaHULAX NO3HaHHUs. ['e-
HUANIBHBINA KaHT 3HaJ1, 4YTO MOXKET ObITh BO3MOXK-
HBIM U TaKO€ 3HaHHE, KOTOPOE BBIXOAUT 3a Ipejie-
JIbI OIbITa, B MUp Bellel 1o cede. O6pa3HO roBo-
ps, TO TECTO, KOTOPOE HE MOXKET BOUTH B (op-
MOYKH, T€ BOJIHBI, KOTOPBIE HE JIOBATCS IPUEMHU-
koM. Taxum oOpazom, BrepBble KaHT mocraBui
npo0seMy CyILIECTBOBAaHHUS 3HaHUsS B JABYX (hop-

Max - IMIIMPHUYECKOE 3HAHUE (BO3HUKAET B OIIBITE)
U TEOPETHUUYECKOE 3HAHUE (BBIXOAUT 3a IIPEAEIIb

orbita). OH THcall, YTO TEOPETHUECKOE 3HAHUE -
3HaHMEe Oe3 co3eplaHus, 3HAHUE YMOIIOCTUTae-
MBIX OOBEKTOB, KaK OH Ha3bIBAI 3HAHUE HOYME-
HOB, BO3MOXKHO. HO 3TO 3HaHMe HHMKOrJa HE MO-
et crath nouyimHHbIM. Kak mumer Kanr: «Co-
3epIIAHUE CBS3BIBACT UYBCTBEHHBIC BIICUYATIICHUS
Y CO3JIaeT U3 HUX SIBJICHHUE: SBICHUS CYTh MPOIYK-
TBI HAIIETO CO3EPIAHUS W OOBEKTHI PACCy/IKa.
Paccynok cBsi3bIBaeT SIBIEHUSI U CO3Ja€T U3 HUX
MO3HAHUE...» VITak, IyBCTBCHHBIC BIICUYATICHUS
CBSI3BIBAIOTCSI CO3EPIIAHMEM, alpUOPHBIE (POpMBI
KOTOPOTO - TIPOCTPAHCTBO M BPEMsI - HAXOMATCS B
JIyIlIe B TOTOBOM BHJe. HO Kakoe ImpoCTpaHCTBO U
BpeMsI 3apaHee 3aJI0KEHbI B JIyIle, B pa3yMe B TO-
ToBOM BHe? Y KaHTa 3TOT BONpPOC HE BO3HUKAI.
Bo Bpemena Kanra Obla W3BecTHa TOJBKO OJHA
reoMeTpHs - TeoMeTprst EBKina, v mosTomy Jiist
KanTa 65110 camo co00if pa3yMeIoMes, YTO 3TO
MPOCTPaHCTBO - TpocTpancTBo EBkmmpa. Kant
VIIOPHO TMOYEPKUBAJL, YTO HAIl Pa3yM C HEOOXO-
JIMMOCTBIO OpPTraHW3yeT MPOCTPAHCTBEHHBIC OIITy-
IIEHUS B COOTBETCTBUH C 3aKOHAMH EBKIIHIOBOM
reoMeTpuu. Jlpyrumu cioBamu, Halll pasym, cam
no cebe Bmazest (GopmMamMM EBKIMIOBOTO IIPO-
CTPAHCTBA U BPEMEHHM, HAKJIA/IBIBACT UX Ha YyB-
CTBEHHBIC BOCTIPHUATHS, BBIHYK/asi T€ MOJCTPau-

BaThCA MO/ 3aJI0)KEHHBIE CXEMBI [5]. OTH CXeMBl -
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arnpUOpPHBIE MCKYCCTBEHHBIE WCTUHBI, HapUMEp
TaKle YTBEPXKIICHUS, KaK «IIpsMas - KpOTYanIlmii

IIyTb MCXKOY ABYMs TOYKaMn», WK «4YE€PE3 TpU
TOYKH, HC JIC)KAIIMC Ha O,HHOﬁ HpHMOI\/'I mpoxoauT

TOJIBKO OJTHA IIOCKOCTBY, WM akcuoma EBkimina
0 TMapaJuieNbHBIX TMPSMBIX, 3aJI0KEHBI B pasyme
aBromatnyeck. OIHAKO, C MOSIBJICHUEM I'€OMeT-
puit JlobaueBckoro, Pumana u pyrux crajo sicHO,
YTO 3TU CXEMbI MOTYT OBITH coBCeM Apyrumu. [lo-
sToMy Borpoc: «Kakoe MpocTpaHCTBO M BpeMs
3apaHee 3aJI0KEHBI B JAyIle, B pa3yMe B TOTOBOM
BUie?» npuodperaer ocooblid untepec. st Kan-
Ta CyIIECTBOBAJA TOJBbKO OJHA, €AWHCTBEHHAS
(dopMa anmpUOPHOTO CO3EPLAHUS - MPUBBIYHOC B
YEJIOBEUECKOM OIBITE TMPOCTPAHCTBO - MPOCTPAH-
crBo EBkimna. KaHT He Benal o cyliecTBOBaHUIX
JPYTUX TEOMETPHUil, HE 3HA O CYIIECTBOBAHUU
JPYTUX BUJIOB MPOCTPAHCTBa M BpeMeHu. Kto
3HAeT, YTOOBI OH CKa3al, ecii Obl 3HAJ O CyIIle-
CTBOBAaHHH JPYTUX T€OMETPHIA U TIOATOMY JIPYTHX
BUJIOB TIPOCTPAHCTB M BPEeMEHH -APYrux (opm
anpuopHoro cosepranusi? Moxker ObiTh, KaHT
ckazain Obl, 4To Ta (hopMa arnpUOPHOTO Cco3epla-
HHE, C KOTOPHIM MBI UMEEM JIeJI0 B HENOCpel-
CTBEHHOM YEJIOBEYECKOM OIbITE — 3TO, MPHUBbHIY-

HOE JIJIsl HaC IMPOCTPAHCTBO U BPEMS], - EBKIIMJIOBO
npoctpancTBo. Ho ecim ects npyrue Qopmbl
alpHOPHOTO BOCIPHSITHSI - HETIPUBBIYHBIE JUIs HAC
IIPOCTPAHCTBO M BpeMs, TOTJa C UX IOMOIIBIO
MO>KHO OPraHM30BBIBaTh M TaKOW CIOCOO JaHHO-
CTH IPEAMETA, KOTOPBI HAM B OIIBITE HEMOCPE-
CTBEHHO He sBisieTcs. MOXXHO [100aBUTh, 4YTO
HETIOCPEJICTBEHHO HE SIBIISIETCS, a SIBIISIETCS Uepes
npubop. Ha Borpoc: BO3MOXKHO JIM 3HAHUE B 3TOM
cryuae? MoxHo orBetuts cioBamu B.A Jlextop-

CKOTO [6]: «BO3MOYKHO TOJIJTMHHOE 3HAHUE U O TEX
MpeaMeTax, KOTOpble HEMOCPEJCTBEHHO HE MOTYT
OBITh JTaHBI B YeoBeYecKoM ombiTe. C TaKuMu
O0BEKTaMH HMMEIOT JIeJI0, C OJJHOM CTOPOHBI CO-
BpeMEeHHass MUKPO(DHU3HUKa, a C APYTOl - KOCMOJIO-
THSI».

JpyrumMu  coBaMHM, MOXKHO CO3€pLATh
MPEIMET, HE SIBJISIFONIMIACS, HE MOKa3bIBAIOLIMICS
HaM B HEIMOCPEJICTBEHHOM OMbITE€, U JIaHHOCTb
ATOTO TpeaMera OyJeT OpPraHU30BBIBATHCS IPY-
UM criocoboM. JIeCTBUTENBHO, B TEOPUH OTHO-

CUTEJIBHOCTH - 3TO IPOCTPAaHCTBO MUHKOBCKOIO -
coBceM Jpyrast ¢popMa arnpuopHOrO CO3EPLIAHUSL.
Kak ObU10 CKa3aHO BbIIIE, BBHITEKAIOIINE U3 IKC-
NEPUMEHTAIIbHBIX JJAHHBIX, OOBEKTHUBHBIE CBOIl-
CTBa MPOCTPAHCTBA U BPEMEHH OTPXKAIOTCS Tpe-
oOpazoBanusivu JlopeHiia, a Ajst TOro, 94ro0bl ATH
npeoOpa3oBaHusi UMEIM MECTO JOJDKHO 00si3a-
TEJBHO BBINONHATHCS V<C. Takum oOpasom, mpo-
crpaHcTBa MunkoBckoro u duHcnepa, HeCMOTps
Ha TO, YTO SIBJISIFOTCSI COBCEM Jpyroil (opmoit
arprOPHOTO CO3EPIIaHMs, TEM HE MeHee 001a1aloT
O0OBEKTUBHBIMU CBOMCTBAMHU, HO B OTJIMYUU OT €B-
KJIMZOBO TPOCTPAHCTBA U BPEMEHHU YIOBIICTBO-
pstoT He npeoOpaszoBanusM ['anmunes, a npeoOpa-
3oBanus Jlopentia. [TonsiTHO, uTO Mpu V>C, 00BEK-
TUBHBIE CBOMCTBA IPOCTPAHCTBA M BPEMEHH Te-
pstorcs. Emie pa3 ormerum, 4to OOBEKTHUBHBIC
CBOIICTBa IPOCTPAHCTBA U BPEMEHH - 3TO CBOM-
CTBa TaKOro MPOCTPAHCTBA U BPEMEHHU, K KOTOPO-
My MMEET OTHOIIEHHE OObrdHOe cozepuanue. K
OOBIMHOMY CO3EpIIAHHIO OTHOCSITCSI BCE BBIIIIE
MPOBOJIMMBIE TpocTpaHcTBa. EBkimaa, MuHKOB-
ckoro, Jlo6aueBckoro n duncnepa. A kakum Oy-
JieT HeoObIuHOE co3eprianre? HeoObrunoe cozep-
[[aHUE - 3TO HEOOBIYHOE OTHOIIEHHE CO3HAHUS K
NpeIMETY, U MOATOMY HEOOBIMHBIM CIOCO0 JaH-
HOCTU IIPEIMETA, OPraHU3yEMBIH yXKE€ HE IPOCTO
JPYTMMH, @ HEOOBIYHBIMH (pOpMaMH arproOpPHOTO
CO3€pLaHusl - IMPOCTPAHCTBOM M BPEMEHEM C He-
OOBEKTUBHBIMM CBOWCTBaMH, T.€. CBOWCTBaMH, HE
BBITEKAIOLIMMHU M3 HAILIEro OIbITa. 371€Ch MMEET
MecTo V>C. Bo3MOXkHO /111 3HaHKE B 3TOM citydae?
KanTt oTBeTHII OBI, YTO HET, II0 €r0 MHEHUIO, 3HA-
HHE, BBIXOZIIEE 3a IMPEAENbI OIbITA, HE MOXET
NpeTeH/10BaTh Ha UCTHHY. [loaTomy nyuiie Oyner,
€CIIM OTPaHUYMTHCS OIBITOM, HEBAKHO KaKUM.
HETIOCPEACTBEHHBIM WJIM  OIOCPEICTBOBAHHBIM.
Ho T'erens ckazanm Obl, 4TO 3HAHHWE HE TOJBKO HE
MOXET, HO M JJOJDKHO MOKHUIATh MPEAEIbI OIbITa,
100 TOJILKO B TaKOM CIIy4ae Mbl MOXKEM OCTUYb
CYILHOCTBb BEILEH.

Takum o6pazom, Mbl Oosiee TITyOOKO MOJI0-
UM K TMOHATUSM MPOCTPAHCTBA M BPEMEHHU U OT-
METUIIH, YTO OOBEKTHBHBIE CBOWMCTBA IMPOCTpPaAH-
CTBa M BPEMEHH, KaK IOCTYJIMPYET TEOPUSI OTHO-
CUTEITLHOCTH OWHILTENHA, JOHKHBI YAOBJIETBO-
pATH HepaBeHCTBY V<C. C npyroii CTOpoHbl, C (u-
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70cO(CKON TOYKU 3pPEHUS MBI PACCMOTPENN BO-

MIPOCHI, CBSI3aHHBIE C BOCIPHUATHEM, U MTOHSIIH, YTO
OTpa’keHUE B ClTy4yae, KOrjia Mbl HE UMEeM JIEJ0 C
HEMOCPE/ICTBEHHBIM OMBITOM, T.€. B CIIy4yae MHK-
pOMHpA OTIMYAETCSI OT OOBIMHOTO OTpaKEHHMS [7].
C HelENOCTHBIM OTPa)KEHHEM, BOCIIPUSTHEM Mbl
CBSI3AIM MPHUHIIMITBI HeonpeaeneHHocTen [ ei3en-
Oepra (ApAx=>h). Bocripusitiie U co3epiiaHue IiIy-
OOKO CBSI3aHbI JPYr ¢ Jpyrom. JlelcTBUTENBHO,
KaK MbI TOBOPHJIH BHIIIIE, OJ1aroapsi CO3epIiaHmLo,
arnpuopHasi popma KOTOPOro ecTh IPOCTPAHCTBO U
BpeMsi, BO3HUKAET HEMOCPEICTBEHHOE MpE/ICTaB-
nenne o0 oObekte. [IpencrapieHue CBS3aHO C
BoctipusatieM. [Ipencrasienue - 310 o0pa3 paHee
BOCIIPUHATOTO TpeIMeTa WM siBIeHus. Takum
00pa3oM, TPOCTPAHCTBO U BpeMsl MPEACTABISAIOT
co0oil pasHOBUIHOCTH Bocmpustus. [loatomy
MOXHO CKa3aTh, YTO HEPABEHCTBA, COOTBETCTBY-

IOLIME, C OJHOM CTOPOHBI, IIPOCTPAHCTBY U BpE-
MEHU V<C M, C JpPYroil CTOPOHBI, BOCIIPUSTUIO

ApAX < h CHJIBHO CBSI3aHBI JPYT C IPYIOM, U 3Ta

CBSI3b CBUJICTEIILCTBO €JMHCTBA 3aKOHOB MAKpO- U

MHKPOMUPOB. 3716Cb OYE€Hb MHTEPECHO ObUIO Obl

BCIIOMHHTb, KaK TOBOpHJ ['erems, 4ro omocpen-

CTBEHHAsl CYILIHOCTh [3llech V<C| M Hemocpe.-

ctBeHHOe ObiTHe [31ech ApAx<h], mopo3Hb B3s-

ThIE, €l He 3aKIIF0YatoT B ce0e IeHCTBUTEIBHOIO

3HAaHWA O TIpeMeTe. BBITHE U CYIHOCTD JTOMKHBI

paccMaTpuBaThCsl B CBS3M, KOTZla M3 CYIIHOCTH,

OOBSICHSIOTCS €€ SIBJICHMS, OBITHE.

Takum 00pazoM, paccCMOTpUM CIIETyHOIIHE

CBSI3U:

1) ApAx<h u v<C. DtOT Cilyuyaii COOTBETCTBYET
HEPENATUBUCTCKOMY MaKpOMHUpY. 3/1ech, KaK
y I'erensi, HemocpencTBeHHOE OBITHE U OMO-
CpECTBEHHAS! CYIIIHOCTb.

2) ApAx>h u v<cC. DTOT Cciydaii COOTBETCTBYET
HEPEJATUBUCTCKOMY MUKPOMHUPY.

3) ApAx<h u v>C. DTOT ciy4aili HEBO3MOXKEH.
Iomyyaercst HeoObIYHOE CO3EpIAHME BOC-
IIPUHUMAEMOIO0 MAaKpOMHpPA. ITO TAKXKE IO-
CTYJIUpPYET ¥ TEOPHsI OTHOCHTEIIBHOCTH.

4) ApAx>h u v>C. D1oT Ciy4ail BO3MOXKEH.
Bo3MOXHO HEOOBIYHOE CO3epLaHue Hele-
JIOCTHO BOCTIPUHUMAEMOT'O0 MUKPOMHPA.

Takum oOpasom, B cimydae 3) MBI BHIUM,
yro (unocodusi MOATBEP)KAAET BHIBOJ TEOPHU

OTHOCHUTEIIBHOCTH O CKOPOCTH JBHKCHUS TEJl.
OtmetnM, 4TO OBIBAeT Tak, 4To (prsocoduss Mo-
JKET TIPENICKa3bIBaTh (DAaKThl, KOTOpPBIE HAXOIST
CBOE MOATBEPKICHUE B AanbHeleM. Hanpumep,
Kant B 1846 r. nuca, 4To TpeXMepHOCTh HAIIETO
MPOCTPAHCTBA BBITEKACT M3 XapakTepa 3aKoHa
BCEMHUPHOTI'0 TAroTeHusi HproToHa; 3T0 coBepiieH-
HO BEPHO, HO OBLIO CTPOTO JIOKA3aHO, JIMIIh MHO-
ro no3zxe. Kanrt yrBeprkaani, 4to U3 Jpyroro 3ako-
Ha TIPUTSDKEHHS CHJT BBITEKAIA OBl MHASL CTPYKTY-
pa IPOCTPAHCTBA, UHOE YHCIIO M3MEPEHHH, IMpH-
9YeM €CIMd WHBIC TPOCTPAHCTBA BO3MOXHBI, TO
BecbMa BEpOSTHO, YTO bor ux rae-to AeicTBU-
tenbHO pasmectwl. C urocodckol TOUKH 3pe-
HUs O4eHb MHTepeceH ciaydai 4). Mmenno 3ror

Cilydaii, KOTOpbIM, KaKk TOBOPHIJIOCH Bbille, KaHT
CUMTaJl BBIXOJAILMM 3a Ipe/iesibl ONbITa. 3HAHUE,
BBIXOJISIIEE 32 IMPENIeNbl OIbITa, HE MOXET Ipe-
TEHJI0BAaTh Ha UCTUHY, Tak ropopwi Kanr. IToaro-
My B ¢unocopuu Kanra ciaydaro 4) Her mecra.
Omnako B rtocoduu I'erenst ciry4aid, He TOJTBKO
UMEET MECTO, HO U TpUBIIEKaeT K cebe OOoMbIIon
unaTepec. Kak ObwIo ckazaHo BbIme, | erenb cuu-
TaJjl, 4TO 3HAHUE HE TOJILKO HE MOKET, HO U JOJIK-
HO TIOKHJIAaTh IIPE/IeNTbl OIbITa, HOO TOJBKO B Ta-
KOM CJIydae Mbl MOXXEM IOCTHYb CYIIHOCTb Be-
IeH.

Paccmotpum miepBbiii crmydait ApAx<h u
v<c. Jlis mpocToThl OyeM cuuTath, uto. Xx=Vi. He
CUMTAEeTCsl, YTO JIBIDKEHHE PAaBHOMEPHOE, TO €CTh
Av#0. Torma AX =VAt+tAv. He Oymem TOpoO-
NUTHCS, U OyZleM pasnuyarh HaOroaTens, KOoTo-
PBIii HETTOJBYYKEH WJIA JIBIYKETCS, HO MOYKHO CKa-
3aTh MO-JIPyrOMY, CHUCTE€Ma, B KOTOpPOM camoi
MIPOBOAMTCST M3MEPEHUsI, HETIOBI)KHA WM JIBHU-
xercs. Utak, MAV(VAt +tAv) < h. Ilpeobpasys

9TO HECPABCHCTBO, IOJTYUYHNM

h AV
V< ——t
MAVAt At

C npyroii ctoponsl, V<c. [ToaTomy

_h v
MAVAL At

[TpeoOpasyem 310 ypaBHEHHE
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0.

t(Av)? + CAtAV — n
m

Haiigem petienne AV U3 3TOro KBaapaTHOro
ypaBHEHHUSI.

—cAt+/D 4ht
2t '

(AV),, = ,rme D =c?(At)? +

Bunno, uto Av2<0 1 1o3TOMY 3TO pelieHre
Hac He ycTpauBaeT. Hac uHTepecyeT pereHue
Avi>0 1 noatomy

/ 4ht
— CAt 2(A1)2 + =
:—CAt+\/D: CAU+,/c”(AD)" + m

2t 2t

AV (D)

Kak MBI BUiM, B MakKpoOMHUpe TOXKE UMEET-
Csl HEONPEIEIEHHOCTb B ONPENENICHUN CKOPOCTU
tena AV. Ho B KakoM SIBIIEHUM MakKpOMHpPa Mbl
MOKEM YBHUIETb OTY HEONPEIEIICHHOCTb, OJHAKO
He BOCIIPUHMMas ee, Kak HeompeneneHHocTb? 1o-
HATHO, YTO 3TO SIBJICHUE JIOJDKHO MMETh KMHEMa-
TUYECKOE Ipoucxoxaenue. Ilotomy 4ro kunema-

THKa - TOT pa3Jiell MEXaHUKH, B KOTOPOM H3y4a-
I0TCS TEOMETPHYECKHE JBWXKEHUS Tel U HCXOJ-
HBIM B KHHEMAaTHKE SIBIISIETCS TIOHSTHE MPOCTPaH-
cTBa U BpeMeHH. [IpocTpaHCTBO M BpeMs, Kak Mbl
TOBOPWJIM BBIIIIE, HPEICTABIAIOT COOOM pasHoO-
BUJIHOCTU BocmpusiTus. M3BecTHO, 4TO ekt
Jlornepa MMeeT KHHEMaTH4YeCKOe MPOUCXOXKIIe-
Hue. HemocpencTBeHHO BOCHpPHMHUMAaeMoe HaMu
910 siBiieHue - agdekt omnepa B akycruke. Pac-
CMaTpUBaeTCsl UCTOYHUK 3BYyKa B JIBYX CIIydasX,
KOI'JIa OH HETIOJIBI)KEH U KOTJIa IBHXKETCS CO CKO-
pOCTBIO V B cTOpoHy Habmopatens. CKopocTb
BOJIHBI 3ByKa V OJlHA U Ta ke B 00OMX CIydasx.
Onnako, dvacrtota 3Byka W, BOCIpPHHHMAaeMas
HalbJro1aTeNieM, MEHsIETCs B 3aBUCUMOCTH OTTOTO,
WCTOYHUK HemnojBmkeH (Wo) mmm apuxerca. Ha-
NpUMeEp, ecy MalldHa C BKIIOYEHHOW CHpPEHON
TpUOITIDKACTCS, a 3aTeM, TIPOeXaB MUMO, YIAJISeT-
s, TO CHayayla CIBIIIEH 3BYK BBICOKOTO TOHA, a
3areM Hu3Koro. dopmyia, KOTOpas ONUCHIBAET
3Ty 3aBUCUMOCTb CIIEIyIOIast

Wo

: )
v
1- =
\Y
Ha stor a¢pdexT MoKHO MOCMOTpETh U C
Oosiee TITyOOKOM TOYKHM 3pEHHS, a UMEHHO, KaK
MOATBEP)KJICHUE HAaMU BBIILIECKA3aHHOW HJIEH O
TOM, YTO CYILIECTBYET €IMHCTBO 3aKOHOB MaKpo- 1
MHUKpPOMHPOB U TI03TOMY B MaKpOMHPE TOXKE NME-
€T MECTO HEONpeeNeHHOCTb. JIelCTBUTENbHO,
Wo
1- =
\Y
AV (a 3TO MOJKHO PacCMOTPETh TakK, IOTOMY YTO
CKOPOCTh V OIpEeIeNseTcss OTHOCUTETHHO HETo-
JIBIDKHOTO MCTOYHHMKA), TO HAOJIIOJAeMBbId B IKC-
niepuMenTe (akT Toro, uTo W # Wo SBJIsieTCs MO-
TBepxkaeHreM AV # 0. Kak Mbl BUUM, UMEET Me-
CTO HEOMNpPEeIEeTICHHOCTh B OMPEIEICHUU TOTO, UYTO
UCTOYHUK cBeTa JBWkercs win HeT (Av#0) u
TOJIBKO Onarofaps HabIOAaeMOMY, BOCTIPUHUMA-
emomy 3ddekry Jlomiepa B MAKpOMHPE, MbI MO-
JKEM BBITU U3 3TOM HEONPEAECIEHHOCTH U HAWTH
CKOpOoCTh McToYHMKA. He Oyb 11e10cTHO BOCHpH-
HMMaeMOro HalOIIoaTeneM MakpoMupa, He ObLIO
Ob1, 1151 HaOmoatens u 3dexra Jorutepa, u on
ObUI B HEBEJICHUH, B HEOIPE/IEIEHHOCTH OTHOCH-
TETbHO CKOPOCTH JIBIDKEHHSI Tena. PasBe 310
HETMOXO0Xe Ha TO, Kak roBopwi lerenb, 4ro w3
CYIIHOCTH (BOCHPHUHUMAETCS MaKpOMHUp), 00bsC-
HSIOTCA ee siBienus (Hamdue sddekra Jloruiepa),
Obitue. M3 Teopry OTHOCHUTENBHOCTH W3BECTHO,
YTO BpeMsi COOBITUI HE SBJISIETCS] AOCOIFOTHON Be-
JIMYUHONU. ITO MOXKHO MOHSATH (M TaK TTOHUMAETCSI
B TEOPUH OTHOCHUTENHLHOCTH), €CIH, KaK Mbl TOBO-
PWIM BBIIIE, Pa3IM4yaTh HAOMIOAATENs, KOTOPBIMA
HETIOJIBIDKEH M JIBWDKETCSl WIJIM, MOXHO CKa3aTh
HO-JIPYyrOMY, CUCTEMA, HaJl KOTOPOW IPOBOAUTCS
M3MEpEHHsl, HEMOABIKHA WK JBIKeTcs. B dop-
Myne AX =VAt+tAv nockombky AV # 0, mo-
CTOJIbKY 3HaMeHatelb t, crosumii ¢ AV TOJbKeH
OTJIMYAThCsl, B 3aBUCHMOCTH OT BHJIa U3MEPEHUSL.
[Toaromy t1 # t2 u, ciegoBarensHoO, AtA). CpaBHU-
Basl MOJyYeHHbIE HaMU (DOPMYJIbI, MOXKHO TOJY-
yuth hopmyiy mis At. Uz dopmyisl (2) umeem
Wo
W

eci B popmyne W = paccMaTpuBarh V Kak

Av=V|1- 3
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CpasauBas opmyist (1) u (3), momyunm

—cAt+1/c2(At)2 , ant
_ m

Vil-- |=
2t

v

w

W3 3T0r0 BBIpaKEHUS I1OJTyYUM

h

2
ARV )
m w .
CV[ —Wo)
w

h
st makpomupa — — 0 1 moatomy
m

At =

W
tv] =2 —

At=—" )
C

B citydae HEpeNsSTUBUCTCKOrO MaKpOMHpa,
KOTZ]a CKOPOCTH JIBIDKEHHSI Teja, B TOM YHCIIE
CKOpoCTh BOJH B 3(dekre Jlomepa, HAMHOTO
MeHbllie ckopoctu cBera (V<<C), torma At—0.
[TosToMy M1 Hac TpW BOCIIPUSTHU HEpPENSTH-
BHUCTCKOI'O MakpOMHpPa, MUPa, B KOTOPOM JIBHIKE-
HHS TeJl, ICTOYHMKOB BOJIH M CAMHX BOJIH HaMHO-

IO MEHBIIIE CKOPOCTH CBETa, BPEMs COOBITHH SIB-
JIgeTcst a0COMIOTHOM BemuuHOM. OHAaKo, €CIU B
9TOM MHUpPE pPaCCMaTpUBAcTCs HE HCTOYHHK,
HarpuMep, 3ByKa, a UICTOYHUK CBETa, TO KapTHUHA

Wo
coBceM Jpyras, T.e. At =t — —1 | .Takum oOpa-
w

30M, CO3epLIaHMEe CBETa CO CTOPOHBI HAOII0AATENs,
T.€. OTHOIIICHHE CO3HAHWS HAOIIO/ATENs K CBETY,
CBETOBBIM SIBJICHHSIM, COBCeM HeoObryHoe. [lo-
ATOMY BOCIIPUSITUE CBETOBBIX BOJH CO CTOPOHBI
HaOJro1aTeNst MPOUCXOAUT COBCEM MO-APYToMy, a
MMEHHO B JTI000H CHCTEMe OTCUeTa CKOPOCTh CBE-
Ta TOCTOSIHHA, YTO MOCTYJIMPYET TEOPHsI OTHOCH-
TebHOCTH. A ceiiyac paccMorpuM 3ddert Jlo-
iepa B ClIydae PEISTUBHCTCKOTO MAaKpOMHUDA.
3nech NpUHUMAaeTcs BO BHUMaHue 3(GeKT pens-
THBUCTCKOTO 3aMeJUIeHusl BpeMmeHu. l3BecTtHa
(hopmya, o KOTOPOH BBIYHCIIAETCS

Wo

=
\

J

W=

N
e y = 1——2

c

c

02 _\2

MBpl y»e TOBOPUJIM BBIIIE, YTO V MIPEACTaB-
nsiercst Ham, Kak AV. Takum oOpa3oM, JjIsl 3TOro
cilydass B TPEAbUIyIIMX pacyerax IMOsIBISETCS
MHOXHTEITB Y Tiepet o B (3)

CZ

wc

— Av?

W,
V| 0 1| | Mo -1

Wy
C
Taxum oOpazom,

Al :tV(WO\/02 —AV? _WC).

wc?

At =

c

-tV
3neck AV— ¢, 1 oaToMy At= -t . Cpas-
c

HEUM 3Ty hopmyiy ¢ dopmyIoii (4), T.e. cpaBHUM
PENSTUBUCTCKUN ciydail (AV—c) ¢ HepemnsTu-
BUCTCKUM. [lepexoi ¢ HepeNlsTUBUCTCKOTO CIIy-
Yas Ha PEISITUBHCTCKUN 3HAMEHYETCS TEM, YTO

Wo 4
w

MHOXXHTCIIb CTAHOBUTCS pPaBHBIM -1.

W
[TosTomy —% =0 u orcrona Wo= 0 wm W—oo. Ta-
w

KUM 00pa3oM, B IPEIETIbHOM CiTy4ae, €cid HCTOU-
HUK KOJIeOaHUI (JTFOOBIX BOJIH) JABHIKETCS B CTO-
poHy HaOmonarenst (Mbl paccMaTpuUBaIM 3TOT
ClTydaif) Wi oT Hero (Ipu pa3dope 3Toro ciydast
MOJTy4aeTCsl TOXKE CaMOE) CO CKOPOCTBIO OIM3KON
CKOPOCTH CBETA, 4acTOTa BOJHBI W, BOCIIPUHHUMA-
emasi HaOJro/iaTeNieM BCe PaBHO OyJleT HAMHOIO
OonbllIe, YeM YacTOTa BOJHBI Wp, HCITyCKaemas
UCTOYHMKOM. Takum 00pa3oM, BOCHIPUSTHE CO
CTOpPOHBI HAOJIOAATENSI PENSITUBUCTCKOTO MHpa,
T.€. MHpa CO CKOPOCTSIMU OJIM3KUMHU K CKOPOCTH
CBETa CHWJIHO OTJIMYAeTCs OT OObIYHOM KapTHUHBIL.
Eciu npu 3TOM HMCTOYHMK MCIYCKAaeT CBET, TO
At=- t (B ciy4ae mpHOIKAIOIIET0 UCTOYHUKA) U
At=t (B ciydae ynasiOUIEr0 UCTOYHMKA). Mbl
ele pa3 yOexaaemcsi, 4To CO3epliaHue CBeTa B
MoOOM ciyyae (HepesITHBUCTCKOM WM PEIIsTH-
BUCTCKOM ) IPOMCXO/IUT HEOOBIYHBIM 00Pa30M.
Paccmotpum Teneps BTOpOH CiTy4aii, Koraa

ApAx>h u V<C. DT0T CiTy4aii COOTBETCTBYET Hepe-
JATUBUCTCKOMY MUKpomupy. Kak u B mpenpinyiem
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cioy4daeM, TpoBereM —mpeoOpazoBaHus. — Mrtak,
V> h _ ﬂt . C nmpyroii croponsl, V<c. [1oaTo-
MAVAL At
h Av
— =t <c. Ilpeobpazys 31O HEPaBEHCTBO,
MAVAL At
TOJTyYUM
2
Avats AV (5)
mc c
CrenoBatennbHO, AvAt > h , TIIe N~ xommmo-
mc mc

HOBCKas JUIMHA BOJIHBI YaCTHIIBI Ay , T.€. JUIHHA BOJI-
HBI YaCTHUIIBI IO paccesHus. YpapHeHue (5) MoKeT
OBITH 3aIMCAHO B BUJIE

AVAt=h (| m(av)’t),
c h

MoxkeM 1 MBI CKa3zaTh, 4To AV ecTh V.
HagepHoe n1a, ecimi BCIIOMHUTB, YTO B BBILLIEIIPUBE-
JICHHOM ciydae u3-3a 3({QEKTOB BOCHPUSITHS MBI
MpUHSLH, 4TO V ecTh AV. [lpencraBum cebe, 4To MbI
BOCIIPMHUMaeM MUKpomup 1enoctHo. Toraa AV He

1. Qunocogcruii snyurnoneduueckuil crosaps, Mock-
6a, «Cos. snyurioneousty, (1989).

2. E.Burnep, Omioovl o cummempuu, HM30-60 «Mupy,
Mockea, (1971) 318.

3. H.K.Baxtomun, Teopus uayunoco snamus Hmma-
nyuna Kanma, Mockea, Hayxa, (1986) 207.

4. U.Kanr, Kpumuka uucmoeo pazyma,
«Mbicivy, Mockea, (1998).

5. M.Knaitn, Mamemamuxa. Ympama onpedenento-

H30-60

OyZer TpencTaBIATbCS HaM, Kak HEeOMpe/eseH-
HOCTh. B TeueHun nHTepBaia BpeMeHrn At Mbl Mo-
JKEM OIPEICIUTh PaccTOsHUE Oe3 HEeOoNpeeIeHHO-
CTeii, YTO TMO3BOJISIETCS HAM IPH LIEIOCTHOM OTpa-
JKEHWH Ha opraHbl 4yBcTB. Torma VAt=AA. Beriom-
HUM, 4To ekt Komrrona - paccesiHue 3eKTpo-
MarHUTHOW BOJIHBI HAa CBOOOIIHOM 3JIEKTPOHE, CO-
MPOBOXKIAIOIIEECS  YMEHBIIEHUEM  YacTOThl, a
MMEHHO

AL=2"—2 =l(1—cosa),
mc

rJie A ¥ A’- JUTMHBI BOJIH JIO Y TIOCJIE PaccesiHus, o, -
YTOJI PACCESTHUSI.
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HUSL.

cmu, Mocksa, «Mupy, (1984) 437.
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KVANT MEXANIKASINDA MUSAHIDOCi FENOMENi: QAVRAMA NOQTEYi NOZORINDON MAKRO VO
MIKRO ALOMLOR.

E.A.ISAYEVA

Nils Bor vaxti ils kvant 6lgmalori nozariyyasine miisahidagi fenomeni anlayigimi gotirmisdir. Bu mogalods miisahidagiyo
mikro alomls yanast , makro alomds do baxilir. Ona gors fizikada miisahids anlayisina yeni aspekton baxila bilor.

THE OBSERVER’S PROBLEM IN QUANTUM PHYSICS: MACRO- AND MICROWORLD BY THE
PERCEPTION POINT OF VIEW

E.AIISAYEVA

Nils Bohr has introduced the observer’s conception in the quantum measurement. In given paper the observer has been
considered more deeply in both microcosm and macrocosm. It has been noted their principal difference from each other. So the
observation, being perception also, could be studied.in the new aspect of physics
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REFERAT

HD 208501 ifratnshang ulduzunun 2013+2019-cu il tarixlorin-
do N.Tusi adma Samaxi Astrofizika Rosodxanasmm 2-m teles-
kopunda almmug spektrlori asasinda Ho, Hg vo Hel xatlorinin
profillarinin doyismasi vo spektral parametrlori todqiq olunmus-
dur. Askar olmusdur ki, HD 208501 ifratnohong ulduzunun
spektrindo H,, Hp vo Hel xatlorinin profillori, siia siiratlori vo
ekvivalent eni bir hofto vo daha ki¢ik zaman fasilslorindo
dayisir. Homginin, Ho xotti profilinin kosilmoz spektr saviyyo-
sina qadar zaiflomasi, tam stialanmada va tam udulmada yaran-
masl1 vo yox olmasi kimi unikal miigahids fakt1 agkar olmusdur.
Misahidalardon alinmig noticalar siibut edir ki, HD208501 ul-
duzunun strafinda miisyyon bucaq altinda firlanan, geyri-bir-
cins sixliga malik diskebonzer gaz ortiiyii vardir. Ehtimal olu-
nur ki, bu deyismelor ulduzun doyiinmesi va ulduzla ulduzotrafi

Ortiiyiin qarsiligh tasiri noticasinds bag verir.

GIRIS

13Cep=HD208501=HR8371 ulduzunun go-
rtnan ulduz 6lcist V=5.80, Spektral sinifi B8Ib-
dir [1]. Bu ulduz parlagligmi geyri miintozom do-
yisan eruptiv (alisan, piiskiiran) ulduzlar grupuna
daxildir. Parlaghg 5™.935-don 5™.865-0 gador do-
yisir. Qalaktik kordinat sistemindo Qalaktik uzun-
lugu 1=100°.39, qalaktik enliyi b=+1°.68. Ulduza
godar masafa 700pc [2]. Mc Erlean [3] torofindan
model Usulu ilo ulduzun atmosfer parametrlori
uclin - Ter=13000K, logg=1.8, logL/Lo=4.33,
Vsini=40km/s, mosafonin  modulu Ggun (M-
M)=8.9 (r=602.6ps, My=-3.1) almmusdir. Ogor
parallaksin ~ 2018-ci  ildo  toyin  olunmus
giymeotindan istifado olunarsa [4] (==0.0009767,
r=1024+74ps.) HD 208501 ulduzu ugtn miitlog
ulduz 6l¢isu My=-4.25, giymati alinar [4].

Prugniel [5] iso ulduzun atmosfer parametr-
lori Uglin Ter=16477+1160K, logg=2.8, domirin
glinaso nazoron migdan [Fe/H]=0.05 giymaotini al-
mugdir. Krelowski [6] islorindo Egv=0.76. Waller-

stein [7] iglorindo V=5.79, B-V=0.73, E(B-V)=0.75.
Cenarro [8] Teff=12200K, logg=2.20, qiymatini al-
musdir. Takeda, [9] bu ulduzun atmosfer parametr-
lorini vo bazi elementlorin miqdarmi toyin edib:
Te=12500K, logg=2.30, &=10km/s, [He/H]=+0.94,
[C/H]=+0.36, [N/H]=-0.16, [O/H]=-0.38. CI vo Hel
elementlorinin miqdar1 yaxin infraqumzi oblastda
CI (A: 9078, 9089, 9095, 9112) xatlorine vo CII (A:
4267, 6151) xatlorino homginin Hel A6678 xattino
osason hesablanib [9]. Moutou, [10] islorinds
Vsini=53km/s qiymotini tapmisdir. Leitherer [11]
Ha xatting asasan ulduzun kiitlasini, radiusunu, i1g-
lihgm va kiitls itgisini toyin etmisdir: M/Me=10,
R/IRo=54, log(L/Lo)=4.62, log[(M/Mo)yr1)]=-7.35.
Dickman [12] molekulyar CO-nun millimetrlik dia-
pozonda xatlorine asason ulduzu xarakterizo edon
bazi parametrlori tapmigdir: V=5.79, E -(b-v)=0.76,
1=100°.4, b=+1°.7, d=670ps (giinasdon olan masa-
f5), Qalaktika miistovisindon olan masafosi iso
z=20ps.

Goriindilyti kimi  nosr olunmus islordo
HD208501 ulduzunu xarakterizo edon spektral vo
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fotometrik parametrlorin qiymatlori hagqinda miie-
yyon molumatlar vardir. Lakin, ulduzun atmosfe-
rinds bas veran qeyri-stasionar proseslor va bu pro-
seslori xarakterizo edon bazi spektral xatlor haqqin-
da molumat yoxdur. Ona géra do ulduz atmosfe-
rinde geyri-stasionar proseslori xarakterizo edon
hidrogenin Ho, Hg, Hel vo digar xatlorin todqiqi
aktualdir vo mithum shomiyyat kasb edir.

MUSAHIDO MATERIALLARININ
ALINMASI ISLONMOSI VO
MUZAKIROSI

HD 208501 ulduzunun spektral miisahidolo-
ri 2013+2019 ci il tarixlorinds N.Tusi adina Sama-
x1 Astrofizika Rasadxanasimin 2-metrlik teleskopu-
nun kasseqren fokusunda, eselle-spektrometrindon
istifado etmoklo UAGS spektroqrafinda qurasdiril-
mig YOC kamerasi vasitosi ilo alinmigdir. 2016-c1
ilo godar spektrlor 530x580 ol¢iilii YOC kamerasi
ilo R=14000 spektral ayirdetms ils alinmigdir. Mii-
sahido materiallar1 A\ 3960-6600A spektral oblas-
tin1 ohato edir. Bu kameranin xarakteristikasi vo is-
loma prinsipi haqqinda genis molumat [13]-do ve-
rilmigdir. 2016-c1 ildon sonra spektrlor kasseqren
fokusunda qurasdirilmis 4000x4000 olgiiliit YOC
kameras1 vasitasi ilo R=28000 vo R=56000 ay1r-
detmo ilo alinmigdir. Dispersiya ayrisinin qurulma-
sinda giindiiz somasinin spektrindon istifads edil-
misdir. Bir gecodo ulduzun 2-3 spektri almmugdir.
Geca arzinds ulduzun spektrinds giiclii doyigkanlik
olmadig: {iglin spektrlor ortalasdirilmigdir. Spektr-
lorin islonmosi [14] torofindon toqdim olunmus
DECH-20 vo DECH-20T paket programlar1 vasi-
tosilo aparilmigdir. Ekvivalent enin 6l¢iilmosindoki
xota 5%-dir. Stia siirotinin Olglilmosindo xota 2
km/s-don ¢ox deyildir. Miisahido materiallart vo
onlarn islanmasi metodikas1 bizim avvalki islori-
mizdos genis tosvir olunmusdur [15,16 ].

HD208501 ulduzunun 20132019 il tarixlo-
rindo 27 spektri alimmigdir. Alinmig spektrlords
mUsahido olunan Ha xatti profillorinin siialanma
vo udulma komponentlori, Hpg, homg¢inin,
Hel(\5875.618A) xatlorinin profillori miiqayisali
sokildo Oyronilmisdir. Miioyyen edilmisdir ki, Ha
xatti profilinin formasi, qurulusu va profili xarakte-
riza edon spektral parametrlorin qiymaoti daha ¢ox

doyiskonlik gostorir vo asagidaki  formalarda
miisahido olunur (Sakil 1):

a)  tamudulma profili;

b)  normal P Cyg tipli profil:- udulma va qirmizi
ganadda siialanma komponenti;

c) invers P Cyg tipli profil:- udulma va anévsoyi
ganadda siialanma komponenti;

d)  hor iki ganadinda zoif siialanma komponenti
va markazinde udulma profili;

e)  tam siialanma profili;

f)  udulma vo slialanma komponentlorinin

intensivliyinin kasilmoz spektr soviyyesino qodor
zdiflomasi.

Alinmis spektrlors asason Ho xatti profillori-
nin udulma va siialanma komponentlori, Hg vo Hel
(A=5875.618A) xatlorinin spektral parametrlori he-
sablanmugdir, Cadval 1-2.

Saokil 1-don goriiniir ki, Ha xatti profilinin
formast vo spektral parametrlorinin giymoti bir
hafto arzinds vo daha qisa miiddstds doyisir. Mo-
solon Sokil 1-don goriinir ki, 11.08.2015-
19.08.2015 tarixlorinda, toxminan bir hafta arzinda
Ho udulma komponentinds profilin sag qanadinda
stialanma komponenti yaranmisdir, vo yaxud
21.06.2018-27.06.2018 tarixlorindo Ho xottindo
stialanma komponenti kasilmoz spektr soviyyasino
godar zaiflomisdir.

Qeyd edok ki, ulduzun atmosferinds siia sii-
ratlorinin laylara goro stratifikasiyasi miisahido
olunur. Xatlarin siia stiratlorinin doyismo amplitu-
du va orta giymoti mixtolif laylarda bir-birindan
forgli giymotlor alir. Atmosferin yuxar laylarinda
yaranan Ha vo Hg Xatlorinds siia siiratinin doyismo
amplitudu uygun olaraq AVr=-91xm/s vo -39
km/s-dir (Cadval 1,2). Nisbaton atmosferin asagi
gatlarinda yaranan Hel xottindo iso AVR=-29xMm/s-
dir (Cadval 2). Siia siiratlorinin orta qiymatlarinin
ulduzun kiitlo moarkazinin siia siirati (-20.4km/s)
[1, Simbad] ilo miiqayisesi gostarir ki, atmosferin
yuxart qatlart genislonir va bu genislonmaonin siirati
Ha xattinin formalagdigi laylara qador artir. Ha, Hg
Vo Hel xatlorinin siia siirotlorinin orta qiymati
uygun olaraq -43.7, -29.2, vo -9.6km/s-dir.
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Sokil 1

HD 208501 ifrathahong ulduzu spektrinds miixtslif vaxtlarda miisahids olunan Ha: xattinin profillari.
Qirig-quriq xatt M(Ha)=6562.816A dalga uzunluguna uygundur.

Atmosferds Hg vo Ha xotlorinin yarandigi

laylar ulduzun kiitlo morkozine nazeron uygun
[-29.2-(-20.4)]=-8.8km/s
(-20.4)]=-23.3km/s siiratlo genislonir. Lakin, Hel

olaraq

xottinin yarandig1 atmosferin

vo  [(-43.7-

asag1 qatlarn iso

[(-9.6-(-20.4)]=10.8km/s siirati ilo ulduzun morka-

zina taraf sixilir.

Goriindiiyli kimi ulduz atmosferinin yuxart

gatlarinda miisahidogiyo torof genislonmo, asagi
gatlarinda 1so ulduzun maorkazino dogru sixilma
prosesi bas verir.

169




9.M.XOLILOV, A.B.HOSONOVA, Z.A.SOMODOV, ©.R HOSONOVA

Cadval 1

HD 208501 ulduzu spektrinds miisahids olunan Ha (6562.816) xattinin udulma vs siialanma komponentinin bazi spekiral
parametrlorinin giymatlori.

JD Hoa, udulma komponenti Ho, siialanma komponenti
2400000+ w, Vr, | Vr(R2), | R w, VI, Vr(R/2), R
mA km/s km/s mA | km/s km/s
56568.25 395 -27 -26 0.19
57211.35 345 -52 -51 0.14
57212.35 290 -45 -52 0.13
57229.35 525 -61 -53 0.19
57246.33 538 -42 -43 0.24
57254.33 431 -45 -51 0.18
57269.33 510 -22 -19 0.23
57270.33 530 -18 -12 0.23
57590.35 425 -20 -19 0.22
57951.35 250 -59 -42 015 |72 33 32 1.03
57954.39 259 -53 -52 015 |35 44 39 1.05
Qirmuzi torafdoki siialanma
komponenti
57971.25 190 -50 49 | 014 |29 ‘ 34 ‘ 34 1.047
Bonovsoyi torofdoki stialanma
komponenti
46 -127 -127 1.054
57992.27 229 -43 -46 014 |6 67 65 1.01
57995.27 244 -47 -54 0.12 14 26 26 1.02
58001.24 281 -59 -63 013 |10 48 45 1.02
58291.42 24 -94 -93 005 | 141 9.2 8.3 1.14
58297.39 28 -54 -53 003 | 26 33 31 1.05
58305.41 57 -3 4 0.07 |- - - -
58325.33 358 -74 -70 018 |21 32 32 1.05
58347.46 346 -56 -64 020 | 43 34 34 1.07
58648.42 366 -42 -44 019 |3 44 42 1.05
58659.42 587 -134 -23 0.23
58669.40 368 -18.8 -9.0 0.17
58673.40 293 -33.7 -318 [ 018 |55 1.02 -115 -114
58683.39 401 -56.8 -504 1019 |12 1.02 44.7 426
58717.22 388 -47.8 474 1021 |65 1.08 494 475

Bu miigahido fakti siirotlorin stratifikasiya
effektini, radial vo qgeyri-radial déyiinmoni nozors
almagqla ifratnohong ulduzlarin atmosferindo miix-
tolif laylarda bas veran horakatlarin diqqatlo analiz
olunmasin tolob edir.

Qeyd etmok lazimdir ki, radiusu
3.8x10°’km olan belo genis atmosfero malik
HD208501 ifratnohong ulduzunun atmosferindo
ragsi haraketlor dayanigli ola bilmoz va heg vaxt
biitovliikds rags eds bilmoz.

Cox gliman ki, Ha, Hp, vo Hel xotlorinin
profillorinin formasmin, siia siirotinin vo digor
spektral parametrlorinin doyigmesi ulduzun doyun-
masi v ulduzla ulduzatrafi ortiiylin qarsiliqh tasiri
naticasindod bas verir.
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Cadval 2

HD 208501 ulduzu spektrlorinds miigahids olunan Hg va Hel Xatloriinin spektral parametrlori.

A (Hp)=4861.34A A (Hel ) = 5875.618A |
D w, vr, | VI(RR2), R W, vr, | VIRR), R

2400000+ mA km/s km/s mA km/s km/s

56568.25 | 1054 | -33,6 -29,0 0,36 742 -100 | -85 0.38
5721135 | 1184 | -380 -42,6 0,37 831 57 | -28 0.39
5721235 | 928 | -278 -25.9 0,37 794 -87 | -56 0.39
5722935 | 1071 | -265 -285 0,42 798 88 |-79 0,41
5724633 | 1079 | -29,1 -31,5 0,44 772 -104 | -11,6 0,39
5725433 | 1134 | -335 -34,7 0,42 822 -105 | -84 0,40
57269.33 | 1186 | -42,7 -40,5 0,46 801 62 | 56 0,41
5727033 | 1067 | -435 -40,1 0,44 792 -186 | -17.1 0,42
57590.35 | 901 | -19.1 -173 0,48 800 78 | -66 0,42
57951.35 | 930 | -280 -238 0,44 771 122 | -119 0,43
5795439 | 884 | -358 -30,7 0,34 667 48 | -34 0,36
5797125 | 926 | -384 -42,6 0,42 782 02 |53 0,44
57992.27 | 1053 | -32,6 -30,5 0,39 706 14,2 | -137 0,38
5799527 | 1185 | -323 -24.0 0,41 750 161 | -131 0,39
5800124 | 773 | -244 -215 0,28 586 -122 | -104 0,29
5829142 | 666 | -20.8 -14.4 0,29 751 28 |-33 0,36
58297.39 | 1229 | -158 -12,3 0,34 748 49 | -33 0,35
5830541 | 1075 | -11,9 98 0,37 748 12 |32 0,37
5832533 | 1344 | -485 -40,7 0,43 792 295 | -26,7 0,41
58347.46 | 1210 | -380 -284 041 756 -157 | -125 0,39
58648.42 | 1423 | -293 -20,7 0,45 941 -113 | -109 0,46
58659.42 | 1349 | -22,0 -147 0,47 797 -121 | -88 0,43
58669.40 | 1233 | -9,7 -13,6 0,43 793 33 | -25 0,41
5867340 | 1058 | -20,6 -18,9 0,45 808 68 | -77 0,44
58683.39 | 1335 | -27,9 -19,9 0,45 831 69 |59 0,41
58717.22 | 1110 | -294 -16,1 0,43 761 -87 |-45 0,39

Ha XOTTIi PROFILININ UDULMA VO
SUALANMA KOMPONENTI

HD 208501 ulduzu spektrinds Ha xatti pro-
filindo stialanma komponenti tez-tez miisahido
olunur. Lakin Ha xattinin udulma komponentinda
stia siiratinin giymoati -40km/s<Vr<0 olduqda siia-
lanma komponenti miisahido olunmur, Sokil 2
(a,b,d,e). Qeyd edok ki, HD 208501 ifratnahong ul-
duzunda kutlo markazinin strsti Vr=-20.4km/s-dir
(Simbad). Demoali Ha xattinin udulma komponen-
tindo stia siiratinin giymati kitlo markozinin siia
sliratinin giymatine yaxin va ya borabar oldugda
stialanma komponenti miisahido olunmur. Bu hal
ulduz atmosferinin sakit halina uygun galir. Bu za-

man atmosferin ulduzatrafi ortiiys tosiri zaif oldu-
guna goro Ha xattinin profilinds siialanma kompo-
nenti miisahido olunmur vo Ha xattinin profili tam
udulmada miisahido olunur.

Miisahidalor gostorir ki, stialanma kompo-
nenti yalniz udulma komponentinin siia siiratinin
Vr<-40km/s-don kicik oldugu halda miisahido
olunur Sakil 2 (b,cd,e). Malumdur ki, ulduz atmos-
ferinin déytnmasi naticasinds atmosferin sixilmasi
Vo genislonmoasi prosesi bas verir. Doyiinma noti-
casinds ulduz atmosferinin maxsimum genislon-
moasi ulduzun foalliq fazasina uygun golir. Bu za-
man ulduzun atmosferi ulduzatrafi 6rtitys daha ¢ox
yaxinlagir vo Ortllys daha ¢ox tasir edarak onu ho-
yacanlasdirir. Noticads ulduzatrafi 6rtiikdo yaranan
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Ha stialanma komponentinin intensivliyi ulduz at-
mosferinds yaranan Ha udulma komponentindon
bir nega dofo giiclu ola bilor. Udulma va siialanma
komponentlorinin toplanmasi naticasinds spektrds
yalniz siialanma komponenti miisahids oluna bilar.
Bu hal HD208501 ulduzu spektrinds Ho xattindo
21.06.2018 tarixinde miisahido olunur va
Vr (udulma)=-94km/s, Vr(siial.)=9km/s giymatina
uygun golir. Lakin geyd edak ki, siialanma kompo-
nenti Ha udulma komponentinin siia siiratinin
Vr <-40km/s-don Kigik olan giymatlorinds heg do
homiso miisahido olunmur, Sakil 2(b). Bu hal zid-
diyyat toskil edir vo dOylinma nozariiasi ilo tam
izah olunmur. Belo ki Sokil 2-don gorinur ki,

JD2457211.35+2457254.33 tarixlorinds  alinan
spektrlordo  Ha  udulma  komponentindos
Vr<-40km/s-dir. Lakin, Vr<-40km/s olmasma
baxmayaraq siialanma  komponenti  yalniz
JD2457254.33 tarixindo miisahido olunur Bu hal
Sokil  2(b)-do oxla gOsterilmisdir.  Oksino,
JD2457951.35+JD2458347.46 tarixlorinds almmis
butin spektrlords Vr<-40km/s giymatlords siia-
lanma komponenti hamisa miisahids olunur Sakil
2 (c,d). Qeyd olunan miisahido faktlarma osason
demok olar ki, HD208501 ulduzunun atrafinda
musahidagiys toraf misyyan bucaq altinda y6nal-
mis, firlanan, qeyri-bircins sixliga malik diskoban-
Zor qaz Ortiiyti vardir.
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Sokil 2
HD 208501 ifratnohang ulduzu spektrinds 2013-2019 —cu illordo miisahido olunan Ha. xatti profilinds udulma v
siialanma komponentlarinin siia siiratinin zamandan asili olaraq dayismosi.
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HD 208501 ulduzu spektrinds Ha xatti-
nin udulma vs siialanma komponentlarinin, Hg vo
Hel (A5875.618A) xatlarinin profillorinin migayi-
sali tohlili gostordi ki, bu xatlorin profilarinin for-
masl, slia stirati vo digar spektral parametrlori doyi-
sir (Sakil 3, Cadval 1-2).

Ulduz atmosferinin déyunmasi naticasinds
atmosfer maxsimum genislonir va bu zaman ulduz
atmosferi ilo ulduzotrafi ortily arasindaki mosafa
minimum olur. Bu hal HD208501 ulduzu spektrin-
do 21.06.2018 tarixindo miisahids olunur va uldu-
zun foalliq fazasina uygun golir. Bu fazada uldu-
Zotrafi ortiik ulduz atmosferi tarafindon maxsimum
hoyacanlanir. Hoyacanlanma naticasindoa ulduzat-
rafi ortiik ulduz spektrinds miisahido olunan bazi
Xatlors tosir edorok onlarmn profilinin formasmi va
spektral parametrlorini doyisa bilar, Sokil 1, 3. Mu-
gayiso Ucun Sokil 3-do sol siitunda 03.09.2015

tarixindo alinmig ulduz atmosferinin sakit halinda
miisahido olunan Ho, Hp vo Hel Xatlori profillori
verilmisdir. Sag siitunda isa bu xatlorin atmosferin
maxsimum hoyacanlasdig1 halda, 21.06.2018 tari-
xinda miisahida olunan profillori verilmisdir. Sakil
3-don gorindiyd kimi hoyacanlasmamin maxsi-
mum oldugu fazada, 21.06.2018 tarixindoe atmos-
ferin yuxar gatlarinda formalasan Ho xotti tam
stialanmada miigahido olur. Hoyacanlanmanin
guclii oldugu bu fazada, ulduz atmosferinin asagi
qatlarinda formalagan Hg vo Hel xatlori profillori-
nin formasinda da doyisiklik hiss olunur, Sokil 3.
Ulduzatrafi ortityiin tasiri naticasinds Hg Xatti pro-
filinin markazi hissasinds udulma komponenti as-
kar gorinur. Atmosferin nisbaton asagi laylarinda
formalasan Hel xatti profilinin markazi hissasinds
isa udulma komponenti zaif hiss olunur.
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Sakil 3

HD 208501 ifratnsheng ulduzu atmosferinin minimum (sol stitun) vo maksimum (sag siitun) faalliq fazasinda Ho,, Hp,
Vo Hel Xatlorinin miisahids olunan profillori.
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Miisahidolordon alinmis bu naticalor stibut edir ki,
HD208501 ulduzunun otrafinda miisyyan bucaq
altinda firlanan, geyri-bircins sixliga malik dis-
kobanzor gaz ortiiyii vardir. Ha xattinin udulma va
siialanma komponentlorinin, Hg vo Hel Xatlorinin
profillorinin formasi, stia sirati vo digor spektral
parametrlori dayisir. Ehtimal olunur ki, bu doyisma
ulduzun déyinmasi vs ulduzla ulduzatrafi 6rtyin
qgarsiligh tasiri noticasinds bas verir.

NOTICO

HD208501 ulduzunun 2013+2019-cu il ta-
rixlorinda alinmis spektrlorinds Hq, Hp Vo Hel xat-
lori profillarinin miigayisali dyranilmasina asason
asagidaki naticoys galmak olar:

1. Askar olmusdur ki, HD208501 ulduzunun

spektrindo  atmosferin foalliq fazasindan asili

olarag H, xottinin profili miirokkob qurulusa

malikdir. Ulduz atmosferinds  doyisgonliyin

miixtolif fazalarinda H, xattinin profili asagidaki

formalarda miisahids olunur, Sakil 1:

a) tam udulma profili;

b) normal P Cyg tipli profil:- udulma vo qurmiz1
ganadda siialanma komponenti;

c) invers P Cyg tipli profil:- udulma vo bondv-
soyi qanadda siialanma komponenti;

d) hor iki gqanadinda zaif siialanma komponenti

Vo markazinds udulma profili;

e) tam siialanma profili;

f) udulma vo siialanma komponentlorinin inten-

sivliyinin keosilmoaz spektr soviyyasino qodor

zoiflomosi;

2. Ho, Hp vo Hel xatlorinin profillarinin siia si-

ratlori vo ekvivalent eni bir hofto vo daha kigik za-

man fasilalorinds dayisir (Sokil 1, 3; Cadval 1-2).

3. Ha xotti profilinin udulma vo siialanma

komponentlorinin (Sokil 2) miigayisali tohlili gos-

tordi ki, udulma komponentinin -40<Vr<Okm/s

giymotlorinds stialanma komponenti yaranmur,
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2. KPan, S.R.Federman, K.Cunha, V.V.Smith,
D.E.Welty. Cloud Structure and Physical Condi-
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Sakil 2 (a,b,d,e). Bu hal ulduz atmosferinn foalligi-
nin sakit fazasina uygun golir.
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olmusdur ki, HD208501 ulduzunun atmosferindo
Xatlori miisahids olunan elementlords siia siiratlori-
nin laylara gors stratifikasiyast mévcuddur. Xatlo-
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ki, atmosferin yuxari qatlar1 genislonir vo bu genis-
lonmonin siiroti Ho xottinin formalagdigi laylara
godar artir. Hg vo Ha xatlorinin yarandigi laylarin
genislonmo stirati uygun olaraq -8.8 va -23.3 km/s-
dir. Lakin, Hel xottinin yarandig1 atmosferin asag1
gatlart iso 10.8 km/s siirati ilo ulduzun morkozino
torof sixilir.

5. Ulduz atmosferi ulduzotrafi ortiiyli maksi-
mum  hoyacanlagdirdigt  21.06.2018 tarixindo
(Sakil 1) Ha xatti profili tam stialanmada miisahi-
do olunur. Bu tarixds ulduzatrafi 6rtityiin tasiri na-
ticosindo atmosferinin asagi gatlarinda formalagan
Hp vo Hel xatlori profillorinin formasinda da do-
yisiklik yaranir. Hg vo Hel Xxatlori profillorinin
moarkazi hissasinds zoif udulma komponenti misa-
hids olunur, Sakil 3.

Miisahidalordon alinmis bu naticalor stibut
edir ki, HD208501 ulduzunun otrafinda miioyyan
bucaq altinda miisahidagiys toraf yonalmis, firla-
nan, geyri-bircins sixliga malik diskebonzor gaz
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VARIATIONS THE EMISSION AND ABSORPTION COMPONENTS OF THE Ho LINE PROFILES IN THE
SPECTRUM OF THE SUPERGIANT HD 208501 (B8 Ib)

AM.KHALILOV, A B.HASANOVA, ZASAMEDOV, A R.HASANOVA

By using the spectrograms obtained at the 2-m telescope of the Shamakhy Astrophysical Observatory for the period of
2013+2019 the variation of a profile and spectral parameters of Ho, Hg and Hel lines of the supergiant HD 208501 have been in-
vestigated. It was found that the profiles, radial velocities and equivalent widths of Ha, Hg and Hel lines in the spectrum of the
HD208501supergiant star variation at intervals of one week or shorter time intervals. Also, a unique observation fact was re-
vealed such as the weakening of the Ha linear profile to the level of a continuous spectrum, its formation and disappearance at
full emission and full absorption.
The results of observations proved that around the HD208501 star exists a disc-like gas envelope of non-uniform density
that rotates at a certain angle. It was assumed that these changes were due to the pulsating of the star and the interaction of the star
with the circumstellar envelope.
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9.M.XOLILOV, A.B.HOSONOVA, Z.A.SOMODOV, ©.R HOSONOVA

M3MEHEHHUE SMUCCHOHHOI'O 1 ABCOPBIIMIOHHOI'O KOMIIOHEHTA ITPO®WJIEN JIMHWM Ho B
CIIEKTPE CBEPXT'MT'AHTA HD 208501 (B8 Ib)

AMXAJINJIOB, ABI'ACAHOBA, 3.A.CAMEJIOB, A.P.TACAHOBA

Ha ocHoBe criekTporpamm, moitydeHHbIX Ha 2-M Teseckone [lamaxunckoit Actpodmsuyeckoii ObcepBatopun HAHA, 3a
niepuoz 2013 - 2019 rr. ObUIM HccnenoBaHbl M3MeHEeHHs poduiiell 1 crieKTpabHbIX napamerpoB auanid Ha, Hg 1 Hel B cnek-
1pe cBepxruranta HD208501. bruto obHapyxeHo, uto mpodrum mauit Ho, Hp 1 Hel, a Taxoke 3HaUSHNMS JIy9eBOi CKOPOCTH U
SKBUBAJICHTHBIC IIMPUHBI 3TUX JMHUM TTOKa3bIBAIOT TIEPEMEHHOCTD 32 BPeMs B HECKOJIBKO HEZETb M MEHBIIE. BBl BBISBICH
YHUKAJIHHBIA HAaOIIOMaTeNbHEIN (hakT, TAaKOH Kak OclabieHue mpodiust JIMHIK Haol 1o ypoBHS HENPEpHIBHOTO CIICKTPa, a TAkKe
TIpoBeZIeHO HaOIroIeH e podritst TMHUK Hol B TOTHOM MOTTIONIEHNE 1 IOJTHOM H3JIyYeHHE.

PesynbraTel HAOMFOIEHMI TTOKA3BIBAIOT, YTO BOKPYT 3Be3abl HD208501 nmeertcs mickooOpa3Hasi ra3oBast 000I09Ka HEO -
HOPOJTHOM TUIOTHOCTH, YTO BpAIaeTcsl MO ONpeesieHHBIM yriioM. [Ipennonaraercs, 4To M3MEHEHHUs MPOUCXOJIAT B pe3yJIbTare
ITyJILCAIIMH 3BE3/IbI M B3AMMOJICHCTBIS 3BE3/IbI C OKPYIKAFOIIEH ero 000JI0UKOiA.
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REFERAT

HD217944 (G8IV) ulduzunun atmosferinds hoyacanlagma
temperaturu multipletlorin siiriigmosi Usulundan istifado edilo-
rok toyin edilmisdir. Bu tisulla agag1 saviyyasi tok term olan vo
agag1 soviyyasi clt term olan Fel Xatlori Uiclin hoyacanlagma
temperaturu ayriliqda toyin olunmusdur. Alinmigdir ki, asag
soviyyasi tok term olan xotlors gbro toyin olunmus
hoyacanlagsma temperaturu Te,=6100K, asagi soviyyosi cit
term olan Xotloro goro toyin olunmus hoyacanlagsma
temperaturu iss Te=5600K-dir. Yoni asagi soviyyasi tok term
olan Xatloro goro toyin olunmus hoyacanlagma temperaturu
asag1 soviyyasi cit term olan Xatloro giro toyin olunmus
hoyacanlagsma temperaturundan yiiksokdir. Bu onunla baghdir
ki, asagi soviyyslori tok term olan xotlor effektiv olarag

atmosferin daha dorin qatlarinda smals gslirlor.

GIRIS

Hoyacanlagsma temperaturu Tex ulduz atmos-
ferindo atomlarin hayacanlagmis enerji saviyyalori-
no gora paylanmasini xarakterizo edir vo ulduz at-
mosferlarinin asas parametrlarindon biridir. Ulduz
atmosferlarinds atomlarin hoayacanlasma tempera-
turunu mixtalif Gsullarla - ardicil yaxinlasma
Usulu, kenaragixmalarin kvadratlarmin minimumu-
na gora, multipletlorin siirlismoa Usulu ilo va s. tayin
etmok olar.

Ardicil yaxinlagsma iisulunda hoyacanlasma
temperaturuna miloyyan baslangic bir qiymat veri-
lir vo bu giymota gors yiiksalis ayrisi qurulur. Da-
ha sonra malum {isullarin birina g6ra hayacanlas-
ma temperaturu toyin olunur. Alinmis yeni hoyo-
canlasma temperaturuna goro yenidon Yyuksalis
ayrisi qurulur vo yenidan hayacanlagsma tempera-
turu toyin olunur. Bu proses yeni toyin olunmus
hoyacanlagsma temperaturunun avvalki giymati ilo
Ust-Usto diisano goador davam etdirilir vo nohayat

hayacanlagma temperaturunun gobul olunmus qiy-
mati toyin olunur.

Konaragixmalarm kvadratlart cominin mini-
mum Usulunda yuksalis ayrisinin dlzxatli hissasi-
na uygun golon bir sira multipetlor {igiin hayacan-
lagsma temperaturunun muxtalif giymatlori Gcgiin
yuksalis ayrisi qurulur. Daha sonra bu ayrilor no-
zori yuksalis ayrisi ilo migayiss olunur va ordinat
oxu Uzra muxtalif ayrilor iglin kenara ¢ixma toyin
olunur vo bu konaragixmalarin kvadratlar1 comi
> A? toyin olunur. Daha sonra bu comin hayacan-
lagma temperaturundan asililigi qurulur. Bu ashili-
gin minimumuna uygun galon hayacanlagsma tem-
peraturu hayacanlagsma temperaturunun axtarilan
giymeati kimi gobul olunur (Sakil 1).

Hoyacanlasma temperaturunu multipetlorin
stirtismasi Usuluna gora do tayin etmak olar. Mo-
lum oldugu kimi Svardsild-Suster tisulunda yukso-
lig ayrisinin absisi
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5040

E.

log X,; = log(gfi), —

ex

kimi toyin olunur. Burada g-spektral Xattin asagi
Soviyyasinin statistik ¢akisi

g=2j+1

(-tam kvant ododi), f-ossilyator giicii, A-dalga
uzunlugu, Tex-hoyacanlagsma temperaturu vo &;
spektral Xottin asag1 soviyyasinin hayacanlagsma
potensialidir.

A2

ex ex

Sokil 1
Konaragixma kvadratlart cominin minimumluguna goro
hoyacanlagsma temperaturunun tayinina dair.

Aydindir ki, ayri-ayrt multipletlor Ggun
W
yliksalis ayrisi log 7 -mn log(gf\)-dan asilihg ki-

mi verilo bilor. Bu multipetlor igindon on ¢ox zoif
Xatlari olan multipletin biri baslangic gabul olunur
Vo digor multipletlorin hamisi ona nozoron absis
OXu Uzra Ust-Usto diisona godar stirtigdiirtiliir. Bu
slriismonin giymati

Aoi=log(gfi)e-log(gfr)=AlogXi+0si

harada ki,
5040

T

ex

9:

Yuxaridaki ifadodan gortnduyd kimi Agi-nin
& -Oon asihiligr diiz xatt oyrisini ifads edir. Bu diiz
xattin absis oxuna meyli 6-m tayin edir. Buradan

hayacanlagma temperaturu

_ 5040
0

Tex

toyin olunur:
0=0.88, Tex=5700K.

Quluzads gostormisdir ki, [1-2] Glinss foto-
sferinda hoyacanlasma temperaturu termlarin cit-
lGylndon asilidir. O, gostormisdir ki, asagi saviy-
yalari tok olan xatlora gora toyin olunmus hayacan-
lasma temperaturu asagi Soviyyalori cit olan xatlo-
ro gore toyin olunmus hayocanlagma temperatu-
rundan xeyli bdyukdr. O, hesab edir ki, bu clit-tok
Vo tok-clt kecidlora uygun golon spektral xatlorin
fotosferin mixtolif qatlarinda effektiv olaraq
yaranmasi ilo baghidir. Arasdirmalar gostorir ki,
asag1 termlori tok olan xatlor effektiv olaraq foto-
sferin daha dorin gatlarinda smolo galirlar.

MUSAHIDO MATERIALI

Isdo mogsadimiz bu effekti ulduz atmosferi
ligin  yoxlamaqdir. Isdo istifado  olunan
HD217944(G8IV) ulduzunun spektral materiallart
2013-cl ildo AMEA Samax1 Astrofizika Rosodxa-
nasinim 2 m-lik teleskopunun Kassegren fokusunda
qurulmus CCD vasitasilo alinmigdir [3]. Tadqiq
olunan spekiral Xatlor AA4700-6700A oblastin1 oha-
to edir. Xatlori eynilosdirmok U¢in Mur [4] cadve-
lindon istifads edilmisdir. HD217944=HR8778 ul-
duzu bizim Qalaktikada olan subnshong ulduzlar-
dan biridir. Spektral sinfi G8, is1gliq sinfi 1V, goru-
nan ulduz oSlgiisti my=6".40, parallaks1 7=0".00044
[5], miitloq ulduz 6lglisii iso My=-5".38 giymotlon-
dirilir.

Todgig olunan ulduz Gglin bir gecodo 2-3
spektr alimmusdir. Geca arzinds ulduzun spektrinds
guclu dayiskanlik olmadig tigiin spektrlor ortalag-
dinlmisdir. H, oblastinda dispersiya 10.5A/mm,
H, oblastinda iso 6A/mm-dir. Dispersiya oyrisinin
qurulmasinda giindiiz somasimn spektrindon istifa-
do edilmisdir. Spektrlarin islonmasi Qalazutdinov
[6-7] torofindon togdim olunmus DECH paket
programlari vasitaSilo aparilmigdir. Miisahids olu-
nan butdin xatlor eynilogdirilmis, onlarin ekvivalent
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eni (W) va Xatlorin markazi darinliklori (R) toyin Codvolin davamt

olunmusdur. Ulduzun  spektrindon  almmus
5586.76 686 2°F-e°D 190 | -0.31 | 3.35

naticalor Cadval 1-do gostorilmisdir.
5619.60 1161 2°G*-°G 39 | -1.77 | 437

Cadval 1 562053 | 1061 | y’D*-eD | 29 | -1.83 | 4.14

Tok-ciit kegids uygun golon Xatlor. 5649 66 838 AG0-gfF | 90 | 27 | 362

Multiplet | Tok-cut W, g,

»A nomrasi | kecid mA | loggr | eV 5658.54 686 y3FO-PF 375 | -2.07 | 3.38
4807.71 | 688 | ZF%e*F | 32 | 217 | 335 570155 | 209 | y*F-h°D | 100 | -2.22 | 2.55
4862.60 1069 y°D%e’G 12 | -203 | 414 570547 1087 2°F-e°D 80 | -162 | 428
4910.33 1068 y°D%D | 270 | -1.08 | 4.17 5709.39 686 7°P%-e°P 250 | -1.29 | 3.35
4945.64 1113 P0G | 144 | -1.63 | 4.19 5717.84 1107 2P°-g°D 70 | -1.19 | 4.27
4970.65 985 Z°D%g°D | 220 | -1.83 | 3.94 5731.77 1087 ySFO-g°F 80 | -1.33 | 4.24
4973.11 984 2D%e’D | 109 | -1.01 | 3.94 5762.99 1107 23p0e3D | 143 | -058 | 4.19
4978.61 966 ZF-g°D | 230 | -1.14 | 3.97 5775.09 1087 VF-g5D | 61 | -1.37 | 4.2
4988.95 1066 y°D%-h°D | 116 | -0.97 | 4.14 5827.89 552 5D%eD | 28 | -34 | 327
4991.27 1065 y°D%g°F | 235 | -0.93 | 4.17 5859 23 1084 VFO-eD 69 | -1.65 | 4.29

5E0_n5)
5002.80 687 ’F-e°F 29 | -168 | 3.32 58927 1086 ySFO-foF 161 | -3.99 | 4.24

5004.03 1112 Z°PO-f5P 120 | -149 | 419

5905.68 1181 y3F-fD 88 | -0.79 | 4.63

5022.24 965 ZF-e’D | 179 | -0.67 | 3.97

5914.16 1180 yF-e3G | 127 | -052 | 459

5044.21 318 z’'F-e'D 93 | -231 | 284

5930.17 1180 yF-e’H | 120 | -0.3 | 4.63

5074.76 1094 YF-e3G | 115 | -0.32 | 4.2

5934.66 982 Z°D%-e%F 79 | -12 | 391

5121.64 1095 yF-fD 93 | -091 | 4.26

5083690 | 1175 | yF°-g°F | 91 | -0.89 | 453

5133.70 1092 Y F-°G 120 | -0.06 | 4.16

6024.07 1178 Y3 F-f°G 160 | -0.17 | 4.53

5137.39 1090 yF-h°D | 300 | -0.54 | 4.16

6079.02 1176 y3F%-h’D 90 | -121 | 463

5159.06 1091 yoFO-f°p 72 | -1.05 | 4.26

6093.66 1177 y3FO-fP 35 | -1.55 | 459

5281.80 383 zZ’P%e’'D | 270 | -1.04 | 3.03

536162 | 1143 | 5G-°F | 67 | -148 | 44 618804 | 959 | ZF%e’F | 32 | -1.71 | 393
538338 | 1146 | Z°G"-PD | 159 | 042 | 4.29 6338.9 1258 | xXF%-¢°G | 84 | -11 | 477
539317 | 553 | ZD%e°D | 137 | 09 | 3.23 6364.37 | 1253 | yD%e*P | 80 | -147 | 477
541092 | 1165 | ZG-PF | 139 | 0.12 | 4.45 641166 | 816 | Z5P%eD | 129 | -0.81 | 3.64
541521 | 1165 | 2°G%e*H | 156 | 0.36 | 4.37 6419098 | 1258 | yD-FF | 48 | -0.36 | 471
5417.03 | 1148 | 2°G"™e°G | 58 | -1.69 | 44 649647 | 1258 | y’D-RD | 146 | -069 | 477
542408 | 1146 | 25G%e°H | 232 | 0.34 | 43 656022 | 1253 | y°D%-goF | 116 | -049 | 471

545543 1145 GG | 308 | -0.36 | 4.3

5487.52 1064 y°D%e5P | 206 | -0.85 | 4.17
5517.07 1109 z°P%-e%P 116 | -24 | 419

5546.51 1145 22G%h°D | 97 | -1.35 | 4.35

5557.98 1163 2G%-e’G 69 | -1.32 | 445
5560.23 1164 Z2G*-fD 54 | -1.26 | 442

5563.61 1062 yD%g°D | 113 | -1.7 | 417
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Cadwval 2

. . Cadvalin davami
Cut-tok kegida uygun galon xatlar.
6180.21 269 a®G-y°D° 100 | 277 | 272
Multiplet | Cuit-tok W, g, 6240.65 64 a®P-z°pP° 100 | -334 | 221
A, A nomrasi kecid mA loggr eV 6290.55 208 b3|:_y5PO 71 -091 | 258
3D_y5M0 _
4834.51 115 a’P-x°D 31 3.35 | 241 632269 207 b3F-\3E0 80 | 243 | 258
314.53140 .
4881.72 588 b°*H-z°H 215 185 | 3.29 6335.34 62 2Py’ 145 | 238 | 219
501,30 R
488001 | o7 | aPyD | 212 | 28 | 2191 | eam1s| 160 | @HrG | 120 | 292 | 242
341 SN0 R
497541 586 b*H-u"D 70 217 | 3.29 6380.75 1015 CED0 68 | 136 | 417
5020.82 748 a'D-xP° 6 -2.55 | 353 642136 11 S 110 203 | 227
5027.23 | 883 | bD-wF | 300 | -155 | 362 ' a2 et 8
5 5M0
502813 | 791 | alHy!GY | 218 | -1.17 | 356 643086 | 62 |aPyD’ | 143 | -201 | 2.17
514175 | 114 | a%P-y°D° | 184 | -2.33 | 241 647563 | 206 | b°Fz°G° | 213 | 29 | 258
5151.92 16 SF-F° | 155 | -332 | 101 6481.88 | 109 | a’Py°D° | 107 | -2.98 | 2.27
522553 1 @D-ZD° | 178 | -479 | 041 6494.99 | 168 | a’H-z°G° | 173 | -1.27 | 2.39
5242.5 843 atl-z*H° 104 -1 3.62 6498.95 13 a°F-z'F° 100 | 47 |0.95
5250.65 66 a°P-y°P° 288 | -219 | 219 6518.37 342 h°P-y°D° 115 | -267 | 282
5280.36 880 b*D-x3P° 110 | -1.98 | 3.63 6546.25 268 23G-y°F° 127 | -1.76 | 2.75
5284.43 842 atl-WeG° 179 | -252 | 3.62
5294.6 875 b*D-VoF° 12 | -289 | 362 Xattin ekvivalent eni bir gayda olaraq [5-6]
5307.37 36 @F-73F0 118 | 299 | 16 tenrlafi_r.lde_r.l taqdim olunmus. program alsasllnda“t')ll:
532004 | 877 | bDAP® | 44 | 251 | 363 tguhm;lscllur. Lak;)n Zlfrglglrlé? qonsu ’;ftngr: gek%/l:\(;au
ohrif olunmus ba onmis xatlo -
3p_\/3E0 - .. . e e . .
082205 112 | aPyF 2| 302 | 227 lent enlori iso asagidaki gayda ilo 6lgiilmiisdiir: Bu
5341.03 37 @F-2D° | 260 | -205 | 16 moagsadlo profillori qonsu xatlorlo tohrif olunma-
5365.4 786 a'H-2'G° | 166 | -1.18 | 356 mus blendlonmamis xatlorin ekvivalent enlorindon
537958 | 928 b?G-z'H° | 72 | -158 | 3.68 istifado edorok xattin ekvivalent eninin (W,) Xattin
547629 | 1009 | GF-’c® | 428 | 105 | 412 darlnll){lndan _(Rx) asthligl qrafiki qurulmusdur.
o Belo ki, todqgiq olunan spektrlords xatlor kifayst
549184 | 1031 | CFu'D 16 | 243 | 417 godar genisdir vo onlarin profillari instrumental
5506.79 15 a’F-z°D° 156 | -28 | 0.99 profillorlo deyil, ifratnohang ulduzlarin atmosferin-
5536.6 345 b3P-7550 16 38 282 dekl’)a§ Vergnl-mikr(l)tur‘::)dmel:jt hQrQ!‘(Qt lS(tJlerll ilo Xa-
rakterizo edilir. Belo oldugda xottin ekvivalent eni
5617.22 626 a’D-w°F° 22 | 288 | 324 N o g JO C e
— 10 | 15 | 427 onun dala uzunlugundan deyil, intensivliyinden
564145 | 1087 | alz 12 |4 asthdir. Ona gors do guclii olmayan xatler Ucun
576035 | 867 | bDyP® | 70 | 249 | 363 |  (W<300mA) xattin ekvivalent eni ilo dorinliyi ara-
57785 209 b°F-y°D° 37 | -357 | 258 sinda vahid asililig mévcud olmalidir.
manin sénmasi hesabina xattin geniglonmasi mux-
591625 | 170 | &My | 70 | 299 | 244 | )if glacaq. Burada xottin genislonmosi asason
5956.7 14 a’F-z'P° 115 | -46 | 086 Dopler effekti hesabina bas verir vo Wj-nin qiy-
6027.06 | 1018 | c3E-2G0 89 | -122 | 406 mati Xattinfialga u%un}ugundan, A-dan da asili ola-
612791 | 1017 | CFyHp a5 | 158 | 412 cag. Ona gors do glicli xatlords bu asililiq pozulur.
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HD217944(G8IV) ULDUZU
ATMOSFERINDO HOYOCANLASMA
TEMPERATURUNUN TERMLORIN
CUTLUYUNDON ASILILIGI

Yuxarida geyd olunan effekti ulduz atmos-
feri G¢lin yoxlamag magsadi ils biz istifads etdiyi-
miz Fel xatlorini iki grupa- asagi soviyyalori tok
term olan vo asag1 saviyyalori cut term olan 2 qru-
pa boliiriik. Asagi saviyyasi tok term olan vo asagi
soviyyasi cut term olan Fel xatlori tglin hoyacan-
lagma temperaturu ayriliqda toyin etmisik.

Hoyocanlasma temperaturunu asagidaki g
halda asil1 olmadan toyin etdilmisdir:

1. Horikinov kegidlor Gcun,
2. Asagi soviyyasi cit term olan xatlor Ugtin,
3. Asagi soviyyasi tok termlar olan xatlor Ugtin.

Isdo HD217944 ulduzunun atmosferinds Fel
atomlarmin hoyacanlagma temperaturu yuxaridaki
iic halda asili olmadan toyin olunmusdur. Hor ¢
halda multipletlorin absis oxu Uzrs siiriismasi toyin
olunmus vo muxtalif multipletlor Gclin

y=a+0gi,

tip tonlik sistemi alimmugdir. Bu sistemlarin hallin-
don hor ¢ halda hayacanlasma temperaturu toyin
olunmusdur. Naticalor asagidaki kimi olmusdur:

1. JM.Kymu-3ane. K a¢pgpexmy uemnocmu cnexm-
PAIBHBIX MEpMO8 HA Kpueou pocma, Acmpon.
arcypran, 53 (1976) 836-840.

AM.Kymua-3ane, K.M.I'yceitaos. O6 sxeamop-no-
JUOC paznudue ciabvix dpayreogheposvix tunuil 8
cnekmpe He 803MywjeHHou gomocepul, Tesucwl
ook. IV Pecn. Meosic. kongh. no ¢pusuxe, baky,
(1978) 80.

X.M.Mukaunos. Onmuueckue pacuemsi duieine-
cnexkmpomempos  Lllamaxunckou acmpopuzuue-
cKotl obcepeamopuu, Aszepb. Acmpon. Kypuan,
Nel (2006) 47-52.

5700K har iki nov kecid tigiin,

T,, = 45600K clt-tok kecidlor Gigtin

6100K tok-cuit kegidlor Ggtin
NOTICO

Belaliklo aydin olmusdur ki, Giinos fotosfe-
rindo miigahido olunan termlorin ciitlik effekti ul-
duz atmosferlorindo do miisahido olunur. Alinmig-
dir ki, asag1 soviyyasi tok term olan xatlora goro
hayacanlagsma temperaturu tiglin Tex=6100K, asag1
soviyyasi ciit term olan xatlora gors iso hayacan-
lasma temperaturu Te=5600K olmusdur. Yoni
agagl soviyyasi tok term olan xatlora goéro toyin
olunmus hayacanlasma temperaturu asagi soviyyo-
si clit term olan xatlors gors toyin olunmus hoyo-
canlagsma temperaturdan yiiksokdir.

Bu onunla baghdir ki, asag1 soviyyalori tok
term olan xotlor effektiv olaraq atmosferin daha
dorin qatlarinda amalo galirlar.

Qeyd edok ki, bu effekti dogiq todqiq etmak
Uctin daha yuksok dispersiyali ulduz spektrlarindon
istifads etmok lazimdir.

Bu is Azarbaycan Respublikasinin Preziden-
ti yaninda Elmin inkisafi Fondunun maliyys yardi-
mu ila yering yetirilmisdir: Qrant NeEIF-ETL-2020
2(36)-16/03/1-M-03.

Ch.E.Moore. A multiplet table of astrophysical in-
terest: NBS Techn. Note, Wash., Ne 36 (1959).
V.F.Leeuwen. Validation of the new Hipparcos re-
duction, Astron. Astrophys., 474 (2007) 653-664.
AT .TanasytauHoB., ftp.sao.ru. (2002).

AT T'anazyraunoB. Cucmema obpabomxu 36e30-
Hblx duenie-cnekmpos. 1. Obpabomka uzobpa-
arcenui. 2. Obpabomka cnexkmpos, Huowcnuii Ap-
xo13, 52 (1992) (Ilpenpunt/Cren. actpodus. 00-
cepsaropust PAH; Ne92).
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ZF.OLIYEVA, URRUSTOM

DETERMINATION OF EXCITING TEMPERATURE IN THE ATMOSPHERE OF THE STAR HD217944 (G8IV)
ZF.ALIYEVA, UR.RUSTEM

The excitation temperature in the atmosphere of the star HD217944 (G81V) was determined by the method of multiplet
shifts. In this method, the excitation temperature was determined separately for Fel lines with a single lower-level term and a
double low-level term. It was found that the excitation temperature determined from the lines of odd-even transitions was
Tex=6100K and the excitation temperature determined from the lines of even-odd transitions was Te=5600K. That is, the
excitation temperature set for the lower single term lines is higher than the excitation temperature set for the lower double term
lines. This is due to the fact that lines with a single lower- level term were effectively formed in deeper layers of the atmosphere.

ONPEJAEJIEHUE TEMIIEPATYPA BO3BYKJIEHUS B ATMOC®EPE 3BE3/1bl HD217944 (G8IV)
3.0.AJIMEBA, Y.P.PYCTEM

Temreparypa Bo30yxueramst B atmocepe 3e3mp1 HD217944 (G8IV) onpezernsinach METOIOM CIIBHTOB MYJIBTHUILICTOB.
B aToMm MeToze TemMnepatypa Bo30yKIESHHUSI OIPEessuIach OTACIBHO 1 MHNH Fel ¢ omuHapHbIM TepMOM HIKHETO YPOBHS H
JIBOMHBIM TE€PMOM HIDKHETO YPOBHS. YCTAaHOBJIEHO, YTO TeMIepaTypa BO3OYKICHHS, ONpECICHHAs IO JIMHHMAM HEYEeTHO-
YeTHBIX IIePeX0/I0B, cocTaBiieT Tex = 6100K, a TeMmepatypa Bo30Y>KICHIS, ONpeieTIeHHas TI0 JIMHUSAM YeTHO-HEUSTHBIX Iiepe-
X0MIoB, Tex=5600K, To ecTh Temmeparypa Bo30Y>KICHHsI, YCTAHOBJICHHAS! JUIsl JIMHUKA C HIDKHUM OJWHOYHBIM TEPMOM, BBIIIE,
YeM TeMmIiepaTtypa Bo30yKICHHs, YCTAHOBJICHHAs JUTsl JIMHUM C HIDKHErO ABOMHBIM TEPMOM. DTO CBSI3aHO C TEM, YTO JIMHUH C
OJIMHAPHBIM TEPMOM HIDKHETO ypoBHsI 3 (heKTHBHO (hopMHUPYIOTCS B O0JIee TITyOOKHX CIIOSIX aTMOCHEpBL.
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~—— AMEA-NIN FIZIKA UZRO ILK QADIN MUXBIR UzVU

Yarimkegiricilor fizikas1 sahosindo goérkemli alim, Azorbaycan
MEA-nin fizika tizro mixbir Ozvi, fizika-riyaziyyat elmlori doktoru,
professor Solimo Ibrahim qizi Mehdiyevamin 80 yagi tamam olur. Salimo
Mehdiyeva 1941-ci il maym 21-do Naxgivan Muxtar Respublikasimin
Naxgtvan goharinds anadan olmus, 1958-ci ildo Baki sohori 114 sayh orta
moktabi bitirarok, Azorbaycan Ddvlst Universitetinin (indiki Baki Dovlot
Universiteti) fizika fakiltasine daxil olmus va 1963-cli ilds orant bitirmisdir.
O, homin il Azorbaycan Elmlor Akademiyast Fizika Institutunda
yarimkegiricilor fizikas1 ixtisasi tizro aspiranturaya daxil olaraq burada
tamnmus alim akademik Hoson Abdullayevin elmi rohbarliyi ilo selen
yarimkegiricisinin miixtalif aqreqat hallarinimn fiziki xassalarinin todqigi tizra
elmi-tadgiqat islori aparmaga baglamgdir. Biliyi, ozmkarlig1 va tadgigat¢iliq
bacarigi sayasinds qisa miiddstdos bu istigamatda elmi noticalor alaraq 1967-
ci ilda Vilnyus Dovlot Universitetinds “Yiiksok tomizlikli selenin bozi fiziki
xassalori” movzusunda dissertasiya miidafio edib fizika-riyaziyyat elmlori
namizadi dorocasing layiq goriilmiisdiir. Bu istigamotdo todqigat islorini
davam etdiran alim 1988-ci ildo “Selen va polietilen asasinda xotti polimer yarmkegirici vo dielektriklorin qurulusu vo
fiziki xassolori” movzusunda doktorluq dissertasiyasi miidafio etmis, 1993-cli ilds professor elmi adi almis, 2017-Ci
ildo AMEA-mn miixbir {izvii se¢ilmisdir.

Omok faaliyyatine Fizika Institutunda baslayan Selimo Mehdiyeva kicik elmi isci, boyiik elmi isci, uzun miiddet
Institutun Elmi katibi, 1995-2002-Ci illords elmi islor tizro direktor miiavini vazifolorinda islomis, rohbarliyin va
kollektivin hérmetini qazannmisdir. O, 1976-Ci ildo Fizika Institutunda yeni “Qeyri-krisrallik yarimkegiricilorin fizikas1”
laboratoriyasi taskil etmisdir. Selen yarimkegiricisinin, onun asasinda polimer sistemlorin va siisovart xalkogenidlarin
kompleks tadqigi ilo maggul olan professor S. Mehdiyeva bu sahada elmi maktab yaratms, fundamental elmi vo tatbiq
ohomiyyatli naticalor almigdir. Selenin xassalorindoki 6zlinemaxsusluglarin onun polimer qurulusu vo onda olan adi
usullarla tamizlonilmayan oksigenls baghiligi askarlanmis, bu naticalar selen cihazlarmin, xtisusils selen dizlondiricilori
V3 elektrofotografiya Iovhalorinin parametrlorinin yaxstlasdiriimasina gotirmisdir.

Selen asasinda siisovan sistemlards elektron proseslarinin todqigi kristallasmaya davamli, fotohassas, yiksak
elektrik migavimatli sistemlorin alinmasina va onlarin totbiq imkanlarmin geniglondirilmasine imkan yaratmisdir.

GOrkamli alimin va onun talabalarinin aldigi elmi naticalor yeni elektron texnikasi ¢eviricilorinin yaradilmasinda,
moveud cihazlarin xarakteristikalarmin yaxsilasdirmasinda shomiyyat kasb etdiyi kimi, polimer yarimkegiricilorin,
geyri-kristallik materiallarin, xiisusilo amorf siisovari sistemlorin fiziki xassalorinin 6yranilmasi, onlarda bas veran taraz
Vo qeyri-taraz elektron hadisslorinin mexanizminin arasdiriimasi tigiin faydalidir. Mohz bu sababdon Diinya elmi
adabiyyatinda bu naticalorin darc olundugu moagalolors ¢ox sayh istinadlar vardir.

Professor S.Mehdiyeva bir monogqrafiyanin, 300-0 yaximn elmi asarin, 14 muslliflik sohadatnamasinin va patentin
musllifidir. O, bir neco beynolxalg grant layiholorinin istirakgist olmus, 40-dan artiq beynolxalq vo Respublika
konfransinda maruzs ils ¢ixis etmisdir. Onun elmi rahbarliyi vo maslshoatgiliyi ilo 2 elmlor doktoru, 14 falssfs doktoru
yetigdirilmisdir.

Alim faal elmi-tadgiqat isi ilo yanag1 boyiik elmi-taskilat: v ictimai is aparir. O, 1969-78-ci illordo Azarbaycan
MEA Fizika Institutunun Elmi katibi, 1995-2002-Ci illordo elmi islor (izro direktor miiavini vezifalorindo calismus.
Professor S.Mehdiyeva Respublika Elmi slagelondirmo surasmm sodr miiavini, Institut miidafio surasmm homsadri
olmus, hazirda Fizika Institutunun Elmi surasinn, Institut nezdinds faliyyst géstoren Dissertasiya surasiin, “AMEA-
nin Xoborlori” FRTE seriyast vo Fizika jurnallarmnimn redaksiya heyatinin iizvii, Institut Qadmlar togkilatinm sodridir.

Professor S.Mehdiyeva Institut kollektivi, Respublikamizin elmi ictimaiyyati arasinda layigli hérmoto malik
taninmus alim, mehriban insan, yaxst homkardir.

Respublikamizda yarimkegiricilor fizikasinin inkisafina miihiim tohfalor vermis, gorkemli alim vo elm
toskilatgisi, xeyirxah insan Solimo Mehdiyevam yubileyi miinasibsti ilo tobrik edir, ona méhkem can saghgi, yeni
baoyiik ugurlar arzulayirq!
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