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PEDEPAT

OKCHEpHMEHTATBFHO MCCIIEOBAHbI CIIEKTPhI MOMIOMIECHHS
JIOMUHECIICHIINE HaHOCTPYKTypbl GaSe u rerepornepexona
GaSe/InSe mpu BO30YKICHUHM M3ITYyYCHUSIMH HUMITYJIECHOTO
Nd:YAG-na3epa co BCTpOSHHBIMH reHepatopamu 2-ii u 3-it
TapMOHMK, TIPETHA3HAYCHHOTO JUIS TeHEPALNN M3JTydeHNUs C
mmaHOM BomHBI 1064, 532 m 335 mm. IlokasaHo, 4to
YMEHBIIIEHHEM TOMIMHBI HaHodacTHll (GaSe NpPOUCXOIUT
YBEJIMYEHHUE X IIMPHHBI 3alpelieHHoN 30HbL PexomOnHa-
IMOHHOE WM3JyYeHHe, HallloaeMoe B CIEKTpax JIFOMHUHEC-
uennuu rereporepexoaa GaSe/InSe, cesi3aHo co cBOOOIHBI-
MH 3KCHTOHaMH. VcclieoBanust KpUBBIX pesiakcauy GpoTto-
Toka B cucteMe GaSe/INSe ykaspiBaeT Ha HaJIW4YHe Y HHUX
OBICTPOTO KaHaIa PeKOMOMHAIMK U SHEPIeTHYECKOTO Oaphb-
epa Uil HepaBHOBECHBIX HOCHTENEeH, TeHepHpOBAHHBIX Jia-
3€pHBIM H3JIyYECHHEM.

BBEJIEHUE

HccnenoBanusi pa3MepHBIX KBAHTOBBIX SIB-
JIEHUH B MAJIOU3YYEHHBIX U, B TO K€ BpeMs, Iep-
CIIEKTUBHBIX CIIOMCTBIX TTOMYTPOBOJHHUKAX THUIIA
A’B® OTKpBIBAIOT GONBIIME TIEPCIIEKTUBHI IS
KOHCTPYHPOBAHHS Ha X OCHOBE HOBBIX IPHOOPOB
C IIMPOKMM CIEKTPOM (PYHKIIMOHAIBHBIX BO3-
MOKHOCTEW. VOHHO-KOBAJICHTHAs! CBSA3b MEXITY
aroMaMH B closiX M ciaboe Ban-nep-BaanbcoBc-
KO€ B3aMMOJICHCTBHIE MEXIY CIOSMH 00YCIIaBIIH-
BAIOT CHWJIBHYIO aHM3OTPOIHIO UX (DH3MYECKUX
CBOMCTB M SBIIFOTCS. OCHOBHOM NPUYMHON
HaOmoaeHusT psaa 3(h(HEKTOB, HECBONCTBEHHBIX
JIPYTUM aHW30TPOIHBIM TONynpoBoAHUKaM. C
JPYroil CTOPOHBI, Onarofaps HaJIWYMIO Malon
IUIOTHOCTH OOOPBAHHBIX CBSA3€H HA MOBEPXHOCTU
cxoma (menee 100 cm?), croucThie momynpoBo-
HHUKU MOTYT UCIOJIb30BaThCsl B Ka4eCTBE TBEPHO-

TENBHBIX MoUIoKeK [1] 11t hopmupoBaHus KBaH-
TOBBIX TOUEK, BhIpalMBaHus (DyJIEPEHOB, TOJIH-
MEpOB, a Takke s moiydeHus Ban-aep-
BaaJIb,COBOW AMUTAKCUU [2-8] MpU M3rOTOBIICHUU
COJIHEYHBIX d7ieMeHTOB [9, 10]. JlerekTopsl peHT-
reHOBCKOro m3nydenus [11], ontudeckue mpeol-
pazoBaren [12], pororpurrepusie npudopst [13]
1 GOTONPHEMHUKH YIbTPaPHOIECTOBOTO, BHIMMO-
ro u omokHero MK-muama3oHOB criekTpa 37eK-
TPOMAarHUTHOTO M3Ty4YEHHUs] HA OCHOBE CIIOUCTBIX
KPHUCTAJUIOB BHITOJIHO OTJIMYAIOTCS OT JPYTHX BbI-
COKOM paJiMallMOHHON CTOMKOCTBIO, MOBBIILIEHHOW
(hOTOUYBCTBUTEIILHOCTRIO M OBICTPOACHCTBUEM
[14, 15]. bnaromapst GONBINON HENMMHEHHON BOC-
MIPUUMYUBOCTH 3TH COSTUHEHUS 00Iaat0T HEJTH-
HEHHO-ONTUYEeCKUMU CBOMCTBAMH, U B HUX OOHa-
pyXeHbl Takue 3(PQeKTrl, Kak TeHepaIysi BTOPOM
TapMOHUKH, JBYX(OTOHHOE TOIJIOIICHHE, Tapa-
MeTpuiecKkas TeHepalysi CBeTa, ONTudeckas Ou-
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CTaOMJIBHOCTB, TEHEPAIMsl JIA3EpPHOTO H3ITyUYEHHs
u T.1. [16-20].

IIpoBeneHHBI TEOPETUUYECKUN AaHAIN3 HA
npumMepe GaSe nokaszaj, 4yTo U3 TepMOIMHAMUYE-
CKHX COOOpaKEHHI BO3MOYKHO CYIIIECTBOBAHHE
HaHOTPYOOK pammycom 40-48 A. Tlosmmee mns
GaSe oHM OBUIM TMONYYEHBI IyTEM JIA3EPHOTO U
TEPMUYECKH HHIYLPOBAHHOIO OTCloeHus. M3-
BECTHO TaKXke O TONy4eHUH HaHoTpyOok (GaSe
IMyTEM HCHapeHust U HKc(oNualuyd OpraHUKON
WIM dYepe3 MEXaHW3M pPOCTa Tap-KUIKOCThb-
TBepaas (a3a B X0J€ TEPMHUYECKOIO HCTIAPEHUS
GaSe mnpu WCMONB30BaHWM HAHOYACTHI] 30J10Ta,
Kak Karajausaropa. YTo ke KacaeTcsi HaHOYaCTHIL
(KBaHTOBBIX TOYEK), TO I MOJTyYEHUS MX ObLI
UCIIONB30BaH DSl METOZOB BBICOKOTEMIIEpATyp-
Horo xumudeckoro cunresa. [Ipu stom D.F. Kel-
ley, V. Chikan momyunnu nanodactuisl GaSe,
uMerore GopMy IHCKa AUaMETpoM 2-6 HM H
TOJIIMHON B YEThIpe MOHOATOMHBIX cios (Se-Ga-
Ga-Se) [3]. Cpemu mMpOKOro CIeKTpa HAaHOMATE-
pUasioB 0co00€ MECTO 3aHUMAIOT HAHOCTPYKTY-
PHUPOBaHHBIE MaTEpUabl JUTsI HAHOXIEKTPOHHKH.
HaHocTpykTypupoBaHue BellecTBa IO3BOJISET
HAaIpaBJICHHBIM 00pa3oM W3MEHSTH CIEKTpP ero
(bH13MKO-XUMHYECKHX CBOMCTB. braromapst stomy
B JIUTEpAType MOSBHJICS TEPMHH TPOTpaMMHUpye-
Masi MaTepHs, KOTOPBIi, B Y3KOM CMBICIIE, MOKHO
TIOHUMATh, KaK CO3JaHIE MaTepPHAIIOB C 33JaHHON
COBOKYITHOCTBIO XapaKTEPUCTHK METOJOM HaHO-
CTPYKTYpUpOBaHus. MHTepec K CHHTE3y MajbIX
YacTHll, HAHOKPUCTAJUIOB Ppa3JIMYHBIX BELIECTB
CYILIECTBEHHO BBIPOC, KOTJa OOHApYyXHJIOCh, YTO
YMEHBILICHHE Pa3MEpOB KPHCTAUIUTOB HUXKE He-
KOTOPOM MOPOrOBOM BEJTMUMHBI MOKET IPUBOUTH
K 3HAUUTESIBHOMY HW3MEHEHHIO KPHCTATNYECKON
CTPYKTYPhI W TIOSIBICHUIO KBAaHTOBBIX CBOWCTB.
KBanTtoBble 3(¢ekTsl HabmonaoTcs Haubosee
OTYETIIMBO, KOT/Ia pa3Mep YacTHUI] COCTABISET Me-
Hee 10uM. Cepuueckast popmMa HaHOKPUCTAILIOB
MIPH 3TOM OYeHb BaXKHA JUTSI JIOCTFDKCHHS ONTH-
MAaJIbHOTO JMCKPETHOTO CIIEKTPa SHEPreTHYeCKUX
YPOBHEN KBaHTOBBIX TOYEK. METOJ] XMMUYECKOTO
OCaXJICHHsI M3 BOAHBIX PacTBOPOB MO3BOJISIET TO-
Jqy4aTb IOJIYIPOBOJHUKOBBIE HAHOKPHCTAILIBI
HAMHOTO MEHBIIIETO pa3Mepa, YeM METOIbI MOoJie-
KYJISIPHO-JTy4€BOM SMUTAKCHU WM JIMTOTrpaduul.
3apoxIeHre 3apoIblei U UX POCT B PacTBOpE

MPU XUMHYECKOM OCAXKJICHUH TIPHUBOJIUT K (hopme
HAHOKPHCTAUTUTOB OJIM3KOM K ChepuiecKor, B TO
BpeMsI KaKk HaHECEHHUE TJICHOK METOJIaMU MOJIEKY-
JSIPHO-JTYYCBOM SIUTAKCHUM WM 3JICKTPOXHUMHUYC-
CKHM OCXKJICHUEM - K HeC(PepUIecKoil.

B naHHO¥M pa®oTe mpecTaBlieHbl SKCIEPH-
MEHTAJIbHBIC PE3YJIbTATHI MOTYYSHUS] HAHOYACTHI
GaSe u rereponepexona GaSe/InSe u nccnenoBa-
HHE UX ONTUYECKHUX U (DOTOTFOMUHECIICHTHBIX Xa-
PaKTEPUCTHK TPH JI1a3ePHOM BO30YIKICHHH.

METOIUKA 9KCIIEPUMEHTA

Hanouactuiiel GaSe ObUIM MOMy4YEHBI Me-
TofoM Xumuueckoro ocaxaenus (M-CBD). Ilpu
ATOM BaXXHYIO POJIb UTPAET U3rOTOBJICHHUE MOJUIO-
JKEK, TTOJITOTOBKA COCTABOB M CaM TIPOIIECC IOy~
yeHus. B kadecTBe 1o toskeKk HaMu ObLIM BBIOpa-
HBI cTeksio u kpuctawibl InSe. Kpucramer InSe
ObUTH BBIpAIICHBI MeTOZIOM bpumkmena. Pazmepsl
KPUCTALTHICSCKIX MTOIJIOKEK COCTaBJISUTA
10x6x0.5 MM, CTEKISIHHBIE MOUIOKKH npeJBa-
PHTENHHO TIIATEIBHO OBUTH OYHITICHBI B PACTBOPE
JXpoMara KaJlusi U CepHOM KHUCIIOTHI, 3aTeM TO-
CII/TIOBATEIEHO TIPOMBIBATUCH B XJIOPHUCTO-BOJIO-
POJTHOM KHUCIIOTE, alleTOHe W MHOTOKPATHO B JIU-
CTWJUTMPOBAHHOM BOZE, a TMOCTE MPOMBIBKU BbI-
CYIIMBAICh B BaKyyMHOM CYIIHJIBHOM IKady.
Tonkue menkn GaSe Ha CTEKITHHOM MOJJIOKKE
BBIPAIIICHBI METOJIOM THIPOXUMUYECKOrO Oca-
JKIIEHUST M3 PAcTBOPA, COAEPIKAIIETO CENeHOCYIIb-
dar nHatpust (NaSeSO3) w  xyopun raums
(GaClz). B kavectBe TNEpBOHAYAIBHOTO CHIPhS
OBLIM HCIIONB30BaHLl 0COOO UYHCTHIC BEIIECTBA:
Se, Ga, NaxSOzu HCI. BHauarne cHHTE3UpOBaIUCh
coemuaeHns NapSeSOsz u GaCls o Hmkeceny-
FOIIUM PEaAKIHSIM:

Na,SO, + Se — Na,SeSO,, )

Ga+3HCI <> GaCL, +§H2

3aTteM OBbLIM M3TOTOBJICHBI BOTHBIE PACTBOPHI Ce-
neHocymb(hara HaTpHs U XJIOpHJIA TSI B COOT-
HOIIICHWH HE00X0TMMOM [T oOpazoBanus GaSe ¢
COCTaBOM, COOTBETCTBYIOIIUM CTEXHOMETpHYE-
CKOMY cocTaBy. B 3TOM pacTtBope MomjIoKKH BbI-
nepxxuBatuck ot 1 no 10 mun. Jlanee, BbipaiiyBa-
HUE HaHoYacTull coequHeHuss GaSe Mpou3BOIM-
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JIOCh 10 CIIEIYIOLIEN IOCIEeI0BaTEIbHOCTU: HC-
TOJTb30BAIUCH YETHIPE EMKOCTHU C SKUAKOCTMU. B
MIEPBOM HAXOAWJICS PACTBOP XJIOPHJIA TaUTUsL, BO
BTOPOW - JUCTWIUIMPOBAaHHAs BOJA, B TPeTbell -
pacTBOp celleHOCyb(aTa HATPUSI U B YECTBEPTOM
TaKoKe TUCTHUTMpOBaHHAs Boja. [loanoxku BbI-
JEP>)KUBAIUCH B 3THUX €MKOCTSIX IOCIIEI0BATEILHO
B Teuenue 20, 10, 15 u 10 c., COOTBETCTBEHHO.
Orot npotiecc nosropsuics 30 pa3 noapsiza. ['ere-
porepexoasl P-GaSe/n-InSe Obui  co3maHBl Ha
ocHOBe HaHouactul] (GaSe, HAaHCCEHHBIX HA TOH-
Kyto TieHky InSe.

B xadecTBe MCTOUHMKA W3ITy4YEHHS UCIIOIb-
3oBasicss uMmynbeHbI Nd:Y AG-nasep co BcTpo-
€HHbIMM TeHepaTtopamMu 2-i U 3-i TapMOHUK,
MpeIHA3HAYEHHBIA Ui TeHepaluuu HM3Iy4eHHs C
mmHOM BonHbl 1064, 532 u 335 mm. lnutens-
HOCTb JIa3€pHOT0 MMITyJbca cocraBisuia 10 He ¢
MaKCHMAJIGHOH MOITHOCTBIO ~12 MBt/cM?. Un-
TEHCHUBHOCTh U3JIyYCHUS] W3MEHSUIaCh MPH MOMO-
I KUTMOPOBAHHBIX HEUTPAIBHBIX CBETOBBIX
¢bunsTpoB. C MOMOIIBIO JIMH3BI MANAIONIMN JIa-
3€pHBIN JTyd (POKYCHPOBAJICSI HA TIOBEPXHOCTH 00-
pasua ¢ quamerpoM 1siTHa ~2.0 MM. CriekTpsbl on-
TUYECKOTO TIOTJIOMIEHHUSI M JIFOMUHECIIEHIIUN Ha-
Houactull GaSe uccie1oBach ¢ UCIIONB30BAHN-
€M aBTOMAaTHYecKoro MoHoxpomaropa MS833 ¢
JIBOMHOM JUCTIepCcHel (CIeKTpalbHOE paspele-
nue ~0,024 um Ha mymmHe BostHBI 600 HM), C KOM-
MBIOTEPHBIM YIIPABICHUEM U JIETEKTOPOM, PETH-
CTPUPYIOIINM H3TyYeHUE B JUATIa30He JTUH BOJIH
350-2000 aM. Perucrpartyist MITyIT6COB (hOTOTIPO-
BOJIMMOCTH TIPOU3BOAMIACH 110 METOJUKE, MO3BO-
JISTFOIIIEH 3aMMChIBATh HA SKPaHE 3alIOMUHAIOIIETO
ocrorpada (Le Croy 9400) oguHOYHBIE HAHO-
CEeKyH/IHbIE UMITYJIbCHI [ 15].

IKCIIEPUMEHTAJIBHBIE PE3YJIBbTATbBI
N X OBCYXJIEHUE

PeHTreHOCTpYyKTypHBIM ~ aHATM30M  yCTa-
HOBJICHO, YTO ITOJYYCHHbIC HAHOYACTHIIBI TIPH-
HajuIekar K f-momudukaimu GaSe (a=3.75 A,
c=15.94 A) c rexcaronanbHoii crpykTypoii. ITpo-
CTpaHCTBeHHasl rpymma cummerpun D6h. Ha oc-
HOBE PEHTTEHOTPaMM OIpPECICHBI pa3Mephl I0-
Jy4YEeHHBIX HAHOYACTHII, KOTOPbIE OKA3ATNCh B HH-
tepBaie 4-20 HM.

N3BecTHO, 4TO MMpPHUHA 3alPEIIEHHON 30HBI
HOJIYIIPOBOJHUKOBBIX ~ HAHOYAaCTUL] pacTeT ¢
yMeHbIlieHueM ux pasmepa. [lo ¢popmyne Jlebaii-
[Iepepa ObLU1a BEIMUCIIEHBI IIMPUHA 3APELICHHON
30HbI HaHo4actul GaSe [21]:

ner’
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@-3aBUCUMOCTD LIMPHHA 3arpelieHHoN 30161 GaSe oT
pa3MepoB HAHOYACTHIL, H-CTICKTP MPOITYCKAHUS HAHOYA-
cruipl GaSe Ha CTEKJISTHHOM IIOJIIOMKKE.
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Ha Puc.1(a) mpezacraBieHa 3aBUCHMOCTb
IIMPUHBI 3anpenieHHoN 30HbI (GaSe OT pa3MepoB
HAHOYACTHII, BHIYMCIICHHONW Ha OCHOBE (DOPMYIIBI
(2). Kax BHIHO U3 PUCYHKA, C YMEHBIIIEHHEM pa3-
Mepa Hanouactuil Eg pacrer ot Benuuunsi 2.02 5B
1o 2.18 »B. Ha Puc.1(6) npezacrasien oauH u3
TUITUYHBIX CIIEKTPOB MPOITYCKAHHUS HAHOYACTHIIBI
GaSe Ha crewitHHON nomiokke. Kak BuaHo u3
PUCYHKa, Kpail MoJoChl (yHIAMEHTAIBHOTO IO-
momeHuss  GaSe  paBeH  JJIMHE  BOJIHBI
A =599 um (hw = 2,07 3B).

VYuuteiBas, uro GaSe sBISETCS MPSIMO30H-

HbIM IMOJIYTIPOBOAHHUKOM, u3 3aBUCHUMOCTH

a’~f(hv) onpenenena mmpuHa 3ampemeHHOM
30HBI HaHO4yacTul (GaSe, KoTopas OKa3aaach pas-
Hot 2.07 3B. D10 BenunHa Egq cooTBETCTBYET Ha-
HOYACTULIE TONMIWMHOW ~7 HM. Takum oOpasom,
TIPUBE/ICHHBIC JIAHHBIE CBUJICTEIILCTBYET O HAIH-
Yyye KBAaHTOpPa3MEpHBIX 3(D(PEKTOB B HAHOYACTH-
nax GaSe.

Ha Puc.2 mnpencraBneHa BONbT-amIiepHas
xapaktepuctuka (BAX) rerepornepexoma  p-
GaSe/n-InSe, co3naHHOr0 Ha OCHOBE HAHOYACTHI]
GaSe, HaHEeCEHHBIX Ha TOHKYIO TuIeHKy InSe. Kax
BUJTHO U3 pUCYHKa, BAX HOCHUT IMOHBIN Xapak-
tep. Koadpunment Bempsamnenue npu U=1 B pa-
BeH 107,

Iy 107 A
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Bonbr-amnepnast xapaxrepucruka (BAX) rerepornepe-
xoza p-GaSe/n-InSe, co3naHHOTO HAa OCHOBE HAHOYACTHI]
GaSe, HaHECEHHBIX Ha TOHKYIO IUIeHKY InSe.

Oco0bIii MHTEpEC TPEICTABISIIOT HCCIIEN0-
BaHUS CIEKTPOB (POTOFOMHHECLIEHIIUH TeTeporie-

pexoma pP-GaSe/n-InSe mpu BO3OYKIACHUH HM-
nyiabcamMu Nd:YAG nazepa 1-oif u 2-of rapmo-
Huk. [leno B ToM, uto mpu BO3OYKaeHHH 1-oi
rapmoHnkoi Nd:YAG na3epa sHEprus JIa3epHOro
n3iyuenus (i =1.17 3B) oka3bIBacTCsl MEHBILIE,
YeM IIMPUHA 3alpelieHHONW 30HBI HAHOYACTHIL
GaSe (E¢g=2.07 3B). [Ipu ocBelieHn# CUCTEMBI P-
GaSe/n-InSe co croponsr GaSe (ITUPOKO30HHOTO
OKHA) MPU BBICOKMX MHTEHCHBHOCTSIX BO30YXKIe-
HUSL C SHEprueH KBaHTa /iw < E , MOXeT nMerh

MecTo aByx(oroHHOE moromenue. 3BectHo,
910 KO3(p(PUITMEHT 0HO(POTOHHOTO TOTJIOMICHHUS
y Kpas cobcTBeHHoro nornouenns GaSe a ~10°
cm?, Torna kak npu AByX(OTOHHOM TIOIVIONIEHUH
a ~102 em™ [22, 23]. TTosToMy M3-32 MAJIOCTH KO-
s¢duimienTa TBYX(POTOHHOTO ITOTJIONICHUSI BO3-
MOXKHO CO3/IaHHE 3HAYMTEIBbHON KOHIICHTPAIU
ANIEKTPOHHO-/ILIPOYHBIX TIap B OOJBIIIOM O0BEME
UCCIIeyeMOoro BelecTBa. VccnenoBanue pekom-
OMHAIIMOHHOTO W3JIyYeHHs], BOZHHMKAIOIIETO IIPU
TAKOM CIIOCOOE CO3/IaHMSI HEPABHOBECHBIX HOCH-
TeJel, TIPEICTABISIET 3HAYMTEIBHBIA HHTEPEC
BBH/Iy TOTO, YTO JIFOMMHECIIEHIIUS B 3TOM CiIydae
UJIET U3 BCETO 00beMa MOYMPOBOJHUKA H TIO-
BEPXHOCTHbIE SIBICHUSI HE CKa3bIBAlOTCA Ha
Ha0JroAaeMbIX 3akoHOMepHOCTsIX. C apyroit cro-
POHBI, TaKOM MeTO/ BO3OYK/IEHHUS aeKBATHO OT-
pakaeT TMPOIECChl M3ITy4YaTebHOW PEeKOMOUHA-
II1H, TIPOTEKAIOIIME B 00BbeMe Tereporepexoaa p-
GaSe/n-InSe.

Ha Puc.3 npezcrasien criekTp GpOTOIHOMU-
HecreHnun crcteMbl p-GaSe/n-InSe, Bo30y:x1ae-
Mmpiii  1-o0if  rapmonmkoit  Nd:YAG-nazepa
(A =1060 um). Kak BHIHO W3 pHCYHKA, CIIEKTP
M3ITy9YCHUS] OXBATHIBACT JIOBOJGHO MIMPOKUH JHa-
nazoH uH BoiH 590-1100 uwM. [o-Hamemy mHe-
HHIO, MaKCHMYM W3JTy4€HHUS, COOTBETCTBYFOIIHIA
JUTMHE BONMHBI A = 606 HM CBS3aH ¢ W3ITydyarellb-
HOW pPEeKOMOMHAIIMEH CBOOOIHBIX SKCHUTOHOB B
GaSe.

OO0 >TOM CBHIETENLCTBYET HAJIMUNE Y3KOU
MOJIOCHI M3ITyYEHHS C TOMYIIMPHHON BCETO JIMIIb
HECKOJIKO aHTCTPEM M PAaCIIOJIOKEHHE TO JIU-
HHMU W3ITy4YEeHHsl OT Kpasi OJIOCHI MOTJIOIIEHUs Ha
0,02 5B B cTOpOHY HU3KUX DHEPIHUIi, YTO COOTBET-
CTBYET SHEPIUH CBSI3H CBOOOJHBIX SKCUTOHOB B
GaSe. HaGmoieHne MHTEHCUBHOTO M3IIyYEHHUS C
MakcumymoM A =1097 M B mH(ppakpacHOil 00-
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JIACTU CIEKTpa, MO-BUAMMOMY, OOYCIIOBICHO aH-
HUTWISIIMEH CBOOOHBIX SKCHUTOHOB, C DHEpPruei
cBsi3u ~25 M3B. CpaBHEHUE CIIEKTPOB U3ITyUYEHHUS,
CBsi3aHHBIX ¢ HaHouyactuilamu GaSe (A = 606 M)
u InSe (A =1097 uM), MOKa3bIBa€T, YTO HHTEH-
CHBHOCTb JIMHUM u3iny4yeHus: GaSe Ha JBa HOpsA-
Ka MEHbIIIE UHTEHCUBHOCTH M3iydenus InSe, 4ro
SBJISIETCS TPSAMBIM  JIOKA3aTEIbCTBOM — HAITMUMS
nByx@otonHoro norinomieHust B GaSe mpu BbICO-
KHX YPOBHSIX BO30YKICHHSL.
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Criextp (QOTONMOMHHECIICHIIH reTeporepexoa p-
GaSe/n-InSe, Bo30yxk1aemblii 1-0ii rapMOHUKO#M
Nd:YAG-nazepa.

Ha Puc. 4 npencraBnen crnektp ¢oTosro-
MHHECIIeHIH cucteMbl p-GaSe/n-InSe, Bo30Yx-

naemoit  2-oit  rapmonukor  Nd:YAG-nazepa
(A =535 um).
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Criektp (GOTOIFOMHHECIICHITUH TE€TEePOTIepexoa p-
GaSe/n-InSe Bo30yK1aeMbIii 2-0i rapMOHKKOM
Nd:YAG-nazepa.

Kax BUHO U3 pUCYHKa, €CITH HE YUUTHIBATH
HE3HAUMUTEJBbHBIM CIBUT CHEKTpa M3JIy4YeHUs, IO-
JIO’)KEHNE MAaKCUMYMOB OCTaeTCsl TAKUM K€, KaK B
crydae  BO30OykIeHuss — 1-0if  rapMOHHMKON
Nd:YAG-nazepa. OnHako, B 3TOM cily4ae u3-3a
CWIBHOro nornouieHus B oonactu GaSe MHTEH-
CHBHOCTb M3JIy4€HMsl OKasbiBaercsi ~ B 10 pa3
00JIbIIIE 110 CPABHEHMIO C U3Iy4YEHUEM B 00JacTu
InSe. Takum 00pa3zoM, NpUMEHSSI METO/Bl BO3-
OyxneHust 1-oif ¥ BTOpPOM TapMOHHKOW Ja3epa,
MO>KHO MEHSTh HHTEHCUBHOCTH W3IIy4YEHHUS, MPH-
HaJJIeXallye pa3HbIM KOMIIOHEHTaM rereporepe-
xoma p-GaSe/n-InSe. [IpoBeneHHbIC SKCIIEPUMEH-
Thl MOKA3bIBAIOT, YTO KPOME SKCUTOHHBIX IHMKOB
m3IydeHus: B rereporiepexomax p-GaSe/n-InSe
npu Bo30YXIEeHUM 1-0if TapMOHHMKOH J1a3epHOro
M3ITy4eHUs] HE OOHApYy)XEHBI W3ITy4YCHHs, CBSI3aH-
Hble ¢ JeeKTaMy, JUCIOKAIMAMU WM JpYTUMU
HEOJTHOPOTHOCTSIMHU, OOBIYHO BCTPEYAIOIIUMUCS B
IIMPOKO30HHBIX MOTYTIPOBOTHUKAX.

XapakTepHbIMH OCOOEHHOCTSIMM 00JIa1atoT
KpUBBIE penakcau (OTOTOKA CHUCTEMbI -
GaSe/n-InSe npu  Bo3OykmeHun 1-off u 2-oi
rapMoHuKo# nazepa (Puc.5). [Ipu Bo3Oyxnenun
BTOPOM FapMOHUKOM JIa3€pHOT0 U3JIyYEHUsI BpEMs
penakcanuu cocrasisier 1,5 Mkc (Puc.5,a). Takoit

ObICTpbIi  cmag  (OTOTOKA,  MO-BUAUMOMY,
O0yCIIOBJIEH  HaJMuuMeM  OBICTpOro  KaHaia
pexomOuHarmn B GaSe. OpHako, KpuBbIE

penakcani (OTOTOKA MpH BO30YXKIEHUM 1-0if
TapMOHHUKOM J1a3epHOTO M3ITYyUEHHUS 3HAUUTEIHLHO
OTJIMYAIOTCS. OT KPUBBIX, HAONIONAEMBIX TIpU
BO30OY)K/IEHUM 2-O TapMOHHUKOHM  J1a3epHOro
manyuenust (Puc. 5,0). B stom ciydae, Bpems
peraKkcali HAMHOTO TIPEBBIIIACT BEIUYUHY TPU
BO3OY)K/ICHUH W3JIIyYeHHEM KBaHTa C DSHEpruen
2.34 5B. Tlo-HameMy MHEHHIO, TaKOE TIOBEJICHUE,
B TEPBYIO O4Yepelb, OOYCIOBICHO OOBEMHBIM
BO30OY)K/IEHUEM  HUCCIIelyeMbIX cucrteM. Bo-
BTOPBIX, HEOOXOJMMO YYeCTh, YTO B CIIOMCTBIX
kpuctamiax Tuna (GaSe Hammune Je(eKToB
VITaKOBKA TIPUBOJIAT K JIOKaJIN3aIH
AIIEKTPOHHBIX BOJTHOBBIX byHKIIMN B
HalMpaBJIeHUX TEPIEHANKYISIPHO CIIOsSM.  JTa
JIOKAITM3AIIUS AJIEKTPOHHBIX BOTHOBBIX (DYHKIIUH B
GaSe, ckopee Bcero, MPOUCXOAUT HA HAWBBICIICH
BEpIIMHE BAJICHTHOM 30HBI W HAWHU3IIEM JHE
30HBI MPOBOJAMMOCTH. JTO  OOCTOSATEIHCTBO
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NPHUBOJUT K TOMY, YTO HEOCHOBHBIC HOCHTEIH,
TeHEPUPOBAHHbIE JTa3ePHBIM H3TydEHHEM, JOJDK-
HBI [IPEOJIONIETh MMOTEHIHAIBLHON Gapbep BEITHUH-
Hoit ~(50-100) MaB.
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Kpueble penakcaiuu (poToToKa B rereporepexoze p-
GaSe/n-InSe, Bo30y»k1aeMo#i 2-0if rapMOHHKOIA (a) 1
1-oit (xpuBas 6) Nd:YAG-nazepa.

3AK/IIOYEHHUE

MeTonoM XMMHUYECKOTO OCaXIEHUS Ha
CTEKJISTHHOM TIO/TOXKKE M Ha KpucTtawie INnSe ObI-
M Tody4yeHbl HaHowacTuibl GaSe. PentreHo-
CTPYKTYPHBIM aHAJIM30M OIPEIEIEHbl pa3Mepbl
HAHOYACTHL, Pa3Mepbl KOTOPHIX OKa3aluCh B MH-
tepBaie 4-20 aM. B nHanouactuiax GaSe oOHa-
pyxeH KBaHTOpasMmepHblid 3ddexr. C ymeHble-
HHMEM TOJIIMHBI HAHOYACTUIL] IIMPHHA 3alpeleH-
HoH 30HBI GaSe yBemuuuBaercs or 2.02 3B no

2.18 3B. Meromamu oHO(OTOHHOTO U ABYX(O-
toHHOro B030OykaeHust Nd:YAG-maszepa skcrie-
PUMEHTAITLHO HCCIICIOBAHBI CIIEKTPHI JTFOMUHEC-
HeHmnuu rereporepexoma p-GaSe/n-InSe u moka-
3aHO, YTO HAOJIONAeMble JIMHUU W3JTyYeHHUS TMpU
JuiHE BOJIHBI 606HM 1 1097 HM 00yCIIOBIICHBI U3-
Jy4aTeNbHON PEeKOMOWHAIMEH CBOOOJHBIX IKCHU-
TOHOB. OCOOEHHOCTH, HAOJIOaeMble B KPUBBIX
penakcanu (POTOTOKA, MOTYT OBITh OOBSICHCHBI
HaJIM4YMeM OBICTPOro KaHajda PEKOMOMHALUH U
SHEPreTHYECKOro Oapbepa B 3alpeIleHHON 30HE
TMOTYTIPOBOJAHUKA.
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LAZER SUALARININ TOSIRI iLO GaSe NANOSTRUKTURUNUN VO GaSe/InSe HETEROKECIDININ OPTIiK
UDMA VO LUMINESSENSIYA SPEKTRLORI

V.M.SALMANOV, 9.H.HUSEYNOV, H.B.IBRAHIMOV, M.B.COFOROV, R M\.MOMMODOV,
F.S.OHMODOVA, T.A.MAMMODOVA

Uc harmonikaya (1064, 532 vo 335 nm) malik olan Nd:YAG lazer siialarmm tosiri ilo GaSe nanostrukturunun vo
GaSe/InSe heterokegidinin optik udma vo liminessensiya xassalori tacriibi olaraq tadqiq edilmisdir. GaSe nanozorraciklorinda
kvantolgiilii effekt miisahido olunur. Bels ki, nimunolorin galinhigimin 4 nm-o godor Kicilmasi gadagan olunmus zolagmn eninin
2.19 eV-a godor artmasma sobob olur. Gostorilmisdir ki, GaSe/InSe heterokegidlorinds miisahido olunan rekombinasiya
stialanmas1 sorbost eksitonlarla slagodardir. Fotocoroyamin relaksasiya oyrilori bu birlogsmolordo mévcud olan  siratli
rekombinasiya markazlari ilo izah oluna bilar.

ABSORPTION AND LUMINESCENCE SPECTRA OF A GASE NANOSTRUCTURE and GaSe/InSe
HETEROJUNCTION UNDER LASER EXCITATION

V.M.SALMANQV, A.G.GUSEINQOV, H.B.IBRAHIMOV, M.B.JAFAROV R.M.MAMEDOQV,
F.Sh.AKHMEDOVA, T AMAMEDOVA

The absorption and luminescence spectra of a GaSe nanostructure and a GaSe/InSe heterojunction were experimentally
studied when excited by radiation from a pulsed Nd:YAG laser with built-in generators of the 2nd and 3rd harmonics, designed
to generate radiation with wavelengths of 1064, 532 and 335 nm. It has been shown that as the thickness of GaSe nanoparticles
decreases, their band gap increases. The recombination emission observed in the luminescence spectra of the GaSe/InSe hetero-
junction is associated with free excitons. Studies of photocurrent relaxation curves in the GaSe/InSe system show the presence of
a fast recombination channel and an energy barrier for nonequilibrium carriers generated by laser radiation.
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REFERAT

Induktiv olageli plazmali kitlo spektrometrindon istifads
etmoklo bark siixurlarin torkibinde olan karbohidrogen
gazlarmmm vo mikroelementlorin  gazma darinliyi  Uzra
paylanmasi Oyronilmisdir. Naticolordon malum olur ki,
karbohidrogen qazlar1 vertikal migrasiya olur vo ntifuz edon
sularm vo holl olunmus qazlarm tosiri altinda siixurlarn
torkibi va xassalori dayisir vo onlarda gismon dolomotizasiya
prosesi bas verir. Aparilan todgigatlar osasinda yatagin
kasiyini togkil edon siixurun dayismo darocasini, oradaki
karbohidragenlorin paylanma xarakteri hagqinda malumat
almagq mimkindir. Bu effektin nozors alinmasi neft vo gaz
yataqlarinin axtarigt zamani prognozlasdirmanin etibarliligmi
artirmaga imkan verir.

GIRIS

Artiq uzun illordir ki, karbohidratlarin (KH)
yerlosdiyi yataglar yiiksok sohihlikls tayin etmok
ticlin “birbasa” adlanan tsullardan istifado edilir.
Bu Usul neft vo gaz yataglarmn yerlosdiyi regio-
nun ona maxsus olan slamatlorinin askarlanmasina
osaslanmigdir. “Birbasa” Usullarm tarixinin 40 il-
don artiq olmasina baxmayaraq bu Usulun totbiqi-
nin moarhoalaliyi vo doagiqgliyi gostarilon kriteriyalara
tam cavab vermirdi. Lakin bu usuldan istifadonin
osas sobabi halo ki, bu sahodo yiiksak dagiglikli
metodlarin genis tothiq tapilmamasi idi. Ona gora
do qazilan har 10 kosfiyyat quyusundan on yaxsi
halda 2-3-U mohsuldar olurdu.

Hal-hazirda neft vo qaz yataqlarmim progno-
zunun birbasa tisulla aparilmast iki yolla mimkun-
dar:

1. Hazir geoloji Xaritalor vo mahsullar (sliflar,
stixurlarin mineral torkiblori va S.) asasinda axtaris-
gazintt islorinin (yeralt: geologiya) aparilmast;
2. Yer(stl vo ya mosafodon mobil, birbasa tisul-
larinin vo seysmokasfiyyat islorinin kdmayi ilo
askar olunmus neft yataqlarinin lokallagdirilmast.

“Birbasa” iisullarin yuxarida gostorilon Us-
tunlukloro malik olmasina baxmayaraq bu Gsulla
goyulan prognozlarin sohihliyinin tamin olunmasi
cox catindir. Tatbiq sahasindan va cografi yerindon
asili olarag onlarm bu tisullar vasitasilo detallagdi-
rilmasi farglidir. Ayri-ayrt miolliflorin hesablama-
sina gora ¢okilisin aparildigi noqtalor hor km vo ya
km?2-do miixtalif olur. Masalon, axtaris quyularmin
naticalarinin malum va malum olmayan montags-
lorinds “birbaga” tisullardan istifado etmok mim-
kundur.

Hazirda tatbiq olunan kosfiyyat tisullar1 neft
Vo batum maddoloarinin, karbohidrogen qgazlarinn,
bork siixurlarin v siixurlarin tomork{izlogsmis saho-
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lorinin analizins asaslanmigdir [1]. Bu zaman ilkin
morholado Ust gatin 50m darinliyinds gaz karotaj
Usulu ils karbohidrat gazinin varligi yoxlanilir[2].

Sonralar geokimyavi Usulla yer gatmimn
muxtalif hissalorinin miqrasiyast vo akkumulyasi-
yast Vo anomal yigilmasi hesabina amalo golon
KH-in dyranilmasi mihim yer tutmusdur. Bu za-
man osas mosalo migrasiya olunmus KH stixurlari-
nin torkibinin dayismasi idi. Bu clir 6lgmalar yeni
tisullarin vo vasitolorin iglonmasi hesabina meyda-
na ¢ixdi. Hal-hazirda boazi stixurlarn torkibinin
molekulyar vo atomar saviyyada dyranilmasi sul-
lar1 iglonilmisdir. [3]

Neft vo gaz yataqlarinin axtarisi vo kosfiyya-
tinda geokimyavi gostaricilor kifayst gador molu-
mat dasidigi Uclin bu Gisuldan genis istifads olunur.

Moagalods neft vo gaz yataglarinin kosfiyya-
tinda prognozlarn sohihliyini artirmaq mogsadi ilo
geokimyavi malumatlarin emali {igiin induktiv ala-
goli plazmali kiitlo spektrometrinin imkanlarindan
genis istifadonin mimkunliyu gostorilmisdur.

NOZORI HiSSO

1. KARBOHIDRATLARIN MIQRASIYASININ
TOSIRI ILO SUXURLARIN TORKIBININ VO
XASSOLORININ DOYISMOSI. KH qazlarinin
yataqdan miqrasiyast zaman diffuziya-filtrasiya
prosesi yatagdan olan mosafadan asili olaraq ko-
siyi toskil edon stixurlarm torkibine vo Xususiyyat-
lorina mixtalif clir tasir gostars bilor [4].

Geoloji middoat dovrinds formalasan yataq
tektonik proseslor naticasinds muxtalif fluidlorin
(CnHan+1) miqrasiyas1 zamani miixtalif yollar kegir.
Bu yollarn trayektoriyasi dorinlikdan, yiiksok do-
rocads minerallasmis sulardan va suda hall olmus
sorbast karbohidratlara godor bir gox miuhitdon
kecir. Bu zaman stixur adstan magnezium, biokar-
bonat, yod, brom va CO- soklinds suda hall olun-
mus miixtalif elementlorlo zanginlasmis olur. Bu
zaman stixurlardan kegen sularin tasiri altinda qaz
mubadilasinin ¢atin getdiyi zonalarda bazi doyisik-
liklor bas verir. Sixurun torkibinin va xassasinin
doyismoasinds CO; qazt mithiim rol oynayir. Bu
zaman onun daxilindo CO2 konsentasiyast asason
asagidaki barabarliklo tanzim olunur

Ca(HCOz), — CaCOsz+ CO2+H0. (1)

Suda COgz-nin yiiksak miqdar (1) reaksiya-
sim sola dayisdirir, bu zaman pH azalir, CO2 suda
azalmasi reaksiyani saga dogru dayisir Vo noticads
pH yiksalir. Bu cir hidrodinamik zonalarda KH-
larin siixurlarla garsiligh tasiri onlarada CO> gazi-
nin Vo digor maddolarin amolo galmasina sobab
olur va bu maddalor yuxari hidrokimyavi zonaya
miqgrasiya edir. Bu zaman qrunt sulari zonasinda
migrasiya olunan CO slxurlart “tutulur” vo mig-
rasiya olunan karbohidrogen selinin stixura tosiri
zoiflayir, CHs vo KH aerob bakteriyalari ilo oksid-
losarak killi migdarda CO2 amoals gatirir. Naticods
stixurda onu taskil edan Cu, Si, Mg, Na, Ka, Fe va
digar elementlorin konsentrasiyalari doyisir.

Beloliklo, demok olar ki, butiin geokimyavi
zonalarda siixurlarin ham element, ham do mineral
torkibi shomiyyatli daracads dayisir, bu da stixurun
fiziki xassalorinin doyismasina gatirib ¢ixarir.

Qeyd edak ki, stixurlarin element torkibinin
doyismosi onlarda Fe, Mn, V, Ni, Cu, Ca, Si,
U(Ra), Th, K, Al, Na, Ti elementlorini 6yranmoklo
barabar onlarin nishstini do aragdirmaq vacibdir:
Fe/Mn, VITi, Mn/Cu, Th/U(Ra), Ca/Si.

N6vboti marhals stixurlarda minerallarin tor-
Kibinin aragdirilmasidir. Bu zaman muxtalif Gsul-
larla, o climladon yiiksok hassashga vo ayirdetmo
gabiliyyatino malik mdiasir kitlo spektrometrinin
komoayi ilo stixurun element torkibi Gyronilir va
oradaki elementlorin miqdart hesablanir. Bu za-
man hesablamalar litoloji-petrografik kasiklorls si-
Xurlarin ikinci dayismesinin (dolomitizasiyanin)
zonalarim aydimlagdirir. Bu hesablamalar stixurla-
rin migrasiya olunan fluidlorin siixurlarla qarsiligh
tosiri naticasindo doyismo intervallarini agkar edir.

Oldo olunan naticalor fliidlorin stixurlara
tosiri haqqinda molumatin Sahihliyine kémok edir.
2. DOLOMITIZASIYA. Dolomitizasiya yatagin
deformasiya metasomatik cevrilmasinin osas fak-
torudur [5]. Siixurlarm deformasiya metasomatik
cevirmalori adston onlarin ikinci siixur gevirmolo-
rini 0zindo birlogdirir. Deformasiya cevirmolori
dedikdo karbohidrogen strukturunun va hacminin
doyismasi hesabina fllidlorin dayismasi nozards
tutulur ki, bu da 6z ndvbasinda onlarmn ikinci dofo
minerallagsmasina gatirib ¢ixarir (ikinci dolomitiza-
siya prosesi). Deformasiya gevrilmalori 6z nbvbo-
sinds bir-birini avaz edon 4 morholods bas verir:
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1) siixurlarin deformativ doyisikliklori vo yatagin
formalasmasi1 zamani ikinci minerallasma
dovrinds;

deformativ dayismolords siixurun dayismasi
Vo minerallagmasi (muxtalif tektonik proseslo-
rin bag vermasi naticasinda);

karbohidrogen yataglarinin istismart prose-
sinds slxurlarin deformativ doyismolori vo
yeni minerallarm amalo golma moarholasi;
karbohidrogenin islonmasi prosesinin sonun-
da vo ikinci minerallasma prosesi qurtardiq-
dan sonraki dévrds yaranan deformativ doyi-
sikliklorin yaranma dovru.

Qeyd edok ki, A.I.Perelmanin [6] fikirinco
metasomatik ¢evrilisin tabioti cox murakkabdir. O,
bu gevirilmalors asagidaki kimi baxir.

Yatagin yaranmasinda osas rol oynayan
ikinci yaranan cuxurlar yer qatinin miioyyan
yerinda sort dayison Vo gucli migrasiya edan
oksigenin varlig1 tiziindon silfid, oksigen, galovi
tursular sorbsiya vo termodinamik maneslor yara-
dir. Suyun temperaturunun Vo tozyiqginin artmast
naticasindo metasomatik proses bir ne¢a kilometr
dorinlikdo vo daha intensiv bas veracokdir. Onun
fikrinco yatagin yerlosdiyi yers yaxin orazido tok-
rar guxurlarin yaranmasi kimyavi elementlorin in-
tensivlosdiyi yerlordo daha tez-tez bag verir. Vant-
Qoffiya gora temperaturun har 100°C giymoti ele-
metlorin kimyovi reaksiyasmn siiratini 2 dofo
artirir.

Todgigatlar gostorir ki, dolomitizasiya pro-
sesi bir nega hofto va ya bir negs ay orzinds yarana
bilor. Qabul olunmusdur ki, karbonatlarm omolo
golmoasi karbonat reaksiyalar1 vo okean sistemindo
karbonat-hidrokarbonat reaksiyalarmin tarazhig
hesabina yaranir.

Belaliklo, siibut olunmusdur ki, dolomitiza-
siya prosesi bir ne¢s saat arzinds bas verir. Dolo-
mitizasiya zamani suxurun hacmi 12,3% azalir [7].

2)

3)

4)

TOCRUBOLIORIN METODIKASI

Tocrubalor induktiv slagali plazmali kiitlo
spektrometrik tisulla aparilmisdir. Argon plazmasi
atmosfer tozyiqi vo arqon qazi hesabma oldo
olunmus, elementlarin analizi isa kvadrupol kitls
analizatorunun kémoyi ilo aparilmisdir [8,9]. Bu
usul son vaxtlar nadir vo sopilon elementrlorin

torkibinin  Oyronilmasinds genis istifado olunur.
Is¢i qaz kimi tatbiq olunan arqon qazmin segilmosi
onunla izah olunur ki, elementlorin dévri sistemin-
do maddslorin ionlasma potensiali arqonun birqat
ionlagsma potensialindan asagidir. Mahz bu sabab
tobistdo malum elementlorin 80% analiz etmays
imkan verir. Bu Usulun asas Ustlinlilyd, onun ha-
ssaslig1 vo genis dinamik diapazona malik olma-
sidir.

Induktiv slagsli plazmali kiitlo spektrometri
adston suda hall olan obyektlorin Gyranilmasi tgln
totbig olunur. Bark maddoslorin todqiqi zamani
nimunalar avvalcadan tursuda hall olunur. Bunun
Ucln adston 2-5%-li nitrat tursusundan istifado
edilir. Bu zaman nimunonin halledicido miqgdart
0,2-3%-don ¢ox olmamalidir. NUmuna hazirligt
asagidaki tisulla hoyata kegirilir[9]:

Kolbaya 1g kern maddssi goyularag 10ml
nitrat vo ya xlor tursusunda hall edilir (1:1 nisbs-
tindo). Alinan moahlul 15 dagigs arzinds gaynama-
ga imkan vermoak sorti ilo qizdirilir. Bundan sonra
hamin kolbaya 5ml gati1 (65-70%) nitrat vo ya xlor
tursusu alava edib yenidon gqaynamaga imkan ver-
moak sorti ilo 15 dogigo qizdirilir. Bu zaman tursu
onun buxarinin gahvayi rongi itona godar olavo
edilir. Sonra iso gaynama prosesi dayanana Vo
amala galon mohlulun hacminin 5ml-o gador aza-
lana gador ona 2ml su, va 3ml H2O: olava edilir.
Bu zaman mohlulun son hacmi 5ml-dan az olmur.
Mohlul sentrifugada filtrdon kegirdikdon sonra
hacmi 100ml olan kolbaya tokulorak induktiv
olagoli plazmali kiitlo spektrometrindo analiz
olunur.

ALINAN NOTIiCOLOR VO ONLARIN
iZAHI

Sokil 1-dos karbohidrogenlarin darinliys goro
paylanmasinin  xromatoqrammast  verilmisdir.
GOzlonildiyi  kimi  dorinlik artdigca  suxurun
karbohidrat gazlarmin (xiisuson Ci5-Cig) Suixurda
adsorbsiya olunmasinin miqdari da artir.

Sokil 2-do yatagmm miixtalif hundurltikle-
rinds siixurlarin element torkibi verilmisdir (dorin-
lik 900-2145m araliginda doyisir). Sokildan gorin-
diyd kimi, mikroelementlorin nishati do doyisir.
Qeyd edok ki, bazi elementlorin (masalon Mg, Al,
Mn, Fe, Cu, Sn) hundirliyina gbro doyismasi
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migrasiya olunan qazlarm torkibinin doyismosini  Lakin migrasiya olunan KH-in siixurlara
sanki tokrar edir. Tozyiq altinda migrasiya olunan  (bakteriyalarin kémayi va ya radioaktivliyin tosiri
karbohidrogen qazlarnin vo siixurlarn hom  altinda) tasirini gobul etmak olar. Cox ehtimal ki,
torkibinin, hom do fiziki-kimyavi xtsusiyyatlorinin -~ bu tisul yaxin golocokdo kompleks geokimyavi
doyigmosi arasinda (XUsuson asagi temperaturda)  {sullar sirasinda 6ziing layiqli yer tutacaqdir.
birbaga slagonin olmasmi tosdiq etmoak catindir.
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Miixtslif darinliklordan gotiiriilmiis siixurlarin kiitlo analizatoru vasitesils aparilan analizin naticalari.
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Belalikla, yatagdan saquli miqgrasiya olunan
SU Vo qazlarn tasiri ilo siixurlarda asagidaki doyi-
siklor bag verir:

Ca vo Mg ionlar arasinda gedan ovozetms
reaksiyast zaman1t Mg ionu kalsium-karbonatin
kristal gafasins daxil olur, basqa s6zls ikinci dolo-
mitizasiya bas verir. Bu zaman suxurun kollektor
xUsusiyyati artir ki, bu da sixurun migrasiya
olunan gazlarinin konsentrasiyasinin artmasina go-
tirir.

Suxurun tarkibinin va xtsusiyystinin doyis-
masing asas Sabob CO,-dir. Onun konsentrasiyasi
ohamiyyatli doracads artir ((1) disturuna asasan).
Geoloji middat arzinds davam edon tektonik pro-
seslor naticosinds fltidlorin (su vo digor KH-lorin)
miqrasiyasi ligiin “yollar”” amola golir. Bu yollarin
komoyi ilo Ust tobagodoki hall olmus vo sorbast
KH-lor yuxari gatlara y6nalir. Bu o zaman bas ve-
rir ki, sular Mg, J, Cu, Br, Zn, Pb, Th vo digor ele-
mentlorlo zoangin olmagla yanasi hom do CO-do
hall olmus olsunlar.

Geoloji kosfiyyat islorindon fargli olaraq
geokimyovi iisul yatagin iizarinds gaz sahalorinin
paylanmasinin gqanunauygunluglarmma asaslanmus-
dir. Bu sahalarin xususiyyati bir todgigat obyekti
kimi geokimyavi kosfiyyatin naticalorinin (izorino
yalniz ona moxsus olan yeni bir masuliyyat qoyur
(masalon mikroelementlorin varligr) [10,11]. Neft
Vo qaz yataglari iizorindoki sahado KH qazlarmin
konsentrasiyasi dorinlik artdiqca artir vo onlarin
torkibi yataga yaxmlagdiqca yatagin torkibino
yaxmlagir. Bagqa s6zlo, geokimyavi axtarig tisulu-
nun agkar etdiyi yeniliklor artdigca (daha dorinlik-
lora getdikca) alinan naticalor do bir 0 gadar gona-
otbaxs olur.

Bir ne¢o s6z gazma darinliklords siixurlarin
torkibinin doyismoesi haqqmda demok olar. KH
gazlarmin vo radiodalgalarm siixurun torkibing
tosiri realdir. Malumdur ki, geoloji miiddat orzinds
yatagin amalo galmasinds sonraki tektonik proses-
lor stixurda sarbost KH-in va suyun miqrasiyasini
asanlagdirir [12,13]. Sular adston magnium, bikor-
bonat va hall olmus digor elementlorlo yanas1 CO>
(bazon H.S) ilo doymus olur. Bu zaman siixurda

suyun Vo holl olunmus qazlarin tosiri altinda
doyisikliklor bas verir. Ca vo Mg elementlorinin
yuxarida geyd etdiyimiz oavazolunma reaksiyasi
naticasindo Mg elementi Ca karbonatin kristal qo-
fosina daxil olur vo dolomotizasiya prosesi gedir.
Belaliklo, bitiin geokimyavi zonalarda siixurun
hom mineral, ham element, hom do fiziki xassasi
doyisir. Bu doyisikliklorin asas sobabi neft vo qaz
yatagindan qgalxan flliid vo qazin qarsiligh tasiridir.

NOTICO

1. Neft-qaz yataglarinin geokimyavi Kasfiyyati
Usulunun asasinda yataqdan qalxan karbohid-
ratlarin  (KH) vertikal miqrasiyast zamani
onlarin karbohidrogenlarin siixurlarla qarsilig-
I1 tasiri durur. Bu zaman siixurlarin ham fizi-
ki-kimyavi, hom do torkibi kifayst doracodo
doyisir. Defarmasion-metosomatik gevrilmasi
naticasindo (dolomitizasiya) stxurlar yatag-
dan olan mosafodan asili olaraq miixtalif doyi-
siklikloro maruz galir.

Geoloji middat (ylz illor) orzinds taktonik
prosseslorin naticasinda bir gox flyuidlor Ggiin
vertikal (bozon do super vertikal) migrasiya
yolu amala galir va yiiksok daracada mineral-
lasmis su yuxartya dogru miqrasiya edir. Bu
zaman dayismo reaksiyasi naticasinds Ca va
Mg ionlar1 karbonat ionlarinin kristal qofasina
daxil olaraq dolomit CaMg(CQOs). amalo goti-
rir, siixurlarin kollektor xiisusiyyati Vo onlarda
miqrasiya olunmus karbohidrogen gazlarmmn
konsentrasiyasi artir.

Stixurlarin istar Xassalarinin, istarsa da torkibi-
nin doyismasinds karbon gazi boyiik rol oyna-
yir. Karbon gqazmmn konsentrasiyast Ca
(HCO3)«>CaC03+CO2+H20O reaksiyasi ilo
tonzim olunur. Naticado stixurlarda onlar
togkil edon Ca, Si, Mg, Na, K, Fe,Ni, Cu vo
digar elementlorin konsentrasiyalari doyisir.
Aparilan todgigatlar osasinda yatagin kasiyini
togkil edon slixurun dayismo doracasini, ora-
daki karbohidratlarin paylanma xarakteri haqg-
qmda moalumat almag mimkundar.
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