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DARCIN ALDEHIDI 9SASINDA (E)-1-((E)-1,1-DIXLORO-4-
FENILBUTA-1,3-DIEN-2-iL)-2-ARILDIAZENLORIN SINTEZi

S.AIBRAHIMOVA, AM.MOHORROMOYV,
N.Q.SIXALIYEV, G.T.ATAKISIYEVA, N.V.QURBANOVA,
Baki Dévlat Universiteti
gulnar.suleymanova.911@gmail.com

Tarafimizdan dar¢in aldehidi asasinda (E)-1-((E)-1,1-dixloro-4-fenilbuta-1,3-dien-2-
il)-2-arildiazenlor sintez edilmis, birlosmalorin qurulusu NMR metodu ilo miiayyan edilmis-
dir. Bu zaman reaksiya mahsullarinin S-sisoid va S-transoid formada izomerlarin alinmasi
istigamoti iizro getdiyi miiayyon olunmusdur.

Agar sozlor: diklorodiazadienlor, dar¢in aldehidi, S-sisoid vo S-transoid konfor-
merlor

Polifunksional birlasmalorin sintezi, onlarin quruluslarinin va xassale-
rinin 6yranilmasi zorif iizvi sintezin son illords daha otrafli 6yranilon istiga-
motlorindon biridir. Bu baximdan CuCl katalizatoru istirakinda benzaldehid
toromalarinin N-monooavazili hidrazonlarinin polihalogenmetanlarla (CCly,
CBry) reaksiyasindan dihalogendiazabutadienlorin Sintezi, onlarin qurulus-
lariin RQA metodu ilo todgiqi vo miixtalif tip birlogsmalorin sintezinds is-
tifado olunmasi praktiki vo nozari cohatdon maraq kasb edir (sxem 1) [1-6].
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Sxem1l. Dihalogendiazadienlorin sintezinin imumi sxemi.



Todgiqgat naticasinds NMR va RQA-dan alinan naticalor gostormis-
dir ki, reaksiyada alinan dihalogendiazadienlor yalniz E-izomer qurulusa
malikdir. 1 sxemi lizra torafimizdon ¢oxlu sayda dihalogendiazadienlor sin-
tez edilmis vo onlarin hamisinin E-izomers aid olmasi 6z tasdigini tapmis-
dir. Misal ti¢iin bazi dihalogendiazadienlorin molekulyar quruluslarini gos-
tormok olar (sokil 1).
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Sok. 1.Dixlordiazadienlorin molekulyar quruluslari

Dihalogendiazabutadien toromolorinds qosulmus diazadien sisteminin
olmasi onlarin diazoboyalarin yeni sinfi kimi totbiginds [7,8], heminal ha-
logen atomlarmin iso miixtalif nukleofil reagentlorls reaksiyasindan hetero-
tsiklik birlosmalorin (azido triazollar, a-keto efirlori vo digor azot torkibli
heterosiklik birlosmalar) alinmasi bu aragsdirmanin na gadar doyarli olma-
sindan xabar verir va bu istigamotdo elmi todqgigatlarin aparilmasina ehtiyac
oldugunu gostarir (sxem 2) [9-11].
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Sxem 2. Azidotriazollarin vo a-ketoefirlorin sintezinin imumi sxemi

Owvalki todgigatlarda bu reaksiyalarda bazi hallarda miioyyan kanara
cixmalarin oldugu torofimizdon miioyyan edilmisdir. Misal olaragq CBrs-lo
aparilan reaksiyalarda dibromdiazadienlo yanasi dibromvinil benzolun alin-
masi [12] vo yaxud da aldehid vo hidrazin fragmentinds olan funksional
gruplarin reaksiyanin istiqgamatine tosiri [13-21], salisil aldehidi ilo aparilan
reaksiyalarda alinan birlogsmolorin davamsiz olaraq otaq soraitinds qruplas-
ma reaksiyalarina daxil olaraq benzofuranon téromosine ¢evrilmosini gos-
tormak olar [22].

Yuxarida qeyd olunanlari nozars alaraq ilk dofo olaraq doymamis
aldehid - dar¢in aldehidlo bu istigamotds todqiqatlar davam etdirilmisdir.
Bunun igiin dar¢in aldehidinin miivafiq fenilhidrazinlorlo reaksiyasindan
miivafig N-monoovazli hidrazonlar1 (1-5) sintez edilmis vo sonungularin
CCly ilo reaksiyasindan (E)-1-((E)-1,1-dixloro-4-fenilbuta-1,3-dien-2-il)-2-
arildiazen téromalori olds edilmisdir (sxem 2).
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(E)-1-((E)-1,1-dixlor-4-fenilbuta-1,3-dien-2-il)-2-arildiazen

Sxem 3. Dargin aldehidi ssasinda
(E)-1-((E)-1,1-dixloro-4-fenilbuta-1,3-dien-2-il)-2-arildiazenlarin sintezi.

Alman birlosmaenin qurulusundan goériindiiyli kimi molekula iki qo-
sulmus dien- va vinil fragmentlorindan ibarat oldugu ii¢lin birlasmoanin S-



transoid va S-sisoid formada olmasimni toxmin etmok olar. Bela ki, har iki
halda molekuldaxili (xlor-hidrogen vs azot-hidrogen) hidrogen rabitslori he-
sabina alt1 iizvli tsiklin amalo golmasi mohlulda hor iki davamli konfor-
merlarin olmasi ehtimalin1 artirir. Qeyd edok ki, vinil fragmentindoki pro-
tonlarin NMR spektrinds signallarinin zsif sahays siirligmosi deyilon hidro-

gen rabitalorinin amals galmasi ilo izah etmak olar.
Ph

H Cl

S-transoid S-sisoid

(E)-1-((E)-1,1-dixloro-4-fenilbuta-1,3-dien-2-il)-2-fenildiazen

10 birlosmosinin *H NMR spektrinin todqiqi zamani orada hor iki
izomerin oldugu miiayyan edilmisdir (sokil 3). Qeyd edok ki. NTX—da on-
larin R¢-lori, demak olar ki, tist-lista diisiir. Miixtalif nisbatds eliiyentlardan
istifado etdikds bels kalonka xromotoqrafiyasinda bu izomerlari bir-birindan
ayrrmaq miimkiin olmamisdir. Spektrdo metoksi qrupunun protonlariin
63.92 m.h. vo 63.88 m.h-do ikilosmasi mohlulda har iki konformerin (S-
sisoid vo S- trans01d ) olmasmln gostarICISIdlr
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Sak. 2. 10-cu birlosmonin *H NMR spektri



Yalniz 10-cu birlogsmonin sintezi zamani davamli S-sisoid va S-tran-
soid konformerlorin miisahids edilmasi hidrazin fragmentinds metoksi gru-
pun olmasi ilo alagadar olmasini kvant mexaniki hesablamalarin aparilmasi
il izah edilmasi vo monokristallarin yetisdirilmasindon sonra birmanali ola-
raq sOylomoya imkan veracakdir. Qeyd edak ki, digor hidrazinlords elek-
troakseptor qruplar olan halda yalniz bir konformerin alinmasi funksional
gruplarin birlosmadas elektron paylanmasinda xiisusi rola malik olmasini bir
daha gostormis oldu.

Biitiin bu deyilonlori nazars alsaq dargin aldehidi {izra aparilmis reak-
siyanin stereokimyasinin 6yranilmasi vo kvant mexaniki hesablamalar ssa-
sinda E/E izomerin S-sisoid va S-transoid formalarinin tarazliq halinin tod-
qigi zorif-iizvi sintez baximindan no godor 6namli oldugunu bir daha gos-
torir.
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Sak. 3. 7 birlosmonin miigayisoli '"H NMR spekiri

Digor birlogsmolorin NMR spektrlori miivafiq olaraq arasdirilmis vo
H atomunun signallarinin stirigsmosi (7.38-7.40, 7.48-7.50) CH:---N vo
H---Cl molekuldaxili hidrogen rabitasinin amalo galmasi il izah oluna bilar.

Beloliklo, dar¢in aldehidi ilo aparilmig reaksiyalar zamani hirazin
fragmentinds elektrodonor vo elektroakseptor qruplarin S-sisoid va S-
transoid konformerlorin davamliligina tosir etdiyi torofimizdon miioyyon
olunmusdur. Bu tip birlosmoalordo qurulusun birmenali olaraq doagiqlosdir-



moak ti¢iin RQA metodundan istifado olunmasi nazards turulmusdur.
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Sak. 4. 8 birlosmonin miiqayisoli ‘"H NMR spektri

TOCRUBI HiSSO

Digor birlosmalarin NMR spektrlori miivafiq olaraq todqiq edilmis va
H atomunun signallarinin yerdoyigsmosi (7.38-7.40, 7.48-7.50) CH:-*N vo
H---Cl arasinda molekuldaxili hidrogen baglarinin amolo galmasi ilo izah
edilo bilor. Belalikls, sinnamik aldehidls reaksiyalar zamani bizim torafimiz-
don miioyyan edilmisdir ki, hidrazin fragmentindoki elektrondonor vo elek-
tron reseptor qruplar1 S-sisoid va S-transoid konformerlorinin dayaniqlhigina
tosir gostorir. Bu tip birlosmolords strukturu birmonali olaraq toyin etmok
ti¢iin rentgen metodundan istifado etmak nazards tutulur.

HIDRAZONLARIN SINTEZININ UMUMI METODIKASI

Miivafiq fenilhidrazin (1 mmol) iizorins etanol (50-100 ml) vo 0.082 q
CH3COONa (1 mmol) olavs edilir. Damci qift vasitosilo 1 mmol miivafiq
dar¢in aldehidi olavo olunur vo reaksiya qarisigr qarisdirtlaraq qizdirtlir.
Temperatur etanolun qaynama temperaturuna ¢atdiqda qarisiq olave olaraq
20 dagiges daha gaynadilir. Daha sonra reaksiya garigigi otaq temperaturuna
gador soyudulur vo onun iizarine 50 ml su alavs edilir. Intensiv qarisdirmag-
la temperatur 60°C-yo catdirilir vo qizdirilma dayandirilir. Otaq temperatu-
runa godar soyudulmus reaksiya qarisigi filtrdon kegirilir. Alinmis hidrazon
otaq temperaturunda qurudulur (15-20 saat). NMR *H vo *C spektrlori
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odobiyyat gostaricilori ilo uygunluq toskil edir.

Madds 1. (E)-1-fenil-2-((E)-3-fenilallildien)hidrazin. Bu madds sinnamik

aldehidin fenilhidrazinhidroxlorid ilo reaksiyasindan alds edilmisdir. Analiz.

PN H CisHisN2 Gclin  hesablanmis (M=222.29). MP

N~ 163-1650 C, Cixim 77,8%. 1H NMR (300

W \© MHz, DMSO-d6) & 10,31 (s, 1H,NH), 7,72 (d,

J=9,2Hz, 1H,CH), 7,54 (d, J = 7,5 Hz, 2H), 7,35

(t, J =75 Hz, 2H,CH), 7,22 (dt, J = 15,5, 7,4 Hz, 3H,arom), 6,99 (dd, J =

8,7, 2,8 Hz, 3H,arom), 6,82 — 6,70 (m, 2H, arom).13C NMR (75 MHz,

DMSO) 6 162,32, 145,36, 139,77, 137,18, 133,29, 129,57, 129,20, 128,18,
126,93, 121,121.5.

Madda 2. 4-(2-((1E,2E)-3-fenilallildien)hidrazin)benzonitril. Bu madds
sinnamik aldehidin 4- benzonitril hidrazin

H
XN hidroxlorid ilo reaksiyasindan oldo edil-
©/\/\ \©\ misdir. Anal. Calcd for CigHi3Ns
Ny (M=247.11). MP 146-148 °C,CIXIM

AN

N 75.8% ."H NMR (300 MHz, DMSO-dg) &
10.91 (s, 1H), 7.82 (d, J = 8.8 Hz, 1H), 7.63 — 7.54 (m, 4H), 7.36 (t, J = 7.3
Hz, 2H), 7.29 (d, J = 7.0 Hz, 1H), 7.07 (d, J = 8.3 Hz, 2H), 7.00 (d, J = 8.8
Hz, 1H), 6.90 (d, J = 16.1 Hz, 1H). *C NMR (75 MHz, DMSO) & 148.71,
143.26, 136.78, 135.98, 134.10, 129.25, 128.70, 127.14, 126.23, 120.55,

112.47, 99.68.
Madda 3. (E)-1-(4-nitrofenil)-2-((E)-3-fenilallildien)hidrazin. Bu madds
sinnamik aldehidin (4-nitrofenil)hidrazin
PN /H hiquxlorid ilo reaksiyasindan oldo edil-
N misdir. Anal. Calcd for CisHi3N30;
W \©\N02 (M=267.28). MP  162-165°C,CIXIM
82,3% ."H NMR (300 MHz, DMSO-ds) &
11.24 (s, 1H NH), 8.13 (d, J = 9.0 Hz, 2H,CH), 8.07 (d, J = 9.2 Hz, 1H,CH),
7.89 (d, J=8.2 Hz, 1H,arom), 7.59 (d, J = 7.4 Hz, 2H arom), 7.38 (t, J = 7.3
Hz, 2H arom), 7.29 (dd, J = 13.9, 8.1 Hz, 1H arom), 7.08 (td, J = 15.8, 8.8
Hz, 4H arom). *C NMR (75 MHz, DMSO) & 150.68, 150.05, 144.98,
138.74, 137.15, 136.65, 129.28, 128.92, 127.29, 126.65, 126.41, 125.98,

111.64.

H Madda 4. Bu maddo sinnamik aldehidin (4-

NN xlorofenil)hidrazin hidroxlorid ilo reaksiya-
W O sindan oldo edilmisdir. (E)-1-(4-xlorfenil)-
cl  2-((E)-3-fenilallildien)hidrazin. Anal. Calcd

for C1sH13CIN, (M=256.73). mp 135-137°,
Crxim 85,6%. *H NMR (300 MHz, DMSO-dg) & 10.45 (s, 1H, NH), 7.73 (d,

11



J=9.1Hz, 1H, CH), 7.54 (d, J = 7.4 Hz, 2H, CH), 7.35 (t, J = 7.4 Hz, 2H,
arom), 7.29 — 7.20 (m, 3H, arom), 6.98 (dd, J = 8.9, 4.9 Hz, 3H, arom), 6.81
(d, J = 16.0 Hz, 1H, arom). *C NMR (75 MHz, DMSO) & 162.32, 144.33,
140.59, 137.07, 133.99, 129.37, 129.21, 128.31, 126.91, 126.71, 122.42,
113.78.
Madd» 5. Bu madds sinnamik aldehidin (4-metoksifenil)hidrazin hidroxlo-
rid ilo reaksiyasindan olds edilmisdir. (E)-1-(4-metoksifenil)-2-((E)-3fenilal-
H lildien)hidrazin.  Anal.  Calcd  for
XN CisH1sN20(M=252.12). MP 112-115 °C,
W \Q _ CIXIM 75.8%. '‘H NMR (300 MHz,
0"  DMSO-dg) & 10.12 (s, IH,NH), 7.67 (d, J
= 9.2 Hz, 1H,CH), 752 (d, J = 7.6 Hz, 2H,CH), 7.34 (t, J = 7.5 Hz
2H,arom), 7.23 (t, J = 7.2 Hz, 1H,arom), 7.05 — 6.92 (m, 3H,arom), 6.83 (d,
J = 8.8 Hz, 2H,arom), 6.72 (d, J = 16.0 Hz, 1H,arom), 3.68 (s, 3H,arom).
13C NMR (75 MHz, DMSO) & 169.20, 153.07, 139.42, 138.62, 137.33,
132.30, 129.18, 127.97, 127.12, 126.71, 115.07, 113.38, 55.69.

([{2,2-DIXLOR-1-
FENILVINIL}DIAZENIL]FENIL)METANLARIN SINTEZININ
UMUMI METODIKASI
1 mmol baglangic hidrazon, 10-15 mL dimetilsulfoksid (DMSO), sonra zaif-
osasli miihit tigiin tetrametiletilendiamid (TMEDA) (290 mq; 1,25 mol/ekv)
gotiiriiliir vo yuxaridaki ardicilligla kolbaya olava edilir. Daha sonra katali-
zator kimi CuCl (3 mg; 1 mol%) olavo edilir. Nohayat, CCl4 (10 mol/ekv;
1,5 q) olavo edilir vo reaksiyanin gedisi nazik tobogoli xromatografiya
(NTX) ilo izlonilir. Adaton reaksiya 2-3 saat orzinds basa catir. Reaksiya
qarisigt Maddo 4 (E)-1-((E)-1,1-dikloro-4-fenilbuta-1,3-dien-2-il)-2-fenil-
diazenlor ayirict qifa kogiiriildii vo ekstraksiya edildi. Bunun iigiin stokana
50-70 ml su slava edilir. Ovvalca metilen xloridlo (3x30 ml) ¢ixarilir. Uzvi
faza (3x50 ml) su ilo yuyuldugdan sonra bir dofo doymus NaCl moahlulu
(A1x70 ml) ilo yuyulur. Na;SOy ilo qurudulur, siiziiliir vo vakuum altinda fir-
lanan buxarlandirici ilo metilen xlorid ¢ixarilir. Qaliq (eluent metilen xlorid:
heksan 1:7, 1:5 vo ya 1:3) siitun xromatoqrafiyasi ilo yenidon tomizlonir.
Reaksiyanin gedisi vo maddonin tomizlik dorocasi NTX tarofindon idaro
olunur.
Madds 6. Bu madds (E)-1-fenil-2-((E)-3-fenil-

©/ij[0' alildien)hidrazinin  CCI4 ilo reaksiyasindan
NG Y sldo edilmisdir. (E)-1-((E)-1,1-dixlor-4-fenil-
\© buta-1,3-dien-2-il)-2-fenildiazen. Anal. Calcd
for C1eH13N3 Cl, N, (M=302.03). MP 94-95°C,

CIXIM 65%. *H NMR (300 MHz, Chloroform-d) § 7.97 — 7.88 (m, 2H),
12



7.58 — 7.47 (m, 5H), 7.42 — 7.33 (m, 3H), 7.08 (d, J = 8.8 Hz, 2H).*C NMR

(75 MHz, CDCl3) 6 162.31, 136.20, 131.93, 129.21, 128.73, 128.68, 126.96,

123.10, 118.14.

Madd»s 7. Bu madds 4-(2-((1E,2E)-3-fenilalildien)hidrazinil)benzonitril ilo
CCl4 reaksiyasindan oldo edilmisdir.4-

Cl<__ClI
Q/\I ((E)-((E)-1,1-dixlor-4-fenilbuta-1,3-dien-
X N//N 2-il)diazenil)benzonitril. Anal. Calcd for
\©\/N Ci7H11N3sCl,  (M=328.19). MP  140-
<" 142°C, CIXIM 60%. ‘H NMR (300

MHz, Chloroform-d) 5 8.03 (d, J = 4.2 Hz, 1H), 7.93 — 7.88 (m, 2H), 7.80

(td, J = 7.7, 7.3, 2.7 Hz, 4H), 7.52 — 7.46 (m, 3H), 7.39 (d, J = 4.2 Hz,

1H).3C NMR (75 MHz, CDCls) § 145.33, 141.65, 137.80, 133.31, 132.59,

130.07, 128.76, 128.55, 127.79, 126.17, 118.3

Maddas 8. (E)-1-((E)-1,1-dixlor-4-fenilbuta-1,3-dien-2-il)-2-(4-nitrofenil)-

diazen. Bu maddos (E)-1-(4-nitrofenil)-2-((E)-3-fenil allildien) hidrazinin
reaksiyasindan olde edilmisdir. CCl4 ila.

¢ | ¢ Anal.  Caled for CuHuNsCl, O
NG Y (M=348.18). MP 155-157°C, CIXIM 68
\Q 'H NMR (300 MHz, Chloroform-d) &

NO, 8.42—8.32 (m, 3H), 8.05 (d, J = 4.2 Hz,

1H), 7.98 (d, J = 7.1 Hz, 1H), 7.90 (d, J =

9.0 Hz, 1H), 7.85 — 7.79 (m, 2H), 7.51 — 7.49 (m, 2H), 7.40 (d, J = 4.2 Hz,

1H).2*.C NMR (75 MHz, CDCls) & 162.31, 159.32, 148.22, 130.11, 129.86,
128.76, 128.57, 127.79, 126.19, 125.18, 124.04, 123.48.

Madda 9. (E)-1-(4-xlorfenil)-2-((Z)-1,1-dixlor-4-fenilbuta-1,3-dien-2-

il)diazen. Bu madds (E)-1-(4-xlorofenil)-2-

©/jIC| ((E)-3-fenilalildien)hidrazinin CCl4.. ilo
SN reaksiyasindan oldo edilmigdir. Anal. Calcd
\Q for CigHuNsCls (M=337.62). MP 117-
Cl 120°C, CIXIM 37%. 'H NMR (300 MHz,

Chloroform-d) 6 7.87 (d, J = 8.7 Hz, 2H), 7.51 (d, J = 8.7 Hz, 4H), 7.43 — 7.32
(m, 3H), 7.07 (s, 2H). °C NMR (75 MHz, CDCls) & 162.31, 148.09, 139.94,
139.49, 137.93, 136.62, 136.44, 129.49, 128.76, 126.96, 124.35, 117.80.
Madds 10 a+b.(E)-1-((E)-1,1-dixlor-4-fenilbuta-1,3-dien-2-il)-2-(4-metok-
sifenil)diazen. Bu maddo (E)-1-(4-Metoksifenil)-2-((E)-3fenilalildien)hid-
razinin CCl4 ilo reaksiyasindan oldo edilmisdir. CIXIM 72%'H NMR (300
MHz, Chloroform-d) 6 7.98 — 7.84 (m, 5H), 7.61 — 7.30 (m, 12H), 7.15 —
6.94 (m, 6H), 3.92 (s, 3H), 3.88 (s, 3H). *C NMR (75 MHz, CDCls) &
162.32, 136.77, 135.87, 129.68, 128.79, 128.71, 128.59, 128.40, 127.46,
126.95, 126.79, 125.14, 119.61, 118.58, 114.33, 113.93, 101.30, 99.98,
91.92, 55.57, 29.72.
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CHHTE3 (E)-1-((E)-1,1- IUXJIOP-4-OEHWIBYTA-1,3- TUEH-2-HT)-2-
APHJITAA3ZEHOB HA OCHOBE KOPUYHOTI'O AJIBAET A

I.A.MBPATUMOBA, AM.MATEPPAMOB, H.I'.IIIUXAJINEB,
I''T ATAKMIIUEBA, H.B.ITYPBAHOBA

PE3IOME

(E)-1-((E)-1,1-muxnop-4-pennnOyra-1,3-aueH-2-un)-2-apuiina3eHbl  CHHTE3UPOBa-
HBl HAMH Ha OCHOBE KOPUYHOT'O aJIbJIETH/1a, YCTAHOBJICHO CTPOCHHE COEANHEHUI. METOIOM
SIMP. YcraHOBJIEHO, 4TO peakuus MIECT B HANpaBiICHUH IOJY4YEHHS H30MEpOB B S-1u-
COMIHOW U S-TpaHCOUIHOM (opmax.

KaroueBble cjioBa: TUXIOpAHa3agieHbl, KOPUYHBIH albaeTul, S-IIMCOMIHBIC U S-
TPaHCOUTHBIC KOH)OPMEPHL.

SYNTHESIS OF (E)-1-((E)-1,1-DICHLORO-4-PHENYLBUTA-1,3-DIEN-2-YL)-2-
ARYLDIAZENES BASED ON CINNAMIC ALDEHYDE

Sh.A.IBRAHIMOVA, AM.MAHARRAMOV, N.Q.SHIKHALIYEV,
G.T. ATAKISHIYEVA, N.V.GURBANOVA

SUMMARY
(E)-1-((E)-1,1-dichloro-4-phenylbuta-1,3-dien-2-yl)-2-aryldiazenes were synthesi-
zed by us based on cinnamic aldehyde, the structure of compounds was determined by
NMR method. It was determined that the reaction occurs in the direction of obtaining
isomers in S-cisoid and S-transoid forms.

Keywords: dichlorodiazadienes, cinnamic aldehyde, S-cisoid and S-transoid con-
formers
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The purpose of this work was to investigate the possibility of using ionic liquids as
catalysts in the field of biodiesel production. Fatty acid methyl esters (FAMES) were
prepared from sunflower oil and methanol by the transesterification reaction in the
presence of imidazole sulfates. The conversion was 97% using a 1:0,02 molar ratio of oil to
the catalyst and a 1:6 molar ratio of oil to methanol for 24 h at 70 °C. The main features of
this methodology are that the used catalyst can be reused at least three times without
purification. Due to the absence of the saponification process, it is important to note that
there is no need to repeatedly wash the biodiesel with hot water.

Keywords: biofuel, biodiesel, biomass, ionic liquid, catalyst.

1. Introduction

The world is presently facing the threat of the depletion of fossil fuels
and serious environmental problems. Because of the increasing demand for
energy and the scarcity of fossil fuels, researchers have turned their attention
to alternative biofuels from biomass in recent years. Biofuels are popular in
the fuel industry due to their lower emissions, longer engine life due to better
lubrication, biodegradability, higher octane-cetane rating, etc., which indicate
that they have significance as a solution to different environmental problems.
Biodiesel, which is made from renewable sources, consists of fatty acid alkyl
esters and is one of the alternative fuels for internal combustion engines [1-3].

Biodiesel as an alternative fuel is non-toxic, biodegradable, easy to
transport and store, etc., and has potential advantages in terms of indicators.
Also, we can note that biodiesel, which is a fuel consisting of FAMEs, does
not release toxic oxides into the environment because it does not contain
aromatic, sulfur, or nitrogen compounds. In addition to these potential
benefits, the growing demand for biofuels harms water use and the environ-
ment. Thus, crude biodiesel must be refined to meet international standard
specifications for biodiesel fuel. In standard biodiesel production, washing
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is done with water, which results in the generation of large amounts of was-
tewater. However, the inability to reuse homogeneous alkaline catalysts re-
mains one of the main drawbacks of the biodiesel production process [4-10].

lonic liquids, known as organic salts, have recently become relevant
as one of the most promising options to replace conventional homogeneous
catalysts. They are used in the chemical industry as non-volatile, soluble in
organic and inorganic materials with a wide range of liquid temperatures,
significant thermal and chemical stability, and recyclable, environmentally
friendly materials. lonic liquids are one of the best alternatives to replace
alkali catalysts in biodiesel production [11-15].

The purpose of this presented work is to focus on applying ionic li-
quids as catalysts in the transesterification processes of vegetable oils for
biodiesel production.

2. Materials and methods

All the chemicals for the synthesis of imidazole sulfates were obtained
from commercial sources (Aldrich) and used as received.

NMR experiments were performed on a Bruker FT NMR spectrometer
(UltraShieldTM Magnet) AVANCE 300 (300.130 MHz for *H and 75.468
MHz for 3C) with a BVT 3200 variable temperature unit in 5 mm sample tubes
using Bruker Standard software (TopSpin 3.1). The H and **C chemical shifts
were referenced to internal tetramethylsilane (TMS). NMR-grade DMSO-dg
and CDCI; were used for the analysis of imidazole and biodiesel samples.

2.1 Preparation of imidazole sulphates

A mixture of benzil (10 mmol), benzaldehyde (or 4-nitrobenzaldehy-
de, 10 mmol), and ammonium acetate (40 mmol) in 20 ml of acetic acid was
placed in a conic flask fitted with a reflux condenser and magnetic stirrer.
The reaction mixture was stirred at 110°C for 6 hours. After the reaction is
complete, the mixture is added to ice and purified from acetic acid by
recrystallization. A solid product is then washed with water and dried.
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0.5 g imidazole derivatives are mixed with an equimolar amount of
sulfuric acid for 1 hour in a water bath at a temperature of 80°C.
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2.4 5-triphenylimidazole hydrogen sulfate 2-(4-Nitrophenyl)-4,5-diphenyl-1H-imidazole hydrogen sulfate

The obtained imidazole sulfates are activated by mixing in the presence
of 20 ml of methanol at 40°C for biodiesel synthesis. After complete
dissolution, 23 ml of sunflower oil was added to this mixture (Figure 1).
Then the reaction mixture was heated to 70°C for the indicated period of
reaction times, and the yields of biodiesel were reported in Table 1.

Table 1
Biodiesel yield during different times in the presence of 2,4,5-
triphenylimidazole sulfate (T1S) and using
2-(4-nitrophenyl)-4,5-diphenyl-1H-imidazole sulfate (NIDS)

Reaction Time Yield of biodiesel (%) Yield of biodiesel (%)
(hour) (with TIS catalyst) (with NDIS catalyst)

4 54 36

6 61 45

12 73 57

18 86 71

24 97 89
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After the completion of the reaction, the obtained product was passed
through a separatory funnel to separate the formed phases. The upper layer
contained the biodiesel product (methyl esters), the middle layer contained
the by-product glycerol, and the lower aqueous layers contained the ionic
liquid as a suspension and excess methanol. The top layer (biodiesel) was
separated and washed just once with warm water to remove any residual
glycerol or methanol. However, after washing and drying the ionic liquid
with n-hexane, its use showed no significant difference in biodiesel yield
compared to its use without treatment, so it was sent back into production as
a catalyst without removing or recycling the excess methanol.

At the reaction time of 24 hours, the conversion was 97% using 2,4,5-
triphenylimidazole sulfate (TIS) and 89% using 2-(4-nitrophenyl)-4,5-
diphenyl-1H-imidazole sulfate (NDIS).

Biodiesel synthesized from sunflower oil and its blends was character-
rized by the American Standard of Testing and Materials (ASTM) methods.

3. Results and Discussion

lonic liquids as catalysts can be used in biodiesel production, which
they present with Bronsted acidity or basicity. This approach aims to faci-
litate the recovery process and reduce the risk of biodiesel contamination by
catalyst molecules [14, 15].

As noted, this work is devoted to applying ionic liquid systems as
catalysts in the transesterification processes of sunflower oil with methanol
for biodiesel production. In studying biodiesel synthesis, it was determined
that TIS and NDIS compounds are active as catalysts in the transesterifica-
tion reaction. Table 1 shows the reaction time dependence of the catalyst
efficiency for biodiesel production in the presence of TIS and NDIS ionic li-
quid systems. The results show that the biodiesel yield increased as the reac-
tion time increased. But catalyst TIS shows more catalytic activity than
NDIS. The lower catalytic activity of NDIS than TIS can be explained by
the possibility of an electronic conjugation effect of the nitro group. The
catalytic activities of the TIS and NDIS were tested with the same procedure
as the first reaction and carried out three times for the reuse of catalysts
(Figure 2). From the recycling tests on the catalytic activity, it was found
that the activities of both catalysts changed little after three times of reuse.
The reaction time is 24 hours, and with the third reuse of the catalyst in the
amount of 2%, there is a decrease in the yield of methyl esters of fatty acids
by 9% for TIS and 13% for NDIS.

lonic liquids can also be used to solve a wide range of processing chal-
lenges, including managing large amounts of water and time for biodiesel
purification [11, 15]. In our case, using TIS and NDIS, the pH value is neu-
tralized by washing the biodiesel only once. It was determined that the
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amount of water required to produce 1 | of biodiesel is an average of 14-20 |
[16, 17] when standard catalysts are used and 0.5 | when TIS and NDIS
ionic liquids are used (Figure 3). As a result, this method eliminates a large
amount of wastewater and time problems, unlike the standard methods.

100
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97 95 a8
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t using of TiS or NDiS
catalyst

Yield of biodiesel (%)

B NDIS 88 85 76 . .
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Figure 2. The recycling tests on the catalytic activity of FIGURE 3 Average amount f_!f‘ﬁ_"atﬂ needed to
TIS and NDIS for the production of biodiesel from produce 1 liter of biodiesel

sunlower oil and methanol.

In the continuation of the research, the exploitation characteristics of
petroleum diesel, B10, B20 and B50 fuel blends were studied (Table 2).

Despite a slight increase in the density of the studied fuel mixtures,
viscosity, ignition temperature, cetane number, etc., their properties comply
with the diesel fuel standard and the proposed blends can be used in diesel
engines without any modifications.

Table 2
The exploitation properties of B10, B20, B100 and diesel fuels
Properties ASTM ASTM  Diesel B10 B20 B50
Methods Diesel

Density at 20 °C, g/cm? D1298 0.8-084 0848 0,857 0,863 0,871
Viscosity, at 20 °C, mm?/s D445 - 5142 5432 5524 5,980
Viscosity, at 40 °C, mm?/s D445 2-5 3,128 3,441 3602 3812
Cetane number D975-14 40 43,4 43,7 43,8 448
Flash point, °C D93 65 77 98 104 119

4. Conclusions

The presented studies show the use of TIS and NDIS ionic liquids in
biodiesel production. Indicated catalytic systems can be a promising alter-
native for the efficient preparation of biofuels. These compounds have great
potential due to the ease of the catalyst's isolation from the reaction,
reusability, low risk of environmental pollution, high conversion and
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selectivity. Using TIS and NDIS as catalysts in the transesterification
process, biodiesel yields reached 97 and 89%, respectively.

Exploitation characteristics of petroleum diesel, B10, B20 and B50
samples were tested according to ASTM standards. The properties of the
studied fuels correspond to the diesel fuel standard, and the proposed
mixtures can be used in diesel engines without any modifications.
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IMIiDAZOL TOROMOLORI
BiODIZEL ISTEHSALINDA KATALIZATOR KiMi

S.Q.QULIYEVA, i.Q. MOMMODOV
XULASO

Toqdim edilon isin moagsadi ion mayelorinin biodizel istehsalinda katalizator kimi
istifado imkanlarmin tadqiq olunmasidir. imidazol sulfatlarin istirakinda giinabaxan yag1 vo
metanolun transefirlogsmo reaksiyasindan yag tursusu metil efirlori (biodizel) hazirlanmigdir.
Yagin katalizatora nozoron 1:0,02, spirts nozaran iss 1:6 molyar nishatinds, 70°C-do vo 24
saat orzinds ¢evrilmo doracasi 97% olmusdur. Toklif olunan bu metodun osas istiinliyt
ondan ibaratdir ki, smaqdan kegirilon Kkatalizator tomizlonmadon on azi ii¢ dofo tokrar
istifads edilo bilor. Digor iistiinliik, sabunlagma prosesi olmadigina géro biodizelin isti su ilo
dofalorls yuyulmasina ehtiyac olmamasidir.

Acar sozlar: bioyanacaq, biodizel, biokiitla, ion mayesi, katalizator

MPOU3BOJHBIE UMHUJA30JIA KAK KATAJIM3ATOPBI
B IMPOU3BOJACTBE BUOJU3EJIA

C.I'.KYJIMEBA, 1.T.'MAMEJIOB
PE3IOME

Lenbto qaHHOM pabOTHI OBIIO MCCIEIOBAHNE BO3MOYKHOCTH HCIIOIB30BAHHUS HOHHBIX
XKHUJKOCTEH B KauecTBE KaTAIN3aTOPOB B 00JIaCTH MPOW3BOJCTBA Onoausens. MeTHioBse
3¢ups! KUpHBIX KucnoT (MOXKK) nomyyanyu n3 moicoIHEYHOTO Macia U METaHONA peak-
el mepestepuuKanuy B IPUCYTCTBHM CyibharoB uMHAazona. KoHBepcus cocraBuia
97% npH UCIONB30BaHUM MOJBHOTO COOTHOIIEHHUS Macna K kaTanusatopy 1:0,02 u monb-
HOT'O COOTHOILIEHUSI Macja K MeTaHony 1:6 B reuenue 24 yaco npu 70°C. OcHOBHBIE 0CO-
OEHHOCTH 3TOH METOJUKH 3aKJII0YAOTCS B TOM, YTO MCIIOJIb30BaHHBIN KaTalu3aTop MOKHO
HCTIOJb30BaTh MOBTOPHO HE MEHEe Tpex pa3 0e3 ouncTKu. B cBsA3M ¢ oTcyTCcTBHEM Tpomec-
ca OMBIJICHHUS BaXKHO OTMETHTH, YTO HET HEOOXOIMMOCTH HEOAHOKPATHO MPOMBIBATh OHO-
JIM3eJIb Topsiuei BOI0M.

KuarwueBble c10Ba: OMOTOILUIMBO, OMOJIM3ENb, OMOMacca, HOHHAs JKUIKOCTh, KaTa-
JU3aTOP.
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This study investigates an innovative approach to remove heavy metals from
wastewater using pomegranate peels and chitosan as a natural and sustainable flocculants.
By extracting active tannin compounds from pomegranate peels and combining them with
chitosan, an effective flocculants are synthesized. Various factors, including temperature
(25°C, 35°C, 45°C and 55°C), adsorption time (ranging from 1 to 420 minutes), pH values
(ranging from 2.0 to 6.0), and initial concentrations (ranging from 0.25 to 4.0 mmo/ L—1)
of metal ions, were investigated to determine their impact on the adsorption of heavy metal
ions. The chemical structure of the composites was characterized by FT-IR. The natural
compounds in the flocculants synergistically combine adsorption and coagulation pro-
perties, offering a cost-effective and eco-friendly solution for heavy metal removal from
water. This study underscores the potential of nature-inspired methods for addressing the
urgent issue of heavy metal wastewater treatment.

Keywords: Wastewater treatment, Natural flocculant, Chitosan, Pomegranate peels,
Eco-friendly

1. Introduction

Industrial activities, which include sectors such as mining, electronics
manufacturing, electroplating, chemical etching and petrochemicals, are the
main contributors to the release of heavy metal ions into the environment
(Ahmad et al., 2021). Unlike organic pollutants, which are largely volatile
or degradable, pollution caused by heavy metals is a major problem in
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modern civilization because it has significant impacts on both individual
health and the environment.

A wide range of heavy metal ions such as copper, nickel, cadmium,
cobalt, zinc, iron, lead and chromium are found in industrial wastewater,
often at concentrations that range widely exceed the limit values recom-
mended by environmental authorities (Ahluwalia & Goyal, 2005). Nume-
rous wastewater treatment methods have been continuously developed to
mitigate the negative impact of heavy metal ions on the environment. These
methods include coagulation/flocculation, membrane filtration, electroche-
mical processes, electrodialysis, ion exchange, photocatalysis and biological
treatments. However, these techniques come with significant limitations, in-
cluding incomplete removal of metal ions, the need for additional chemicals,
the formation of significant sludge, high operating costs, and more. As an
illustration, inorganic salts like aluminum sulfate (Alx(SO4)3) and ferric
chloride (FeCls3) have been traditionally employed for coagulation-floccu-
lation processes in wastewater treatment. Nevertheless, scientific research
conducted globally has unveiled the unfavorable consequence of these
compounds, resulting in elevated acidity in the treated water (Cooke et al.,
1986). Additionally, there is growing concern that these substances may
serve as precursors in the development of neurological disorders, including
Alzheimer's disease (Teh et al., 2016).

Basically, flocculation is a treatment process in which polymers are
added to form a large collection of flocs, which can then be separated from
the agueous solution through sedimentation. Meanwhile, it is important to
highlight that sustainability is an important consideration for water treat-
ment technology.

Natural flocculants (Lee et al., 2014, Ahmad et al., 2005, Sharma et
al., 2006, Salehizadeh et al., 2018 ) e.g. chitosan, nanocellulose, tannin, ex-
tracellular biopolymer, plant and grafted bioflocculants and polysaccharides,
are extremely popular materials due to their significant resources, biode-
gradability, high functionality and significant economic and environmental
benefits, in addition to their sustainability.

Chitosan is a common natural polysaccharide that has been exten-
sively studied in the field of remediation of wastewater contaminated with
heavy metal ions and dyes. (Kotodynska et al., 2011). Chitosan, derived
from chitin, the second most abundant polymer in nature after cellulose, is a
cationic polymer containing numerous amino and hydroxyl groups. In par-
ticular, it shows a strong affinity for heavy metals, especially anionic heavy
metals [Ngah et al., 2011]. When applied as a thin layer on an immobilization
support, it improves the accessibility of binding sites and mechanical stability,
resulting in a hybrid material with a stable structure and excellent adsorption
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properties. Chitosan (CS) has emerged as a leading biopolymer for the
sorption of heavy metal ions (HMI) mainly due to its rich functional groups -
NH; and -OH (Upadhyay et al., 2018). To further improve the sorption
capacity, various strategies have been used, including functionalization with
diacetyl monoxime (Elsayed et al., 2018), polyhexamethyleneguanidine (As-
lani et al., 2018) or grafting malic acid (lbrahim et al., 2019) and glutamic
acid (Abdelwahab et al., 2016) onto the Chitosan matrix. However,

On the other hand, tannins, which can be easily extracted from various
plant sources, represent another abundant natural biomass. Tannins are rich in
neighboring hydroxyl groups and exhibit remarkable chelating abilities
toward a variety of metal ions. Pomegranate peels, which make up almost
30% of the fruit, are known for their exceptional antioxidant properties due to
their high content of polyphenolic compounds, including punicalagin (Akhtar
et al., 2015). However, there is increasing concern that pomegranate peels are
underutilized by the industry, resulting in significant waste generation.
Therefore, concerted efforts are being made in research to find alternative
uses for this waste material to harness its health-promoting bioactivities.

Among the various polyphenols contained in pomegranate peels, tan-
nins and flavonoids are important components, the content of which varies
depending on factors such as species, extraction solvent and methods used.
Tannins in particular are classified into various structural forms, including
gallotannins, ellagitannins, complex tannins and condensed tannins. Punica-
lagin, an ellagitannin, is the main component of pomegranate peel tannins
and has significantly higher concentrations than other fractions (Bacardit et
al., 2019). In addition, the catechol hydroxyl groups in complex and
condensed tannins give them the ability to chelate iron and transition metals.

Consequently, the aim of this study was to introduce a novel and green
fabricated composite (based on tannin and chitosan composite) for enhan-
cing its anion adsorption capacity in the decontamination of heavy metals
(Ni**, Cu®*, and Zn*") effectively.

2. Materials and methods

2.1. Materials

Chitosan is supplied by Merck (Sigma-Aldrich, USA CAS Number:
9012-76-4). Tannin extract from pomegranate peels is obtained using the
Soxhlet extraction method. All these chemicals were used without any addi-
tional purification steps. Deionized water was used to prepare all the so-
lutions.
2.2. Preparation of tannin

The Soxhlet extraction is a technique that involves continuously
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cycling a solvent (such as ethanol or water) through a sample material to
extract desired compounds (Figure 1.). In this case, pomegranate peels are
placed in a thimble and subjected to repeated solvent extraction and con-
densation cycles. This process allows for the efficient extraction of tannins
from the peels, which can then be used as a coagulant in combination with
chitosan for the pretreatment of wastewater and removal of heavy metals.
To extract tannin from pomegranate peels, the cleaned peels were first cut
into pieces, thoroughly washed with distilled water, and then dried in
an oven fora duration of 4 hours. Once dried, the peels were ground into
a fine powder using a grinder.

Subsequently, the powdered samples were sieved through a 40-mesh
sieve to achieve a uniform particle size. To maximize tannin extraction, the
process was carried out at elevated temperatures. This involved four rounds
of extraction using a water-ethanol mixture (1:1) in a Soxhlet apparatus, fol-
lowing a known method (Karakashov et al., 2015). The tannin extract ob-
tained from the extraction process was collected in a ceramic bowl and
further dried in a thermostat until its weight reached a stable state.

v jdiJ Grinding and a0
Sieving . a4

v

R 1
Washing and 1
Peeling

Extracted tannin

Fig. 1. Soxhlet extraction of tannin

To verify the presence of tannin in the pomegranate peel extract, a test
was conducted. A mixture of 5 ml of the extract, 5 ml of distilled water, and
3-4 drops of 0.1%f erric chloride was prepared in a test tube. If tannin was
present, a color change to blue would be observed in the reaction mixture,
indicating the presence of tannin.

Figure 2. shows that the spectrum of tannic acid where it can find a
strong absorbtion around 3402 cm™. This band is assigned to the hydroxyl
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groups (-OH) H-bonded broad. At 1521-1517 a band due to the C-C aroma-
tic compounds are observed. A weak signal at 1611 cm ™ is related to car-
bonyl groups [12]. Peaks determining during 1600-1400 cm™ are characte-
ristics of aromatic compounds.

1104

Transmittance

T T T T T T
3500 3000 2500 2000 1500 1000 500
Wavenumbers(cm™ )

Fig. 2. IR Fourier spectrum of tannin compound extracted from pomegranate peel

This cross-linking process results in improved properties such as in-
creased mechanical strength, enhanced chemical resistance, and better tole-
rance to environmental conditions. The low cost and advantageous proper-
ties of this binding agent make ita suitable choice forthe synthesis of the
composite, further supporting the development of a cost-effective and effi-
cient flocculant for water and wastewater treatment applications.

2.3. Preparation of chitosan-based flocculants

In the experimental procedure, 4 g of chitosan was introduced into a
500 mL 2-neck round-bottom flask containing 1% acetic acid. The mixture
was then stirred at a rate of 100 rpm using a magnetic stirrer for 1 hour.
Concurrently, 4 g of tannin was added to25 ml of distilled water and mixed
thoroughly. The two aqueous solutions were then combined and stirred
together at a temperature of 25°C for a duration of 6 hours. Subsequently, 1
mL of glutaraldehyde (25%) was introduced into the suspended mixture.
The stirring process continued initially at 25°C for 4 hours and then at an
elevated temperature of 40°C for another 4 hours.

Through out the experiment, the pH of the medium was maintained
at 2 by the addition of hydrochloric acid. The resulting product was apale
yellow material, which was then filtered, washed with distilled water, and
dried in an oven at 40°C for 20 hours. Once dried, this modified tannin-
chitosan composite was applied as apretreatment coagulant in wastewater
treatment. By combining tannin and chitosan with the modification process,
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a synergistic coagulant mixture is created, offering improved capabilities for
the efficient removal of heavy metals from wastewater [12]. This innovative
approachhas the potential to significantly enhance the overall efficiency and
effectiveness of wastewater treatment procedures, contributing to a more
sustainable and environmentally friendly water management system.

2.4. Chemical characterization of chitosan-tannin composite (CTC)

The structures of the prepared chitosan-based flocculants were charac-
terized through FTIR. The spectra of chitosan-based flocculants were obtai-
ned by using a Bruker FTIR spectrometer (Bruker Company, Switzerland)
through potassium bromide pellets.

2.5. Adsorption performance test

In the adsorption experiments, a specific quantity of adsorbent was
mixed with solutions containing copper, zinc, and nickel ions at room tem-
perature (298 K), and this mixing was accomplished using a magnetic
stirrer. The initial concentrations of Ni?*, Cu*", and Zn*"ions were approxi-
mately 100 mg/L, and the adsorbent amount varied from 0.1 to 1.5 g/L. The
magnetic stirrer operated at 400 rpm to ensure effective dissolution of the
adsorbent. After 240 minutes, equilibrium was achieved. The solution was
then separated from the adsorbent through centrifugation (8000 rpm for 5
minutes), and 8 mL of the filtered solution was collected from each sample
for the final analysis of copper, zinc, and nickel ion concentrations via ICP-
MS. The amount of adsorbed Ni?*, Cu?*, and Zn** (Q.) and the percentage
of removal of copper, zinc, and nickel ions (% removal) can be determined

using the following mathematical Equations 1 and 2.

% Removal = (C"C;ch) x 100 (1)

— (CO_Ce ) 14

Q=& 0)
where Co is the initial concentration of copper, zinc, and nickel
ions, C; (mg/L) is the concentration of copper, zinc, and nickel ions at ti-
met. Ce (mg/L) is the concentration of Ni**, Cu?*, and Zn*" ions at
equilibrium, V (L) is the volume of solution, and m (g) is the weight of the
adsorbent.

2.5.1. Effect of temperature on Ni**, Cu®*, and Zn** removal

0.03 grams of CTC was introduced into 35 ml solutions containing
Niz*, Cu*, and Zn2* with a concentration of 2.00 mmol L', all adjusted to a
pH of 6. These prepared solutions were then placed in a constant tempe-
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rature shaker at three different temperatures: 25°C, 35°C, 45 °C and 55°C.
The solutions were allowed to shake for a duration of 120 minutes at their
respective temperatures.

2.5.2. Effect of pH on Ni?*, Cu*, and Zn** removal

To adjust the pH range of the Ni?*, Cu2*, and Zn?>" solutions to 2.0
6.0, 0.10 mol L' HCI and NaOH solutions were prepared. Next, 0.03 g of
CTC was introduced into separate solutions containing Ni?*, Cu?*, and Zn>+
ions, each with a different pH value within the range of 2.0-6.0. The so-
lutions adhered to the following conditions (V = 35 ml, Co = 2.5 mmol L™).
Subsequently, these solutions were placed in a constant temperature shaker
at 25°C and were shaken for 120 minutes at 200 rpm.

2.5.3. Effect of stirring speed on Ni?*, Cu?*, and Zn?* removal

A range of solutions was prepared, each containing Ni?*, Cu?*, and
Zn?* at an initial concentration of 2.5 mmol L™ for each metal. The pH of
these solutions was adjusted to 5 using appropriate pH-adjusting solutions,
ensuring that the pH was consistently monitored and adjusted before com-
mencing each experiment. For each experimental trial, 4.0 ge€™* of the CTC-
based flocculant was precisely weighed out. A sequence of experiments was
carried out at varying stirring speeds, including 50, 100, 150, 200, 250, 300,
400, and 500 revolutions per minute (rpm). The selection of these stirring
speeds aimed to explore the impact of agitation on the efficiency of metal
removal.

2.5.4. Effect of reaction time on Ni?*, Cu®*, and Zn**removal

At 25°C, 0.03 grams of CTC were added to three separate 35 ml
solutions, each with an initial concentration of 2.5 mmol L™ and a pH of 6.
These solutions contained Ni2*, Cu2*, and Zn?" ions. The shaking time for
each of these solutions varied, spanning from 1 to 420 minutes, with spe-
cific time intervals as follows: 1, 3, 5, 7, 9, 10, 20, 30, 40, 50, 60, 80, 100,
120, 150, 180, 210, 240, 270, 300, 330, 360, 390, and 420 minutes.

2.5.5. Effect of metal ions concentration on adsorption capacity

First, 5 mmol L™ Ni?*, Cu®" and Zn®* solutions were prepared with
Ni(NOs3),, Cu(NO3),-4H,0 and Zn(NO3),-H,0 and distilled water. Then, the
solution with concentration of 0.25, 0.50, 1.00, 1.50, 2.00, 2.50 mmol L™
was obtained by dilution, respectively. At 25°C, pH = 6, 0.03 g CTC was
put into the solution, which was shaken at a rate of 200 rpm for 120 min.
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3. Result and discussion

3.1. Chemical Characterization

The quality and quantity of metal sorption or chemisorption onto bio-
mass surfaces are greatly influenced by the presence of functional groups on
the plant material (Krishnani et al., 2008; Panda et al., 2008).

To gain a deeper understanding of the chemical interactions and struc-
tural changes that occur during the synthesis of a chitosan-tannin polymer,
Fourier transform infrared spectroscopy (FTIR) was used. Figure 3 shows
the results of the FTIR examination of chitosan, tannin and the resulting
chitosan-tannin polymer.
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Fig. 3. FTIR of Chitosan (a), Tannin (b) and Chitosan-Tannin composite (c)

For chitosan, the FTIR spectrum showed clear absorption peaks, pro-
viding valuable insights into its chemical composition (see Figure 3 a). No-
tably, a prominent broad peak in the range of 3200-3700 cm™ indicated the
presence of O—H and N—H stretching vibrations, which are characteristic of
hydroxyl and amino groups in chitosan. Peaks at 2920 cm™ and 2881 cm™
were attributed to the stretching of asymmetric and symmetric CH2 groups,
which confirmed the existence of alkyl groups in the chitosan structure. The
presence of an absorption peak at 1642 cm™ was characteristic of amine
deformation and confirmed the presence of amino groups. Additional peaks
at 1383 cm™ and 1164 cm™ indicated C-N and C-O-C stretching vibrations,
respectively, indicating the existence of these functional groups in the
chitosan framework. Furthermore, the absorption peak at 1022 cm™
indicated C-O stretching vibrations, while an absorption band at 896 cm™
signaled the presence of B-D-glucose moieties.
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In contrast, FTIR analysis of tannin (Fig. 3 b) revealed characteristic
peaks for polyphenolic compounds. The spectra showed a broad peak at
3412 cm-1, indicating the presence of polymeric O-H groups. At 2935 cm™,
a peak correlated with the C-H stretching frequencies, confirming the pre-
sence of alkyl groups in the tannin. The peak observed at 1614 cm™ was
assigned to C=0 vibrations, indicating the presence of carbonyl groups. The
width of the 1709 cm™ band indicated conjugated carbonyl groups. The ap-
pearance of a peak at 1207 cm™ confirmed the presence of C-O-C functional
groups. Further validation of the alkyl groups was carried out using the C-H
bending frequencies at 1340 cm™. Furthermore, an absorption peak at 1031
cm™® was due to C—O stretching vibrations. A notable result was the
identification of C=C distortion vibrations within benzene rings at 759 cm™,
a common feature of aromatic compounds. The presence of stretching
vibrations of aromatic C-C groups at around 1449 cm™ further confirmed
the polyphenolic nature of tannin.

When chitosan and tannin fused into a composite, FTIR analysis revea-
led significant changes in the spectra. Notably, the absorption intensities of -
NH, and -OH groups (in the range of 3200-3700 cm™) in the chitosan-
tannin polymer were significantly reduced when combined with chitosan
alone (Fig. 7c).

This reduction suggested the occurrence of a cross-linking reaction
between chitosan and tannin, resulting in a restriction in the accessibility of
these functional groups. Furthermore, the decrease in intensity at 1450 cm™
indicated that the majority of primary amino groups (-NH>) in chitosan had
actively participated in the cross-linking process, confirming the formation
of a polymer. The divergences in the infrared spectra clearly indicate the
manifestation of a cross-linking reaction between chitosan and tannin,
which ultimately leads to the creation of a characteristic chitosan-tannin
composite material with improved functional group accessibility and
improved properties.

3.2. Effect of various parameters on adsorption CSC

3.2.1. Effect of temperature on Ni**, Cu?*, and Zn*removal from model
solutions using CTC

The results of the temperature effects on heavy metal removal using
chitosan-tannin have shown (Fig.4.) that higher temperatures can decrease
the adsorption capacity of Ni**, Cu**, and Zn?*. The conditions for this ex-
periment involved a contact time of 10 minutes, an adsorbent dosage of 4.0
g*l!, and a temperature maintained at 25 + 0.5°C. The initial metal con-
centrations in the solution were set at 50 mge{™, with the pH level adjusted
to 5.0+0.1.
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Fig. 4. Effect of temperature on Ni?*, Cu2+,
and Zn2+ removal from model solutions using CTC

At 25°C, the adsorption efficiency of chitosan-tannin for Ni%*, cu®
and Zn?* was found to be 96%, 81%, and 72% respectively. As the tem-
perature increased to 35°C, the adsorption efficiency decreased to 92%,
72%, and 58% for Ni**, Cu*, and Zn®* respectively. This trend continued as
the temperature increased further. It is important to note that the decrease in
adsorption efficiency at higher temperatures indicates that the biosorption of
these heavy metals by chitosan-tannin is a non-heat-absorbing reaction. The
decrease in removal efficacy at higher temperatures can be attributed to
factors such as increased absorption of heavy metals from the solid to liquid
phase, surface deactivation of the flocculant, and damage to the active sites
on the surface of the flocculant (Siwi et al., 2018).

The literature supports the findings of this study, as previous research
has shown that temperature can impact the adsorption capacity and behavior
of heavy metals (Chiang et al., 2012). For example, endothermic reactions
have been reported for the adsorption of heavy metals by brewery biomass,
indicating that the reaction rate is enhanced as temperature increases. This is
consistent with the observed trend in our study, where higher temperatures
resulted in a decrease in the adsorption efficiency of chitosan-tannin for
Ni?*, Cu®*, and Zn®*. In addition to the effects of temperature on the ad-
sorption efficiency, it is worth mentioning that the physical properties of the
flocculants can also be affected by high temperatures. High temperatures
can increase the fluid's kinetic energy and surface activity, leading to an
increase in biosorption. However, high temperatures can also physically
damage the flocculants and weaken the bonds between the heavy metal ions
and the flocculant material.

3.2.2. Effect of pH on Ni**, Cu®*, and Zn** removal
The influence of solution pH on the biosorption process is a critical
parameter that is investigated. Different initial pH values ranging from 2.0
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to 7.0 were used in batch experiments. Metal solutions with a concentration
of 50 mg- ¢ each were brought into contact with the flocculant at a dosage
of 4.0 g0, maintaining a constant temperature of 25 + 0.5 °C for a period
of 10 minutes was maintained. Figure 5 shows how pH affects the removal
efficiency of Ni**, Cu®*, and Zn** ions. It is evident that at an initial pH of 2,
minimal biosorption occurred, resulting in the removal of only 64.5% of
Ni?*, 32.3% of Cu?*, and 17.2% of Zn** ions. As the pH was increased from
2 to a range between 5 and 6, there was a significant improvement in remo-
val efficiency depending on the specific metal. However, when the pH rea-
ched 7, the amount of metal ions removed by CTC began to decrease, which
is consistent with results from similar studies (Goyal et al., 2008; Igbal et
al., 2009).The maximum adsorption of the studied metals occurred at the
following optimal pH values: 6.0 for Ni** (96.5%), 5.0 for Cu®* (81.6%) and
5.0 for Zn®* (72.1%), corresponding to the hydrolysis constants.

At a pH higher than the presented optimal values, several hydroxyl low-
soluble species may be formed, such as: Ni(OH)*, Ni(OH), for nickel;
Cu(OH), for copper and Zn(OH)*, Zn(OH);, Zn(OH)3 (Zhao et al., 1999;
Moktar et al., 2022; Goyal et al., 2008) in the case of zinc. In order to avoid the
precipitation of metal ions no experiments were carried out at pH above 7.0.

The adsorption of heavy metal ions onto the surface of oxide is cor-
related with the hydrolysis reaction that occurs at different pH values. The
cations of divalent metal hydrolyze according to the next equation in
aqueous solution:

M(11) (aq) + nH,0 = M(OH),, + nH*

M(OH),, precipitated and adsorbed by surface adsorption process on
the sorbent surface by replacing the cations from the adsorbent. Hydrated
metal ion has a lower affinity for adsorption than hydroxyl-metal complex,
because of hydroxyl-metal complex formation of the decreases the energy
essential for heavy metal adsorption
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Fig. 5. Effect of pH on Ni**, Cu?*, and Zn*" removal
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3.2.3. Effect of stirring speed on Ni**, Cu**, and Zn** removal

The flocculant using CTC has a low specific gravity, which means it
floats on the surface when in contact with the solution. Therefore, stirring
the solution is essential to ensure effective contact between the sorbent and
the aqueous ?hase. The influence of stirring speed on the removal efficiency
of Ni®*, Cu®*, and Zn*" was studied at different speeds including 50, 100,
150, 200, 250, 300, 400 and 500 revolutions per minute (r~min'1). These
experiments were carried out under initial conditions of pH 5, an initial
metal concentration of 50 mg €, and a flocculant dosage of 4.0 g-¢*. The
results clearly show that as the stirring speed increases, the removal ef-
ficiency for all metals examined also increases (see Fig. 5). The maximum
removal efficiency was consistently achieved at stirring speeds between 200
and 250 rpm.

However, from 400 rpm, the sorption of metals began to decrease. This
observed phenomenon can be attributed to the fact that higher stirring
speeds increase the diffusion rate of metal ions to the surface of the
flocculant. Since the sorption efficiency remained relatively constant bet-
ween 200 and 400 rpm, a stirring speed of 400 rpm was chosen as the

optimal condition for all subsequent experiments.
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Fig. 6. Effect of stirring speed on Ni?*, Cu?*, and Zn** removal

A decrease in removal efficiency with further increases of speed up to
500 r-min™ could be the consequence of vortex phenomena, which reduce
the contact surface between phases.

3.2.4. Effect of concentration on adsorption performance

The influence of concentration on adsorption performance is a crucial
aspect of adsorption processes. The concentration of the adsorbate (the
substance to be adsorbed) in the solution has a significant influence on the
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efficiency and effectiveness of the adsorption process. In general, adsorption
performance tends to improve as the concentration of the adsorbate in the
solution increases. This is because a higher concentration of the adsorbate
provides it with more opportunities to interact with the adsorbent, resulting
in greater absorption of the adsorbate on the surface of the adsorbent
(Sutirman et al., 2020). As a result, the adsorption capacity typically in-
creases as the initial concentration of the adsorbate in the solution increases.

Application of this flocculant has successfully demonstrated the
removal of heavy metals such as Cu®*, Zn*, and Ni*" from wastewater,
achieving significant reductions in metal concentrations, with Cu®* reduced
by up to 90%, Zn** by up to 75%, and Ni** by up to 70%. Fig. 7 shows the
removal of Cu**, Zn?*, and Ni** ions from water, depending on the dosage
of the flocculant and the pH of the water. At this point, adsorption can reach
equilibrium and the adsorption capacity remains constant.
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Fig. 7. Removal of Cu®*, Zn*, and Ni*" ions from water, depending
on the dosage of the flocculant and the pH of the water

3.2.5. Effect of time on adsorption performance

To investigate the relationship between metal sorption and time, 1.0
gram of CTC was exposed to a 250 ml single metal model solution
containing copper, zinc, and nickel ions with an initial concentration of 50.0
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ge0’!. This experiment was conducted at 25 + 0.5°C and pH 5.0 in a batch
process. The residual metal concentration in the agqueous solution was
determined at various time intervals, specifically at 5, 10, 20, 30, and 40
minutes (as shown in Fig. 8).

The metal uptake, in relation to contact time, was observed to occur in
two distinct phases. The initial phase, irrespective of the nature of the metal,
exhibited extremely rapid adsorption. The maximum adsorption efficiency
was achieved within the first 10 minutes of contact between the sorbent and
sorbate. This swift phase of metal removal was succeeded by a slower
phase, spanning a longer duration, until equilibrium was reached (Ajmal et
al., 2001; Horsfall and Spiff 2005).

Sorption equilibrium was achieved after 30 minutes of contact time,
resulting in the removal of 96.5%, 89.6%, and 76.2% of the total Ni**, Cu*",
and Zn*" ions.

100 4

80

60

40

Removal efficiency, %

—a— Cu*”
20 - o
—e— Ni°

0 T T o T v T b T
10 20 30 40
Reaction time, min.

Fig. 8. Effect of time on on Ni?*, Cu**, and Zn*" adsorption performance

As demonstrated in Figure 8, the adsorption of the three metal ions
exhibits a consistent behavior concerning the factor of time. Over time, the
three pollutants transition from rapid adsorption to a gradual attainment of
adsorption equilibrium. This phenomenon can be elucidated by the abun-
dance of functional groups on the early surface of the chitosan-tannin adsor-
bent, which offers ample adsorption sites. Additionally, the surface of the
CTC is characterized by a surplus of negative charges, resulting in a potent
electrostatic attraction for the adsorbed pollutants.

3.3. The formation mechanisms of the CSC composite

Chitosan, a biopolymer with amine and hydroxyl functional groups,
can form hydrogen bonds with tannins, which are polyphenolic compounds.
This interaction occurs through the oxygen atoms in tannins bonding with
the hydrogen atoms in the amine and hydroxyl groups of chitosan. This
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hydrogen bonding facilitates the adsorption of tannins onto the chitosan
surface. The formation mechanisms of the CSC composite are briefly de-
monstrated in Scheme 1.
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ehit .
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— & /1)

e 3.,
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Scheme 1. Schematic representation mechanism of interaction between of chitosan-tannin
and metals ions

Chitosan carries a positive charge in its amine groups, while tannins
often contain negatively charged functional groups due to their phenolic
structures. This electrostatic attraction between oppositely charged groups
can contribute to the binding of tannins to chitosan (Araujo et al., 2002).
Tannins are known for their ability to form complexes and chelate with
metal ions due to their numerous phenolic groups. Chitosan's amine groups
can coordinate with these metal ions, while its hydroxyl groups can also
participate in complexation. This can lead to the formation of chitosan-
tannin-metal complexes, which contribute to the removal of metal ions from
solutions.

Chitosan provides a high surface area with numerous functional groups
available for interactions. Tannins, being polyphenolic compounds, have
multiple sites for binding. This combination of a large surface area and
abundant binding sites on chitosan enhances the adsorption capacity for
tannins and other substances.

Conclusion:

This study investigated the potential of a chitosan-tannin composite
(CTC) as a flocculant for the extraction of heavy metal ions such as Ni%",
Cu?" and Zn?* from water solutions. The results demonstrated the robust
performance of CTC at the standard temperature of 25 °C. Under these
conditions, CTC showed impressive removal rates: 96% for Ni**, 81% for
Cu®" and 72% for Zn?*. However, a fascinating discovery emerged when the
temperature increased to 35 °C and above, leading to a decrease in
adsorption efficiency. This phenomenon indicates that the process of heavy
metal adsorption by CTC is not heat absorbing. In addition, was been
determined the optimal pH values to maximize adsorption: pH 6.0 for Ni?*
(96.5%), pH 5.0 for Cu** (81.6%) and pH 5.0 for Zn** (72.1%), which
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agrees with the hydrolysis constants. The results showed that the most
effective stirring occurred at speeds between 200 and 250 rpm. From 400
rpm, a decrease in metal sorption was observed, which is due to vortex
phenomena that reduce the contact area between phases. Higher initial
concentrations of adsorbate in the solution resulted in increased adsorption,
although with a saturation point where further increases in concentration
resulted in decreasing yields. During results, CTC consistently demonstrated
its proficiency in removing heavy metals, providing significant reductions in
metal concentrations: up to 90% for Cu®*, 75% for Zn®*, and 70% for Ni?".
Furthermore, the achieved equilibrium state highlights the practical
applicability of the adsorption process in real-world scenarios.

These results highlight the potential of CTC as an effective tool for
mitigating heavy metal contamination in water.
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CIiTOZAN-TANNIN FLOKULYANTLARI iLO CiRKAB SULARDA AGIR
METALLARIN (Ni*" Cu®** VO Zn*) CIXARILMASININ GUCLONDIRILMOSI:
pH, REAKSiYA MUDDOTI VO QARISDIRMA SUROTININ TOSIRININ
ARASDIRILMASI

R.F.XANKIiSIiYEVA, L.S. MOHORROMOVA, A.S.MUSAYEVA
XULASO

Bu todgigat tobii vo dayaniqli flokulyant kimi nar qabiqlari vo Xitosandan istifado
edorak ¢irkab sulardan agir metallarin ¢ixarilmasi iigiin innovativ yanagmani aragdirir. Nar
gabiglarindan aktiv tanin birlogmolori ¢ixararaq vo onlar1 xitozanla birlogdirarak effektiv
flokulyantlar sintez edilir. Miixtalif amillor, o ciimladan temperatur (25°C, 35°C, 45°C va
55°C), adsorbsiya vaxti (1-don 420 dagigoys godoar), pH dayoarlori (2.0 ilo 6.0 arasinda
dayisir) va ilkin konsentrasiyalar (0,25-4,0 mmol L—1 diapozonunda) metal ionlarinin agir
metal ionlarinin adsorbsiyasina tosirini miisyyan etmak ti¢iin tadqiq edilmisdir. Kompozit-
lorin kimyovi qurulusu FT-IR ilo xarakterizo olunurdu. Flokulyantlarin torkibindoki tobii
birlosmalor sinergik sokildo adsorbsiya vo laxtalanma xiisusiyystlorini birlosdirarak, agir
metallarin sudan ¢ixarilmasi tgiin sorfali vo ekoloji cohatdon tomiz hall toklif edir. Bu
todqiqat agir metallarin ¢irkab sularinin tomizlonmosi ilo bagh aktual problemin hslli tiglin
tobii metodlarin potensialini vurgulayr.

Acar sozlar: Cirkab sularin tomizlonmosi, tobii flokulyant, xitosan, nar qabiglari,
ekoloji cohatdan tomiz

MOBBILIEHUE YIAJEHUS TSKEJIBIX METAJLIOB (Ni**, Cu®* B Zn?")
W13 CTOYHBIX BO/JI C IOMOIIbIO XUTO3AH-TAHHUHOBbBIX
®JIOKYJISIHTOB: UCCJIEJOBAHUE BJIUSIHUSI pH, BPEMEHU

PEAKIIMUA U CKOPOCTHU NEPEMEIIMBAHMSI

P.®.XAHKNIIUEBA, JI.C.MATEPPAMOBA, A.C.MYCAEBA

PE3IOME

B 3TOM wucClieioBaHUH HCCICMYETCS MHHOBAIMOHHBINA MOAXOJ K YIAICHHIO TSKE-
JIBIX METAJIJIOB U3 CTOYHBIX BOJ C HCIOJb30BAaHMEM KOXYPhI IpaHAaTa U XUTO3aHA B Kade-
CTBE HATYPAIbHBIX U YCTOHUMBBIX ()IOKYJISHTOB. [IyTeM SKCTPAKIMH aKTHBHBIX TyOHIIb-
HBIX COCIMHEHUH M3 KOXKYpHI TpaHaTa M COCAMHEHHS WX C XHUTO3aHOM CHHTE3HPYIOT 3(-
(exTuBHBIC QIIOKYISHTHL PasmiaHble (pakTopsl, BKIFOUYas Temrepatypy (25°C, 35°C, 45°C
u 55°C), Bpemst ancopouun (B auana3one ot 1 10 420 muHyT), 3Ha4eHus pH (B quamazone
ot 2,0 1o 6,0) 1 HauanbHBIe KOHIEHTpaIwH (B nuana3one ot 0,25 mo 4,0 mmois L-1) noros
METaJUIOB HCCIICIOBANN JJIsl ONPENCICHUS WX BIUSHHUA Ha aJCOpOIMI0O HMOHOB TSKEIBIX
METaJUIOB. XHWMHYECKYIO CTPYKTYpPy KOMIIO3UTOB oxapakrepuzoBanmd meroaom FT-IR.
Ipupoarbie coennHeHus HIOKYISHTOB CHHEPTUIECKH COUETAIOT B ceOe afacopOIMOHHbIC 1
KOAryJISIHOHHBIC CBOMCTBA, Mpeijiaras 3KOHOMUYHOE M DKOJOTHUYECKH YHUCTOC PEIICHHUE
JUTSL YAQJICHUS TSDKCIIBIX META/UIOB U3 BOJBI. DTO HCCICIOBAHHUE MMOMYCPKUBACT MOTCHIIHA
MIPUPOIHBIX METOJO0B JJIsI PEIICHHUS aKTyaJ bHOM MPOOIEMbI OYMCTKH CTOYHBIX BOJ C TSDKE-
JILIMH METaJIaMH.

KaioueBble cioBa: OumcTka CTOYHBIX BOJI, HAaTYpaJbHBIH (DIOKYJISIHT, XUTO3aH,
KOXKypBI TpaHaTa, SKOJIOTHUeCKast YncTas
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O COOTHOINEHUU I'MAPOTEPMAJIBHO UBMEHEHHDbIX
MOPOJI 1 OPYJAEHEHUS HA TTTABHEHIIINX
30J10TOPYJHBIX MECTOPOXKJIEHUSX ASEPBANI)KAHA
(TYTXYHCKOE PYJHOE I10JIE)
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bakunckuu I'ocyoapcmeennwiit Ynueepcumem

Kak useecmno, neckomkpuvléaemvie MecmopodlcoeHuss, 8 KOmopvix pyovl 0OHaApy-
JHCUBATOMCS. HENOCPEOCMBEHHO HA OHEGHOU NOBEPXHOCU, 8 3HAUUMENLHOU CMeneHu yice
8bIABNIEHDBL, 8 CEA3U C HeM BO3HUKAEN He0OX00UMOCHb HOUCKO8 IHOOLEHHBIX MECHOPOICOe-
HUll, pACnONOdNCeHHbIX Ha 2nyoune. T1029momy usyyenue oKoIopyOHbIX USMEHeHUl, emewa-
owux pyoy, umeem 0ZpomMHoe npakmuieckoe u meopemuieckoe snavenue (anen.-wall rock
alteration). 3onomonocHule Keapyegvie JCUlbL U 2UOPOMEPMATbHO-USMEHEHHbLE 30Hbl NPeOo-
cmagnam coboti 00UH U3 6ecoMa PacnPOCMPAHEHHBIX MUNOE INUMEPMALbHBIX 30]10MO0-
MemansHelx mecmopodicoenuti. OHu WUPOKO pazgumol 60 MHOSUX KPYRHbIX 30JI0MOHOCHbIX
peeuonax. Haubonee pacnpocmpanennblM munom usmeHenutl, umeowum 6oavuioe 3naye-
HUe 6 Kauecmee NoucK08020 NPU3HAKA MeCMOpPOICOeHUl, SAGNAEMCA KOMNILEKC npeobpaso-
8aHUl, NPUBOOAWUE K DOPMUPOBANUIO NPORUIUMUSUPOSANHbIX 30H. [locnednue conpo-
80ICOAIOMCSL BLICOKO=, CPEOHe- U HUSKOMEMNEPAMmYpPHbIMU Dayusmu Memacomamumos u
umnpezHayuil nopoo cyrb@uoamu, 0ObIYHO NUPUMOM. B nacmosweii cmamve nekomopbvie
80NPOCHI POPMUPOBANUS OKOLOPYOHLIX USMEHEHUN, YCMAaHogeHue MOPPON02Ul, 30HAb-
HOCMU U XAPAKMEPHBIX 0COOEHHOCHEl MUHEPATIbHbIX NAPASEHE3UCO8 U COOMHOUEHUE UX C
opyoenenuem, paccmompenul Ha npumepe Tymxynckozo pyonozo noas Manozo Kaskasa.

KiawueBble cjioBa: 1eHTpajibHas yacth Manoro Kapkasa, y4acTok, 30J10TO, BTO-
pHYHBIE KBAPLUTEI, 30JI0TO-KBAPLIEBBIE PYIHbBIE 30HBI.

TyTXyHCKOE pyIHOE MOJ€ B aIMUHUCTPATUBHOM IUIAHE OTHOCUTCA K
Kenpbamxapckomy paiiony. OHO 3aHUMaeT YaCTHYHO CEBEPHBIN CKJIOH
MBIXTOKSTHCKOTO XpeOTa B BepXHEM Te€4eHHH p. TyTXyH - mpaBoro 60b-
Ioro mpurtoka p. Teprep u pacnojiokeHa Ha roro-zamnagHoM ¢uianre Capebl-
0a0WMHCKOTO CHHKJIMHOPUS B TIOJIOCE COIPSDKEHHS MOCIEIHETr0 C FOPCKO-
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MEJNIOBBIM KoMIuiekcoM JlaunHckoro antukiauHopus [5, 7]. PaccmarpuBae-
MbIH pailoH, KaK U Bcs I'eilua-AkepuHCKas 30Ha, CBA3aHA C Pa3BUTHEM Ce-
BEpPO-BOCTOYHOM BETBU TPAHCPETHOHAIBHOTO ME3030MCKOr0 AHATOIUICKO-
ro paszioma.

B cTpoenun pyznHOro mnosisi NpuHUMAarOT y4acTUE OCaZO4YHbIE U BYII-
KaHOT'€HHO-0CaZl0uHble 00pa30BaHMs Mela U CPEAHErO HOIIeHA, HECOTTIACHO
3aJIeraInre Ha MajJeo30UCcKOM (JIOKeMOPUNCKOM?) KPUCTANTMIECKOM CYO-
CTpaTe U MEPEKPBIThIE aH/IE3UTO-0a3aIbTOBBIMU JIABAMH BEPXHETPETHUHO-
YETBEPTUYHOTrO Bo3pacTta (puc.l).

B paccmarpuBaeMoil miomanu MIMPOKO PacHpOCTPaHEHbI OJIM3KHE
10 BO3pacTy U MeTporpauueckoMy COCTaBy MHTPY3MBHBIE aHAJIOTH Ooiiee
MOJIOZIBIX Ha3eMHBIX (opMaluii, MpeacTaBieHHbIE pa3HOOOpa3HOM cepueit
MarmMatuyeckux oOpasoBaHui. Bce OHM IOCIECEHOMAHCKOro M, OoJblIel
4acThI0, MMOCIEKAMIIAHCKOTO BO3pacTa.

=05
/77719  [FF10 o)1 [y 12

Puc. 1. Cxemarnueckas reoiorndaeckas kapra 6acceiina p. TyTxyH (coctaBun A.Mamenos,
¢ yueroMm aaHHbIX O.'am3aeBa u ap.) 1-BepXHHH 30LEH-THAPOTEPMAlIbHO-W3MEHEHHbIC
aHJe3uThl U TypoOpekunn; 2-cperHuid 301eH-Ty()bl U Ty(donecyaHuku: 3-HyMMYJIUTOBbIE
W3BECTHSKH CPEJHET0 30IeHa; 4-KaMIIaH-MaaCTPUXTCKUH SPpyc-MepresINCThie M3BECTHSKH;
5-nocTcaHTOHCKHE TaOOPOHUIBI, 6-MOCTCAHTOHCKHE aM(PHUOOIUTHI: 7-CEHOMAHCKHUIl spycC-
POTOBHKHM; 8-3MMIO3UTHL 9-CEHOMAHCKHH SpPYC-KOHTJIOMEpAThl, apTUIIINTHI, MECUaHUKH,
JIMH3bl W3BECTHSKOB, Ty(dorecuaHWkd W TpaBenuTbl; 10-KBapleBble IUOPUT-NIOPHUPHI,
anamesut-niopdups! u rpanoauoput-niophups (111 daza); 11-kBapiieBbie U OeckBaplieBbie
OUOPUTHI, TOHATUTHI, TpaHoauopuTsl (II daza); 12-ckaproBeie yuactku: I-FOxHO-Tropkio-
yepanckuil; [I-Cesepo-TropkroueBanckwmif; III-Ke3pumurancknit; IV-mo Tpome m3 cei.
TropkroueaH B cen. KasbixaHisl

Haubonee npeBHUMHU MHTPY3UBHBIMH IOPOJIaMU SIBJISIIOTCS CEPIICH-
TUHU3UPOBAHHBIE M OTAJIbKOBAHHBIC YJIBTPAOCHOBHBIE IIOPOIBI, IPUYPO-
YEHHBIE K JIOKAJIbHBIM AHTHKJIMHAIBHBIM CTPYKTYpPaM W NPOPBAaHHBIE MEIl-
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KUMU UHTPY3UBHBIMH T€JIaMU OCHOBHOTO, CPEJTHETO U KUCJIOTO COCTaBa.

AHanu3 nuteparypHbIX HaHHBIX [1, 4, 6-8] MO3BOJISET BBIACIUTH
Cpeld MHTPY3UBHBIX MOPOJ] MOCJIENaNe030s ABE BO3pPACTHBIC TPYMIbI Ipa-
HUTOUJIHBIX UHTPY3UBOB: 30LIEHOBBIC U IINOLICHOBBIE.

TyTxyHCcKoe pynHoe moJie pacmoiaraercs B KamabolWHUHCKON CUH-
KJIIMHAJIbHOHM 30HE, IPUYPOUYMBAsACh K LEHTpaIbHON yacTu KazaxaHnnmHCKoR
aHTukJIMHaIU. [locnenHsist OCIOXKHAETCS MOCIEBEPXHEIOLEHOBBIMU CYOBYJI-
KaHMYECKUMHU M THIAaOUCCAIbHBIMU TPaHUTOUIHBIMU TesnaMu KasbIxaHibl-
3apryIuHCKOT0 HHTPY3UBHOTO KOMILIEKCA, OTJCIBHBIMU HEOOIBITUMU BbI-
xonamu (0T 1 10 5 kB. kM) oOHaxaromerocst Ha nmoBepxHoctu. CTaHOBJIEHUE
UHTPY3UBa KOHTpoJMpyeTcsi [6, 7] BHYTpPHOJIOKOBBIM Pa3IOMOM TIYOOKO
3astokeHus1 Ka3bIXxaHbaaliCKo TeKTOHMYECKOM 30HbI (puc. 2).

CTpyKTypHasn cxema TYTXYHCKOTO pyAHOro nons

H
MHTBHCKaR Texry,, <
N ey
- ke

% 304,

1. Ocu cuHKNMHane#
2. KaabixaHnblyaiickas TEKTOHUYECKas 30Ha

3. 3010TOHOCHbIE 30HbI CEBEPO-BOCTOMHOMO NPOCTUPAHMS
4. 30M0TOHOCHIE 30HbI CEBEPO-3aNaAHOT0 NPOCTUPaHKS (BNM3WMPOTHDIE)
5. 30n0TOHOCHbIE 30HbI CEBEPO-3anaHOro NPOCTUPaHKA (6nuamMepuaMoHanbHble)
6. MocTpyAHblE CMECTUTENU CEeBEPO-BOCTOYHONO NPOCTHPAHHS

Puc.2

ITo HEKOTOPBIM KOCBEHHBIM JaHHBIM B cocTaBe KaspixaHisl-3apry-
JIMHCKOTO T0 KpaiHel Mepe NByx(ha3HOro MHTPY3UBa MPUCYTCTBYIOT Ta00-
pounsl (1 daza) u rpanuronnst (2 ¢gasza). OHM NPOPHIBAIOT adbO-CEHOMaH-
CKOE U CPEIHEIOLICHOBbIE OTJIOKEHUS, OKa3blBasi HA HUX KOHTAaKTOBOE BO3-
JeicTBUE, METaCOMAaTUYEeCKH MpeoOpas3ys B MPONWINTHI, JTUCTBEHUTHI, Oe-
pe3uTHhl, U, 0COOEHHO, BTOpUuHbIe KBapuUThL. [1o cBoelt popme Kas3pixaHibl-
3apryIMHCKUN MHTPY3UB OTHOCHUTCS K KPYINHOMY TPEIIMHHOMY IUTYTOHY,
BBITSIHYTOMY B ceBepo-3ananHoM HanpasiaeHuH (300-310°), Brosib JOIMHBI
p. Tyrxyn. Ero pa3meps! no npoctupanuto 6onee 10 kM, o majeHuro He
menee 300 M, momHocTh 0,2-2 kM. BeposiTHO Bcero, maccuB (pUKCHpYET
OJIMH U3 PAaHHETPETUYHBIX PA3JIOMOB, CONPOBOXAAIOIINNCA PErMOHAIbHBI-
MH CTPYKTypaMu pailoHa, B YaCTHOCTH, C OCbKO YIOMSHYTOW BbIe Ka3bI-
XaHJIMHCKON AaHTHUKJIMHAJIBHOW CKIIAAKH, CIIO)KEHHOH BYJIKAaHOTE€HHO-OCa-
JIOYHBIMU 00pa3oBaHUsAMU Mena. B sHI0KOHTaKTe HHTpYy3UBa 00pa30BalIuCh
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pOroBUKHM M cKapHbl. Hambonee pacmpocTpaHEHHBIMU SBISIOTCSI CKapHBI,
00pa30BaBIIMECS 3a CUET MEPreJIUCThIX U3BECTHSAKOB, M3BECTKOBUCTBIX IEC-
YaHUKOB M MHTPY3UBHBIX MOPOJ C THE3JJaMH U JIMH3aMHU MarHeTura, remMa-
TUTA, IUPUTA U PEKE XAIBKOIIUPUTA.

Bronp TEKTOHMUYECKHMX HapyIIEHWH YCTAHOBJIEHBI IOJHOKpHUCTAN-
JMYECKUE IOpOJIbl, IJIaBHBIM 00pa3oM, pPOroBOOOMAHKOBO-OMOTHUTOBBIE
KBapLEBbIE JUOPUTHI, KOTOPHIE B KPAEBbIX YACTSIX MEPEXOAST B TPAHOAUO-
putsl. [Iopoasl MHTpy3MBa BIOJIb KOHTAKTOB C BMEIAIOUIMMH [TOPOAAMH H,
BEPOSITHO, B KPOBJIE COMPOBOKIAIOTCSA UX CyOBYJIKaHUYECKUMHU aHAJIOraMu
(KBapL JMOPUTOBBIMH MOPGUPUTAMU U KBapll MOHLIOHUT HMOPGUPUTAMHU).
Bce uHTpy3uBHBIE MOPOABI TPETUYHOTO BO3PACTA IPEICTABISIOT €AMHBIN
KOMILUIEKC KOMarMaTH4ecKMX OOpa3oBaHM, IO-BUAMMOMY, POJCTBEHHBIX
TaKXKe HOIEHOBBIX aHAEC3UTOB U UX TY(OB, Pa3BUTHIX B MpeAeIax CMEKHBIX
CUHKJIMHAJIBHBIX CTPYKTYyp. Bce OHHM, BepOsATHO, NPEACTABISAIOT €IUHYIO
BYJIKQHO-TUTYTOHUYECKYIO aCCOLUALUIO.

[To3xe HUX OPMUPOBAIUCH JKUIBHBIE ITOPOJIBL, a TAKXKe CyOBYJIKa-
HUYECKHUE MOPOJIbl TOTO KE KOMIUIEKCA, Ha 3aBEpPIIAIOIIEM 3Tale KOTOPOro
00pa30BaUCh 30J0TOHOCHBIE y4acTKM pyaHOro mnois. LIupoko pa3BUTHI
KOJIBLIEBBIE W IOJYKOJIBLEBbIE (IyroBbl€) Ppa3jIOMbl, KOHTPOJHUPYIOILKE
HaIIPABJICHUE JKWIBHBIX CXM30JMTOB, a TAKXKE 30JI0TOHOCHBIX KBapLEBBIX
KWI U TUAPOTEPMAIBHO U3MEHEHHBIX 30H, KOTOPbIE HaKJIa/IbIBAIOTCS Ha BCE
COCTaBJIAIOLINE UHTPY3UBHOT'O KOMILIEKCA.

Jlaliku nepecekaroT MmOpoAbl MHTPY3MBA M YXOIAT BO BMEILIAOIINE
BYJIKAHOTE€HHO-0Ca/I04Hble 00pa30BaHMUs BEPXHEro Meja Ha PacCTOSIHUU 10
HECKOJIbKUX KHJIOMETPOB OT KOHTAaKTOB MHTpY3uBa (puc.3). Ilo Munepainb-
HOMY COCTaBY JalKH MPUOIMKAIOTCS K MIIYTOHHYECKUM U CyOBYJIKaHUYE-
CKHM IOpOJaM KOMILIEKCa, HO TI0 CTPOEHHUIO U CTPYKTypaM OJIM3KHU K MOpo-
nam 3¢ ¢dy3uBHON (aruu. BoNbIIMHCTBO M3 HUX MOTYT ObITh Ha3BaHbI MH-
TPY3UBHBIMU aHAE3UTaMU U TpaxuaHjezutamu (puc.4). IMeHHO 3Ty cepuio
KUIBHBIX oOpa3oBanuii MHorue aBTophl (ILI.A3u3z0exoB, M.-A.Kamkaii,
P.A6nynnaes, 1.CUTKOBCKUI U Jp.) OTHOCUIHN K (pOpMalMK MO3JHUX «Ma-
IpIX» UHTpY3ull. IlosiBlIeHNEe B paiioHE 30J0TOTO OPYAEHEHHUS 3THU aBTOPBI
CBA3BIBAIOT C MOCTMAarMaTU4YeCKOM JAESITEIBHOCTBIO MAJIbIX MHTPY3ui. MH-
TepecHo, uTo M.b. u H.1.boponaesckue panee Ha mpuMepax MHOTHUX 30J10-
TOPYAHBIX MECTOPOXACHUNM Ypana MoKa3ajld CTPYKTYPHYIO CBSI3b MEXIY
JailkaMy, 3aBEpIIAIOIIMMHU Pa3BUTHUE I'PAHUTOUJIHBIX MHTPY3UBHBIX KOM-
IJIEKCOB M 30JI0TOPYAHBIMU KHiaMu. Te U Jpyrue HCIOoJIb3yI0T B CBOEM
pa3MelleHNH eMHbIE CTPYKTYpPHI O0Jiee paHHETo NMepro/ia pa3BUTHS.

BonbIMHCTBO aek opynHbIe, OPUEHTUPOBAHbI Ha CeBEpO-3amaj U
BMEINAIOT pyJIHbIE Tena, JUOo ke mepecekaroTcss umu. Jlaiiku Hambonee
paHHell cepuu, MpeAcTaBlIeHHbIE MUPOKCEH-POrOBOOOMAHKOBBIMU TOpGU-
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putamMu (nuaba3oBBIMU TMOPPHUPUTAMHU), MPEUMYLIECTBEHHO DPAa3BUTHI Ha
ATr3p10UpCKOM yuacTke (puc.S), yactTudHo Kb13bur-MITaHCKOM U UMEIOT SIBHO
[IOIMMHEHHOE 3HaueHHe Ha Ka3pIXaHIMHCKOM M 3apryjJMHCKOM ydacTKax.
Beimie yyactka Ar3siOup, riae onu Hanbosiee pa3BUThI, IPOCTHPAHUE UX BO-
CTOK-CE€BEpPO-BOCTOYHOE. OHM IMpPEACTABISAIOT COOONH KOPHU HMKHECEHOH-
CKOTO BYJIKaHH3Ma, HIUPOKO MPEACTABICHHOTO B PYTHOM IIOJIE.

[Ipupona TpemmH, BHINOJIHEHHBIX YKa3aHHBIMU JaiiKaMH, CBOE0O-
pa3Ha U CBUJETEIBCTBYET 00 MX CBA3M C OJHMM M3 HOBBIX DJIEMEHTOB
CTPYKTYphl pyznHoro noiis. [lo-BuauMomy, TakuM 3J€MEHTOM, BO3HUKIIUM
B 3TOT MEPHUOJI, SBHJIOCH IMOMNEPEYHOE MOAHSITHE, KOTOPOE MOJYEPKHUBACT
BBIXOJl Hamboyiee APEBHUX OTIOXKEHMH anb0a BAOAb ocu KasbIxaHIbI-
3apryJaMHCKON aHTUKJIMHAIIY.

Puc. 3. BzaumoorHomenune noppupuros (1), rpanntonios (2), 1aek poroBo0OMaHKOBOTO
nuoputoBoro nopguputa (3) u 3010ToHOCHBIX 30H C3 HampasneHus (4). JleBblil ckinoH
YeTBEPTOTO NMPABOTo NMpHUTOKa p. Kassixannbruaii.

[laiika UHIPY3NBHOTO COCTaBa

Anocusa nMpoKkceH-poroBoo6MaHKoBO-
r r r | avoput nopupuToBOro coctasa

Bmeluatoume BepxHeMenoBble OTNOXEHUS
z TekToHuYeckoe HapylieHue

Puc. 4. Cvmenienne malkoil MHTPY3WBHBIX aHJIE3UTOB JKWJIBHOW amo(H3bl MHUPOKCEH-
POTOBOOOMAHKOBO-THOPHUT MOP(HUPHUTOBOTO COCTaBa (3apUCOBKA OOHAKEHUS y CIHMSIHUS
pex Kaspixarmsraaii u TyTxyH).
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Puc. 5. Bo3pacTHoe B3aHMMOOTHOIICHHE IacK ITHPOKCEH-POTOBOOOMAHKOBEIX MOPQH-
PHUTOB, AMOPUTOBBIX MOPGHHUPHUTOB, TPAHUTOUIOB U 30JO0TOHOCHBIX 30H C3 HampaBiIeHHS.
VYyactok Ar3ei6omp. l-mopduputsr; 2 TpaHUTOHUIHL; 3-Aalika MHPOKCEH-POTOBOOOMAHKO-
BBIX nopdupuToB; 4-maiika THOPUT-TIOPUPUTOB; 5 30JO0TOHOCHAS AHTHMOHHUTCOJEPIKa-
mast 3oHa Ne 4; 6-nmuHMs cOpoco-caBUra

Bmewatowyme nopoabl

% 30Ha rnapoTepManbHO-MeTacoMaT4eckoro
% M3MEHeHUs NopupuToB

' TexToHM4eckas TpelmHa

Puc. 6. CTbIK HapylIeHHU CEBEPO-3aIaHBIX H CEBEPO-BOCTOUHBIX HAMPABICHUMA

VYyactku Ar3piOup u Kebui-MITaH HaxoasiTcss Ha KpbUIBSX 3TOTO
MIOTIEPEYHOr0 MOAHATHS, PU (HPOPMUPOBAHUH KOTOPOTO HanOOIbIIEMY pac-
KPBITUIO TOJIBEPraJiUCh OJIM3MEPUINOHAIbHBIE TPEIIMHBI, HapajjielbHble
ocu NOAHATHUA (puc. 6). AHAJIOTMYHbBIE NAllKM paHHUX Cepuil B JAPYrHX
ydacTKax MOJIb3YIOTCS OTPaHMYEHHBIM pacpOCTPAaHEHUEM U IPOCTHPAIOTCA
Ha y4acTke 3apryiu B OJM3IIMPOTHOM HampaBlIeHUH, a Ha yyacTke Ka3bi-
XaHJIbl B 3amaja-ceBepo-3amajn (puc. 7). [logoOHas HEOTHOPOIHOCTH B pas-
MELICHUH JacK, BKIOYasl U MOCIEAYIOIUE TOKOJIEHUS, CBUIETENBCTBYET O
TOM, YTO pa3JIMYHbIE YacTU PYJHOrO TOJS, HauWHas cO BpeMeHU Qop-
MHUPOBAHHUS KUJIBHBIX ITOPOJ U B MOCIEAYIOIIUI PYAHBIN 3Tall, UCIIBITHIBAJIN
HEOJTHOPOAHYIO0 nedopMmanuio. Ha kKaxaoM W3 pyIHBIX YYacTKOB Hailku
Pa3HbIX MMOKOJIEHUH, MPOCTUPAIOUINECS] MPUMEPHO B OJHOM pyMOe, TeM He
MEHEE HUCHBITHIBAIOT a3UMYTAJIbHOE OTKJIOHEHHME NPOCTUPAHUS OT OAHOIO
MTOKOJIEHUS K APYTrOMYy.
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Ha yyactke Ar3piOMp BBIIEISIOTCS YEThIPE MOCIENOBATEIBHBIX TO-
KOJICHUI JaeK, MPOCTUPAIONINXCS B CEBEPO-3allaIHbIX pyMOax ¢ OTKJIOHE-
HUEM J]a€K KaXKJOTO MOCIEAYIOIIEro MOKOJICHUS K CEBEPY U MepeceyeHueM
JaeK NpeAbLAYIIUX MOoKoueHui. Ha Bcex yuacTkax B MEpUOJ YCIOXKHEHUS
UX CTPYKTYpPBI HECKOJIBKMMHU MOKOJCHUSAMHU KHUIbHBIX MarMaTH4eCKUX IMo-
pon miaH aeopManui pe3Ko U3MEHSUICS B MEPHOIbI MEXIy BHEAPCHHUSIMHU
Jaek mocneaytomiero nokojenus. [lo3anee copMupoBanuch BhIICYTOMS-
HYTBhIC JalKH WHTPY3UBHBIX aHJC3UTOB M TPAXHAHJC3UTOB, HHTPY3UBHBIX
JAlUTOB U TpaHoauopuT-nopdupos. I106IM30CTH OT TPAaHUTOUIHBIX Mac-
CHBOB MJIM B KOHTYpPax MOCJIEIHUX, JalKH CTYIIAFOTCS U BOSHUKAIOT CTPYK-
TypHO 000COOJIeHHBIC NaiikoBbie oM. Hanbonpmme mo pasmepam U mpo-
TSOKCHHOCTU JTAMKU TPEICTaBISIFOT COOOW CHCTEMY MPEUMYIIECTBEHHO Ce-
BEPO-BOCTOYHBIX POEB (CBUT), IPOCIEKEHHBIX Ha paccTosHuu 1-2 u 6oiee
KM.

m 10 05 0 05 10 ™
e — —

MopcunpuTs!

Vj Ksapuesble npoxwnku

w MameHeHHble nopmpuTbl

Puc. 7. BospactHoe B3aumooTHomieHue Puc. 8. [IpoHMKHOBEHHME KBaplEBHIX MPO-
JalKd JUOPUTOBOTO TOpPGUPHTA W JABYX OIKWIKOB 32 TPEesibl 30H U3MEHEHHBIX I0-
MUHEPATM30BaHHBIX TPEIIMH Pa3IUYHOTO PO/ (3apUCOBKA 32005l IITOJIBHU).
HampasieHusi. Yyactok Kasbixanmel. 1-

opUPHUTHI; 2-AaliKka; 3-30JI0TOHOCHASI 30Ha

C3 nanpasneHusi; 4-raJleHUTOHOCHAsl 30Ha

CB nanpasienust

v D
0 150300 cm

OO6pa3oBaHue OOJNBIIMHCTBA 30JIOTOPYAHBIX MPOSBIEHUI paccMaTpu-
BaeMOM TUIOMIA/JM, J1a ¥ BCETO PETHOHA, KaK IPaBHIIO, COMPOBOXKIACTCS
OnpeNIeJICHHBIMU M3MEHEHUsIMU BMemaromux nopoxa [1, 2, 6-8, 10]. Otu
M3MEHEeHHs, 0003HaUYaeMble KaK OKOJIOKWJIbHBIC WK, B OoJiee obmien (op-
Me, KaK OKOJIOpPYIHbIE, TMAPOTEPMAIbHO H3MEHEHHbIE, PaclpOCTPaHEHBI
00bIYHO OoJiee HIMPOKO, YeM COOCTBEHHBIE pYy/HbIE Tejla, HO BCEr/a B TOM
WJIM THOM Mepe CBSI3aHbI ¢ 00pa30BaHUEM PYIHBIX Tell. Bo MHOTHX ciiydasx
Ha OTpE/ICJICHUH BO3pacTa 3TUX HOBOOOpPA30BaHHWI OCHOBBIBAIOTCS BBIBOJIBI
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0 BO3pacTe 30JI0TOr0 OPYJEHEHHUS U COOTBETCTBEHHO HANPABISIOTCS MOMC-
KOBO- pa3Be/l0YHbIE PAOOTHI.

[To MHeHHMIO OOJIBIIMHCTBA MCCIENOBATENEH, opyaeHeHne TyTXyH-
CKOT'O 30JI0TOPYIHOTO IOJISI TEHETUYECKHU CBA3aHO C MHTPY3UBHOM ACSTEIb-
HocThio KaszpixaHibI-3apryIMHCKOrO IPaHUTOUAHOIO KOMILIEKCa, XOTs Ta-
Kas CBsI3b, CKOpEe BCEro, MOXKET OBbITh HAa3BaHA MapareHeTUYECKOH, YUUThI-
Bas HaJIOKEHHBIN 3MUI€HETUUYECKUM XapaKTep MUHEPAIM30BaHHbBIX 30H OT-
HOCHUTEJIBHO BCEX MarMaTH4eckux oOpa3zoBaHuil MaccuBa. OO 3TOM cBuUe-
TEJILCTBYIOT CIenyromue (pakThl: MPOCTPAHCTBEHHAS IPHYPOUYECHHOCTh PYI-
HBIX Y4aCTKOB M T'PAaHUTOUJHBIX UHTPY3UBOB K OJHOM U TOH XK€ CTPYKTYpE;
HaJIMYue OpPYJEHEHUS B I'PAaHUTOMJIHBIX TeJlaX; HAJIMYME aHAJOTUYHBIX MHU-
HEepaJoB U 3JIEMEHTOB — IIPUMECE B COCTaBe pyJ M MOpPoA; HabirogaeMas
MUHEpaJIOTn4ecKasi 30HAIbHOCTb 110 OTHOIIEHUIO K UHTPY3UBaM; JIOKaJIbHas
IIPUYPOYEHHOCTh 30J0TOHOCHBIX THMAPOTEPMAIbHO M3MEHEHHBIX IOPOJ, a
9acTO U OPYJACHEHHUs, K CyOBYJIKaHMYECKUM aHAJIOraM WHTPY3UBHBIX MTOPO/I,
UX OTHOCHUTENbHASI OJHOBO3PACTHOCTD.

Mexay TeM, Ipu pelIeHUuH BOIPOCca BO3PacTa U I€HE3UCa 30JI0TOr0
OpYJIEHEHHS HE BCErja JOCTaTOYHOE BHMMAHME YAEISAETCS COOTHOLIEHUSAM
TUIPOTEPMAIIBHO U3MEHEHHBIX MOPOJ, KUIbHBIX OOpa30BaHUN U PYIHBIX
TeJ, TaK KaK MHOTHE HCCIeN0BaTeId OOBIYHO CUMTAIOT OpYJACHEHHE U U3-
MEHEHHE BMELAIOIINX ITOPOJ PE3YIbTaTOM €INHOIO IIpolLecca.

ITosryueHHBbIE TaHHBIE MTO3BOJISIIOT MPUNTH K NPUHLUINNAAIBHO UHBIM
BBIBOJIAM 110 3aTPOHYTOMY BOIIPOCY.

B TyTXyHCKOM pyIHOM I0JI€ HIMPOKO MPOSBUINCH THAPOTEPMAIbHO
METACOMATUYECKHE IPOLECCHI, IPUBEALINE K 3€JIECHOKAMEHHOMY IIEpEepOXK-
JeHHI0 (TIPONMIIMTHU3AIMH) TTOPOJT BYJIKaHMYECUECKOW (aruu Ha OONbLIMX
wiom@aasx U o0pa3oBaHUIO KaJIbLIUT-XJIOPUTOBBIX, XJIOPUT-aJIbOUTOBBIX,
XJIOPUT-KBAPL-3MUIOTOBBIX NPONUIUTOB. [IponuimTusanuu MoaBepKEHbI
TaK)X€ MOpOJbl CYOBYJIKAHWYECKON M IITyTOHMYECKHX (hauuil B SHAOKOH-
TakToBOH mnosioce mupuHow 100-200 M. B oTaenbHBIX yyacTKax Ha IIPOIHU-
JUTU3ALUI0 HAKJIAAbIBAIOTCA JIOKAJIbHAs aprujulM3alus M alyHUTHU3alMs.
[TocnenHue MpOCTPaHCTBEHHO TECHO COIPSDKEHBI M BBIPAXKEHBI B 00pa3o-
BaHUU 3a CUET MEPBUYHBIX BYJIKAHUTOB COJb(AaTapHO M3MEHEHHBIX MOPO,
COCTOSIIIIUX W3 TOHKO3EPHUCTOIO KBaplia, IIMHUCTBIX MHUHEPAJIOB, ITUPHUTA,
aJlyHWTA, OTaJa.

Bonee MHTEHCHUBHO THAPOTEPMAIBHO METACOMaTHUECKHE Mpeodpa-
30BaHMsl MPOSBUIINCH B JIE)Ka4eM OOKY 30JI0OTOHOCHBIX 30H, IJIe BMEILAo-
II1e MOPOAbl HALEIO 3aMEIIEHbl BTOPUYHBIMU MHUHEpAlIaMH, T.€. NpeBpa-
IIEeHbl B METaCOMaTHYECKHE OPO/ibl. MeTacoMaTUThl B HANPaBICHUH CHU3Y
BBEPX U OT LIEHTPa MECTOPOKICHHUSA K €ro nepudepur CMEHSIIOTCS YaCTUIHO
W3MEHEHHBIMH ITOPOJaMH.
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Bremrnue 30HBI OTBEYArOT 00Jiee BBICOKOTEMIIEPATYPHBIM (harusm
MPOMIIUTOB - AIbOUT-aKTUHOJIUTOBBIM, allbOUT-3MUA0T-aKTHHOJIUTOBBIM U
OMOTUTOBBIM (Cl1a00), pa3BUTHIC, TIIABHBIM 00pa3oM, B TeJie TPAHUTOUIIOB;
00J1aCTh CpeAHETEMIIEPATYPHOM MPOMUINTU3ANH, OJMKANIIHEe K TPEIIHH-
HOM TIOJIOCTH 30HBI, CIIOKEHBI CITFOIMCTO-KApOOHATHBIMH METaCOMATHTAMU
—  SMHJIOT-XJOPUTOBBIMHU, KAOJWHUT-CEPUITUT-KBAPIIEBBHIMU M  CEPHUIIUT-
XJIOPUT-KBAPIEBBIMH PA3HOCTSAMU; 00JIACTH OKOJIOTPEUTMHHONW HU3KOTEMIIE-
paTypHOH MPONWIMTH3AIMA COCTOUT M3 KBapIl- THAPOCITIOAUCTO-KAOINHHU-
TOBO-KapOOHATHBIX 00pa30BaHUIl C KENE3UCTHIMU KapOOHATaMHu, Cynb(u-
JlaM{ ¥ TIOTYMHEHHBIMU MUHEpAJIaMU TPYIIIBI aTyHUTA, OOBIYHO C MPOXKHII-
KaMH Y JIMH30YKaMH XaJleIOHOBUIHOTO KBaplla U KAOJHWHUTA. DTH HOBO-
0o0pa3oBaHMs OTMEUAIOTCS Ha 3HAYUTEIBHO 00JIee HU3KUX THUIICOMETpHYE-
CKHMX YPOBHSIX BJIOJIb TPEIIMH U 30H MOBBIIICHHONW MOPUCTOCTH U TPEUIUHO-
BaTOCTH, CBA3aHHBIX C HAPYIICHUSAMHU, KOHTAKTaMH JTAHKOBBIX IOPOJI U T.JI.

Takum 00pa3oM, B CTPOEHUU U3MEHEHHBIX MOPO/I, YETKO MPOsBIICHA
BEpTUKAJIbHAS 30HAIBHOCTD, MTO3BOJISIONICH CYUTATh UX BO MHOTOM I10100-
HBIMH SITUTEPMATBHBIM 30JI0TOPYAHBIM MECTOPOXKICHUSIM TPETHUHOU (op-
MaIuu.

30JI0TOHOCHBIE TeJla 3aHUMAIOT OMPENIETICHHOE TOJIOKEHUE B ITOM
30HAIBHOCTH, PAacCIoJiarasch Ha TPaHMIIE MEXKIY METacoMaTUTaMH U 4Yac-
TUYHO M3MEHCHHBIMHU IMOPOJIAMH, T.€. 30HBI, CJIOKEHHBIC CYIb(QUIAMHU, SB-
JSAIOTCS  MHHEPATbHBIMU  (arusMu  oOIIEro opeoyia THAPOTEPMAIbLHO-
METAaCOMATHYCCKUX U3MCHCHUM.

CTpoeHue 1 COCTaB TAKMX 30H OTBEYAET OMPEACIICHHBIM 0 TITyOHHE
BCKPBITUSA ydacTKaMm TyTXYHCKOTO PYIHOTO TOJSI U HE BO BCEX CIydasix
MPUCYTCTBYET cOBMecTHO. Hamboree HU3KOTEMIEpaTypHbIE acCCOLMALUN
Jydiie BhIPaKEHBI Ha YPOBHSIX MEHBIIETO Cpe3a W MPOHMKAIOT HA 3HAYU-
TEJIbHYIO0 TIYOWHY JIUIIL BJOJH XOPOIIO MPOPabOTaHHBIX TPEIIMHHBIX 30H.
ITo cBOeMy cocTaBy OHU OOHAPYKMBAIOT 3aMETHOE OTJIMYME B TTOPOJaX pas-
JUYHOTO MEePBOHAYATBHOIO COCTaBa, MPUOIMKASICh K JIUCTBEHUTAM B MOPO-
JaX YJIbTPAOCHOBHOTO COCTaBa, MM KAOJIMHUT-TUIIPOCIIOAUCTHIM Oepe3u-
TaM B MOPOJIax KUCIOTO COCTABA.

DopMHUPOBAHUE ITUX OPEOJIOB OXBATHIBACT MPEUMYIIIECTBEHHO TIO-
CIIeJTalkOBO — TMPEAPYIHBIN (AOMPOAYKTUBHBINA) TMepuo] (OpMUPOBAHUS
PYIHBIX 30H, HO C HUMU TECHO aCCOIMUPYIOT HanboJiee MO3THUE B UX COC-
TaBe MUHEpaJIbl paHHEN PYIHOW CTAJMU - THE3JOBUAHBIE U MPOKUIKOBBIE
CKOTIJICHUSI KPYITHO3EPHHUCTOTO KBapIla U PacCEsTHHBIC BKPATUICHHS KPYITHO-
KPUCTAITTNYECKOTO MUPUTA, HCTIBITHIBAIOIINE OTYETIMBOE JIPOOJICHHUE U Tie-
PEKPUCTATUTH3AIIMIO B TIOCTEAYIOIIHNE MO3THUE CTAIUHU.

B ryOuHHON 30HE TOPOJBI MOJBEPralOTCs MPOMUIUTH3AINH O]
BO3JICCTBUEM IIETOYHBIX MEPETPETHIX PACTBOPOB CYIb(HaTHO-THAPOKAPOO-
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HaTHO-XJIOPUJIHOTO COCTaBa. BrIlie, B 30HE BCKUIAHUS TaKUX PACTBOPOB U
napoo0Opa3zoBaHUsl HATPOBO-XJIOPHUAHBIX PACTBOPOB OKPYKAIOIIME MOPOIbI
MOJIBEPraroTCsl OOMIBHON CEepUIIMTU3AIMU U OKBaplieBaHU0. Peaknuu Ta-
KHX pacTBOPOB JOKHBI ObITh (P.DoJK) cirabomienovynble Uid HEUTpasb-
Hble. CepUIMTU3NPOBAHHBIC MOPOJBI BBIIIE CMEHSIOTCS KBapI-KapOoHAT-
HbIMH (YacTO C LEOJIMTaMH) OKBapLIOBaHHBIMH IOPOJAMHU C aayJIsIpoM U
€IlIe BBIIIE€ KAOJMHUTAMHU U BTOPUYHBIMU KBapuuTamu. COCTaB BEpXHUX 30H
CBUJIETENBCTBYET O UX BO3HUKHOBEHUU B PE3YJIBTATE BO3JCHCTBUS HA BYJI-
KaHUYECKHE TIOPOJIbI KUCIIBIX CYIb(aTHBIX PACTBOPOB.

K ckazanHOMy BbIlIE cieqyeT J00aBUTh, YTO pPa3HbBIM TIIyOWHaM
CBOWCTBEHHA M3MEHSIOIIAACS aKTUBHOCTD 1ienoue. [1o BugumMomy, ¢ 3Tum
CBsI3aHA OBICTpasi CMEHA HATPOBBIX MApareHe3MCOB MUHEPAJIOB BBILIE YPOB-
HS BCKUITAHHS PACTBOPOB MMapareHe3ncaMy KajaueBbIX MUHEPAIOB (CEPUIIUT,
aaynsip) B CHIIY PE3KOTO MOBBIIICHHS KUCIOTHOCTU CPEIlbl U MaJleHUs pac-
TBOPUMOCTH CyJib(aTta v XJIopuia Kajiusi, OTHOCUTEIIbHO aHaJOTUYHBIX CO-
eAuHEeHUN HaTpus. BaXxHO OTMETUTH, YTO ¢ U3MEHEHHBIMU BYJIKAHUYECKHU-
MU NOpoJamMu OJM3KOI0 cocTaBa U MOJOOHOTO 30HAIBHOIO CTPOEHMSI acco-
UUPYETCs MOAABISAIONIEe OOJIBIIMHCTBO 30JIOTOPYIAHBIX MECTOPOXKICHUN
30JI0TO- CEPEOPSIHBIX M 30JI0TO-TEJUTYPOBBIX opMmaruii [2, 3,9, 11, 12].

[To MuHEpalIbHOMY COCTaBYy OMNMCAHHBIE METACOMATHTHI CYOBYJIKa-
HUYECKOU (pariivl TIIyOMHHOCTH MPOSIBIISIFOT OOJIBIIOE CXOACTBO C TaK Ha3bl-
BAEMBIMU CEPHBIMH KBapLUTAMU PETHOHOB COBPEMEHHOTO M HEJABHETO
BynkanusMma (C.HaOoxo). He cimyuaiiHo, Ha BCKpBITBIX 3pO3UEN BYyJKaHaX
Kypunbckux ocTpoBOB BUIHBI PE3YNIBTATHl THIPOTEPMAIIBLHBIX MPOILIECCOB,
MPOTEKABIIMX B TEUCHUU BCEH HCTOPUU Pa3BUTHUS BYJKAHU3MA U TPOJOI-
KAIOIMIMXCS B HAIy 2MO0XY, YTO MPHUBENO K oOpa3oBaHui0 MolHOU [leH-
TpanbHO-KaM4aTckoi 30HBI THAPOTEPMAIIBHO U3MEHEHHBIX IIOPOJ] C CEPHOM
muHepanuzanueit (C. Haboko, 1966; I'.Bnacos, 1965; A.Steiner, 1958 u
Ip.). AHaJOTUYHBIE YCIOBUS MPOSBICHUNA THUIPOTEPMATBHBIX IMPOIECCOB
MMeeT MeCTO M Ha SnmoHCKkHX ocTpoBax, MHAOHE3MIICKOM apxumenare v B
LIEJIOM psiJie APYTUX 00J1acTell MOJIOJOT0 U COBPEMEHHOTO BYJIKAaHU3MA.

@danuy KOHTAaKTOBBIX METACOMAaTHYECKUX OOpa30BaHHUN B 3HAYH-
TENTFHON CTENEHHU OOYCJIOBJICHBI COCTABOM HCXOAHBIX MOpOJ. Bropuunbie
KBapUUTH 00pa30BaIMCh KaK 3a CYET TPAHUTOMIHBIX WHTPY3HUBOB J0IIEHA
(JacTMUHO pacmoJiarasick B 30H€ YHJIOKOHTAKTa), TaK W 3a CYET MPOU3BO/I-
HBIX TUTHOIICHOBOTO ByJIKaHHU3Ma (JAIlMTOB, pUOAALUTOB, PUOIUTOB, UX TY-
¢doB u TypoOpexunn).

Bropuunbie KBapuHMTHl 3aHUMAIOT 0OOJee BBICOKME THIICOMET-
pUYECKHE OTMETKHU, Pa3BUBASICh MPEUMYIIIECTBEHHO, B IMOJSX pacmpocTpa-
HeHusl dQQy3UBHBIX MUpOKIAacTHUYeCKUX Topona. Ha ¢manrax BTOpuyHBIC
KBapIUThl TPOCTPAHCTBEHHO CMEHSIIOTCS TPOMUIUTAMH, CIOKCHHBIMU
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KBapIeM, XJOPUTOM, KHCIBIM IIJJarMoKiIa3oM U KapOoHatoMm. OcoOeHHO
LIMPOKO PA3BUTHI BTOPUYHbBIE KBAPLUTHI IUIOIMIAIHOIO XapaKTepa ¢ MHOTO-
YHCJICHHBIMHA KBapIIEBBIMH, MEHEE KBAPII-KApOOHATHBIMH KHUIIBKO-TTPOKUII-
KOBBIMU 30HAMH CEBEpPO-3allaJJHOr0 NPOCTHUPAHUS, COBIAJAOLIME C TIIy-
OWHHBIM pazioMoM Ka3bIxaHIbpI9aiicKoi TeKTOHUYECKOH 30HKI (puc.8). OHu
00pa3yloT BbIIEP/KAHHBIE 110 IPOCTUPAHUIO MOLIHbBIE 30Hbl U3MEHEHUS M-
punoit ot 200 M 10 1 KM, a Takke OTHOCUTEIBLHO KPYITHbIE MACCUBBI HU30-
METpUYECKUX ovepTaHuil. bnarogaps oOWIBHOM JIMMOHHTH3ALMU IOJI,
MAacCUBBI BTOPUYHBIX KBapIIUTOB CBOCH CIEIU(DUUECKON OKPACKOW PE3KO
BBIJICJIAIOTCA HAa TEMHO-CEPOM M 3€JIEHOBATO-CEPOM (POHE OT BMEILAIOLINX
UX TPAaHOAUOPUTOB U IPONWINTU3UPOBAHHBIX ITOPOJ.

ITo Bcell MOIIHOCTH BTOPUYHBIX KBAapLMTOB OTMEUYEHBI MHOIOYMC-
JICHHBIE PEJUKTHl TPAHOJUOPUTOB OT TOYTH CBEXKUX JI0 COXPaHUBIIUX
TOJIBKO CTPYKTYpY nocieanero. [locrosiHHas Npuypo4eHHOCTh UX K KOHTY-
pam (IpEeUMYILECTBEHHO K 3HJIOKOHTAKTaM) S0II€HOBbIX I'PAaHUTOUIHBIX MH-
TPY3ull U PsJl APYTrUX IeoJOrMYECKUX JaHHBIX YKa3blBalOT Ha I'e€HETHYe-
CKYIO CBf3b ATHX 0Opa30BaHUM C HOLIEHOBBIMU HMHTPY3UsIMHU. BTOpuuHBIE
KBapILMThl 30LEHOBOTO BO3pacTa IpPe/ICTaBlIEHbl BBICOKOTEMIIEPATYPHBIMU
¢bamusivu [7]. B HEX Hapsay ¢ aHIay3UTOM MPUCYTCTBYIOT Takke (IIr00-
pUT, TypMaJIuH. B anOMHTPY3UBHBIX BTOPHUYHBIX KBapLMTaX Pe3KO IMpeoo-
JA1al0T KBApLl U CEpULMT (MYCKOBHUT); CPEIU HUX IO JaHHBIM MHUKPOCKO-
IIUY BBIACISIOTCS TaKKe MUHEpallbHble (Dalluy KaKk MOHOKBapLeBasi, aHJally-
3UTOBasi, TYPMaJIMHOBAsl, CEpULIUTOBAsI (MyCKOBUTOBAs), TUKKUTOBas, (Jito-
OpUTOBAs; B MEPEXOJHBIX K IMIPOIMMINTAM 30HAX BBIACIAIOTCSA XJIOPUTOBAs U
KanpuuToBast ganuu [7]. MoHOMUHEpanbHble (YUCThIE) (palluu BTOPUUHBIX
KBapIMTOB BCTpeyaroTcs peako. OHM, Kak MpaBUIo, OOHaXarOTCA B OCEBOM
4acTU BBIXOJOB BTOPUYHBIX KBAapLUTOB, MO OOKaM KOTOPBIX IOCIEI0Ba-
TEJBHO 3aJIEraloT CIEeAYIOIINEe Pa3HOBUJIHOCTH (IeTporpaduyeckue THIIbI)
[7]: xBap-aHIATYy3UT-CEPULIUTOBBIE, KBapll- TypMaJIHMH-CEPUIUTOBBIE (C
PEUKTOBBIM IUIArMOKIIA30M); KBapI-(QIF0OOPUT-CEPULIUTOBBIC; KBapIl-Kao-
JUHUTOBBIE (JUKKUTOBBIE): KBapl-CEPULIIMT-MYCKOBUTOBBIE; KBapIl-CEpu-
LUT-XJIOPUTOBBIE; KBAPL-CEPULIUT-KAIBIUTOBBIE MOpPOobl. Cpeau BbIIEICH-
HBbIX TUIIOB BTOPHUYHBIX KBaplUTOB HAUOOJIBIIMM Pa3BUTHUEM IOJb3YIOTCS
KBapI[-CePULIUTOBAs M KBApI-KaOJUHUTOBAs (AUKKUTOBAs), KOTOPBIE BCTpe-
yaroTcs (0COOCHHO TepBasi) MOYTH IMMOBCEMECTHO U CIArar0T 3HAYUTEIbHBIC
IJIOLIA /.

O6a Tuma BTOPUYHBIX KBAapLUTOB MaKPOCKOMUYECKH MPEACTABISIOT
co0oi cBeTyO-cephle, MOUYTH Oelble JIETKOBECHBIE IMOPOJbI, O0Jaaromnme
00J1ee BHICOKOW MOPUCTOCTHIO 110 CPAaBHEHHUIO C UCXOAHBIMU MOPOJIaMHU.

MuHepaibHBIA COCTaB BTOPUYHBIX KBApLUTOB (QHAATY3HT, (IIIOOPUT,
TYpMaJIUT, KBapll, CEPULIUT), CBSI3aHHBIX C TPAHUTOUIHBIMU HHTPY3UBAMU
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MIOCJIECPEIHEIOLEHOBOTO BO3PACTa, IPY MOJYMHEHHOM Pa3BUTHH KAOJIMHUTA,
XJIOPUTA, KAIbLIUTA, YKA3bIBAaeT Ha 00Jiee BBICOKOTEMIIEpATYpHBIE YCIOBUS UX
00pa3oBaHus, 110 CPAaBHEHUIO CO BTOPUYHBIMM KBApPILMTaMH I1aJIEOI€HOBOIO
Bo3pacrta. Kpome Toro, B HUX 4acTo HaOJIIOJat0TCsl PETUKTOBBIN IIaruoKJas,
a B [IEPEXOHBIX K IPONMINTAM 30HAX 3MUJOT, XJOPUT, KaablUT. Huzkorem-
nepaTypHble KBapll, XaJle/J0H, KAOJIUHUT, JUKKUT, aTyHUT, CEPULIUT SBIISIOT-
Csl TJIABHBIMH TIOPOJ000PA3yIOIIMMH MHUHEpajJaMd BTOPUYHBIX KBapIIUTOB
(ocobenHo armod3¢¢y3uBHBIX ) TAJIEOTEHOBOTO BO3pacTa.

O naBneHusx, Mpu KOTOPBIX (POPMHUPOBATIMCH BTOPUYHBIE KBAPIUTHI,
MO’KHO CYJUTb I10 I€0JOrMyeckuM JaHHbIM. Kak OblI0 0TMEUYeHO, BO3pacT
UHTPY3UBOB, C KOTOPBIMU OHU CBSA3aHbl, ONPEAEIAETCS KaK NO3AHECPEAHE-
J0LI€HOBbII. MOIIIHOCT HAIMHTPY3UBHOM TOJIIM JOMHTPY3UBHOTO BO3pac-
Ta, cocTtasisomas 2,5-3 kM (A.Acnasss, 1958), MoxxeT ObITh MPUHSATA KaK
MUHHUMaJIbHas INyOMHAa (POPMUPOBAHMS BTOPUYHBIX KBapuuToB. Ha rimy-
o6une 300-500 M ruaporepManibHOE HM3MEHEHHE, MMEIOIIMEE B Ipeenax
PYAHOrO MoJis OOBIYHO IUIOLIAJHOE PACHpPOCTPaHEHUE, MPOCTPAHCTBEHHO
ocnabesaer. [lo muenuto J[.C.Kopxunckoro (1961), B cyOBylIKaHHYECKHX
yCIOBUAX MeTaMop(pu3Ma METacCOMAaTUThl CpeHed U TeMm 0oJiee BBICOKO-
TEMIIEpPAaTypHOH CTyleHu He oOpa3ytotTcs. [IpucyrcTBue xanuenona, alyHu-
Ta, KAOJMHUTA U APYIMX MUHEPAJIOB IOKA3bIBAIOT, YTO OHU 00Pa30BaJIUCh B
HU3KOTEMIIEPaTYPHbIX YCIOBUSX.

Ananu3z Bcero oo0beMa UMEIOLUXCs Pa3BeJOYHbIX MAaTEPUAIIOB YKa-
3bIBAET Ha CYLIECTBEHHYIO CIIOKHYIO 3aBUCHUMOCTb MEXIY M3MEHSOIIENCs
MOpGoJIOTHENH PYIHBIX 30H, OCOOEHHOCTSIMU WX BHYTPEHHEIO CTPOCHHS U
KOHILEHTpALUU 30J10TOro opyAaeHeHus. [locinennue kpaitHe He BbIAEPKAHHO
U Hapsly ¢ MpeobiaaloiiM B pyIHBIX 30HaX OeAHbIM opylaeHeHueM (Au
00bryHO 110 0,1-2 T/T) 00HaApyX)uBalOT OoJiee BHICOKYIO KOHIIEHTpAIUIO, B
npenenax 10-20 r/T B JOKalbHBIX THE3/1aX U PYAHBIX CTON0aX — OOHAHIIAX.
HenocraTok pa3BeoYHBIX JaHHBIX HE MO3BOJISIET B HACTOSAIIEE BpPEMs CY-
IUTh O pa3Mepax TakUX CTOJI00B, UX MOP(OJOTUH U CKOIUIeHuH. Bmecte ¢
TEM, TOT )K€ aHaJlu3 pacIpe/ie]IeHHs] 30JI0TOr0 OPYJIEHEHUS! PpPa3BelOYHbIX
PYAHBIX 30H (B 4yacTHOCTH, ydacTok Ks3pui-UtaH, mronsHu NeS2 u 56),
MO3BOJISIET BBICKA3aTh MPEIBAPUTEIbHBIE CYKIEHHUS O BIUSHUM HEKOTOPBIX
3JIEMEHTOB BHYTPEHHEIO CTPOCHHUS PYAHBIX 30H HAa KOHLIEHTPALHUIO 30JI0TO-
IO OpYy/I€HEHUSI.

CTaHOBUTCS U3BECTHO, UTO COAEPKAHHUE 30JI0TA MPSMO HE CBSA3AHO C
CyMMapHOW MOIIHOCTBIO 30JI0TOPYJHBIX MPOKHWIJIKOB IJIaBHOM PYIAHOM cTa-
UK. 3HAYUTEIBHO Yallle COJEp/KaHUE 30JI0Ta YBEINYMBAETCA B TE€X ydacT-
KaxX PYAHBIX 30H (OMpPOOOBAaHHBIX HA BCKO MOIIHOCTb MU3MEHEHHBIX MOPOJ),
I7I€e CyMMapHas MOIIHOCTb IPOXWIKOB SBJISIETCS HauMeHbluel. Takue
YYaCTKH PYAHBIX 30H MOYTH BO BCEX CIydasX COBIAJAIOT C MECTAMH UX 3a-
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METHBIX MEepPerudoB, I7ie a3UMYTHI IPOCTHPAHMS U MAJACHUS 30HBI PE3KO U3-
MeHsIOTCs B mpenenax g0 10-15° B mexpyansie sTanbsl GOpMUPOBAHUS
PYIHBIX 30H TaKWE€ yYaCTKH MOTJIH CIIY)KUTh YIOPaMH CKOJIOBBIM IIepeMe-
LIEHUsAM M Onarojapsi 3TOMY OCTaBaJUChb OTHOCHTEIBHO 3aKPBITBIMHU, UTO
MOJITBEPKIACTCS COKpAIICHHUEM OOIIe MOUIHOCTH MPOXXKUIIKOB TJIABHOTO
PYIHOIO 3Tana U HepelKUM OTKJIOHEHHUEM HX B KpaeBble YaCTH 30H M3Me-
HEHHBIX TOPO/], UHOT/Ia BBIXOJIOM 32 MX MPEACbI.

HecMoTpst Ha 3TO, MMEHHO B TaKMX y4acTKax, 0-BUAUMOMY, BO3HH-
Kajau Oosiee OJaronpHsTHBIE YCIOBUS JUIS OTJIOXKEHHUS 30J10Ta M ACCOLMH-
pyOUMX Cylb(QUIOB U CyIb()OAHTUMOHUTOB CBUHIIA B IVIABHYIO PYIHYIO
craguio. Hapsiny co cTpykTypHBIM (DaKTOPOM JIOKAJIH3AIHUU 30JI0TOTO OpY-
JICHEHUs] CYLIECTBYET, BO3MOYKHO, Oojee BaKHBIH (PU3MKO-XMMHUYECKUH
(bakTOp OTIOXKEHHS 30JI0Ta U €r0 CIyTHUKOB. TakuMm (GakTopoM MOT CIy-
KHUTb OoJiee 3aCTOMHBIN PEeKUM IMIAPOTEPMANIbHBIX PACTBOPOB B MECTaX MX
0oJiee CTECHEHHOM IUPKYIISIIIHN.

BeposiTHO, B Takux YCIOBHSX TpPAaHCHOPTUPYEMBbIE PACTBOPaAMHU
CJIO’KHbBIE COETUHEHUS TSDKEIIBIX METAJIJIOB, B TOM YMCIIE 30JI0Ta, JIerye moj-
BEprajluch U3MEHEHUIO U pacmajy, 4To MpHBeso U Oojee 6oraroil MUHepa-
JM3AIMH yYaCTKOB PYAHBIX 30H C OTMEUEHHBIMH BBIIIE 0COOCHHOCTSIMH.

Ocobennoctu TyTXyHCKOTO PYIAHOIO MOJII — HAJIWYMUE JOPYIHBIX
apTHJUTM3UTOB, HAIENIO 3aMENAl0IINe HU3KOTEMIIEpaTypHbIE TPOTHIUTHI 1
THJIPOCIIIOIUCTbIE U3MEHEHHS B HAPYIHOM 30JI0TOHOCHOM 30HE YaCTUYHBIX
M3MEHEHHH, KOTOPbIE HOCAT OKOJOTPEIIMHHBIA XapakTep, YTO MPUBEIO K
00pa30BaHUIO OOEIEHHBIX JUHEHHBIX 30H, CIOKEHHBIX NMPEUMYILECTBEHHO
THIIPOCITIOJIAMH U TIIMHUCTBIMU MUHEpajlaMi. MOITHOCTh TaKUX 30H TIEpPBbIC
JECATKHA CAaHTUMETPOB, MPOTSHKEHHOCTH J10 JECSITKU METPOB. APTrUJIIUTOBbIE
Y TUAPOCIIONCTHIC M3MEHEHUS HAJIO0KEHBI Ha MPOIMINTOBBIE, CHHXPOHHBI
C PYZIOOTJIOKEHUEM U, TIO-BUAUMOMY, BBI3BaHbI TEMHU K€ T'MJIPOTEPMaIbHBI-
MU pacTBOpamu. AprujuIM3aus MpociekuBaercs Ha riryouny 6onee 200 M.
JUnist apruIIM3upOBaHHbBIX TPAHUTOUIOB B Mpejeax pyJHOro Mojs oTMeva-
€TCsl HECKOJIBKO psA10B 30HaIbHOCTH (I".BOJIOCTHBIX).

BHyTpeHHHEe 30HBI apruIM3alldi COAEPKaT OJMH WIIM HECKOJBbKO
MOCTMarMaTHYECKUX MHHEPajoB. KaolMHUT oTMedaeTcs BO BCEX MOpOJax
BHYTPEHHHUX 30H, B TOM YHCJIE€ U B OKOJOPYAHBIX. 30Ha KaOJUHHU3AIUU BO3-
HUKJIA, BEPOSITHO, JINOO OJHOBPEMEHHO C PAHHUM JOPYIHBIM KBapIeM, JIH-
00 paHbllIe ero. Yka3zaHHas 3aKOHOMEPHOCTh HEpPEeIKO Hapylaercs Oyaro-
napsi (pa30BOCTH B MPOSIBJICHUW TIIyOWHHOTO MarMaTH3Ma, OOYCIOBUBIIHN
HAJIOXKEHUE JIPYT Ha JIpyra MUHEPAJIbHBIX aCCOLMAINMI pa3IMUHbIX YPOBHEH
riyounHocTH (I'.BonocTHbIX).

['maporepManbHO-U3MEHEHHBIE 30JI0TOHOCHBIE 30HBI SBISIOTCS OC-
HOBHBIM MOP(OIOTHYECKIM TUTIOM. MHOTHE U3 HUX 00JIaZaf0T pe3KO Baph-
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upymouieit momHocThio oT 10-20 cMm g0 1,5-2 m (cpeanee 0,4-0,5 m) mo ux
MIPOCTUPAHUIO U MTOATOMY MUMEOT U3BWIHUCTBIE ouepTaHus. IIpoTskeHHOCTh
30H 0T 40-50 M 10 800 M u 6onee. Paccrostane mexay 3onamu 10-50 m. 30-
JIOTOHOCHBIE KBapLIEBbIE KUJIbl BCTPEUAIOTCS PEXKE U MPUYPOUYEHBI K CKOJIO-
BBIM TpEIIMHAM B Te€JIaX TPAaHUTOUIHBIX MaccuBOB. IIpoTsokenHocTs ux 100-
200 m, nuiIb B OTACNIBHBIX ciydasx mirHa ux gocturaet 400-500 m. Ilpe-
00J1a/1a10T KHUIIBI MOITHOCTBIO 15-20 cM. BONBIIMHCTBO M3 HUX UMEET IMPO-
CTO€ CTPOCHHE, OJHAKO BCTPEYAIOTCS CIIOKHBIE TeJia BBIIOJIHEHUs, 00Y-
CJIOBJICHHBIE HApPALTMBAHUEM U [0 UX MOIIHOCTH, IPOCTUPAHUIO U Tajie-
HUIO, BCJIEACTBUE MHOTOKPATHOTO IMPUOTKPBIBAHMS TPEUIUH U 3aIIOJHEHHS
WX HOBBIMH MOPIUSMU THAPOTEPM.

MOIHOCTh 30H UHTEHCUBHO M3MEHEHHBIX MOPOJ1 3aMETHO BO3pacTa-
€T MPHU BBIXOJIE PYAHBIX 30H U3 TPAHUTOMJIOB BO BMEHIAIONINE MOP(UPHUTHI,
9TO 00BsCHSETCS O0Jiee BHICOKOW MOPUCTOCTHIO M TPEIIMHOBATOCTHIO MOP-
¢buputoB. Hapsimy ¢ 3TUM 1pu niepecedeHUH PyTHBIME 30HAMH JIa€K PaHHHUX
MOKOJIEHUH MOP(OJIOTHS WX MO MPOAOIKEHUH BO BMEIIAIONUX TOphUpH-
Tax, KaK IpaBUJI0, HE U3MEHSAETCS.

Bo Bcex ciydasx MOpQoaorus pyaHbIX 30H 3aMETHO YCIOXKHSETCS B
MeCTax CONpsKEHUS UX ¢ 00ojee paHHUMH CUCTEMaMU TPELIUH U B y4acTKaxX
3aMETHOr0 M3MEHEHUs MPOCTUPAHUS 30H, I/I€ MOUIHOCTh U3MEHEHHBIX I10-
POJl paHHEN CTaJiuy PYAHOIO MPOLIEcca 3aMETHO BO3PACTAET.

JanbHeiiiee pa3BUTUE CTPYKTYP PYAHBIX 30H M YCJIOKHEHHE HX
MOp(}oIOruK B INIaBHYIO PYJHYIO CTQJUI0 B OCHOBHOM IPOMCXOJUT B Ipe-
Jienax 30H TIy0oKoro u3MeHeHus nopol. [Ipu TeKTOHMYeCKUX HapsKeHH-
SIX 9TOM CTaJMHU 30HBI U3MEHHBIX MOPOJ SBIISITUCH HAUMEHEE MPOYHBIMH U
HauOoJee TUIACTUYHBIMU I 00pa30BaHUsS BHYTPH HUX CHCTEM TPEIIUH U
METaCOMaTUYECKOT0 MPOHUKHOBEHUS MOCIEAYIOUUX MOPLUIl pacTBOPOB,
KOTOPBIMH OBLITH C(OPMUPOBAHBI MPOKUIIKU MPOAYKTUBHOM acCOIMAIIHH.

EcTecTBEHHO, UTO OTKPBITHE MOJOCTEH B TAKUX TPEIIMHAX BO3MOX-
HO Ha KOPOTKHUX ydacTKaxX M3MEHSIOLIErocs nmpocrupanusa. BoT nouemy Bce
3T NPOXXKUIIKU B IPEJiesiax 30H U3MEHEHHBIX OPO]I MPEPHIBUCTHI, JTUH3000-
pas3Hbl ¥ B TMOJABISIONIEM CBOEM OOJBIIMHCTBE 3aKJIIOUYEHBI BHYTPH 30H,
COBMaJiasi C HUMHM [0 MPOCTUpaHHUIO. ECTh OCHOBaHuUs mpejroiararb, 4To
xapakrep nedopmanuu HECKOJIBKO M3MEHSETCs B TMO3AHIOK CTaauio (op-
MHUPOBAHHUS PYIHBIX 30H. Ha 3TO yka3bIBaeT MOYTH MOCTOSIHHO CEKyIIHe TOo-
JIOKEHUE TO3IHUX KBapI-KapOOHATHBIX MPOXKUIKOB, YaCTO BBIXOAAIIMX 3a
npeAenbl 30H U3MEHEHHbIX nopoj. Hambonee MHTEHCHMBHO Takue JBMKEHHS
MIPOXOJIUITH BJIOJb TEX PYIHBIX 30H, KOTOpPBIE MPUMBIKAIH K 3aTb0aHIaM JaeK.

[[ITokBepKH TIEPEMEHHON MOIIHOCTH, KOTOPBIE MPEICTABICHBI JKH-
JaMU U TPOXKUIKUMHU, CBSI3aHbI C 30HAMU TPEIIMHOBATOCTU U MOJB3YIOTCS
pa3zButreM Ha Ka3bIXxaHIMHCKOM M Ar3bIOMPCKOM y4yacTKax. TpeluHsl 3a-
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JieueHbl KBapI-KapOOHATHBIM MaTEpHaiOM M COMPOBOXKAAIOTCS MHUPHUTOM,
XaJIbKOIIMUPUTOM, TaJeHUTOM, c(alepuToM, AHTHUMOHHUTOM, peajbrapom,
ONEKIBIMH pyJaMH, MOJIMOIEHUTOM, CAMOPOJIHBIM 30J0TOM. B OTIenbHBIX
kBapueBbix kwmiax (Kempul-MTanckuii y4acTok) BcTpedaroTcst OoraTbie
CKOIJICHHUS MUPHUTA, MOIMOACHUTA, ONEKIBIX pyx U Ap. B 3010TOHOCHOI
0JIOCE M3pe/iKa BCTPEUAIOTCS Kbl C KBapl-KapOOHATHBIM arperaTom, Iie
KapOOHATOB (KaJbLMT, JOJOMUT) IPUMEPHO CKOJIBKO K€, CKOJIBKO U KBapLa
[7]. Munepanu3anus xapakTepuzyercs 00TaThiM COAepKaHUEM CYIb(PUI0B
(10-15%), okcHIOB, TUAPOKCHIOB H T.JI.

W3noxxeHHbIe BBILIE JaHHBIE O PAa3BUTUU CTPYKTYpbl TyTXyHCKOro
PYIHOrO IOJISI MOTYT CIIY’)KUTh OCHOBAaHUEM YCTAHOBJIEHUS 3aKOHOMEPHO-
CTell pa3MelieHus 30J0TOPYAHON MHUHEpaIH3alui B €ro Inpejaenax, KOTo-
pBI€ B IIEPBYIO OUEPElb YIPABIIAIOTCS OTHOIIEHUEM 30H 30JI0TOPYIHOU MU-
Hepalu3aluy K JaiiKkaM U MOCJIeJaiiKOBBIMU 3JIEMEHTAMU CTPYKTYPBI PYy-
HOTO I10J151, IOKAJIU3YIOLUIUMH 30JI0TO€ OPYJCHEHHE.
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AZORBAYCANIN BASLICA QIZIL YATAQLARINDA HIDROTERMAL
DOYiSMIiS SUXURLARLA FiLiZLOSMONIN MUNASIBOTIi HAQQINDA
(TUTXUN FiLiZ SAHOSI)

V.M.BABAZADO, S.R.NOVRUZOVA
XULASO

Moalumdur ki, bilavasita yer sothina yaxin dorinliklordo asan kasf edilon yataglar
xeyli doracods askar edilmisdir. Bu sababdan darinlikds yerloson endogen yataglarin
axtarigina ciddi ehtiyac duyulur. Gostorilonlori nozors alaraq, filizyerlogdiron hidrotermal
doyismis siixurlarin na daracods praktiki vo nozari shomiyyot dagimasini etiraf etmoliyik
(ing. — wall rock alteration). Qizildagiyan kvars damarlar1 vo hidrotermal doyigmis siixurlar
epitermal nocib metal yataqglarin on genis yayilmis morfoloji tiplorindandir. Bu yataglar
oksor iri qizildagiyan regionlarda genis inkisaf tapmigdir. Yataqlarin agkar edilmosindo
axtarts amili kimi hidrotermal doyigmis siixurlarin kompleks 6yranilmoasi nazords tutulur,
hansilar ki, propillitlagmis zonalarin formalasmasina sobab olurlar. Propillitlor metasomatit-
lorin sulfidlarls, asasan piritlo hopmus yiiksok-, orta- va asagi temperaturlu fasiyalari, ilk
ndvbada téramoa kvarsitlorlo miisayat olunurlar.

Magalads Kigik Qafqazin Tutxun filiz sahasi timsalinda hidrotermal doyismis siixurlarin
formalagmasinin bazi masalalori va onun filizlosmoys olan miinasibati tahlil olunur.

Acar sozlor: Kigik Qafgazin morkozi hissasi, mantagos, qizil, téroma kvarsitlor,
qizil-rvars filiz zonalar1.

ON THE RELATIONSHIP BETWEEN HYDROTHERMALLY ALTERED ROCKS
AND MINERALIZATION AT THE MAIN GOLD DEPOSITS OF AZERBAIJAN
(TUTKHUN ORE FIELD)

V.M.BABA-ZADEH, S.R.NOVRUZOVA
SUMMARY

As is known, easily discoverable deposits that are found directly on the earth surface
have, largely, already been identified, and therefore there is a need to search for endogenous
deposits located at depth. Thus, the study of wall rock alteration in ore-hosting rocks is of great
practical and theoretical importance. Gold-bearing quartz veins and hydrothermal alteration
zones represent one of the very common types of epithermal alteration in noble metal regions.
They are widely developed in many large gold-bearing regions. The most common type of
changes, which is of great importance as a prospecting feature of deposits, is a complex of
transformations, as a result of which propylitized zones are formed in rocks, accompanied by
high, medium and low-temperature facies of metasomatites and impregnation of rocks with
sulfides, usually pyrite. In this article, some issues of the formation of this complex of wall rock
alteration, the establishment of morphology, zoning and characteristic features of mineral
parageneses and their relationship with mineralization are considered using the example of the
Tutkhuna ore field within the Lesser Caucasus.

Keywords: central part of the Lesser Caucasus, area, gold, secondary quartzites,
gold-quartz ore zones.
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HMHTEHCHUBHOCTDB BUOT'EOXUMHNYECKOI'O IOTJIOIIEHUSA
TUTAHA U ®AKTOPBLI, BIIMAIOINUE HA KOHOHEHTPALIUIO
X B PACTUTEJIBHOCTH

C.AMCAEB, A.M. HCMAWMJIOBA, A.T.MAMEJIOBA
bakunckuii I'ocyoapcmeennwtii Ynuegepcumem
sokrat.paleo@rambler.ru

Omnowenue cpedHeeo codepofcaﬂwz an1emenma 6 30jie pacmernus K e2o codep:»canu;o
6 no4eax, Ha KOmopwvlx npouspacmarom oannoe pacmenue (AX), 8bliejisient NOMeHyuadibHoO
6u0xuMuqec1<yio NOOBUIICHOCMb dJIEMEHMA U C]le()06ame]le0, YyKa3svleaem HA UHMEHCUB-
HOCMb OUON02UUECKO20 nocioWeHUA a1emenmad. Bnusnue cenemuueckozo (j)akmopa HA
UHMEHCUBHOCMb NOCIOWEHUSA INeMEHMO6 NpoAsIAemcs npu U3y4eHuu UHmMmeHCUuesHocmu
NOCNOWEHUS dNIeMeHmoes, npouspacmarouux 6 00UHAKOBBIX ﬂaHdWa¢mH0'2€0xuMult€CKux
ycuoeusix. H3y’~t€Hu€ Xumuueckozco cocmaea pacmumeilbHoCcmu, np0u3pacmai0u¢eb7 Ha npu-
pOOHO—aHOMa/ZbeZX nﬂowadﬂx Mmozcym ompasxcanv 6JAUSAHUSL IKOJIO2UYEeCKO20 (])aKmopa Ha
UHMEHCUBHOCMb NO2JIOUIEeHUS D]IEMEHIMO0E.

KaroueBble ciaoBa: PACTUTCIIBHOCTD, ITOYBA, OHOJIOrHYECKOE TIOTJIOICHHUE DJICMCH-
Ta, TUTAaH

Ha xoHIEHTpanuio 3J€MEHTOB B PACTUTENBHOCTH OKa3bIBAIOT BIIMS-
HUEe Kak (u3uko-reorpaduueckue yciioBus, TaKk M Teosiornueckas oodcra-
HoBKa. CyllecTBEHHas: pOJIb NPHUHAUIEKUT XUMHUYECKOMY COCTaBYy IIOYB,
TEeHETUYECKU CBSA3aHHOTO C MaTepuHCKUMU nopojamu. Ilo [6] B dhopmupo-
BaHUM XMMHYECKOTO COCTaBa PACTEHUH yyacTBYIOT JiBa BeAYIIMX (hakTopa—
TEHETUYECKUN U IKOJIOTUYECKU. XMMHUYECKHI COCTaB PACTEHUN 3aBUCHUT B
NIEPBYIO OYEPEb OT CUCTEMATHUECKOIO MOJIOKEHUSI PACTEHUIM U B MEHbBILEH
MepE 3aBUCUT OT JKOJIOIMYECKHUX YCIOBHM, T.€. IIEPBOCTEIICHHOE 3HAYCHHE
uMeeT reHeTndeckuil Gpaxtop. OHAKO HA MIIOLIAAAX PA3BUTHUS PYIHBIX Me-
CTOPOXKIACHUM B TMOYBaX BO3PACTACT COAEpP)KAaHUE MOJBUKHBIX (OpM dlie-
MEHTOB, YTO CHOCOOCTBYET MOBBIIIEHHOW KOHILEHTPAIMU UX B PAaCTUTENb-
HOCTH, T.€. Ha KOHLEHTPAIMI0 XUMHUYECKOTrO 3JIEMEHTA B PACTUTEIIBHOCTH, B
ATOM Cllyyae, BIUseT dKoJorndeckuii paxrop [8].
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OTHOIIEHUE CPETHETO COJIePKAHMUS HIIEMEHTA B 30JI€ PACTEHHS K €To
COJIEp’KaHUIO B TIOYBAX, HA KOTOPBIX MPOU3pACTaeT AaHHOE pacTeHue (Ax),
BBISIBIISICT TMOTCHLIUAIBHYI0O OHMOT€OXMMUYECKYIO MOJBMKHOCTD JIJIEMEHTA,
CJIEIOBATENbHO, YKa3bIBA€T HA MHTEHCUBHOCTh OMOJIOTHYECKOrO MOTJIOLIe-
HUS 3JIEMEHTA.

buoreoxumuueckue wucciaernoBaHUS ObUIM HPOBEACHBI B Ipejaenax
IByX reomopdonorndeckux ctpykryp-bombmoro u Manoro Kaskasza. Ha
bonbmom KaBkasze m3ydanach pacTUTEIbHOCTh Ha IOKHOM U FOTO-BOCTOY-
HOM CKJIOHax M B npepnenax I'ycapckon paBHHHBI. Ha 10KHOM CKIIOHE HC-
clieoBaHMsl OBUIM MpOBENEHbl Ha (OHOBBIX H MPUPOJHO-aHOMAIBHBIX
IUIOIIASIX, TJ€ B OCHOBHOM Pa3BUTHI MOPOJBI FOPCKOTO Bo3pacTa. Ha roro-
BOCTOYHOM CKJIOHE Mpeo0iIaaloT OTIOKEHHUs MeloBoro mepuona. I'ycap-
CKas )K€ paBHHHA XapaKTEPU3YIOTCS MPEHUMYIIECTBEHHBIM Pa3BUTHEM HEO-
reH-4eTBepTUYHBIX oTioxkeHuil. Ha Manom KaBkasze u3ydeHa pacTutenb-
HOCTB, IPOU3pacTaroniast Ha 30JJ0TOHOCHBIX TUIOIIA/ISX.

Turan. Knapk nutocdepri-450,0-10%. MakcumanbHble cojepxa-
aust trana (900,0-10°%) CKOHIGHTPHPOBAHBI B OCHOBHBIX Topoaax (Oa-
3anbThl, Ta00p0). MUHUMATBHBIMU COJCPKAHUSIMU (30,0-10‘3%) BbIJICIISI-
IOTCSl YIBTPAOCHOBHBIE TOPOBI-AYHHUTHI U 1p. TuTtan obpasyer 67 MuHepa-
J0B, M3 KOTOpBIX BaxHelmumu sapisores pytun (TiO;) wumbmeHUT
(FeTiO3), chen Cu[Ti(Si04)O]. Turan 31eMEHT HE TOJBKO T'HIPOJIHA3ATOP,
HO TaKXe M KOMIUIEKCOOOpa3oBaTesb, YTO CHOCOOCTBYET PpaCIIMPEHUIO
JIMara3oHa BOJHOW MHUTPALIUH.

HaumMenbIiasg Murpanusi TuTaHa HaOMo1aeTcs B KUCIBIX, CIA00KHC-
JBIX, HEUTPAIBHBIX W CIA0OIIETOYHBIX YCIOBUSX. B CHIBHO MIETOYHBIX
YCIOBUSAX MHTEHCUBHOCTh BOJIHOW MMIPAIlMHM BO3pAcTaeT. B CHIBHOKUCIIBIX
YCIIOBUSIX TUTAH MUTPUPYET KaTHOHHON (opme, oOpazyeT pacTBOpUMBIE
COeMHEHUs Cyib(ar-uoHa [8], THTaH OTHOCUTCA K MAJIOMOABMKHBIM MH-
rpanTam ¢ Ko3@duiueHToM BoaHou murpanuu—0,07 [8], THTaH BO3MOXHO
HE00XOAUM JUIsl AKUBOTHBIX, Oylydd MaJOTOKCUYHBIN, BOZMOKHO KaHIIEPO-
reHHbIi [6].

Knapk 301181 paCTeHI/Iﬁ—IO0,0-lO'g% [7]. Tlo BennuuHe KO3PPULIU-
eHTta Ouosnorudyeckoro noriomeHus (0,1) TuTaH OTHOCUTCA K PSAY DJIEMEH-
TOB CpeJHero, caaboro u oyeHb cnaboro 3axBata (KK<0,7) [8].

[To [4] B 307€e pacTeHHMI KOHTHHEHTOB COJIEp)KaHHE THTaHA PaBHO
65,0-10"% npu Be=0,20.

HanGonpmum k03D PuImmeHToM  OHOJIOTHYECKOTO  MOTJIONICHUS
(Ax=0,77) BblOENSIETCS CEMEHCTBO CIOKHOLBETHBIX, MHHUMaIbHOU
(Ax=0,24-0,25)-ceM. 30HTHYHBIX ¥ KUTIApHCOBBIX. C OJM3KONH MHTEHCHBHO-
cTbio moriomenus (Ax=0,62-0,65) xapaktepusytorcs 6000BbIe, MapeBbIe,
a¢enpoBbie, a TaKXKe TYTOBbIC, CBHHYATKOBEIC, JIOXOBBIE M 3JIAKOBBIC
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(Ax=0,39-0,44) [7].

AHanu3 BBIIEHPUBEICHHBIX JaHHBIX O COJCP’KAHUU U KOHIIEHTpa-
LIUU TUTAHA B PA3JIMYHBIX BUJIaX U CEMEICTBAX PaCTEHUM, MPOU3PACTAIOLIUX
Ha Pa3IMYHBIX JaHAMAPTHO-TEOXUMHUECKUX YCIOBUSX, MO3BOJISIET ClIEIaTh
HEKOTOPBIC BBIBOJbI O MHTCHCUBHOCTH OMOJOTUYECKOTO TOTJIONICHUS TUTA-
Ha pacTeHusIMU. Bo-mepBbIX, pacTeHUs, MPOU3PACTAIONINE B HOPMAJIbHBIX
YCIIOBUSIX, XapaKTEePU3YIOTCS KOA((OUIIMEHTOM OHOJIOTHYECKOTO TOTJIOIIe-
Hus B npenenax 0,02-0.06, yTo yka3pIBaeT Ha CJIa0blii H OYCHB C1a0bIN 3a-
XBaT 3TOTO AJIEMEHTA PACTUTEIHHOCTHIO. BO-BTOPHIX, B 371aKOBBIX, 000OBBIX
U CJIOKHOIBETHBIX, MPOU3PACTAIOIIUX Ha MPUPOTHO-AHOMAIIBHBIX ILIOLIA-
15X (30JI0TOPYIHBIE MECTOPOXKACHUS) HaOomaeTcss 0ojiee MHTCHCHUBHAsS
koHneHtpanus tutaHa (bc=0,5-1,1). IlonbiHP TEXHOTEHHO HAPYIICHHBIX
wiomazei (Hedresarps3HEHHBIE TOYBBI) XapaKTepusyercs Oojee WHTEH-
cuBHOU KoHIeHTpanuei (Ax=1,4) snemeHnTa. B 30He OKHCIICHHS KOJTYeTaH-
HOTO MECTOPOXKJICHUSI UHTCHCHBHOCTh OWOJIOTMYECKOTO IOTJIONICHUS TH-
TaHa JaypCKOU JINCTBEHHUIIEH yMEHbIIaeTcsl B 2 pas3a. B-TpeTbux, Makcu-
MaJbHBIMU COJACPKAHUSAMH THUTaHAa BHE 3aBHCHMOCTHU OT YCJIOBHM MpPOU3-
pacTaHusi BBIAEISETCS TPaBSHUCTAs PACTUTENBHOCTh, MUHUMAJBHBIE CO-
Jep’KaHMsI OTMEUAIOTCS B TIPEJICTABUTEIIAX JPEBECHON paCTUTEILHOCTH.

CpaBHeHHE MHTEHCUBHOCTU OMOJOTHMYECKOrO TMOTJIOIIEHUs THTaHa
TPaBSHUCTOM U JIPEBECHOM PACTUTEIILHOCTH, MTPOU3PACTAIONINX HA MOYBAX,
c(hOpPMHUPOBAHHBIX HA IOPCKUX OTIOKEHUSX, BBISBISET MIPEUMYILECTBEHHYIO
(B 6,8 pa3) KOHIIEHTPALIMIO JIEMEHTA B TPABSIHUCTOM PACTUTEIHHOCTH.

W3 TpaBsSHUCTON pacTUTENHLHOCTH, MPOU3pACTAIOIIEeH Ha HUKHEME-
JIOBBIX OTJIOKEHUSX OBLIM M3Yy4YEeHBI JIOTHK (JIFOTUKOBBIE), acTparan (60060-
Bble), manopoTHUK. Koad¢uimeHT OMOIOrHYecKOro MOTIIOIIeHUsI THUTaHA
kozebnercs B npeaenax 0,06-0,14 u B cpennem pasen 0,1. MakcumanbHas
KOHIIEHTpAIlMsl OTMEUYaeTcsl B acTparaje, MHHHUMallbHas-B MAaOpPOTHUKE C
CYIIIECTBEHHOM pa3HHIIEH B 2,3 pa3.

KycTtapHukoBass pacTHUTENbHOCTh Ha HIKHEMEJIOBBIX OTJIOKEHHSIX
xapakrepusyercs Kod(p(GUIHEeHTOM OMOJOTUYECKOTO MOTJIOIEHHS B Mpee-
nax 0,04-0,18 u B cpennem pasen 0,1.

Ha HmwKHEMENOBBIX OTJIOKEHUSX OBUIM H3YyUYEHBl IPEICTaBUTEIIN
CIIEYIOIIUX CeMeilcTB; OyKOBBIX (1y0). Oepe3oBbix (Tpab), KICHOBBIX
(x1eH), opexoBbIX (OpeXx TpelkHii), po30LBETHBIX (rpyiia, anbiya). Koad-
¢bunmeHT Omonoruveckoro mornomieHus konednercs ot 0,02 (amprya) mo
0.18 (rpyma) u B cpenuem pasen 0,07.

Ha BepxHEMeNnoBBIX OTJIOKEHHUSX OBUTH H3YYECHBI MPEACTABUTEIU
JIBYX CEMENCTB JPEBECHOM PACTUTEIHLHOCTH: OYKOBBIX (OyK, 1y0) it 6epe3o-
BbIX (Tpad, kaparad). B WHTEHCHBHOCTH OHOJOTHYECKOTO MOTJIOMICHHS TH-
TaHa B OTHX CEMEWCTBaxX CYIIECTBEHHOW pAa3HUIBI HE HAOIOAAeTCs
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(Ax=0,09-0,11). Cpenu BHIOB BBIIEISAIOTCS PACTEHUS C OTHOCUTEIBHO
OoJblel KOHLIeHTpauuel Tutana. Hanpumep, HauMeHbIIas, KOHIICHTPAIUS
orMeuaercs B kaparade (Ax=0,03). MakcumaibHON KOHLIEHTpalMen Bbljie-
nsrotes Tpad (Ax=0,15), nyo (Ax=0,13). byk (Ax=0,08) 3anumaer npome-
KYTOYHOE ITIOJIO)KEHHE. B 11enom JpeBecHast pacTUTENbHOCTh, IIPOU3pacTaro-
Iass Ha BEPXHEMENIOBBIX OTJIOKEHHUSX, XapaKTepu3yeTcs KOod(PPUIMEHTOM
ouonoruueckoro nornomenus B npeaenax 0,03-0,15 u B cpeanem pasHo 0.1.

Ha I'ycapckoil paBHUHE (HEOTE€H-YETBEPTUUHBIC OTIOXKEHHS) OBbLIH
M3y4eHbI KieBep (0000BbIe), mymuia (IyOOIBETHBIE), poMalika (CI0KHO-
L[BETHBIE) U KOPOBSAK (HOPUYHHUKOBBIC). B 3TUX BUAAX PACTUTEIBHOCTH KO-
3¢ UeHT OMOJOTUYECKOro TOTJIONMIeHUsT Konebnercs B mpenenax 0,02-
0,11 1 B cpennem paBen (,08. MakcumanbHasg KOHLEHTpalUs TUTaHA
HaOJI0AaeTCs B IYNIMIIE U POMAIIKEe, MUHIMAaJIbHAs-B KOPOBSIKE.

Pa3uuiia B MHTEHCHMBHOCTH HakorieHUs (5,5 pa3) cTaTUCTHYECKU
nocroBepHas. KycrapHukoBas pacTUTENbHOCTh MPEICTaBIEHA CEMENCTBOM
PO30LIBETHBIX: OOSPHIIIHUKOM U MymiMynnoi. Koadduiment ouonoruyecko-
ro moryomenus koneosnercs ot 0,06 (Oosppimauk) g0 0,12 (Mymmyna).
Pa3nuia B MHTEHCUBHOCTH MOTJIOMIEHHS (2 pa3a) CTAaTUCTUYECKU JOCTOBEP-
Hasd. B cpenHeM MHTEHCHMBHOCTH KOHIICHTPALMM TUTAHA B 9TOM CEMEHCTBE
He npessimaet 0,09.

HpeBecHasi pacTUTETLHOCTh PAaBHUHBI MpeEJICTaBlIeHa Oepe3on (Oepe-
30BbIC) U KJIeHOM (kKiaeHOBbIe). KoadduimeHT OMOIOrHuecKoro morjoiie-
Hus konednercs ot 0,06 (xnen) mo 0,08 (6¢cpeza) u B cpenuem pasen 0,07.
Pa3nwuiia B unTeHCHMBHOCTH HakormieHus (1,3 pa3) HecyiiecTBeHHas!.

Wrak, mpouspacraromiasi B HOpMaJIbHBIX ((POHOBBIX) YCIOBHUSAX pac-
TUTEIBHOCTh, XapaKTePU3yeTCs CIEAYIOIUMU OCOOCHHOCTSIMH WHTEHCHUB-
HOCTH TIOTJIONICHUS TUTAHA!

1) HesaBucumo ot mMecTornpouspacTaHisi MUHUMAIbHONW KOHIIEHTpa-
[IUEH TUTaHa BBIIENISIETCS IPEeBECHAsl PACTUTENHLHOCTh. TpaBsHUCTAsT pacTH-
TEIHHOCTh HA IOPCKUX M HIKHEMENIOBBIX OTIIOXKEHHUSAX BBIIEISAETCS MAaKCH-
MQJIbBHOM KOHUEHTpAlMed TUTaHa. MHUHUMalbHAs KOHIEHTpAUUs 3TOro
JleMeHTa HaOmoJaeTcss B TPABSHUCTOW pPACTUTEIBHOCTH HAa HEOTeH-
YETBEPTUIHBIX OTIOKCHHSIX.

2) B morsomieHn# TUTaHa KyCTAPHUKOBOW U JIPEBECHON PACTUTENb-
HOCTBIO, MPOU3PACTAIOIINX Ha HIDKHEMEJIOBBIX M HEOTEH-YEeTBEPTUYHBIX
OTJIOKEHUSX, OTINYUN He HabmoaeTcsi. MUHUMANbHAS KOHIICHTPAIUS TH-
TaHa HaOJI0JaeTCsl B IPEBECHON PACTUTENBHOCTH HA FOPCKUX OTIOKEHHSIX.

3) ConocraBnenue KO3PPUIMEHTOB OHOIOTUYECKOTO TMOTIIOIMICHHUS
(AX) TUTaHa B PacTUTEIHLHOCTH PETHOHA C COOTBETCTBYIOIIMMHU COJEpKa-
HUSMHU TUTaHA B TIOYBAX BBIABIISAET, YTO C YBEIUUCHHUEM, COACPKAHMS TUTA-
Ha B mouBax (225,5-469,0-10° %) B 2,1 pa3 MHTCHCHBHOCT GHONOTHYECKO-
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r'o MOIJIOUIEHUsI TUTaHA TPABIHUCTON PACTUTEIBHOCThIO YMEHbIIaeTcs B 3,4
pa3. B npeBecHoii pacTuTeNnsHOCTH HAOMIOAAaETCs 0OpaTHas KapTHHA: C yBe-
TUdeHueM cojepxkanus Ti B MouBax yBEIWYHMBACTCS WHTCHCHBHOCTH I10-
riomenust B 1,8 pa3. B uHTepBane coaepkaHus TUTaHa B mouBax 225,5-
367,0-10°% (yBenuuenue B 1,6 pa3) MHTEHCUBHOCTH IOTJIONICHUSI THUTaHA
JIPEBECHOM paCTUTEIIbHOCTHIO, YBEJIUUMUBAETCA B 2,5 pa3. B kycTapHUKOBOH
PaCTUTENBHOCTH TPHU COJACPXKAHUW TUTAHA B MOYBAX B HHTepBayie 225,5-
469,0-10'3 CYIIECTBEHHBIX OTJIMYWK B KOHIICHTPAIIMK THUTaHa HE HaOJrOfa-
ercsi. Takum 006pa3oM, B HOPMAITBHBIX ((POHOBBIX) YCIIOBUSX UHTCHCUBHOCTh
OHMOJIOrMYECKOro IMOTJIONIEHUSI TUTaHa APEBECHON PAaCTUTENBHOCTHIO HAXO-
JUTCSL B MPSMON 3aBUCHUMOCTU OT COJIEP>KaHHSI 3TOTO 3JIEMEHTa B MOYBAX,
JUIS TPaBSTHUCTOW PACTUTENILHOCTH XapaKkTepHa oOpaTHas 3aBUCUMOCTb.

DKOJIOTHYECKU (PaKTOp, BIUAIONINN HAa KOHLEHTPAIMIO 2JIEMEHTOB
PaCTUTEIBHOCTBIO, MPOSIBIACTCS MPH H3yYEHUH PACTUTEIBHOCTH, MPOU3-
pacTarolux Ha TPUPOAHO-aHOMATBHBIX TIIOMIAAX.

TpasiHucTas pacturenbHocTh Kaiiarckoro MeHo-mUppOTHHOBOTO
(TarapHUK, ManopoTHUK) ¥ PUIM34aCKOro KOJIYeAaHHO-TIOJUMETAIIH-
4ecKoro (MarnopoTHUK, €XKEBUKA) MECTOPOKICHUI XapaKkTepu3yercs Kodd-
¢unmenTom Ouonormdeckoro mornomenus B mpenenax 0,001-0,003 u B
cpennem paBHo 0,0025. HamOGonbinas xkoHueHTparus (B 2-3 pas3a) THUTaHA
HaOmoaeTcs B pacturenbHocTH Karparckoro mectopoxaeuaus. [1lo naTeH-
CUBHOCTU TIOTJIONICHUS THUTaHA OTIEIbHBIMU BHJIAMU TPABSHUCTOW pacTH-
TenpbHOCTH DUITN3YANCKOTO MECTOPOXKICHUS OTINYNN HE HAOIIOaeTCsl.

CormnocraBieHue coJiep>KaHuM TUTaHA B MTOYBAaX HaJ MECTOPOKIEHHU-
SIMU C COOTBETCTBYIOIIMMM Ko3((PUIIMEeHTaMu OHOJIOrMYECKOro morjiouie-
HUS (AX) B TPaBSIHUCTOM PACTUTEIBHOCTH MECTOPOKIEHUU ITOKa3bIBAET,
YTO Ha KoJlueJaHHBIX MecTopokaeHusx (Kammarckoe, ®unuzuaickoe) 10xK-
Horo ckjoHa bonbsmoro KaBkasza npu coaepkaHuu B ouBax TUTaHa B Mpe-
nenax 311,5-496,2-10° % (yBemmuenne B 1,6 pa3s) HaGIIOKACTCS YMEHbIIIE-
HUW MHTEHCUBHOCTH MOTJIOLIEHUS TUTAHA TPABSIHUCTOW PAaCTUTEIBLHOCTBIO B
2,5 pa3. Ha 3omotonocHbeix mectopoxaenusx (Ilepuzamannunckoe, [larke-
camaHckoe) Manoro KaBka3za nmpu cojepkaHuM B MOYBaxX THUTaHa B IMpeje-
nax 52.0-140-10" % (yBenuuenue B 2,7 pa3) HHTEHCHBHOCTh OMOJIOTHYECKO-
ro MOTJIOIIEHHS] TUTaHA TPABSIHUCTON PACTUTEIBHOCThEO OTHOCUTENBHO BbI-
cokas (Ax=0,3-032).

KycrapuukoBas pacturenbHOCTh (Oy3WHA, PONOACHIPOH, YESPHHUKA)
OuIN34aicKoOro KOJYEIAHHO-TTONIMMETANINYECKOTO MECTOPOXKACHUS TIPH
COJEP/KAHUU B NOYBAX TUTAHA B KOJIUYECTBE 496.2-10"° % nesaBucHMO OT
BHJIa M CEMEMCTBA PACTUTEIHLHOCTh XapaKTEPU3YETCs CIa0bIM U OYEHb Clla-
ObIM 3axBaToM 3Toro anemeHTa (Ax=0,001), Ha JlarkecamaHCKOM 30JI0TO-
MOJTMMETALTHYECKOM MECTOPOKICHUH TP COJICP)KAHKE B TTOYBAX TUTaHA B
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xommaectse 140,0-10° % KYCTapHUKOBAasi PAaCTUTEILHOCTh XapaKTEPU3yeT-
cs1 kodhdurreHToM OrosIoruuecKoro moryomnieHus B npenenax 0,24-0,38 u
B cpeaneM paBHO 0,30. Takum 0Opazom, Ha 30JI0TOHOCHBIX IUIomanix Ma-
noro KaBkasa npu cojiepaHuu TUTaHa B MouBax B mpexaenax 52,0-140-10
%% (yBenuuenue B 2,7 pa3) B KYCTAPHUKOBOI PACTHTEIBHOCTH HAGMIONACT-
Csl yBETTMUEHNE HHTEHCUBHOCTH TOTJIOIICHUS 3TOro 31eMenTa B 1,4 pas.

JpeBecHass pacTuTeNnbHOCTh Karparckoro mecropoxiaeHusi (Oyk,
Oepesa, KJICH) MPU COJACPKAHUU B MOYBAX THTAaHA B KOJMYECTBE 311,5-107
% xapakTtepusyeTcs Kod(hOUIMEHTOM OHOIOTHYECKOTO MOTJIOMIEHHUS B TIpe-
nenax 0,001-0,005 u B cpennem paBHo 0,003. MakcumalibHasi KOHLIEHTpa-
IMs HaOJroIaeTcs B KIieHe (KJICHOBBIC), MUHUMANIbHAS-B Oepese (Oepeso-
Bble). PacturenbHocTh Ounuzyaiickoro KoiaueqaHHO-MOJINMETAILITHYECKOrO
MectopoxxaeHus (Oyk, rpad, KJeH, KallTaH, TUCC) IPHU COJACPKAHUU B TOY-
BaxX THTaHa B Konmdectse 496,2-107 % xapakrepusyercs kodhdunrentom
ouonornyeckoro noriomenus B npenenax 0,001-0,002 u B cpennemM paBHO
0,0014.

Ha JlarkecamaHCKOM 30JI0TO-IIOJIMMETAIUIAYECKOM MECTOPOKICHUH
IIPU COJCPKAHUU TUTAHA B MOYBAX B KOJIMYECTBE 140,0-10°% koadpunu-
€HT OMOJIOTMYECKOT0 MOTJIOIIEHHS B IPEBECHOM pacTUTENbHOCTH (Tpad, du-
cramka) konebaercs B npeaenax 0,22-0,28 u B cpeanem pasuo 0,25. Pa3-
HUIIA B KOHIIEHTPAIlMN He3HAYNTeIbHas. [IpeBecHas pacturenbHOCTh [lepu-
3aMaHJIMHCKOTO 30JI0TO-Cynb(huaHoro pynomnposineHus (Oyk, ayo, rpad,
KJIGH) TIPH COIEPYKAHNH B IOYBAX THTAHA B KommgecTse 52,0- 10°% xapax-
Tepuzyercs Ko3(puiueHToM OHOJIOrMYecKoro MOIJOMIEHUsT B Mpezenax
0,07-0,28 wu B cpemnem paBuo 0,29. Hambosbmas pa3Huila B MHTCHCHBHO-
CTH TIOTJIONIEHUSI HAOIIOAAaeTCs B CeMeicTBe OYKOBBIX: HaWOOIbINasl KOH-
LIEHTpallusgd oTMevaeTcs B 1y0e, MUHUMalbHas B Oyke. Takum oOpa3om, Ha
30JI0TOPYIHBIX MecTopoxkaeHussx Manoro KaBkasa npu cogepKaHuH THTa-
Ha B TMOYBaxX B MHTEpBAJIC 52,0-140,0~10’3% HHTEHCUBHOCTH IIOTJIOIICHUS
THUTaHA IPEBECHON PACTUTEIHHOCTHIO yBeNu4uBaeTcs B 1,3 pas.

CpaBHUTENbHBIN aHAIW3 WHTEHCHUBHOCTH OHOJOTMYECKOIro IOIJIo-
IIEHHs] TUTAHA PACTUTEIHFHOCTHIO MPUPOAHO-aHOMATIBHBIX IUIOMIAACH ¢ ¢o-
HOBBIMH TIOKA3aTEJISIMH BBISIBUJIH CIIEAYIOIINE OCOOCHHOCTH B WHTEHCHUBHO-
CTH TIOTJIOIICHUSI:

1. IHTEHCHBHOCTD OMOJIOTHYECKOTO TIOTJIONMIEHHS THTAaHA TPaBSHU-
CTOW PacTUTEIHHOCTHIO KaK (DOHOBBIX, TaK U MPUPOTHO-AHOMATHHBIX TLIO-
mazei, HaxoauTCsl B OOpaTHOW 3aBUCHMOCTH OT COJEP)KaHHH DTOTO dJie-
MEHTAa B MOYBax.

2. B xycTapHUKOBOW pacTUTENBHOCTH KaK (DOHOBBIX, TaK U 30JI0TO-
PYIHBIX TJIOIIA/IeH HAOMI0AaeTCs MpsiMasi 3aBUCUMOCTh MHTEHCUBHOCTH T1O-
TJIOMIEHHSI OT COJCPKAHUU B IOYBAX, TOJIBKO HA 30J0TOPYIHBIX TUTOIIAISIX

63



3TO MpOSIBIIETCS Ooliee KOHTPACTHO. IHTEHCHUBHOCTD MOTJIONIEHUS TUTaHA
KYCTapHHUKOBOM paCTUTENbHOCTBIO KOJTYEJAHHBIX MECTOPOXKIIEHUU HAXO-
JSTCSL B 00OpaTHOM 3aBUCHIMOCTH OT COJIEP’KaHUU B TIOYBAX.

3. B nopeBecHO#l pacTUTEIBLHOCTH, MpOU3pacTaromeid Ha (OHOBBIX
(HOpMaJbHBIX M 30JIOTOHOCHBIX IUIOIIAJSX WHTEHCHUBHOCTH MOTJIOIICHUS
TUTaHA HAXOJUTCS B MPSIMOM 3aBUCUMOCTHU OT COJEPKAHUH ITOrO JIEMEHTa
B mouBax. MIHTEHCHBHOCTH K€ MOTJIOMICHUS JIPEBECHOM pPaCTUTEIHLHOCTH,
MIPOU3PACTAIONINX HAaJ[ KOJTYEJAHHBIX MECTOPOXKICHHUSIMH HaXOAUTCA B 00-
paTHOI 3aBUCHMOCTH OT COJEpP’KaHUM B TMOYBAX. DTa 3aKOHOMEPHOCTH [4]
CTBIKYETCSI C JaHHBIMH 00 YMEHBIICHHMH WHTEHCUBHOCTH IMOTJIOLICHUS TH-
TaHa JPEBECHOW PACTUTENHLHOCTHIO, MPOU3PACTAIONICH HAJl XaJbKOIUPHUT-
MUPPOTHHOBOM MECTOPOXKICHUU.
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TITANIN BIOGEOKIMYOVi UDULMA INTENSIVLiYi VO ONUN
BITKiLORDO TOPLANMASINA TOSIR EDON AMILLOR

S.A.ISAYEV, A.MLISMAYILOVA, A.Q.MOMMODOVA
XULASO

Bitki niimunslarinds titanin orta migdarlarinin, onun bitdiyi torpaqlarda olan miqda-
rina nisbati elementin potensial biokimyavi gevikliyini agkar edir, bu da natico etibarils,
elementin bioloji udulma intensivliyini gostorir. Genetik amilin elementlorin udulma
intensivliyina tasiri eyni landsaft-geokimyavi soraitlords hoyat siiran bitkilards tozahiir edir.
Tabii anomal sahalards (kolgedan, qizil filiz yataqlarinda) olan bitkilarin kimyavi tarkibinin
Oyranilmasi ils udulma intensivliyins ekoloji tasir agkar olunur.

Acar sozlar: bitki ortiiyil, torpaq,elementlorin bioloji udulmasi, titan,
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INTENSITY OF ABSORPTION BIOGEOCHEMICAL OF TI AND FACTORS
AFFECTING THEIR CONCENTRATION IN PLANTS

S.AIISAYEV, AM.ISMAILOVA, AG.MAMMADOVA
SUMMARY

The ratio of the average content of an element in the ash of a plant to its content in
soils. On which this plant (Ah) grows, the element potential for biochemical mobility
affects and, therefore, indicates the intensity of biological absorption of the element. The
influence of the genetic factor on the intensity of absorption of elements is manifested when
studying the intensity of absorption of elements growing in the same landscape and
geochemical conditions. The study of the chemical composition of plants growing on
natural-anomalous areas may reflect the influence of the ecological factor on the intensity
of absorption of elements.

Keywords: plant, biological absorption of elements, titanium
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YTOUHEHUE KPUCTAJUIMYECKOM CTPYKTYPHI IIEOJIATA
FOI'ABAPAJIUTA - CaAl,SigO14:4H,0
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'Baxunckuii I' ocyoapcmeeHHblil YHusepcumem
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s ymounenusi cmpykmypbl yeoauma 102a8apaiuma onpeoeneHvl napamempbl
Aveliku (a=6, 7206(2)/1&, b=13,9915(5)AJ, c=9,8564(4)/f; =108,2680(10)°; v=880,14(5)
A np.ep.Pn) u nonyuen nonnvlil HAOOP UHMEHCUSHOCMEN OMPANCEHUU HA  OUPPAKMO-
mempe  APEX-Il (Mo,Kd-usnyuenus). Ilo pesyrnomamam PCA ymounena xoopounamol
amomos8 ¢ aHuzomponHviMu memnepamyproimu nonpaskamu Rt=0,016 (wRz=0,047) u
yemanosinena kpucmannoxumudeckas gopmyna munepana Ca(Hp0)gAl4Sip03,. Boisisneno,
umo 8 cmpykmype yeoauma o6pasyiomces: mempa’opuyeckue paoukaivl mpex munog: ye-
mulpexunennvie koavya ¢ cocmagom (AlSiz01,), mempasopuueckue yenouku ¢ cocmagom
(AlLSiy01,) u (SisO1p). B pesyibmame nonumepusayuu pasHOMUNHLIX MEMPAIOPUUECKUX
PaouKanos oopazyemcs Kapkac 6 KOmopom opMupyemcst Cmeosi Koaooey ¢ 80CbMUYICH-
HbIMU ceyenusimu. B nocieonem pacnonazaromesi amomvl Kaivyus, KOMopble KOOPOUHUPY-
IOMCsl ¢ YembipbMsi MOCTIUKOBLIMU AMOMAMYU KUCIOPOOA U HemblpbMsi MOIEKYI0U 6000,
20e (Ca-HZO)CP‘=2,464/f u (Ca-O)Cp=2,50-3,0A{. B kapkace onunvt ceszeli u sHauenus 6a-
nenmnbix  yenos:  (Si-0)g,=1,6104, (41-0),,=1,7334, (0-Si-0),,=109,304, (O-Al-
0)ep.! 09,534{. Boisignenvt cmpykmypho-eenemuyeckue 0coOeHHOCMU GopMuposaHus men-
Ppasdpuueckozo kapkaca iozasapaiuma u esicywue ceoticmea Ca—yeonumos.

KnaioueBble ciioBa: 1eosnT, 10raBapaiiT, KpUCTAIMIECKAs! CTPYKTypa, PEHTTEHO-
CTPYKTYPHBIN aHAIN3

Kpucrannuueckas CTpyKTypa LEOJUTA (oraBapainta U3 pasIndHbIX
MECTOPOKIEHUI Mupa, ObljIa 00bEKTOM HccienoBaHus psja aBTopos (Kerr
I.S., Williams D.J, 1967, Leimer, H.W, Slaughter, M, 1969, Hawkins, D.B.
1986). B pabore (Williams D.J, 1965) nmoka3aHno, 4To B TE€TpadApUIECKOM
KapKace I0roBapajuTa o MeXaTOMHBIM pacCTOSHUSAM BbAeIsoTCS AlO4 1
SiO4 TeTpa’apbl. YCTAaHOBJIEHO, YTO aTOMBI KaJbIUs KOOPAUHUPYIOTCS He-
TBIPMsI aTOMaMH KHCJIOPOZa U YETHIPMsl MOJIEKYJIaMU BOJbl. ABTOpBI pabo-
1ol (Leimer, H.-W, Slaughter, M, 1969) yka3siBatoT, uto atombl Al u Si B
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TETPAdAPUUYCCKUX TO3UIUAX CTATHCTUYECKU PACIPEEICHB. ATOMBI Kallb-
1Sl CTATUCTUYECKH PACHPENENICHbl B JBYX KpPUCTAJIOrpaUUecKux MO3H-
[USX U KOOPIUHUPYIOTCS YETBIPMSI aTOMaMHU KHCIOPOJa M MATHIO MOJICKY-
namu Bojibl. OJlHA MO3UIMS TOJHOCTHIO 3all0JTHEHA MOJIEKYJIONW BOJbI, a B
OCTaJIbHBIX KPHUCTAUIOTPAQUICCKUX TMO3UILHUAX CTATUCTUYCCKH Pa3ynopsi-
noueHa. B pa6ore (Kvick F., Artioli G., Smith J.V. 1986) ycTranoBieHbI
nosioxkenust AlO4 u Si04 TeTpad’IpoOB ¥ BBISBICHO, YTO aTOM KaJIbIIUS KOOP-
JTUHUPYIOTCSI C YEThIPMS MOCTHUKOBBIMHM KHCJIOPOAAMH M C YETHIPMSI MOJie-
Kynoit Boabl. C y4eToM HEOJHO3HAYHBIX PE3yJIbTaTOB IMOJIYYEHHBIX B pe-
3y/lbTaTe BBIIICYKA3aHHBIX PACIIU(POBOK MPELU3HOHHO YTOYHEHA CTPYK-
Typa IeOIHTa.

Onpeoenenue cmpykmypsi. O0pa3lbl OraBapaiuTa MpPeCTaBICHbI
M3 KOJUICKIIMU MUHepajorudeckoro myses Kuerckoro I'ocymapcTBeHHOTO
VYuuBepcurera. Onucannblii coctaB MuHepana (B Bec %): Si0,-59.86;
Al,05-18.64; Fe,03-0.05; Ca0-11.06; MgO-0.01; Na,0-0.11; K,0-0.01;
H,0"-6.53; H,0™-2.89. Ha 0CHOBE XMMHUECKOTO aHAJIN3a BBIYUCIEHA IMIIH-
puueckas popmyina murepaia: Al,CaHgO2Sis.

Jl7isg yTOuHEHUs CTPYKTYpPbl OTOOpaHbI Ipo3pavHbie, bechopMeHHbIE
MOHOKPHCTAJUTBI IoraBapainTa. B Ta0i.l, mpencTaBiieHbl KpUCTAJLIOTpa-
(dbuyeckue XapaKTepUCTUKH, SKCIEPUMEHTAIIbHBIE JaHHbIE M Pe3yJbTaThl
HCCIICIOBAHMS CTPYKTYPHI IieonuTa. CTpyKTypa pacmmdpoBaHO MPSIMBIMU
METOJIaMU U YTOYHEHA METOJIOM HaMMEHBIINX KBaJpaTOB B NOJTHOMATPHY-
HOM TPUOMKEHUHU. Y TOYHCHHBIE KOOPAMHATHI 0a3MCHBIX aTOMOB M aHH30-
TPOIIHBIE TeMIIepaTypHbIE MOMPABKU MPOBEIEHA HA OCHOBE MPOCTPAHCTBEH-
HOW Tpynmbl — Pn (tabm. 2, 3). Ilo pe3ynbpraTaM pPeHTIeH CTPYKTYPHOI'O
aHallM3a KpUCTAITIOXUMHUYeckas (opMyia MUHEpasa MpeacTaBieHa B BUJIE:
Caz(H20)3A|4Si16032.

[To 3HaueHUsIM JUIUHBI cBsA3eil (Tabma. 4) B CTPYKType 1IE0TUTa YETKO
BoifessitoTest (S104) u (AlO4) TeTpasapsl, B pe3yibTaTe MOJUMEpPHU3AITN
KOTOPBIX 00pa3yloTCs TETpadApUUeCKHe PaauKaibl TPEeX TUIOB: B MEPBOM
tune pagukanoB (SiO4) u (AlO4) TeTpasapbl 00pa3yroT YEThIPEXUWIECHHBIE
kozbla ¢ coctaBoM (AlSi3O12), BO BTOPOM U TPETbeM THUIIE TETPadAPhI CO-
3naroT nenoyku. OnHa 1ernovka cocTouT Tonbko u3 (Si04) TeTpasapos, B
JIpyroil I1eno4yke KPEeMHO-KHCIOPOJAHBIE W aTIOMUHUN-KUCIOPOJIHBIE TET-
pasdpel  gwepemyroTcs. CocTaBel Iemovek cooTBeTcTBeHHO (SigO12) u
(Al3Si12017). B pesynbTare nojuMepu3alMyd PasHOTHITHBIX TETpadapHuec-
KHX paJMKaIoB oOpa3yercs Kapkac, rjie (GOpMUPYETCS TeTpadIpHueCKHi
CTBOJI - KOJIOJIEIl C BOCHBbMHUYJICHHBIMU cedeHusmu (puc 1.). ObpazoBanus
TETPAdIPUUECKOTO KapKaca IOraBapajlTOBOTO THITA M3 BTOPHYHBIX CTPYK-
TYpPHBIX COCTABJISIFOIIMX, MOKHO mpeacTaButh B Bujae: 2(AlSiz01p) (d4ersi-
pexwieHHas koibia)+Al,Si,O12 (cMermannas tenouka) + (SigO12) (enoy-
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ka) —Al4Si;203; (kapkac).

Puc.1. PacnonoxxeHuss aToMOB KaJblUsa U MOJICKYJIbI BOAbL
B CTPYKTYpC roraBapajinTa (HyHKTI/IpHBIMI/I JIMHUSIMH TOKAa3aHbl BOAOPOAHBIC CBH3I/I)

B terpasapuueckom kapkace B BOCBMUWICHHBIX ITyCTOTAX PacIofio-
raroTCsl ATOMBI KaJbLUs U MOJEKYJbl BOAbl. ATOMBI KaJIbLiUs KOOPJAUHUPY-
IOTCSl YETHIPbMSI MOJIEKYJIaMU BOJbl M YETHIPbMS MOCTUKOBBIMU KHCIIOPO-
namu, Kotopblie cBa3bIBatOT (Si04) 1 (AlO4) TeTpasrapsl. KoopauHannonssie
MOJIEKYJIbl BOJIbI C MOCTMKOBBIMHM KHCJIOPOZaMU OOpa3yloT BOJOPOJHBIE
cBsa3u. Kak BugHO 13 Taba. 3 aTOMBI HaXOAIIMNACS B TETPAdPUUECKON T1O-
3ULIMU, UMEIOT OoJjiee CTaOMIIbHBIE aHU30TPOIIHbIE TeMIepaTypHbIE Mapa-
MeTpbl. He3HaunTenbHble OTKIOHEHHE B 3HAYEHUSAX TEMIIEPATYpHBIX MHO-
XKHUTeIed HaOII0Aal0TCS B MOJIOKEHUAX aTOMOB KaJIbIUSI U MOJIEKYJ BOJIBI,
BEPOATHO AITO CBSI3aHO C HEOJHOPOJIHOCTHIO JJIMHBI cBsizel Mexnay Ca-
O(H20).

B cTpykType roraBapanuta B TETpadJIpHUUECKHUX KOJIbLIAX U LEMOY-
KaX MeXaTOMHbIE paccTOssHUA Si-O MEHAITCS B HE3HAYMTENIBHBIX IIpese-
nax, tae (Si-0)ep=1,610A B kaxaom (AlO4) TeTpadsape OMHO PACCTOSHHE
YIAIMHEHHAs, 8 OCTaJbHBIE COOTBETCTBYIOT HIEAIBLHO TETPAdAPHYECKOMY
paccrosuuto, rae (Al-O)g, =1,733A (1abn.4). B TeTpasapuveckux KoJblax
3HAUEHMS BAJEHTHBIX yraoB Mexay (SiOs) Terpasapamu B mpenenax O-Si-
0=105,15-112,39; (O-Si-0).,=109,3A. B (AlOy4) TeTpasape 3Ha4eHUS MSATH
O-Al-O BanenTHbIx yrinos B npenenax 1077,45-114,02. B kaxaoM TeTpasa-
pe 3HaueHHMe OJHOro yriia ykapoueHa 98,90 u 99,44°, (O-AI-O)cp_=109,59°.
B nenouke rae (SiO4)s 1 (AlO4) TeTpasapsl uepemyroTcs, 3HAYCHUS Ba-
JICHTHBIX YTJIOB Si;-01-Al,=130,45° u Al,-O5-Si;=157,20°. B uenoukax co-
ctaBieHHbIX U3 (Si04) TEeTpadapoB, 3HAYCHHS BAJCHTHBIX YIIOB Sijs-Oq1-
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Si5=l46,250, snavenust Sis-O13-Si;=152,16°. 3Hauenus WIMHBI CBs3eil U Ba-
JICHTHBIX YIJIOB B TETPadApax KOJbI[A M IETIOYEK TOKA3hIBAIOT, YTO aJIFOMO-
KHCIIOPOJIHBIE TETPadAPhl OTHOCUTEIBHO KPEMHO-KHCIOPOJIHBIX TETPAdIPOB
nedhopmupoBansl (Tabm.4).

B kombmax 3HAauYeHUS BaJCHTHBIX YIOB MEXKZy KpEMHO-
KHCJIOPOJIHBIMU TeTpadapamu (Si- O -Si)p. =152, g82° , MEeXIy Pa3HOTHUITHBIMH
terpasapamu  (Al-O-Si), =153, 94 B nemnoukax u3 KpeMHO-KUCIOPOJHBIX
Terpa’apoB  (Si- O -Si)ep. =149, 08° u I/IS AITFOMO-KPEMHO-KHUCIOPOAHBIX TET-
pasapos Si-O-Al'=130,45° u Al-0-Si'=157,20°.

3HAaYCHUS BAJCHTHBIX YIJIOB MEXIY TETPAdAPUYCCKUMHU KOJbIIAMH
B TENOTKAME MSMEHAOICA NPHMEDHO B OJMHAKOBRX NpEienax (Si-O-
Si )cp =137, 290 (AI-O-Si)p=139,06". YBennuenue 3HayeHus yria Sig-O1s-
Al 10 162, 73° , BeposiTHO cBsizaHo BiusiHueM Ca-Ogs CBsi3eH.

B BOCHMHBEPIIMHHUKE aTOMOB KaJbIIUs BBIICISIOTCS MEKATOMHBIC
paccTOsHUS ABYX THIOB ¢ cpenHuMu 3HadeHusamu (Ca-H,0)q, =2,464 n (Ca-
O)4=2,503A. Heonnopoanocts MexaToMHbIX paccTosHuid B (AlO4) Terpa-
sape u B Ca—tmonmaape (Tadir. 4) CBsA3aHbI C pacipeaecHueM GopMaabHOro
OanaHca BAJICHTHOCTH Ha aHMOHAX, KOTOpPask KOMIEHCHPYETCSI YMEHBIICHH-
€M WY YBEITMICHHEM MEXATOMHBIX PACCTOSHUH.

Y cTaHOBIICHHBIE 3aKOHOMEPHOCTH O TEHE3UCE U CBOWCTBA JIOMOHTH-
ta (SIxy6osuu O.B. u ap.,1985; Parumos K.I'. u np.,2016), Habmogarorcs u
B CTPYKType roraBapaiuta. Kak OTMEUEHO TeTpa’JIpHUYeCKHil KapKac Ieo-
nuTa GOPMHUPYETCs B PE3yJIbTaTe MOJMMEPH3AINH TETPAdJPUIECKUX KOJIEIl
u nemnoudek. Mexatomusle pacctossann Ca-H,O u Ca-O mokassiBaoT, 4TO B
MpoIecce JCTHApPATAINH [IE0JIUTA, aTOMbI KAJIBIUS BBIACISIOTCS HE B MOH-
HOoM, a B ruaparupoBanHoit Ca(OH); ¢opme. Kak u3BecTHO, mocneaHuit
o0aziaeT BSOHKYIOIIMM CBOMCTBOM, mmodToMy Ca-cozepskaliye IeoJUThl MO-
T'YT MCIOJNIb30BaHbl B KAayeCTBE HAMOJHUTENEH IIeMEHTa, IJie B IMpollecce
TBEPACHUS TETPASPUUSCKUN KapKac IIEOJIUTa BCTYIIUT B POJIH apMarypa.

Tabnuna 1
Kpucramuiorpagpuueckue XxapakTepuCTHKH, TaHHbIE IKCIIEPHMEHTOB 1
yTouHeHHsI CTPYKTYpHI oraBapanaunta CaAl,SigO16°4H,0

Omnupudeckas Gopmyna Al,CaHgOy,Sig

M 590.64

T,K 296(2) K

Usnyuenue, A, A 0.71073 A

CHHTOHUSI MoHOKIHHHAS

IIpocrt. rpynmna Pn

[TapameTpsr ssuelikn a=6.7206(2) A a=90°.
b=13.9915(5) A B =108.2680(10)°.
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v, A3
z

D,. rlem®

Koaddunuent abcopoernu

F(000)

Pa3meps! kpucrania
Tera-nuana3oH st cOOpa JaHHBIX
Jlnana3oHbl HHIEKCOB
CoOpanHbIe pedieKchl
HesaBucumeie peduiekco
ITonHoTa 10 TOTHI = 25.242°
Koppexkuust nornowmenus

Max. 1 min. TpaHCMICCHHU

Meron yTrouHeHus

JlanHble/ orpaHUYeHUst/ TapaMeTpbl
GOF

OxonuatenbHbld R dakrop [1>26(1)]
WR, (Bce maHHBIC)

AOCONIOTHBIN CTPYKTYPHBIN TTapaMeTp

Apmax./ APmin.

(A2x103) B cTpykType wraBapaanta CaAlSigO14-4H,0 U(eq)

¢ =9.8569(4) A

880.14(5) A3
2

2.229 Mg/m3

0.969 mm-1
596

0.15x 0.12 x 0.10 mm3

2.618 to 28.329°.

-8<=h<=8, -18<=k<=18, -13<=I<=13
10016

4341 [R(int) = 0.0097]

99.6 %

[TonysmMnupudeckuil OT 3KBUBAJIEHTOB
0.900 u 0.860

MHK o F2

4341121262

1.054

R1 = 0.0157, wR, = 0.0466
R1 = 0.0158, WR, = 0.0466
0.015(6)

0.425 1 -0.347 e.A-3

v =90°.

Tabmuua 2
4
Koopaunartel aTromoB (x107) 1 3KkBHBaJIeHTHbIE TEMJIOBbIE MapaMeTPhbl

onpeaeasieTcs Kak oaHa TPEThb CJieda OPTOroHAJIU30BaAHHOI0 TEH30pa

Uij

X y z U(eq)
Ca(1) 4604(1) 7841(1) 8161(1) 17(1)
Si(1) 5607(1) 9636(1) 5826(1) 8(1)
Si(2) 7206(1) 8508(1) 3735(1) 9(1)
Si(3) 6811(1) 6269(1) 3521(1) 9(1)
Si(4) 4620(1) 4982(1) 5130(1) 8(1)
Si(5) 4922(1) 5243(1) 8300(1) 8(1)
Si(6) 3659(1) 8748(1) 856(1) 8(1)
Al(1) 3383(1) 6447(1) 439(1) 9(1)
Al(2) 798(1) 9933(1) 3914(1) 9(1)
0(1) 5869(2) 9351(1) 7460(2) 14(1)
0(2) 7059(2) 8908(1) 5249(2) 13(1)
0(3) 3237(3) 9549(1) 4878(2) 19(1)
0O(4) 6467(2) 10718(1) 5754(2) 14(1)
O(5) 7436(3) 7366(1) 3913(2) 20(1)
0O(6) 5078(3) 8781(1) 2505(2) 21(2)
o(7) 9215(3) 8934(1) 3431(2) 17(1)
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0(8) 5823(3) 5894(1) 4732(2) 18(1)

0(9) 5274(3) 6097(1) 1970(2) 20(1)
0(10) 9014(3) 5715(1) 3797(2) 16(1)
0(11) 4159(2) 5299(1) 6579(2) 13(1)
0(12) 5937(3) 4019(1) 5291(2) 18(1)
0(13) 2441(2) 4834(1) 3878(2) 16(1)
0(14) 4116(3) 6187(1) 8903(2) 14(1)
0(15) 4808(3) 9233(1) -168(2) 16(1)
0(16) 3154(3) 7676(1) 274(2) 16(1)
0(17) 7180(4) 7110(2) 7248(2) 37(1)
0(18) 7958(3) 7680(2) 10163(3) 36(1)
0(19) 2731(6) 7467(2) 5661(3) 62(1)
0(20) 992(5) 8521(3) 7518(3) 68(1)

Tabnuua 3

AHHM30TPOIHBbIE TeMIIEPATYPHbIE apaMeTpPbI (A2X103) B CTPYKTYpe
orapapaynta CaAl;SigO165-4H,0 dakTop aHU30TPONHOIO CABHTA

nannbie B gopme: -2 [N? a*2 U1l + | + 2 hka* b* U12]

yll U22 U33 U23 Ul3 U12
Ca(1) 26(1) 11(1) 17(1) 0(1) 12(1) -2(1)
Si(1) 9(1) 9(1) 9(1) 0(1) 3(1) 0(1)
Si(2) 10(1) 7(1) 9(1) -1(1) 3(1) -1(2)
Si(3) 11(1) 7(1) 10(1) 0(1) 4(1) 1(2)
Si(4) 8(1) 10(1) 8(1) 01) 3(1) 0(1)
Si(5) 8(1) 9(1) 8(1) -1(1) 3(1) -1(2)
Si(6) 10(2) 8(1) 8(1) 0(1) 4(1) 0(1)
Al(1) 10(2) 8(1) 9(1) -1(2) 3(1) -1(2)
Al(2) 9(1) 8(1) 9(1) 0(1) 4(1) -1(2)
0o(1) 21(1) 12(1) 10(2) 0(1) 8(1) 1(1)
0(2) 15(1) 15(1) 10(2) -2(1) 4(1) 3(1)
0(®3) 9(1) 23(1) 21(1) 1(2) 0(1) 1(1)
0o4) 14(1) 11(1) 20(1) 01) 7(1) -3(2)
0O(5) 28(1) 8(1) 27(1) -1(1) 13(1) -2(1)
0O(6) 17(1) 32(1) 11(1) -1(1) 1(2) 5(1)
o(7) 17(1) 15(1) 23(1) -5(1) 12(1) -7(2)
0(8) 23(1) 18(1) 16(1) -1(1) 11(1) -9(1)
0(9) 19(1) 24(1) 12(1) 2(1) -1(2) 3(1)
0(10) 15(1) 15(1) 17(1) -4(1) 3(1) 5(1)
0(11) 14(1) 18(1) 9(1) -1(1) 4(1) 1(2)
0(12) 14(1) 16(1) 23(1) 0(1) 6(1) 5(1)
0(13) 9(1) 23(1) 13(1) -2(1) 2(1) 1(2)
0(14) 21(1) 11(1) 13(1) -2(1) 9(1) 1(2)
0(15) 21(1) 12(1) 19(1) 2(1) 13(1) 01)
0(16) 19(1) 8(1) 21(1) -2(1) 8(1) 01)
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0(17)
0(18)
0(19)
0(20)

54(1) 29(1) 36(1) -7(1) 27(1) -4(1)
24(1) 30(1) 47(1) -6(1) 3(1) 4(1)
86(2) 47(2) 38(1) -9(1) 0(1) 20(2)
41(2) 119(3) 30(1) -12(2) -7(1) 31(2)
) Tab6numa 4
MeskaToMHasi paccrosinusi d (A) M BaJeHTHbIE YIJIbI ©
B cTpyKType torapapaimuta CaAl,SigO;4-4H,0
Cssb d Cea3b d
Si(1) - Terpasape Si(2) - rerpasmpe
Si(1) - O(3) 1,578 (4) Si(2) - O(7) 1,589 (4)
-0(1) 1,615(3) - 0(6) 1,604(3)
-0(4) 1,630(4) -0(5) 1,609(4)
-0(2) 1,631(2) -0(2) 1,626(2)
(Si(1)-O).,. 1,613 (Si(2)-0).y. 1,607
Si(3) - Terpasmpe Si(4) - rerpasape
Si(3) - 0(9) 1,572(2) Si(4) - 0(12) 1,593(2)
-0(5) 1,609(2) -0(13) 1,605(2)
- 0(10) 1,617(2) -0(11) 1,615(2)
-0(8) 1,625(2) -0(8) 1,623(2)
(Si(3)-0).. 1,606 (Si(4)-0),. 1,609
Si(5) - Terpaspe Si(6) - Terpasmpe
Si(5) - O(14) 1,610(2) Si(6) - O(15) 1,601(2)
- O(10)#3 1,611(2) - 0O(16) 1,603(2)
-O(13)#4 1,612(2) - 0(6) 1,607(2)
-0(11) 1,613(2) - O(4)#5 1,627(2)
(Si(5)-0)¢p. 1,611 (Si(6)-O).. 1,612
Al(1) - Tetpaenpe Al(2) - rerpaenpe
Al(1)- O(9) 1,711(2) Al(2) - O(3) 1,7032)

- 0(16) 1,731(2) -0(7) 1,729(2)

- O(12)#7 1,731(2) - O(15)#9 1,733(2)

- O(14)#6 1,770 (2) -O(L)#5 1,761 (2)
(AlI-0),,. 1,733 (AI-0),,. 1,732
Ca(2)-nonuaape Ca(2)-nonusape
Ca(1)-0(17) 2,415(2) Ca(1)-0(1) 2,456(2)
Ca(1)-0(19) 2,447(3) Ca(1)-0(14) 2,479(3)
Ca(1)-0(20) 2,497(3) Ca(1)-0(15) 2,526(3)
Ca(1)-0(18) 2,497(3) Ca(1)-0(16) 2,572(3)
(Ca-H,0),. 2,464 (Ca-Hy0),, 2,503

Yeon (2] Yeon (2]
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0(3)-Si(1)-0(1) 110.24(3) 0(7)-Si(2)-0(6) 112,14(10)
0(3)-Si(1)-0(4) 110,60(3) 0(7)-Si(2)-0(5) 109,60(10)
O(1)-Si(1)-0(4) 110,07(3) 0(6)-Si(2)-0(5) 110,60(10)
0(3)-Si(1)-0(2) 110,39(9) 0(7)-Si(2)-0(2) 110,08(9)
0(1)-Si(1)-0(8) 107,66(8) 0(6)-Si(2)-0(2) 108,37(9)
0(4)-Si(1)-0(2) 107,80(9) 0(5)-Si(2)-0(2) 105,86(9)
(0-Si(1)-0),, 109,46 (0-Si(2)-0),, 109,44
0(9)-Si(3)-0(5) 115,01(10) | O(12)-Si(4)-O(13) 108,16(9)
0(9)-Si(3)-0(10) 112,25(9) 0(12)-Si(4)-0(11) 113,46(9)
0(5)-Si(3)-0(10) 105,15(9) 0(13)-Si(4)-0(11) 109,50(9)
0(9)-Si(3)-0(8) 111,69(10) | O(12)-Si(4)-O(8) 112,66(9)
0(5)-Si(3)-0(8) 105,55(9) 0(13)-Si(4)-0(8) 108,69(10)
0(10)-Si(3)-0O(8) 106,54(9) 0(11)-Si(4)-0(8) 104,30(9)
(0-Si(3)-0).p. 109,36 (O-Si(4)-0),. 109,29
0(14)-Si(5)-O(10)#3 111,53(9) 0(15)-Si(6)-0(16) 105,15(9)
0(14)-Si(5)-0(13)#4 111,20(9) 0(15)-Si(6)-O(6) 111,99(10)
0(10)-Si(5)-0(13)#4 107,02(9) 0(16)-Si(6)-O(6) 112,39(10)
0(14)-Si(5)-0(11) 108,42(9) O(15)-Si(6)-O(4)#5 111,89(9)
O(10)#3-Si(5)-0O(11) 109,52(9) 0(16)-Si(6)-O(4)#5 108,76(9)
O(13)#4-Si(5)-0(11) 109,10(9) 0(6)-Si(6)-O(4)#5 106,71(9)
(O-Si(5)-0"),,. 109,29 (O-Si(6)-0"),. 109,48
0(9)-Al(1)-0(16) 112,73(9) 0(3)-Al(2)-O(7)#8 107,45(9)
0(9)-Al(1)-O(12)#7 112,95(9) 0(3)-Al(2)-0(15)#9 112,36(9)
0(9)-Al(1)-O(12)#7 108,17(8) O(7)#8-Al(2)-0(15)#9 | 112,61(9)
0(9)-Al(1)-O(14)#6 111,51(9) 0(3)-Al(2)-O(15)#9 111,49(9)
0(9)-Al(1)-O(14)#6 99,44(8) O(7)#8-Al(2)-0(1)#5 | 114,02(9)
0(9)-Al(1)-O(14)#6 111,25(9) O(15)#9-Al(2)-O(1)#5 | 98,90(8)
(0-Al(1)-0)., 109,34 (0-Al(2)-0Y).,. 109,74

[IpeoOpa3oBanus CHUMMETPUH, OTIPEAEIISAIONINE SKBUBAJIEHTHBIE KOOP-
JAWHAThl aTOMOB:
#1X,y,z+1  #2 x+1/2,-y+2,z+1/2 #3 x-1/2,-y+1,z+1/2
#4 x+1/2,-y+1,z+1/2  #5 x-1/2,-y+2,z-1/2 #6 x,y,z-1
#7 x-1/2,-y+1,z-1/2 #8 x-1y,z #9 x-1/2,-y+2,z+1/2
#10 x+1y,z  #11 x+1/2,-y+1,2-1/2 #12 x+1/2,-y+2,2-1/2

Hp606p830BaHI/I$I CUMMCTPUH, ONPCACIIAIONNC SKBUBAJICHTHBIC KOOP-
INHATHI aTOMOB:
#1Xy,z+1 #2 x+1/2,-y+2,z+1/2 #3 x-1/2,-y+1,z+1/2
#A4 x+1/2,-y+1,z+1/2  #5 x-1/2,-y+2,z-1/2  #6 x,y,z-1
#7 x-1/2,-y+1,z-1/2 #8x-1y,z #9 x-1/2,-y+2,z+1/2
#10 x+1y,z  #11 x+1/2,-y+1,z-1/2 #12 x+1/2,-y+2,2-1/2
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Tabmuua 5

Koopaunartsl Bogopoaa (x 104) U apaMeTpPbl H30TPOIHOI0 CMeIeHU s
(A2X103) nas orasapaiaura CaAl,SigO16-4H,0

X y z U(eq)
H(17A) 7379 6502 7556 55
H(17B) 8419 7418 7523 55
H(18A) 8728 8207 10168 54
H(18B) 8779 7169 10180 54
H(19A) 3431 7001 5348 92
H(19B) 2628 8002 5114 92
H(20A) 823 8651 8376 101
H(20B) -225 8639 6816 104

Tabmnumna 6

Bonopoanbie cBsizu B cTpykType rasapaiauta CaAl,SigO16-4H,0

D-H..A d(D-H) d(H...A) d(D..A) <(DHA)
O(17)-H(17A)...0(13)#4 0.90 2.27 3.136(3) 161.2
0(17)-H(17B)...0(20)#10 0.90 2.32 3.178(5) 159.7
0(18)-H(18A)...0(4)#2 0.90 231 3.173(3) 161.5
0(18)-H(18B)...0(12)#4 0.90 2.19 3.085(3) 176.5
0(19)-H(19A)...0(8) 0.91 2.44 3.346(4) 170.6
0(19)-H(19B)...0(3) 0.91 2.23 3.060(4) 151.2
0(20)-H(20A)...0(4)#9 0.91 2.41 3.282(3) 160.6
0(20)-H(20B)...0(2)#8 0.91 2.02 2.929(3) 179.8
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YUQAVARALIT SEOLITININ - CaAl,SigO;5-4H,0 KRIiSTAL
QURULUSUNUN DOQiQLOSDIiRIiLMOSi

K.Q.ROHIMOV, V.N.XRUSTALEYV, U.A.YUZBASOVA
XULASO

Yugavaralit seolitinin kristal qurulusunun dogiglesdirilmoesi tiglin monoklinik
qofosin  parametrlori (a=6,7206(2)A, b=13,9915(5)A, ¢=9,8564(4)A; p=108,2680(10)°;
v=880,14(5) A3 foza grupu Pn) va oksetmo intensivliklorinin tam yagim APEX-II difrak-
tometrinds (Mo,Kd stialanmasi) alinmigdir. Rentgen qurulus analizinin naticalorina gors
atom koordinatlari anizotrop temperatur diizalislori Rt=0,016 (WRz=0,047) dogiqlosdirilmis
Vs birloagmoanin kimyavi formulu - Cay(H,0)sAl,Si;;03, kimi miiayyan edilmisdir. Miiayyan
edilmigdir ki, yuqavaralitin qurulusunda ii¢ tip tetraedrik radikallar: (AlSizO;,) torkibli
dordiizvli halqalar, (Al,Si;01,) Vo (SizOy;) torkibli tetraedrik zoncirlor omols golir. Miixto-
lif nov tetraedrik radikallarin polimerlogmasi naticasinda sokkiz holgsli en kasiyine malik
qurulus gévdasi amalo galir. Qurulusun bosluglarinda yerlogon kalsium atomlarinin koor-
dinasiyasinda yerlogon dord korpii oksigeni vo dord su molekulunda atomlar aras1 masafalor
(Ca-H,0), =2,464A vo (Ca-O)or,:2,50-3,0A toskil edir. Karkas tetraedrlorinda rabitalorin
uzunlugu vo valent bucaglarinin giymoti: (Si-O)Or,=1,6IOA, (Al-o)or,=1,733A, (O-Si-
0)or=109,30°, (O-Al-0),,109,53° kimidir.

Yugqavaralitin tetraedrik karkasimin amolo galmasinin struktur-genetik xiisusiyyat-
lori va Ca-seolitlorin baglayiciliq xiisusiyyatlori agkar edilmisdir.

Acar sozlar: seolit, yuqavaralit, kristal qurulusu, rentgen qurulus tahlili.

REFINEMENT OF THE CRYSTAL STRUCTURE OF ZEOLIiTE
YUGAWARALITE - CaAl,SigO464H,0

K.Q.RAGIMOV, V.N.KhRUSTALEV, U.A.YUZBASHOVA
SUMMARY

To clarify the structure of yugawaralite, the cell parameters were determined
(2=6,7206(2)A, b=13,9915(5)A, ¢=9,8564(4)A; p=108,2680(10)%; v=880,14(5) A%, space
group Pn) and a complete set of reflection intensities was obtained on the APEX-II
diffractometer (Mo, Kd radiation). Based on the results of X-ray diffraction, the atomic
coordinates with anisotropic temperature corrections Rt=0.016 (wRz=0.047) were refined
and the crystal chemical formula of the mineral Ca,(H,0)sAl;Si;»03, was established. It
was revealed that tetrahedral radicals of three types are formed in the structure of
yugawaralite: four-membered rings with the composition (AlSi3Oy,), tetrahedral chains
with the composition (Al,Si,01,) and (Si;O1). As a result of the polymerization of different
types of tetrahedral radicals, a framework is formed in which a well trunk with eight-
membered cross-sections is formed. The latter contains calcium atoms, which are coor-
dinated with four bridging oxygens and four water molecules, where (Ca-HZO)an.:2.464A
and (Ca-0)y4.=2.50-3.0A. In the framework, bond lengths and bond angle values: (Si-
0)arg=1.610A, (A1-0)4,=1.733A, (0-5i-0)44.=109.30°, (O-Al-0),,4.109.53°.

Structural and genetic features of the formation of the tetrahedral framework of
yugawaralite and the astringent properties of Ca-zeolites have been revealed.

Keywords: zeolite, yugawaralite, crystal structure, X-ray structure analysis.
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Moagqalada nadir va sapalonmis elementlaorin Kigik Qafgaz arazisinin Zayamg¢ay-Qos-
qargay arast hissasinda intigsar tapmugs intruziviards yayima qanunauyguniluqlart hagqinda
molumat verilir. Onlarin qranitoid torkibli stixurlarda daha ¢ox rast galindiyi gostarilir. Bu
elementlarin sarbast minerallar amala gatirmadiyini va har birinin onlara xas olan digar
minerallarla alagadar olmasini nazora almaqgla sonraki tadgiqatlar zaman diggatin grano-
dioritlora, xiisusan do kvars-diorit torkibli siixurlara va onlarda olan uygun monomineral
[fraksiyalarin, xtisusan da filiz minerallarimin oyranilmasina yonaltmak tovsiya edilir.

Acar sozlar: Ki¢ik Qafqaz, nadir vo Sopslonmis element, intruziv, qranitoid, analiz,
ganunauygunlug.

Nadir vo sopalonmis elementlor ( Li, Se, Ga, Be, Rb, V, Nb, In, Cs,
Ta, Ge, Te,Ti, Zr, Hf, Mo, W, Cd, Re, Sc, Y, La ) diger elementlordon yer
gabiginda az yayilmalari, nadir miistaqil faydali qazint1 yataqlari, az miq-
darda ehtiyatlar1 vo ¢otin hasilati ils forglonirlor. ©gor nadir elementlor miis-
tosna hallarda mineral birlogsmalori omola gatirirss, sopalonmis elementlorin
xiisusi mineral birlosmalori yoxdur vo onlar oksar hallarda 6zlarine oxsar vo
ya yaxin kimyovi-kristallik, izomorf qarisiqlar soklinda sopalonirlor. Kifayot
godor miihiim strateji ohomiyyat kasb edan bu elementlor filiz kiitlolorindo
Sopalonmis halda toplanirlar [1, 2, 3, 7, 8, 9].

Azorbaycan orazisinds miixtolif yataqlarmn filizlori igarisinds nadir vo
sopalonmis elementlor H.Ofandiyev, F.Vokilova, A.Heydorov, S.Boktasi,
N.Novruzov, Z.Abdullayev, B.Balakisiyeva, Z.Babayeva, Z.Mammoadov,
N.Ilyasov, N.Ziilfiiqarli, A.Maqribi, P.Qavrilyuk, Q.Hiiseynov vo b. torafin-
don Syronilmisdir [4, 484-500].
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Bu istigamoatda aparilmis islor igarisinds Kigik Qafqazin Azarbaycan
hissasindoki alunitlords do vanadium, demir filizinds iss kobalt kimi metal-
larin agkar edilmoasini gostarmak olar.

Tadqiqgat islori zaman1 Amerika Birlogsmis Statlarinda istehsal olunmus
rentgenfliiorossent spektrometr Innov-X qrupundan olan “Delta-X” Pre-
mium portativ analizatorundan istifads edilmisdir. Bels ki, bu cihaz vasito-
silo tobii acilislarda 6lgmo islori aparilmig vo metallarin miqdart toyin edil-
misdir (sokil 1).

Sak. 1. “Delta-X” Premium portativ analizatoru

Sinaglarm laborator analizi ICAP-
6000 spektrometri ilo yerino yetirilmis-
dir.

Moqalods miialliflorin 2013-2015-
ci illords Kigik Qafgazin simal-sorq ya-
macinda apardigi tadqiqat isloarinin naticalori oks etdirilmisdir vo bununla da
Li, Rb, Cs, Be, Ti, Zr, Hf, V, Nb, Ta, Mo, W, Cd, In,Te, Ge, Re, Sc, Y, La
kimi elementlorin yayilma ganunauygunluqlart vo perspektivlilik amillori
nozordan kegirilmisdir.

Kicik Qafqazda, o ciimlodon Zoyomgcay-Qosqar¢ay arasi orazido
Mezozoy yash intruziv massivlor genis yayilmiglar. Belo massivloro Somkir
va Dagkason-Gadabay qrupu intruzivlari aiddir [2].

Somkir qrupu intruzivlorine Somkir antiklinoriumu orazisinds yerlo-
son Barum-Barsum, Cayir, Ataboy-Slavyanka, Bayan, Qabaqtops, Dasbu-
lag, Ortopa, Canaxci va s. xirdadlgilii intruzivlor aiddir ki, bunlarda da nadir
va sapalonmis elementlorin yayilma ehtimali vardir.

Godabay qrupuna uygun olaraq sahslori 10 km?, 80 km? vo 16 km?
olan Gadabay, Ataboy vo Gilanbir hipabissal ¢oxfazali massivlor vo Canaqgt
kimi intruzivlor aiddir.

Barum-Barsum intruzivi Somkir antiklinoriumunun morkozi ox hisso-
sino tesadiif etmoklo, 20 km? orazide miisahido olunur. Intruziv izometrik
formaya malik olmagqla, baslica olaraq qranodioritlorden toskil olunmusdur.
Intruziv orazisinda aplit, qranodiorit — aplit vo s. damar tipli siixurlara da
rast golinir. Bu intruziv osasi torkibli Alt Bayos vulkanitlorini va Ust Bayos
kvars plagioporfirlorini yarir. Bunlarin da hesabina burada kaolinlogma,
epidotlasma vo tdromo kvarsitlor miisahidos edilir. Intruzivds rubidiuma 41,0
ppm miqdarda rast golinmisdir. Berillium, sezium, litium iso miisahids olun-
mamigdir. Turs siixurlarda rubidiumun klarkinin 0,004% oldugunu nozors
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alsaq, onda bu elementin miqdarinin Barum-Barsum intruzivinds klarkdan
asag1 vo klark hiidudlarinda oldugu aydin olur. Burada niobium, tantal vo
hafnium miisahide olunmasa da, titan 376,0-7334,0, sirkonium 2,0-226,0,
vanadium “iz”-12422,0, molibden 72,2-161,0, volfram 22,0-4314,0 ppm
miqgdarinda rast golinmisdir. Goriindiiyii kimi volframin ayri-ayr1 sinag-
lardak1 miqdar klarkdan (W-1,5.1O'4) yiiksokdir. Burada digor elementlor-
dan forqli olaraq vanadiumun miqdari klarkdan yiiksok olmaqgla sonaye oha-
miyyati kosb edocok miqdardadir. Intruzivds yayilmis sopolonmis element-
lordon ¢ox az miqdarda kadmium toyin edilmisdir.

Barum-Barsum intruzivinds nadir elementlordon skandium vo lantan
kimyavi analizin hossasliq haddindon asagi olmusdur. Ittriumun miqdar iso
“i1z”-79 ppm miqdarinda rast golinmisdir.

Dagbulaq intruzivi kvars dioritlordon ibarst olmagla 5 km? yaxin ora-
zini ohato edir. Intruziv geyri-diizgiin formaya malikdir vo Cayir¢aym sol
sahilinds eyniadli kond orazisindo yerlosir. Intruzivin otraf siixurlar1 Ust Ba-
yos yasl siixurlardan ibaratdir. Intruziv conub qorbds piroklastik siixurlari
yarmusdir. Intruzivin tomas xotlorindo Bat yash ¢okiintiilorin kvarslasmast,
kaolinlogmasi, limonitlosmasi vo epidotlagsmasi miisahido olunur. Dasbulaq
granitoidinin qurulusunda qranodioritlar, kvars-dioritlar istirak edir. Bu sii-
xurlar agiq-boz vo yasilimtil-boz ronglidirlor. Siixurun mineraloji torkibindo
plagioklaz, ¢6l spati, kvars, hornblend, biotit vo digor ikincidoracoali mine-
rallar istirak edir. Filiz minerallarina ¢ox az miqdarda rast golinir.

Intruziv orazisindo rubidiuma 1,0 ppm miqdarinda rast golinir ki, bu
da klarkdan azdir. Litium, sezium va berillium kimi elementlor miisahido
olunmur. Burada titana, sirkoniuma, vanadiuma, molibden va volframa rast
golinso da onlarin miqdart uygun olaraq 1544-1910 ppm; 116-184 ppm; 19-
44 ppm; 7-225; 11-131 ppm-dir. Hafnium, niobium vo tantal kimi ele-
mentlor ¢ox az miqdardadir. Goriindiiyii kimi, Dagbulaq intruzivindo istirak
edon metallarin miqdar1 onlarin yer qabigindaki klarkindan azdir vo buna
goro do onlar tocriibi ohomiyyot kasb etmir. Bu intruzivds sapolonmis ele-
mentlorin (Cd, In, Te, Ge, Re) miqdar1 “iz”don ibaratdir.

Nadir elementlordon ittrium 27-34 ppm arasinda miisahido edilmigdir
ki, bu da onun klarkindan on dofolorlo ¢oxdur. Burada skandium vo lantan
“iz” miqdarindadir.

Coyir intruziv massivi Coyir¢ay dorasindo intisar tapmisdir vo Somkir
soharinden 20 km conub- qorbds yerlosir. Intruziv 10 km?-don ¢ox erazini
ohato edir. Intruziv simal-qorb istigamotinds uzunsov olmagqla geyri-diizgiin
formaya malikdir. Osason kvars-dioritlordon toskil olunmusdur. intruzivin
otraf siixurlar1 Ust Bayos yash kvars plagioporfirlor vo piroklastik siixurlar-
dan ibarotdir. Cayir intruzivinin yan siixurlarla tomasinda Semkir antiklino-
riumu orazisindoki digor intruzivlora nisboton daha intensiv hidrotermal
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doyismo miisahido olunur ki, bu da bu intruzivin saquli yatim1 vo 6l¢iilorinin
kicik olmasi ilo izah edilir. Hidrotermal doyismolor kvarslagsma, kaolinlosmo
va bozi yerlords toroma kvarsitloro kegmolordon ibarotdir.

Coyir intruzivi kvars-dioritlordon basqa qranodioritlorlo do tomsil
olunur. Bunlardan bagqa bu intruziv {i¢iin damar siixurlar1 da xarakterikdir.

Kvars-dioritlorde bu siixurlar iigiin sociyyovi olan digor minerallarla
yanagi filiz minerallarindan maqnetit, apatit, sfen miisahido olunmusdur.
Damar tipli siixurlar aplit vo diabaz torkiblidirlor.

Kimyovi analizin naticalorina gore Cayir intruzivinde litiuma “iz”-
0,001%, rubidiuma “iz’-0,003%, seziuma “iz”-0,006%, berilliuma isa “iz”-
0,0004% miqdarda rast golinmisdir. Bu sinaqglarda cihazla 6lgmalor zamani
yalniz rubidiuma 2,0-56,0 ppm miqdarinda rast golinmisdir. Litium, sezium
vo berilliumun miqdarimin cihazin haessasliq miqdarindan az, yoni “iz”
oldugu askarlanmigdir. Gorilindiiyi kimi, bu orazide yiingiil elementlorin
miqdari klarkdan yiiksok deyildir.

Bu orazilords kimyavi tisulla hafnium vo niobium toyin edilmisdir ki,
bunlarin da miqdar1 uygun olaraq “iz”-0,005 vo “iz”-0,0006% qodor
olmusdur. Bu elementlorin cihazla 6lgmo noticalori beladir: titan-1279,0-
5159,0; sirkonium-50,6-176,0; vanadium-22,0-350,0; molibden-*“iz’-214,0;
volfram-50 ppm, hafnium, niobium va tantal iso “iz” miqdarindadir.

Cayir intruzivini togkil edon siixurlarda sopoalonmis elementlordon yal-
niz kadmium vo qalliuma uygun olaraq “iz”’-0,0008 va “iz”-0,0003% miq-
darinda rast golinmisdir. Cihazla 6lgmalorin naticalorino gors bu elementlor
“iz” miqdarinda istirak edir.

Kimyovi analizin naticolorino goro bu orazido nadir torpaq element-
lordon skandium “iz”-0,006%; ittrium “iz”-0,005%; lantan 0,0001-0,005%
olmusdur.

Notico etibar1 ilo Cayir intruzivindo askarlanmis nadir torpaq vo
sopalonmis elementlorin miqdart onlarin yer qabigindaki klarki gadar va ya
ciizi miqdarda ondan artiqdir.

Ataboy intruzivi Zoyomcay vo Coyirgay arasi orazido yerlosir. Bu
massiv petroqrafik cohotdon miixtolif torkibo malik olmaqla, asasen pla-
giogranitlordon ibaratdir. Intruzivin mineraloji torkibinda plagioklaz, kvars,
hornblend, biotit, maqgnetit, sfen, epidot, xlorit vo s. minerallar istirak edir.
Kimyavi analizin naticalorina gora Atabay intruzivinde az miqdarda olsa da
littuma “iz’don-0,001%, rubidiuma “iz”’don-0,001%, seziuma “iz”’don-
0,001%, berilliuma isa 0,0001-0,0002% rast golinmisdir. Bu sinaglarda
cihazla 6lgmoalor zamani, ancaq rubidiuma 3,0-18,0 ppm miqdarinda rast
golinmigdir. Litium, sezium vo berilliumun miqdarmin cithazin hassasliq
miqdarindan az, yoni “iz” oldugu askarlanmisdir. Goriindiiyli kimi, burada
bu elementlorin miqdar: klarkdan yiiksak deyildir.
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Bu orazi iiciin gostorilon elementlordon kimyovi tisulla hafnium vo
niobium toyin edilmisdir ki, bunlarin da migdar1 uygun olaraq “iz”don-0,005
va “iz”don-0,0006% qadar olmusdur.

Elementlorin cihazla 6l¢gmonin naticalori beladir: titan 1217,0-4557,0
ppm; sirkonium 63,3-201,0 ppm; vanadium 19,0-561,0 ppm; molibden “iz”-
214,0 ppm; volfram 16,0-132,0 ppm.

Atabay intruzivini toskil edon plagioqranitlorde gostorilon element-
lorin miqdar ciizi miqdarda yer gqabigindaki klarkindan ¢ox olsa da onlarin
miqdar1 sonaye shamiyyati kasb edacok deracados deyildir.

Qabagtops intruzivi 32 km? yaxin bir orazini shato etmoklo geyri-
diizglin formaya malikdir. O, simal-qarb istigamatinds 7 km gador uzanir vo
formas1 stokabenzordir. Intruziv kvars dioritlo tomsil olunur. Intruzivde ¢ox
clizi miqdarda vo tok-tok hallarda, rubidiuma kimyovi analizin hassasli-
gindan asag1 miqdarda 0,0007%, berilliuma iso “iz”’-0,001% miqdarinda rast
golinmigdir. Turs siixurlarda rubidiumun klarkinin 0,004% berilliumun iso
0,0005% oldugunu nozors alsaq, onda bu elementlorin uygun olaraq qra-
nodiorit torkibli Qabaqtops intruzivindo miqdarinin klarkdan asagi vo klark
hiidudlarinda oldugu aydimn olur. intruzivds litium vo seziumun miqdar1 kim-
yavi analizin hassasliq hiidudundan asagi miqdardadir. Burada niobium,
sopalonmis elementlordon kadmium toyin edilmisdir ki, bunlarin da miqdari
uygun olaraq “iz”-0,0006 %,"“iz”-0,0009 % arasinda doyismisdir.

Qabaqtops intruzivinde nadir elementlordon skandium vo ittrium
kimyavi analizin hossasliq hoddindon asagi olmusdur. Lantanin miqdari iso
“iz”-0,0008% miqdarinda doyismoklo rast golinmisdir.

Dagkason-Gadabay qrupu intruzivlori coxfazali vo daha boyiik oraziya
malik olmagqla, Daskoson vo Godaboy intruzivlori kimi iki miistaqil qrup
omala gotirir. Hor iki qrup asasi va turs magmanin mahsulundan ibaratdir.
Bu intruzivler 40 km? sahani ohato edir, Somkir antiklinoriumu ilo Daskason
sinklinoriumunun kecid hissosindos yerlosir.

Daskoson intruzivi ¢goxfazali olmagqla 16 km? orazini ohats edir vo en-
dairs istigamatindo uzunsov bir formaya malikdir. Intruziv Bat ¢okiintiilorini
yarmagqla piroklastik effuzivler, terrigen karbonat torkibli ¢okiintiilor ara-
sinda yerlasir. M.A.Qasqay Daskoson intruzivinin dord fazada formalagma-
sint mitoyyonlosdirmisdir [3].

Bunlardan birinci fazanin ossasi torkibli, ikincinin qranodiorit, tigilincii-
niin damar tipli leykokrat granitaplit vo plagioaplit tipli, dordiincii fazanin
159 asasi torkibli dayka siixurlarindan ibarat oldugu miisyyon edilmisdir.

Daskason intruzivinde rubidium “iz”-102 ppm miqdarinda miigahids
edilmisdir. Litium, sezium va berillium elementlori iso cihazin hassasliq hii-
dudundan az olmusdur. Titan 643-4804 ppm, sirkonium 65-329 ppm, vana-
dium “iz”-131 ppm, molibden 72-161 ppm, nohayat, volfram iso 13-40 ppm
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arasinda askarlanmigdir. Alinan noticolor Daskoson intruzivinds bu ele-
mentlorin yer gabiginda yayilma klarkindan az oldugunu gdostorir. Burada
sopalonmis elementlarin (Cd, In, Te, Ge vo Re) vo nadir torpaq elementlo-
rinin (Sc, La) miqdar1 “ iz” godordir. Bu intruziv t¢lin do ittriumun mig-
darmin 3-27 ppm oldugu miioyyonlogdirilmisdir.

Daskoson qrupu intruzivlors aid olan Komorgaya kondinin conub his-
sosindo yerloson eyniadli asasi (qabbro) torkibli siixurlarda yerino yetirilmis
Olgmolorin mogsadi bu siixurlarda olan nadir vo sopolonmis elementlorin
miqdarimin qranitoidlords olan mi%dar ilo miiqayise etmakdon ibarat olmus-
dur. Komorqaya intruzivi 0,25 km*® yaxin orazini tutur vo qeyri-diizgiin for-
maya malikdir. Intruziv Ust Bayos yash kvars porfirlori yarir. Tomas zo-
nasinda zoif buynuzlasma, epidotlasma miisahido olunur. Burada Li, Rb, Cs
vo Be kimi elementlorin miqdar1 “iz”, yani cihazin hassasliq hiidudundan
asag1 olmusdur. Titan 1147-4421 ppm; sirkonium 101-131 ppm; vanadium
28-62 ppm, volfram 13-23 ppm miqdarinda olmusdur. Hafnium, niobium,
tantal, molibden kimi digor elementlor iso “iz”’qodordir.

Komarqaya asasi torkibli intruzivinds ittrium 5-9 ppm miisahido edil-
migdir. Bu intruziv {izro alinan naticolor gostorir ki, Zoyomeay-Qosqarcay
arasi orazido intisar tapmis osasi torkibli intruzivlords yayilmis nadir vo so-
palonmis elementlorin miqdar turs torkibli intruzivloerdekindon qat-qat azdir.

Godabay intruzivi do ¢oxfazali olmaqla gabbroidlordon, kvars diorit-
lordon vo granit-aplitlordon ibaratdir. Burada birinci faza siixurlar1 gabbro,
gabbro-diorit va dioritlorls tamsil olunur. Qabbroidlar tiind boz rongdan qa-
raya qodor olmagqla, iri donali struktura malikdir. Birinci faza siixurlar ara-
sinda dioritlor ¢oxluq toskil edir. Ikinci faza siixurlari, osas etibari ilo,
granitoidlordon ibaratdir ki, bunlarin da arasinda kvars-diorit vo qranodio-
ritlor daha ¢ox yayilmisdir. Kvars-dioritlorin mineraloji torkibi plagioklaz,
kvars, hornblend, biotit, piroksen, digor filiz vo aksessor minerallardan iba-
rotdir.

Qranodioritlor orta denoali strukturaya malikdir vo mineraloji torki-
bindo yuxarida gostorilon minerallar istirak edir vo bu minerallarin miqdari
granodioritlordokindon miixtalifliyi ilo forqlonir. Gadoboy intruzivinds rubi-
diuma “iz”-39,0 ppm arasinda rast golinmisdir. Digor elementlordon litium,
sezium, berillium isa “iz” qador olmusdur.

Kimyavi analizo gors litium, rubidium vo berillium askarlansa da,
onlarin miqdar1 klarkdan da az olmusdur ki, bu da uygun olaraq 0,0002-
0,0009 wva orta 0,0004%; 0,0008-0,007% va 0,0002-0,002% toskil etmisdir.
Eyni {isul ilo hafnium vo niobium toyin edilmisdir ki, bunlarin da miqdar1
uygun olaraq 0,0006-0,004 % va 0,0004-0,001% , toskil etmisdir.

Digor elementlorin miqdar1 asagidaki kimidir: titan 349-2600 ppm;
sirkonium 42,5-176 ppm; vanadium 15-62 ppm; volfram iso 15-138 ppm
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olmusdur. Burada hafnium, niobium, tantal vo molibdenin miqdar1 “iz ”’-don
ibarat olmusdur.

Godabay intruzivindo sopolonmis elementlorin miqdart yox doraco-
sindadir. Belo ki, burada ciizi miqdarda kadmiuma rast golinmisdir. Cihazla
dlgmolora goro kadmiumun miqdar1 “iz”-32 ppm askarlanmisdir. Indium,
tellur, germanium vo renium iso “iz” miqdarinda olmusdur. Kimyavi analizo
goro iso kadmiumun miqdart 0,0002% toskil etmisdir. Orazido miisahido
edilmis nadir elementlor skandium va ittriumdan ibarat olmusdur ki, bun-
larin da miqdar1 uygun olaraq “iz” va 6,0-30,0 ppm olmusdur. Digor torof-
don kimyavi analizo gore iso bunlarin miqdart “iz”’-0,009 vo 0,0005-0,003
%-dir. Burada nadir elementlorin agkarlanmis klark: asagi miqdardadir.

Gilanbir massivi turs maqma hesabina iki ardicil fazada omolo gol-
misdir. Bu massivi amala gatiran birinci faza kvars dioritlor va plagiogranit-
lordan, ikinci faza kvars dioritlori leykokrat granitlordon vo aplit plagioqra-
nitlordon ibarotdir. Burada plagioqranitlor {iglin albit va turs oliqoklazin ¢ox
olmas1 saciyyovidir.

Plagiogranit torkibli Gilanbir intruzivi Somkir¢ayin orta aximinda 16
km? orazids intisar tapmisdir. Bu intruziv massivi on ¢ox plagioqranitlordon
ibarotdir ki, bunlar da tam kristallik olmagqla agiq boz rongs malikdirlor.
Bunlarin mineraloji torkibinds plagioklaz, kvars, ¢ol spati, hornblend, apatit,
magqnetit, epidot, xlorit vo s. istirak edir. Burada, ancaq rubidiuma rast
golinmigdir ki, onun da miqdar1 4,0-102,0 ppm toskil etmisdir. Litium, se-
zium va berilliumun miqdart iso “iz” olmusdur. Titan 101-31258 ppm; sir-
konium 3,8-1269 ppm; vanadium 6,0-2822 ppm; volfram iso 22-4314 ppm
miqdarinda askarlanmigdir. Burada hafnium, niobium, tantal vo molibden
cihazin hassasliq hiidudundan asag1, yoni “iz” miqdarinda olmusdur.

Gilanbir intruzivindos sapalonmis elementlordon “iz”-10 ppm miqda-
rinda kadmium miisahido edilmisdir. Yerdo qalan sopolonmis elementlor iso
cthazin hossasliq hiidudundan asagi olmusdur. Bu intruzivdo nadir ele-
mentlordon 778 ppm qodaer ittriuma rast golinmisdir. Noticolor gosterir ki,
Gilanbir intruzivinds titan vo vanadiumun miqdar1 sonaye ohomiyyati kosb
edocok doracadadir.

Orazido Olgiilori ¢ox da boyiik olmayan bir sira turs torkibli intru-
zivlora rast golinir ki, bunlardan da biri Nuzgor intruzividir. Bu intruziv
granitoid torkibli olmaqla endairs istigamotine yaxin uzanmaya malikdir.
Burada kvars porfirler coxluq togkil edir.

Nuzgor intruzivinds rubidium 0,0007%, niobium 0,0002%, kadmium
0,0006%, lantan 0,0002% miqdarinda toyin edilmisdir ki, bunlar da,
gorlindiiyli kimi, sonaye ohomiyyati kosb edocok doracado deyildirlor.

Canaxcicay simal-qorb istigamotli dorinlik qirilmasina uygun golon
coxfazali intruzivdir vo Canaxcicayin sirk hissosino tosadiif etmoklo, hor
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torafdon riolit-dasit torkibli siixurlarla ohato olunmusdur. Intruzivin ekzoto-
mas hissosindo gabbroidlors rast golinir ki, bu da birinci faza siixurlaridir.
Ikinci faza siixurlar1 iso kvars-dioritlordon toskil olunmuslar. Intruziv kiitlo-
nin markozi hissasini iso qranodiorit torkibli stixurlar toskil edir. Gorlindiiyii
kimi, Canax¢igay intruzivinin ii¢ fazada omolo goldiyini sdylomok olar. Belo
ki, intruziv orazisindo gabbroidlors, kvars-dioritloro vo qranodioritlors rast
golinir. Burada litium 0,001-0,002%, berillium 0,001-0,002% arasinda
intisar tapmisdir. Hafnium, niobium, tantal vo volframdan basga, homginin
titan, sirkonium, vanadium vo molibden do toyin edilmisdir. Niobiumun
miqdar1 0,002%-0,004% miqdarinda askarlanmisdir. Digor metallara iso
“iz” miqdarinda rast galinmisdir.

Sopoalonmis elementlordon germanium vo qalliumun miqdar1 toyin
edilso do, burada germanium vo qallium askarlanmamis, kadmiumun
miqdart iss 0,001-0,002% arasinda dayisdiyi toyin edilmisdir. Bu siixurlarda
nadir elementlordon ittrium vo lantanin miqdar1 uygun olaraq 0,001-0,002%
“iz”-0,001% toyin edilmisdir.

Bu tip intruzivlordon biri do Dagkoson filiz rayonunun simal hisse-
sindo, Qizilca kondinin conub hissasindoki tomas zonasi boyunca toromao
kvarsitlora kegmis kvars porfirlordir. Burada kaolinlogma, domirlosma genis
togokkiil tapmisdir. Burada litium 0,0001-0,002%; rubidium 0,001-0,005%,
berillium 0,0001-0,0002% miqdarinda intisar tapmigdir. Bu intruzivds haf-
nium, niobium, tantal vo volframdan basqa, titan, sirkonium, vanadium va
molibden toyin edilmisdir ki, bunlarin da migdar1 uygun olaraq 0,04-0,24%;
“1z”-0,003%;0,002-0,007% va 0,0006-0,005% askarlanmisdir.

Bu intruzivds sopolonmis elementlordon germanium 0,0002-0,001%,
qallium isa 0,0001-0,007% arasinda toyin edilmisdir ki, bunlarin da miqdar1
onlarin yer qabigindaki klarkindan gat-qat ¢oxdur.

Bu siixurlarda nadir elementlordon ittrium vo lantan toyin edilmisdir.
Bunlardan birincinin migdar1 0,0007-0,004%, ikinci iso 0,0001-0,001% to-
yin edilmisdir. Bu elementlordon ittriumun miqdar1 klarkdan dofalorlo ¢ox-
dur.

Qizilca sahosindo intisar tapmis damar tipli slixurlarda germanium,
molibden v ittriumun miqdart digor intruzivlors nisbaton ¢oxluq toskil edir.

Zoyamcay-Qosqarcay arasi orazido miisahido olunan intruzivlerden
biri do Daskoson qrupuna aid olan Bayan subintruzividir. Bu intruziv Bayan
kondindon 5 km simal-sorqde yerlosmaklo, giinbozvari formaya malikdir vo
digar intruzivlordon &ziiniin siitunvari ayrilmalar ilo segilir. Intruzivi toskil
edon siixurlar qranodiorit, kvars-dioritlordan ibaratdir. Intruzivds Li, Rb, Cs,
Be kimi elementlorin miqdar1 cihazin hossasliq hoddindon az, yoni “iz”
miqdarinda olmusdur. Kimyavi analizls “iz”’don-0,0001% rubidium, 0,0002-
0,004% miqdarinda berillium askarlanmisdir. Noticoloro goro bu orazido
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berilliumun klarkdan ¢ox, lakin onun senaye shomiyyatli miqdarindan az
oldugu molum olur.

Bayan intruzivinds sirkonium, vanadium vo volframa rast golinmisdir
ki, onlarin da miqdar1 uygun olaraq 28-167 ppm; 1827-13164 ppm; 381-
5586 ppm-dir. Olgmolorin noticosindon intruziv iigiin vanadium va
volframin miqdarinin klarkdan vo bu elementlors olan sonaye ohomiyyatli
miqdardan ¢ox oldugu askarlanmisdir.

Bu intruzivds sopslonmis elementlordon, ancaq kadmiuma rast golin-
migdir ki, onun da 6l¢molora gora miqdar1 166,0-1343,0 ppm, kimyavi ana-
lizo gora iso “iz”don-0,0009% askarlanmigdir. Olgmalars asasen digar sapa-
lonmis elementlorin (indium, tellur, germanium, renium vo qallium) miqdari
“iz”, kimyovi analizo gors iso agkar edilmomis kimi toyin edilmisdir. Burada
nadir elementlordon ittriuma “iz”’don-30,0 ppm, yoni klark hiidudunda,
analizs osason is9 az miqdarda lantana (0,0001-0,0002%) rast golinmisdir.

Barum-Barsum intruzivi Alt Bayos andezit bazalt formasiya siixur-
larmi, gorb istigamatinds isa Ust Bayos riolit plagioporfiritlari va onlarm
piroklastolitlorini kasmoklo yan siixurlara giiclii tosir etmisdir. Bu intruziya-
sindan garbdos sahasi ¢ox da boylik olmayan Ortopa kvars-diorit intruzivi
yerlosir. Intruzivin yer sothine ¢ixis1 4 km? toskil edir. Simal-sorg va conub
istigamatlorinds Tomas miistovisi yan siixurlara toraf az meyilliliysa malik
olub, stokvari formaya malikdir. intruziv hiidudlarinda Li, Rb, Cs vo Be
kimi elementlor “iz” miqdarinda, sirkonium 29,0-295,0 ppm, vanadium
19,0-44,0 ppm, volframa iss 162,0-7185,0 ppm miqdarinda rast golinmisdir.
Ti, Hf, Nb, Ta vo Mo kimi elementlorin miqdar1 “iz”, yani cihazin hassasliq
hiidudundan asagi olmusdur. Ortopa intruzivini taskil edon siixurlarda sopo-
lonmis elementlordon 240,0-1461,0 ppm kadmium toyin edilmisdir. Digor
sopalonmis metallarin (In,Te, Ge vo Re) migdar “iz” kimi toyin edilmisdir.
Nadir elementlordan, ancaq ittriuma 11,0 ppm qodor rast golinmisdir, digor-
lori isa (Sc, La) “iz” miqdarindadir. Ortopads volframin miqdar1 klarkdan
¢ox-0,2 % olmagla sonaye shamiyyati kosb edacok miqdardadir.

Zoyomcay-Qosqargay arasi orazido yayillmis vo xarakterizo olunan
intruzivlor asasi vo turs maqma mohsullar1 olmagqla, ¢ox fazalidirlar. Onlarin
coxu stokabanzor formadadir vo Kicik Qafqaz struktur qirisiqligi istigamae-
tino uygun uzanirlar.

Noticolor gostorir ki, Kicik Qafqazin turs torkibli intruzivlerindo
yayilan nadir vo sapalonmis elementlor asas etibari ilo onlarin yer qabiginda
yayilma miqdar1 soviyyasindadir. Lakin bu elementlor arasinda V, W, Y vo
Ge bu vo ya digor miqdarla klarkdan ¢oxdur vo onlara daha ¢ox kvars-diorit
torkibli siixurlarda rast golinmisdir. Belo ki, kvars-diorit torkibli Bayan
intruziyasi ii¢clin V, W vo kvars-diorit torkibli Qizilca intruzivi iiclin Y, Ge
kimi elementlor sociyyovi oldugundan bu intruzivlorin yayildigr saholor
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perspektivli saholor kimi ayrila bilor.

Bayan intruzivi daxilinds vanadium vs volfram elementinin miqdari-
nin minimal sonaye shamiyyatli tutumundan ¢ox oldugu tosdigqlonmisdir.
Belo ki, alinan naticalora gora vanadium 0,67%, volfram iso 0,41%
miqdarinda olmusdur.

Qizilca sahasindos ittrium vo germanium askarlanmisdir. Bunlarin da
miqdar1 uygun olaraq 0,002% va 0,0007% olmusdur.

Ehtimal etmok olar ki, kvars-diorit torkibli intruzivlords vanadiumun
istiraki bu intruzivlords aksessor mineral saklinds istirak edan vo vanadium
saxlayan titanmaqnetit minerallar1 ilo olagodardir. Bu intruzivds volframin
istiraki turs torkibli siixurlarda istirak edon sfen, ilmenit vo magnetit kimi
aksessor minerallarla slagoadar ola bilor.

H.V.Mustafayevin todqigatlarina asason, yuxarida adlari ¢okilon turs
torkibli intruzivlori togkil edon siixuromologotiron minerallar iki generasiya-
da omolo golmis, 6lgiilori 8 mm qodor olan plagioklaz, kaliumlu-natriumlu
¢Ol spatlari, biotit, hornblend, piroksen vo aksessor minerallardan ibaratdir

[5].

A.1.Ginzburqun fikrinco germanium 6z minerallarindan basqa sfale-
ritin do torkibinds 10, bazan 100 g/t istirak edir [6]. Qizilca sahasinds yayil-
mig germaniumun bu sahani togkil edon kvars-diorit vo téromo kvarsitlords
istirak edon sfaleritlo olageli oldugunu sdylomak olar. Ittrium iso golovi
stixurlarla olagodardir.

Daskoson, Gadabay, Qabaqtops, Bayan, Coyir vo Barum-Barsum gra-
nitoidlorindo birinci generasiya plagioklaz Olgiilorinin boyiikliyi, doyis-
mazliyi, yoni torkibinin sabitliyi vo az da olsa, filizliliyi ilo xarakterizo
olunur. Ikinci generasiya plagioklazlar iss dlgiilorinin kigikliyi (1-2 mm) vo
miixtalif név filiz minerallar1 saxlamasi, xiisusilo do sulfid filizi saxlamasi
ilo xarakterizo olunur. Plagioklazlarin hor iki generasiyasinda sirkon,
magqnetit vo ¢ox ciizi miqdarda digor minerallar istirak edir.

Kaliumlu-natriumlu ¢ol spatlari plagioklazlardan forqli olaraq yuxa-
rida gostorilon granitoidlords mohdud sokildo yayilmisdir. Onlarin miqdari
adoton 1-2% arasinda doyisir. Turs torkibli intruzivlerds biotit minerali da
istirak edir. Biotit mineralinin Olgiilori 1-3 mm arasinda doyigsmokls, ¢ox
hissasi tizra xloritlogsmo vo filiz minerallart miisahido olunur. Biotit 6ziindo
aksessor minerallar kimi maqnetit, sirkon, apatit kimi minerallar saxlayr.
Bu mineralin digor bir xiisusiyyati onun titanli olmasidir.

Qranitoidlords rast golinen digor minerallardan biri ds hornblenddir vo
bu mineral kvars dioritds rast golinon digor rongli minerallardan daha ¢ox
olmaqla onun miqdar1t 10-20%-o ¢atir. Bozi hallarda onlar doyismo
prosesinin tosirindon epidotlagma, talklasmaya vo s. moruz qalmislar. Bu
mineralin asinmasindan iso magqnetit, ilmenit kimi bir sira filiz minerallar
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omolo golmisdir.

Natica etibari ilo toyin edilmisdir ki, Ki¢ik Qafqazin simal-sorq yama-
cinda, xilisuson do Zoyomgay-Qosqargay arasi arazido olan turs torkibli
granitoidlarin, eyni zamanda bu sahads yerloson sulfid yataglarinin nadir vo
sopalonmis elementlora olan potensiali ¢gox azdir. Bunlarin arasinda nadir
elementlor baximindan bu va ya digar doracads sanaye shamiyyati kasb eds
bilocok yataqlar qizilli-misli kiikiird kolgedan: filizloridir ki, bunlardan da
Godobayds selen, tellur vo germaniumdur. Nadir metallara gora perspektivli
sayllan Qasqacayin mis-margiimiis filizlorinds selen, tellur vo germanium,
mis-porfir filizlarinds isa bismut, selen vo tellurdur. Gadaboay osrazisindos iss
Qaradag, Xar-xar mis-molibden yatagi selen, tellur vo reniuma perspek-
tivlidir.

Zoyamgay-Qosqargay arasi arazido yerloson intruzivlords olan nadir
Vo Sopalonmis elementlorin yayilmasii qiymatlondirmak tigiin onlarin klark,
sonaye vo agkarlanmig sonaye ohomiyystli miqdarlar1 asagida miiqayisali
sokilds verilmisdir (cadval 1).

Qeyd etmok lazimdir ki, alinan komiyyatlor kimyavi analizin vo
“ Delta-X ” Premium analizatorunun naticalorino asaslanmisdir. Belo Ki,
“ Delta-X ” Premium analizatorundan alinmig (ppm) komiyyatlor 1
ppm=0,0001 % miigabilinda %-lorlo ifads olunaraq hesablanmigdir.

Coadval 1
Nadir va sapalonmis elementlarin klark, sanaye va agkarlanms
sanaye ahamiyyatli miqdari

—_ Turs torkibli intruzivler
. E
= E S ‘é: =% Askarlanmig
= - ) o o = L
g g = é ;g %S 5 innglrlin [ntruzivlorin Osas bonaye ohomiyyatl
7“5 < o § (ED-CEI' \2/1(11 torkibi minerallar orta migdar,
[Sa E ,_g e C-%
1] Li |0,004[07-10 spodumen <c
lepidolit
2| Rb | 0,02 - lepidolit
3| Cs |0,0005| - pollusit
4 | Be D,00055 0,02 beril, xrizoberil
5| Ti | o8 | 10-20 rutil, ilmenit,
' loparit
6| zZr | 0,02 {1,0-1,5 sirkon
7| Hf |0,0001| >0,1 sirkon o
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Bayan |kvars-diorit 0,7
plagioklaz, kvars,
Barum- granodiorit| hornblend, magnetit 23
8| Vv |0,004 D,01-0,04 Barsum epidot, sirkon,
Cayir |kvars-diorit apa“tb;:'i?e”'t' 0,07
Gilanbir plagiogranit 0,02
9| Nb | 0,002 01-04 kolumblt,Itanta!ltplroxlor
oparit <C
10| Ta 35.100,1-0,2 Kolumbit
tantalit, piroxlor
molibdenit
11| Mo |0,0001| 0,6-1,0 molibdeseelit
Bayan |kvars-diorit 0,4
A lagioklaz, kvars, kaolinit,
12 W 11,5.107 0,1-1,5 Ortops e 61 spati, biotit, hornblend 0.3
e ostavit
13) Cd 11,3107 >10 kadmoselit
14| in 2,6.107 >0,1 indium <C
galenit, enargit
15| Te |1.107| 0,002 sfalerit, xalkopirit
kassiterit
16| Ge D,00014 - Qizilca sfalerit 0,0007
i ) molibdenit
17 Re | 7.10 kolumbit, tantalit <¢
18| Sc |0,0003| >50 ferrosilit, klaustalit
Dasbulagkvars-diorit lagioklaz. kvar 0,005
19| Y [29.1094 - Daskosongranodiorit] Piad'0Klaz Kvars, 0,0014
— hornblend vo s.
Qizilca |kvars-diorit 0,002
20| La [2,9.10"0,2-5,5 monasit, loparit <C

Noatics etibari ilo agkarlanmis qanunauygunluqlar asagidakilardan ibaratdir:

1. Orazido sonaye oshomiyyati kasb edocok nadir vo sopalonmis element-
lordan volfram 0,3-0,4%, vanadium 0,007-0,7%, germanium 0,0007%
va ittriuma 0,002-0,005% miqdarinda rast golinmisdir.

2. Bu elementlor, bilavasito kvars-diorit torkibli intruzivlorlo olagadardir.
Bunlardan vanadiuma eyni zamanda plagiogranit tarkibli intruzivlerds
do miisahids edilmisdir.

3. Nadir vo sopoalonmis metallar turs torkibli intruzivlora nisboton osasi
torkibli intruzivlords az miqdarda yayilmigdir.
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Yuxarida gostorilon metallardan basqa, digor elementlor srazids klark
miqdar1 hiidudunda yayilmisdir.
Ittrium elementi Dasbulaq, Daskasen vo Qizilca intruzivinde, vanadium
elementi Barum-Barsum, Cayir, Gilanbir va Bayan intruzivinds, volfram
Bayan, Ortopa intruzivinde vo germanium iss Qizilca intruzivindo
yayilmigdir.
Ittrium, vanadium, volfram vo germaniumun miqdarimin kvars-diorit tor-
kibli intruzivlords yiiksok miqdarda olmasina sabab bu siixurlarda uygun
olaraq sfen qrupundan olan ittrotitan, vanadiumlu magqnetit, seelit vo
sfalerit minerallarinin miqdarmnin ¢ox olmasi ilo alagodardir.
Atabay, Cayir vo Bayan intruzivlarinds yerina yetirilmis 6lgmalora géra
gotiiriilmiis sinaglar eyni zamanda kimyovi tisullada todqiq edilmisdir.
Kimyavi analizin naticalori “Delta-X” Premium analizatorunun gosto-
ricilorindon yiiksokdir. Buna da sabob kimi kimyavi analizin dagigliyini,
digar torofdon iso analizator ilo yering yetirilon dlgmolorin geyri-amorf
Sath tizorindo aparilmasidir.
Orazido miisahido edilon nadir vo sopalonmis elementlor filiz, x{isuson
do sulfid filizi minerallarinin miqdarindan asilidir. Belo ki, sulfid
minerallarinin ¢ox yayildigi sahalords nadir vo sopalonmis elementlorin
do miqdarina daha ¢ox rast galinir.

Nadir vo sopalonmis elementlar 6zlarinin sorbast minerallarini amalo

gatirmadiyini va har birinin onlara xas olan digor minerallarla olagodar
olmasini nozors almaqla sonraki tadgigatlar zamani digqat granodioritlars,
xiisusan do kvars-diorit torkibli siixurlara vo onlarda olan uygun monomi-
neral fraksiyalarin, xiisuson do filiz minerallarinin 6yranilmasins, hom do
nadir va sopalonmis elementlorin texniki novlori tizra dyronilmasine yonal-

dilmalidir.
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PEJAKHUE, PACCESIHHBIE DJIEMEHTBI U UX
PACITPOCTPAHEHUE HA TEPPUTOPUU MAJIOT'O KABKA3A
(ua npumepe MEXKJIYPEUBSA I3ET'AMYAU U T'OLUT' APYAUN)

O. O ABAYJUIAEB, TI.TAXMA30BA
PE3IOME

B craTbe mpuBeneHBI CBEICHHS O 3aKOHOMEPHOCTSIX PaclpeAeiIeHHs PEAKUX U pac-
CCSIHHBIX JJIEMEHTOB B MHTPY3UBaX, OOHAPYKEHHBIX B paiioHe Mexny J[zeramuail u ['om-
rapuaeM B AsepOaifmpkanckoit yactu Manoro Kapkaza. IlokazaHo, 4TO OHHM Yamie BCTpe-
4aroTcsA B MMOPOJaX I'PAaHUTOMIHOTO COCTaBa. YUMUTHIBAsA, YTO 3TH 3JIEMEHTHI HE 00pa3yioT
CaMOCTOSATENIBHBIX MUHEPAJIOB M KaXKIBI M3 HUX CBA3aH C APYIMMH XapaKTepHBIMH IS
HUX MuHepanamu. [Ipu nanpHeHmuX uccneqoBaHUsIX PEKOMEHAYETCS COCPEJOTOUYUTh BHH-
MaH{e Ha TPaHOJMOPUTAX, OCOOCHHO KBapIl-AMOPHUTOBBIX MOPOJax, U U3YYEHHH COOTBET-
CTBYIOIIMX MOHOMMHEPAIIBHBIX (ppakuuii, 0cOOCHHO Ha pyIHBIX MUHEpaax.

KiaroueBblie ciaoBa: Majbrit KaBKaS, PEeAKHUC U PACCCAHHBIC DJICMCHTBI, UHTPY3Us,
T'PaHUTOUN, aHAJIN3, 3aKOHOMCPHOCTb.

RARE-EARTH, TRACE ELEMENTS AND THEIR DISTRIBUTION
IN THE TERRITORY OF THE LESSER CAUCASUS
(based on the DZEGAMCHAY AND GOSHGARCHAY INTERFLUVE)

F.F.ABDULLAYEV, THTAHMAZOVA
SUMMARY

The article provides information about the patterns of distribution of rare-earth and
trace elements in intrusions discovered in the area between Dzegamchay and Goshgarchay
in the Azerbaijani part of the Lesser Caucasus. It has been shown that they are more
common in rocks of granitoid composition. Considering that these elements do not form
independent minerals and each of them is associated with other minerals characteristic of
them. It is recommended that future research focus on granodiorites, especially quartz-
diorite rocks, and the study of the corresponding monomineral fractions, especially ore
minerals.

Keywords: Lesser Caucasus, rare-earth and trace elements, intrusion, granitoid,
analysis, pattern.
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B cmamve paccmampusaromes ceonocuueckasn nosuyus MyHyHOAPUHCKO20 3010MO-
K8apy-cynvuonozo mecmopodicoerus. Ommeuaemcs, Ymo MecmopoicoeHue npeocmas-
neno 20 KeapyesbiMu HCULAMU € 300MO-MEOHbIM U 30I0MO-NOAUMEMALTUYECKUM OpYOe-
HeHueM. 3010MOHOCHbIe K8apyeavle JHCUbl NPUYPOUEHbl K PA3PbIGHbIM HAPYUWEHUSM cege-
po-6ocmouroco npocmupanus. Ha mecmopooicoenuu 6vioensiomes mpu nociedosameins-
Hble cmaduu pydoobpasosanus: 1) Keapy-moaudOeHum-xaibKonupumosas, 2) noaucyio-
@uonas xkeapy-nupumosasi, 3010mMoHOCHAA,; 3) K8apy-KapOOHAMHAS.

KaioueBble cioBa: 30510TO-KBapl-CyabpuaHOe MecTopokaeHue, [laparaudaiickoe
pyIHOE ToJie, KBapi-kKapOOHATHAS JKUJIbHAS Macca, 30HbI OPCKYMPOBAHUS

MyHyHIapUHCKOE 30J10TO-KBapI-CYIb(UAHOE MECTOPOKIACHUE PACIIO-
noxeHo Ha KO3 ckione 3anre3ypckoro xpebdra, B BepxoBbsx p.Ilaparauaii, Ha
abcomoTHBIX BeIcoTax 2390-2750 M. MecTtopoXkieHre 0XBaThIBa€T HEOOIb-
mryto FOB wacte [laparauaiickoro 3010T0O-MeIHO-MOJIHOIEHOBOTO PYAHOTO
MOJISL ¥ JIOKAJIM30BaHO B 00OCOOJIEHHBIX MEIHO-30JI0TOPYAHBIX KHUJIaX CeBe-
po-BocTouHOTO npocTupanus (40-70°).

IIpoBenennbiMu B 1961-64 rr. M.A.AracueBbiM IOHCKOBO-pa3BeI0Y-
HBbIMM pa0OTaMu Ha IUIOIIAJAN MECTOPOXKIECHHS, OKOJIO 2 KB. KM, YCTaHOBJIEHO
6onee 20 KpyTOMagarONIUX KUIBHBIX 30H U TEJ C 30JI0TO-MEIHBIM U TIOJIMMe-
TAJUINYECKUM OpYAEHEHHEM, NpoTsbkeHHOCThi0 200-900 M. M3 HuX Kuiibl
NoNel, 2, 3, 6-17, 19, 20 pacnonoxens! Ha FOB ¢manre mectopoxxaenusi, T.e.
Ha cOOCTBEHHO MyHYHIapUHCKOM y4acTke, a kxuibl NeNe4, 5 1 18 — Ha ero ce-
BepHOM ¢uianre (Ha yuyactke Illupuncy). Mommocts xun 0,2-1,2 M, B pa3ay-
Bax HaOIIoaeTcs paciMpeHue a0 2-3 M. YCTaHOBJIEHHBIM BEPTUKAIBHBIN
pa3max opy/IeHeHHUs! HETIOCPECTBEHHO Ha CAMOM MECTOPOXKIEHUU 110 TaHHBIM
MOJI3EMHBIX TOPHBIX BBIPaOOTOK coctaniseT 400 M, a B pyIHOM paiioHe Oomee
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900 M. XKunsl (Nel, 2 u 4) n3ydeHbl NOBEPXHOCTHBIMU U MTOJ3EMHBIMU FOPHBI-
MU BbIpaboTKamMu. OKOJIOPYIHbIE U3MEHEHUS] BMELIAIOIINX TOPOJ] BBIPAKEHBI
CEpULIMTH3ALIUEN, OKBaplLIEBaHUEM, XJIOPUTH3ALMEH, KapOoHaTH3auend U Iu-
putu3zanueil. [ aBHble pyIHbIE MUHEPAJIbl — MUPUT U XAJIBKOIIUPUT; BTOPOCTE-
MICHHBIE — TAJIECHHT, C(haepUT, TETPAdPUT, TEHHAHTUT, PEIKUE — APCEHOITH-
pUT, OYpPHOHUT, KAJIAaBEPUT, ApI€HTUT, NETUUT U AJITAUT, 30JI0TO CaMOPOHOE.
OCHOBHBIMU KHWJIbHBIMA MUHEpAJIaMHU SIBJISIOTCS] KBapl], BTOPOCTEIEHHBIMU —
KaJIBLIUT, AaHKEPUT, CUJEPUT, POAOXPO3UT, XJIOpUT. ColepikaHue 30J10Ta B JKU-
Jax KpaiiHe HepaBHOMepHoe U kosebnercs oT «ci.» a0 600 r/T. Cpennee co-
Jiep’KaHue 30J10Ta B OTHOCUTENBbHO M3y4deHHbIX kmiax NeNel u 2 cocraBisier
3,2-16,4 1/1, IO pa3zBeaHHBIM pyaaM B 1esioM — 6,3 1/T. CpeaHee conepkaHue
cepedpa B xmiax NeNel u 2 16,6 u 39,8 r/T COOTBETCTBEHHO (B CpEIHEM I1O
pa3BenaHHbIM pyaam 22,8 1/T). CpemHue colepKaHus JPYTruX KOMIIOHCHTOB B
pynax cocraBisatot: meau — 0,65%, cunna — 0,36%, munka — 0,26%, cenena —
0,0004%, Temnypa — 0,0054%, Bucmyta — 0,006% (1, 4).

Mopdonorust pyaHbIX Tesl CI0XKHas, MPEeACTaBIE€Hbl OHM MaJOMOILIl-
HbIMH kuiamMu (5-40 cM), KOTOpble IO MPOCTUPAHUIO U TMAJEHUIO0 YacTo
ciuBaroTcs. JKuibl 0CI0KHEHBI MTPOAOIbHBIMU, PEXE KOCO OPUEHTUPOBAH-
HBIMU MOJBMKKAaMU C TJIMHKOHN TpeHus. PynHble Tena MmectaMu npecTaBiie-
Hbl KBapIIEBOM MJIM KBapl-KapOOHATHOM >KUJIBHOM Maccoil ¢ MHTEHCUBHBIM
OKOJIOKUJIbHBIM M3MEHEHHEM, HO Yallle — 30HaAMU OKBAPIIOBAHHBIX, KAOJIH-
HU3UPOBAHHBIX M XJOPUTU3UPOBAHHBIX IOPOJA C PEAKMMU MPOKUIKAMU
KBapia u KaibiuTa (2). 30JI0TO MPUYypOUYEHO K CaxapoBUIHOMY, IpedeHYa-
TOMY, MEJIKO3EpHUCTOMY KBaplly C XaJIbKOIMMPUTOM WU IUPUTOM M COINpPO-
BOXIAETCS MEAHO-TTOIMMETAININYECKON MUHEPAIN3alACH.

Ilo mpenBapuTenbHBIM JaHHBIM PYJHBIE TE€Na MECTOPOXKIECHUH SB-
JSI0TCA MPOAYKTaMU CJIEAYIOIIMX TPEX IOCIEeI0BaTENIbHBIX CTaAui pyno-
oOpa3zoBaHus: 1) KBapl-MOJUOJCHUT-XAIbKOIIUPUTOBAS; 2) MONUCYIbPHI-
Hasl KBapl-IHPUTOBas, 30JJ0TOHOCHAs; 3) KBapl-kapOoHaTHas. [Ipu sTom B
IIPOYKTax BTOPON CTAaJMU BBIACIAIOTCS CIELYIOIINE NaparecHETHYECKUe
accolMaluy MHUHEpAJIOB: KBapL-TIUPUTOBAsl, KBapL-TaJleHUT-canepuroBas
U 30JI0TO-TEJUTypUIAHASL.

CoOCTBEHHO 30JI0TOPYIHbIE )KUIIbHBIE TEJIa XapaKTepU3yIOTCsl KpaiiHe
HE3HAYUTENIBHBIM Pa3BUTHEM NPOAYKTOB BTOPOW CTaJMH, HE3HAYUTEIbHBIM
pa3BUTHEM MOJUMETAIIIOB U OTHOCUTENILHO IIUPOKUM — TEJUTYPHJIOB.

Texcrypa pyn OpekuueBas, mojocyarasi, MPOXKHUIKOBasl U BKparJieH-
Hasi, CTPYKTypa — HEpaBHOMEPHO 3€pHUCTAs.

I'myOuHa 30HBI OKUCIECHHUS COCTABISAET OT €IMHUYHBIX IO MEPBBIX Je-
CSITKOB METPOB. B 30HE oKkucieHMs pa3BUTHI MalaxuT, a3ypuT, OOPHHUT, KO-
BEJUIMH, PEKE XAIbKO3UH, THIPOOKHUCIIBI Kelle3a U KaoauHUT. [lo naHHbBIM
M.M.KoHcTaHTHHOBA M JAp., MPOOHOCTH 30J10Ta M3 PA3IWYHBIX JKHJIbHBIX
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o0pa3oBaHMi, OMpENENAImascs aTOMHO-a0COPOIIMOHHBIM METOJOM, CO-
craBisieT 710-950, B TOM umciie 30J10Ta U3 KBAPI-XaJIbKOMUPUTOBBIX KHII
710-770, u3 kBapu-nuputoBoi chimydku 800-875 u u3 KBapu-MUPUTOBBIX
xun 937-947, a mnpennonaracMblii  TEMIIEPATYpHbIA HHTEpBal PyHAOOT-
noxenus — 260-340°C (ycTaHOBIEHO METOJIOM ACKPENUTALMU KBapua U
KaJbIIUTa U3 MPOJAYKTUBHOI accoIaliii MUHEPAJIOB).

MecTopoKJeHre MOXKHO OTHECTH K 30JI0TO-CYNb(UIHO-KBAPLIEBOM
dbopmanuu. Pynel cymectBeHHo cynbhuansie. Coaepxanue cyibduaoB B
pyxae cocrasisier 31,8-43,0%, SiO, — 37,5-43,7% (tabauia 1).

Tabmuna 1
KouaunyecTBo cynbduaoB B pyae MyHYHIAPUHCKOT0O MeCTOPOKIEHMSI
30J10TA MO JAHHBIM TE€XHOJOTHYECKHX HCCIIe0BAHUI

(B % ot ob1eii p

JTHOM MaccChl)

IMpo6Ga 1 (u3 xwuibl Nel ¢ | IlpoGa 3 (u3 xwuibel Nel ¢ o6
Cynshuast 70-90 M mHTEpBaNa 0,0-30,0 M mHTEpBaNa poder 1 u 3
mToabHU Nel) mTOIbHY Ne2) (cpenmee)

[upur 42,0 26,8 34,4
XaIbKOIHPHUT 0,6 3,6 2,1
Tanmenur 0,15 1,07 0,61
Bropuunsie 0,3 0,4 0,35
CyImb(pUIB MEAH

Uroro: 43,05 31,87 37,53

Cpe,[[HI/Ie U HWXHHUC TOPU3OHTHI 30JIOTO-IIOJIMMCTAJNIMYUCCKUX KUJI

BCKPBITBI OKCIUTYyaTaHUOHHBIMH T'OPHBIMU BI)Ipa6OTKaMI/I — INTOJBHAMU NQI,
2, 3 u 4. B 3Tux BbIpabOTKax pyAHBIE TENa COAEPKAT MPOMBIIIJICHHbIE KOH-
HeHTpanuu 3010ta u Meau B cpeareM 20 /T u 0,3%, cooTBeTcTBEeHHO (Tad-

nuna 2).

Tabmumna 2

ITapamMeTpbI 3010TOHOCHBIX K1J MYHYHIaPHHCKOI0 MECTOPOKACHHSA
(1m0 MaTepHaJIaM reoJ10ro-pa3Bel04HbIX pador)

NoNe IIpocne:xannas | AGCONIOTHBIE Cpennsis Cpennee
NeNeskna MOIIIHOCTb, coJep:kaHue
n.n JJIMHA, M OTMETKH, M
M 30JI0TA, I'/T
1 3 300 2590-2750 0,35 0,44
2 4 400 2445-2600 0,70 3,0
3 5 300 u 100 2570-2740 0,60 3,5
4 6 150 2530-2630 0,85 13
5 7 180 2560-2630 1,2 2,3
6 8 100 2550-2600 0,3 0,3
7 9 150 2480-2590 0,5 15
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8 10 120 2435-2470 0,2 3,6
9 11 80 2430-2450 0,3 0,2
10 12 240 2390-2410 0,32 10,7
11 13 30 2570-2590 0,75 2,7
12 14 30 2570-2590 0,3 .

13 15 270 2460-2590 0,57 0,70
14 16 260 2460-2600 0,50 0,50

Kuna Nel — pacrmonoxeHa MEXIy pydbsiMu MyHyHOapa u Mabrit
Yanrsuigepe. AOCOTIOTHBIE OTMETKH BBIXOJA 30HBI Ha JHEBHYIO IMOBEpX-
HOCTh cocTaBisieT 2400-2600 m. Hanbosee mepcreKTUBHOE PYIHOE TEJIO HA
MECTOPOKIEHUM, MPOCIEKEHO C MOBEPXHOCTH Ha JuMHY 700 M (10 BBI-
ximHKHK). Cpennue coaepkanus 3oiota 1,7 — 5,2 1/T, IpU MOIIHOCTH OT
0,10 no 1,8 M. Asumyt npoctupanus xuwisl CB 40-60°, magenne C3£70-
85°.

Kuna Nel mpocinexxeHa Ha TIIyOMHY TpeMmsl pa3BeIOYHBIMH TOPHU30H-
tamu (mr. Nel — ropusont 2450,8 M, mT. Nel — 23944 M, mr. Ne3
kBepuuiar Ne2— 2300 m). B KOHIUIIMOHHBIX PYJIHBIX MHTEpBaJIaX CpeHss
MoniHocTh xkuiabl 0,4-1,8 M, cp. comepkanue 3oiota 5,2-14,1 r/1, meau
0,63-1,93%. B 0e3pynHbIX WHTEpBaJlaX MOITHOCTH JKWJIBI KOJEOIEeTCs B
npeaenax 0,5-2,9 M, comepkaHue 300Ta OT «ci» 10 3,5 r/t, meau 0,01-
0,92%.

PazBenka xuibl Nel Ha rimyOuHE MOKasasia, YTO MPOMBILUIEHHOE OpY-
JICHEHUE B IUIOCKOCTH €€ HE MMEET CIIOUIHOM XapaKTep M JIOKAIN30BAaHO B
IyrooOpa3HO HM30THYTHIX PyAHbIX Tenax mupuHoM oT 10 mo 100 M, pasne-
JICHHBIX JPYT OT JApyra HEMPOMBIIUIEHHBIMU ydacTKaMu IupuHOi 10-40 m.
Ha otpe3ke kuibl OT 30HbI OPEKUYMPOBAHUS HA IOT0-3amajie A0 MepeceueHus
ee KBapl-Moyn61eHuToBoM xunon «I naBHas» (700 M) pyIOHOCHOI ABISET-
cst okoi10 40% naHHOM MPOTSKEHHOCTH (puc. 1).

Haubonee npoTs>keHHbIE TPOMBILUIEHHBIE YYaCTKHU KHJIbI TSATOTEIOT K
30He OpEKYMPOBaHUS, @ B BEPTUKAILHOM pa3pe3e — K BEpXHUM T'OpPHU30HTaM
(npu Bo3pacTaroleil MOLUTHOCTH CaMUX KHJI Ha TIIyOUHY).

I'myOuHa BBIKIIMHKHA METHO-30JI0TOPYIHBIX Ted mo xuie Nel mumeer
XapaKTepHYI0 CTYNEHYAaTyl0 3aKOHOMEPHOCTh: PAaCHOJIOKEHHOE OJIKe K
30He OpeK4YMpOBaHUS pyJIHBIE Tejla BHIKIMHUBAIOTCS HAa OTHOCUTEIHHO
MeHbIel riyoune. B 1o jxe Bpemst 60s1ee ynaneHHbIe OT 30HbI OpeKUYnpoBa-
HUS PyZIHBIE Tella BBIKIMHUBAIOTCS HA OOJBINON IyOWHE M OpYyJCHEHHUE B
€ro KOHType pa3y00>kKMBaeTcs HEMPOMBIIUIEHHBIMU HHTepBaiamu (1,3).

KacarenbHast K MyHKTaM BBIKJIMHUBAHMSI BBIIBJIEHHBIX I'€0J0IrMYECKON
pa3BeIKOl PYAHBIX TeJl Ha MIYOMHE MPOXOAUT MpuMepHo nox £30° k ropu-
30HTYy. ['myOunHa BhIKIIMHUBaHUA pyaHBIX Ted oT 2290 m Ha O3 dnanre
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(6113 30HBI OpexkunpoBanus) 1o 2150 m Ha CB ¢uanre (B Mecte nepeceue-
HUS C KUIou «I J1aBHAs).

VYuuThIBas, 4TO MPOMBIIIJIEHHOE 30JI0TOE OpyJeHeHue 1o sxuie Nel
YCTaHaABJIMBAETCS HA JHEBHOW MOBEPXHOCTH HauMHas ¢ OTMETKH 2470 M, TO
CpeIHull mepenaj BhICOTHBIX OTMETOK OpynaeHeHus cocrasisieT 230 M, a B
Makcumyme MoxkeT noctuub 320 M. [IpoiineHHbIME BbIpaOOTKaMHu pyAHOE
TEJIO BCKPHITO Ha TIyounne 260 M.

Puc. 1. Mynynpnapusckoe MectoposkaeHue. 3ona-xuina Nel. [Tomocuarast Opexune-
BHJHAS TEKCTYpa, COCTOSAIIAs M3 KBapIla, KAOJHMHA, YACTHIl BMEINAONINX MOPOJ U IIEMEH-
TUPYIOILEH KEJIE3UCTON MACCHI.

Kuna Ne2 pacrionoxeHa B BEpX0oBbsiX pyubst MyHnyHnapa B 150-180 m
K OB ot 30nb1 Nel. [Ipocnexena Ha JHEBHOM MOBEPXHOCTU OT MyHyH7a-
PUHCKOW IHUPOTHON 30HBI OpekunpoBanus Ha KO3 10 KOHTakTa TpaHOANO-
putoBoro MaccuBa Ha CB na nnuny 250 M. IIpoctupanue xunel CB 40-50°,
nagenue C3./80-85°.

[lo maHHBIM MTOBEPXHOCTHOTO OMPOOOBaHWS B KOHIWIIMOHHOW YacCTH
KU (30HBI) CPeNHSST MOLTHOCTH cocTaBisieT 0,67 M, cpefHee ColepKaHHe
3050Ta 8,4 /T, Ha Topr3oHTe mTojeH 8,0-20,4 r/T (Ha HIDKHEM IITOJLHEBOM
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TOpPU30HTE, T.€. Ha 240 M HMKE OT BBIXOJA >KUJIbl HA JTHEBHYIO IOBEPXHOCTD,
orMeueH §-10 MeTpoBbIil MHTEpBAJ KWJIbL, I/I€ COJAEPKaHUE 30J10Ta TOCTUra-
et 300-340 r/1). Kuna noacedeHa u AByMs CKBaKUHaMHU Ha 90 M HIKE HUXK-
HEro MITOJHHEBOrO TOPU30HTA, B KOTOPOM YCTaHOBJICHO €€ MPOAOKEHUE U
3osoToHOCHOCTh (0,6-1,6 T/T), Cynb(pUIHO-KBAPIIEBOIO Tella HA 3TUX YPOB-
HAX, T.¢. Ha TIyouHe 340-360 M ot moBepxHocTH). o n3ydeHHpIM Ha 3-4 TO-
pu30oHTax MHTEpBaIOM pyAHBIX 30H NeNel u 2 na rimybune go 300-340 wm,
CpeAHHe MapaMeTpbl MeCTOpOXKAeHus cienywoomue (tadbmuna 3.19): mom-
HOCTh pyAHbIX Ten 1,02 M, cogepikanue 3omota — 6,3 /1, cepedbpa — 22,8 1/T,
meaun — 0,7%, ceunna — 0,3%, nunaka — 0,26%, cenena — 30 1/1, Bucmyta 70
/1, Temurypa — 350 1/T.

COpocoBast 30Ha MOIIHOCTBIO 1-2,5 M (a3umyT mpoctupanus 260-
280°, magenue Ha ror £50-60°) pa3dbuBaeT KWy Ha JIBe 4acTH. YacTh *KUIIbI,
pacrojoKeHHas B JiexxaueM 00Ky cOpocoBOM 30HBI, u3ydeHa mT.Ne57 (ro-
pu3oHT 2458 M), mT.Ne4 (rop. 2408 m) u kBepuuierom u3 mr. Ne3 (rop.2300
M). [Ipyras 4acTh KHIIbI, PACIIONOXKEHHAs B BUCSYEM OOKY COpOCOBOM 30HBI,
n3ydeHa mroiabHAMHU NeS7 (rop. 2458 m) u Ne5 (rop. 2475,2 m).

Hecmotpss Ha ocnoxxkHeHue >kuiibl Ne2 TMOCTPYAHOH TEKTOHUKOM,
MPUHLMIT PACIIpEEIeHHs] IPOMBILUIEHHOIO OPYACHEHUsSI BHYTPH *KWIbI B
BUJIE AYrooOpa3HOro PyAHOTO Tela ¢ OCTPOMl BBIKIIMHKOW Ha TIyOWHE, CO-
XpaHSAETCs U 37€Ch.

OctanpHble Uikl MyHYHIAPUHCKOTO MECTOPOKACHUSI MEHEee H3yde-
HBI, B OOJBIIMHCTBE ciydaeB moBepxHocTHO. [IpoTsmkennocts ux 300-700
M, motrHocTs 0,1-1,0 M, cogepkaHue 30710Ta OT «CIL» 110 6,2 T/T.

Huxe npuBoauTcst cBoAHasi TaOiauIa MoJCYeTa 3aracoB IO KHUJIaM
Nel u 2 (Tabnuna 3.20).

B 1972 r. na MyHyHIapUHCKOM MECTOPOXKIEHUH ObLTM BO30OHOBIIE-
HBI IIpepBaHHble B 1964 r. pa3BengouHble pabOTHI A U3ydeHHs >KUibl Ne2
Ha 3TOM yuacTke W kbl Ned — Ha yuyactke Illupuncy (ceBepHblil ¢aHr
[Taparauaiickoro mecropoxaenus). IlpocnexxnuBanue 1Mo NpoCTUPAHUIO KH-
76l Ne2 oCyIIecTBIISAIOCH MTyTEM MPOXOJAKH pyAHbIX mTpekoB NeNel u 2 u3
kBepuuiera Ne2 mt. Ne3 Ha ropuzonte 2300 M (5).

Kuna Ned Bmecte ¢ xwmnamu NeNeS, 18 u ap. orxoaut ot lupusn-
CYUHCKOW 30HBI CyOmupoTHOro npoctupanus. Ee npotsokeHHocTs 400 M.
MomHocts ¢ noBepxHoct 0,4-2,0 M, coepxaHue 3010Ta OT «CJI.» 110 6,2
/T, B cpeiHeM 1 1/T.

B TanbBere pyubs [llupuHcy Ha mpoTsKeHUH 45 M, B CBSI3U C MPE0O-
JIaJIaHUEM B KWJIBHOM Macce KBaplia COEep KaHHe 30J10Ta B KHUJIE PE3KO yBe-
JIMYMBaeTCa U npu cpeaHed MmouHoct 0,6 M coctaBisieT B cpenHem 18,2
r/T.

Ha rnyOune Xuia mpociekeHa Ha Tpex Topu3oHTax: IT. Ned
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(rop.2523,3 m), wt. Ne6 (rop. 2455,3 M) u wt. NelO (rop. 2410 m) cootBeT-
CTBeHHO Ha 61, 45 u 88 m.

Pe3ynbTaThl NMPOXOJKM JAHHBIX BBIPAOOTOK TAaK)KE YKA3bIBAIOT Ha
YBEJIMYEHUE COJAEPKaHMs 30J10Ta ¢ TIIyOMHON B COOTBETCTBUU C MOCTEIEH-
HOW CMEHOH Mpeo0J1aatoIero cocTaBa XUIbHOM Macchl ¢ KApOOHATHOTO Ha
KBapLEBBIi.

BelienpuBeieHHbIE TaHHBIE IPUBOJST K CIEAYIOLIUM BbIBOJAM:

1. MyHyHIapuHCKOE 30JI0TOpYAHOEe MecTopoxaeHus u llupuncynn-
CKMIl y4YacCTOK paclojaraimTcsi B SHIOKOHTakTe Merpu-Opaybanckoro
0aToauTa, B MOJIOCE Pa3BUTHU KpaeBOM (auuu rpaHOCMEHUTOBOI'O UHTPY-
3uBa (TPaHOAMOPUTHI, AUOPUTHI), B KOHTypax Ilaparauaiickoro menHo-
MOJIMOIEHOBOTO MECTOPOXKICHHSL.

2. Mecroposxaenue npeacrasieHo 20 KBapLeBbIMU KUJIAMHU € 30JI0TO-
MEIHBIM U 30JI0TO-TIOJIMMETAUIMYECKUM OpPYAECHEHHEM IPOTSHKEHHOCTHIO
ot 200 go 700 M, mourHocThiO 0,1-1,0 M ¢ pa3BUTHEM IPOMBIIIIIEHHOIO
opyneHeHus a0 ramyounsl 200-260 M.

3. 30JI0TOHOCHBIE KBAapLEBbIE XWJIbl IMPUYPOUEHBl K pa3pbIBHBIM
Hapymenusm CB mpoctupanus (40-60°) ¢ xpyreiMu nagenusmu Ha C3 u
IOB. IIpu sToM xuibl, nagaromue Ha C3, UMEIOT CYIECTBEHHO KBapILEBbIN
COCTaB, T'YCTO HACBILIEHB! CYyJIb(UIaMU U HECYT HPOMBIIIJIEHHOE 30JI0TOE
opynenenue. Kunbl, nanatomue Ha OB, nmeroT kBapi-kapOOHaTHBIM U
KapOOHATHBIN COCTaB, 30JI0TOE OPYAECHEHHE B HUX HE MpeBbIIIaeT 4-5 1/T.

4. JleranpHOe M3y4yeHHE HanOosee mepcrneKTuBHbIX ki1 NeNel, 2 u 4
MoKa3ajlo, YTo: a) ¢ TIyOMHOM >KUJIbHAs Macca U3 MPEUMYILECTBEHHO Kap-
OOHATHOM MEPEeXOaUT B KBapI-KapOOHATHYIO U KBAPLEBYIO; B CBA3H C 3TUM
HabroaeTcsl Bo3pacTaHHe COZep)KaHusl 30J0Ta; 0) pacmpeneseHue mpo-
MBIIIJIEHHOTO OPYACHEHMsI BHYTPH KOHTYpa KHJI HOCUT XapakTep AYyrooo-
Pa3HO M3OTHYTHIX PYIHBIX TEJ IIMPUHON B CPEJHEM CEUYEHUHU OKOJIO 50 M.
Pynnble Tena B HampaBlIEHWH OT MOBEPXHOCTU HA TIIyOMHY IUIAaBHO CyXKa-
I0TCSl U BBIKJIMHUBatOTCs Ha riryouHe 200-260 m. IIpu stom xumna Ne2 pac-
MPOCTpaHseTCd Ha MaKCHMalbHYIO TIyOMHY yka3zaHHOro auamasoHa. Co-
CEIIHHE pYyIHBIE TeNa pasAeleHbl APYr OT Jpyra HENPOMBIIIICHHBIMU
ydacTKaMU HIMPUHOH B cpeneM cedeHnuu 30-40 m.

CymmapHble noacuuTaHHble 3amacel 30510Ta 1o skunam NeNel u 2 ¢
Y4€TOM TMPOTHO3UPYEMBIX MO kuje Ned cocTaBisieT MO KaTeropusm
B+C1+C; 2,2 1. Kpome TOro, oxxugaercs IpupocT 3amacoB 30J10Ta MO KU-
sam NeNo5, 18 u nip. B kosmuectse 0,8 T.

Takum o6pazom, Becb MyHyHIapuHCKUN 00beKT (¢ ydacTkom [Iupun-
Cy) Ha CYyILECTBYIOLIEH CTaAUM TeOJOrMYeCKOW HM3Y4YEHHOCTH OLIEHUBAeTCs
1o 30101y B 3,0 T.
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MUNUNDOR® QIZIL-KVARS-SULFID YATAGININ GEOLOJi QURULUSUNUN
XUSUSIYYOTLORI VO FILIZLORIN MORFOLOGIYASI

U.I.KORIMLI
XULASO

Moqalods Munundora qizil-kvars-sulfid yataginin geoloji mévqeyino baxilir. Qeyd
edilir ki, yataq qizil-mis vo qizil-polimetal filizlogsmosi dastyan 20 kvars damari ilo tomsil
olunub. Qizildasiyan kvars damarlar1 simal-gorq istigametli qirilma pozulmalarina uygun-
lasmuglar. Yataqda ii¢ ardicil filizomalogolmo marholasi ayrilir: 1) kvars-molibden-xal-
kopirit; 2) polisulfid kvars-pirit; 3) kvars-karbonat.

Acar sozlar: qizil-kvars-sulfid yatagi, Paragacay filiz sahosi, kvars-karbonat damar
kiitlasi, brek¢iyalagma zonasi

FEATURES OF THE GEOLOGICAL STRUCTURE AND MORFOLOGY
OF ORE BODIES OF MUNUNDARA GOLD- QUARTZ SULFIDE DEPOSIT

U.LKERIMLI

SUMMARY

The article discusses the geological position of the Munundara gold-quartz-sulfide
deposit. It is noted that the deposit is represented by 20 quartz veins with gold-copper and
gold-pollymetallic mineralization. Gold-bearing quartz veins confined to north-eastern
faults. Three successive stages of ore formation are distinguished at the deposit: 1) quartz-
molybdenite-chalcopyrite; 2) polysulfide quartz-pyrite, gold-bearing; 3) quartz-carbonate

Keywords: gold-quartz-sulfide deposit, Paragachay ore deposit, quartz-carbonate
vein mass, brecciation zones
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Braxiantiklinal struktur qurulusa malik olan Toarsdallor neft-gaz yatag: Kiir-Qa-
burrt NOR-in an prespektivli sahasidir. Yatagi ahata edan sahada gazilmis axtarig-Kasfiyyat
quyularindan 2lda olunmus siixur niimunalarinin kollektor xiisusiyyatlori oyranilmis va fiziki
xassalori oks etdiran cadval tortib edilmisdir. Cadvalda neftli-gazli sahalarin geoloji
qurulusunda istirak edon miixtalif tip siixurlarin kollektor xiisusiyyatlori, saha va strati-
grafik vahidlor iizro gqanunauygun paylanmast faktiki malumatlarla 6z aKsini tapmigdir.
Yatagda aparilmig geoloji-geofiziki axtarig-Kagfiyyat malumatlar bir daha aragdirimigdur.

Arasdirmalar zamanr malum olmusdur ki, sahada siixurlarin kegiriciliyi asagi,
masamoliliyi isa karbohidrogen yigilmast ticiin miinasib olmusdur.

Acar sozlar: petrofizika, sixliq, dalgalarin yayilma siirati, mosamalilik, kollektor
stixurlar.

GIRIS

Molum oldugu kimi, Azorbaycanin orazisinin neft-qaz perspektiv-
liyi, asason boylik qalinliga vo kasilisindo yaxs1 neftgaztoradici lay dastalori
va neftqaztoplanma zonalari, homginin karbohidrogen (KH) potensialina
malik Mezozoy va Paleogen-Miosen ¢okiintiilorilo olagelondirilir. Bu ¢6-
kiintiilorin rezervuarlarinda iri neft-qaz yataqlari askar olunmasa da, 6lkonin
ayri-ayr1 neftli-qazli rayonlarinin (Xozaoryani-Quba, Abseron, Samaxi-Qo-
bustan, Gonca, Muradxanli, Kiir-Qabirr1 ¢aylararasi va s.) bir sira sahoalo-
rinds onlarmn kollektorlarinda miisahido olunmus intensiv neft-qaz tozahiir-
lori vo qazilmis quyulardan alinmis sonaye shomiyyatli aximlar bu ¢okiin-
tillorin perspektivli olmasini demoys asas verirlor [1,3]. Lakin geyd etmok
lazimdir ki, Mezozoy kasilisinin geoloji qurulusu vo neft-qazliligi bu giino
qodor axtarig gazimasi ilo halo do kifayst qodor aydinlagdirilmadigmdan
onun KH resurslari tam realizo olunmayib. Xiisuson kompleksin daxilindo
Tabasir vo Yuranin terrigen-karbonatli rezervuarlart 6lkonin simal-sorq his-
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sosindo yeni neft-qaz yataqlarinin axtarisi ligiin daha alverisli soraitlo sociy-
yovidirlor. Bizim torafimizdon yerino yetirilmis todqigatlarda Kiir vo Qabirri
caylararas1 neftli-qazli rayonunun qurulusunda Mezokaynozoy c¢okiintii
kompleksinds istirak edon vo qazima ilo dyronilmis on qodim ¢okiintiilor —
Ust Tabasir yash ¢okiintiilor calb edilmisdir.

Umumi malumatlar

Torsdollor sahasindo ¢okiintiilorin maksimal galinligr 1117 m togkil
edir. Burada Eosen yash ¢okiintiilor bir-birindan litoloji xiisusiyyatlorina go-
ra forqlonen ii¢ sobaya (Alt, Orta, Ust) ayrilir. Bélgonin conub-qorbindo Alt
Eosen asason qumlu-gilli ¢okiintiilorden ibaratdir. Orta Eosen ¢okiintiilari
Kiir vo Qabirri gaylararasi arazinin Conub-Qarb zonasinin yamac hissasinds
toplanmis oldugu gésterilir. Ust Eosen dovriinds ¢okiintiitoplanma iso hov-
zasinin sahil xatti izra vo demok olar ki, Orta Eosenls tist-iisto diisiir. Orazi-
daki Eosen ¢okiintiilorinin neft-qazliligi Alt vo Orta Eosen intervallarina aid
edilir. Orta Eosen kasilisindon Domirtopa-Udabno, Tarsdollor vo Giirzundag
saholorinds sonaye ohomiyyatli neft aximlari alinmisdir. Belo ki, Torsdollor
sahosinda qazilmis 9 sayli quyuda Ust Tabasirdon c¢ixarilmus tufogen kern
yiingiil neftlo doymusdur. Umumiyyatls, Kiir-Qabirr1 ¢aylararasi neftli-qazli
rayonunda osas neftli-qazli lay dostolori Ust Tabasir, Eosen va Oligosen-
Miosen ¢okiintiiloridir. Bu ¢okiintiilordo terrigen (gilli, qumlu, alevritli),
karbonat, vulkanogen-¢okmo va vulkanogen siixurlardan ibarat kollektorlar
ustiinlik toskil edir.

Tabasir ¢okiintiilori s6zii gedon bolgads genis yayilmis vo asagi his-
sado vulkanogen (Turon-Alt Konyak), orta hissado vulkanogen-¢cokmo (Ust
Konyak-Alt Santon) va iist hissada (Ust Santon-Maastrixt) karbonatl litofa-
siyada tomsil olunmusdur.

Tadqgiqatin naticalori

Vulkanogen monsoli siixurlar torkibco osas etibarilo porfirit, bazalt,
andezitlordon va onlarin téromalarindon ibaratdir vo bunlar da tutum va sii-
zlilma xiisusiyyatlorina gora kaverna-masamali-¢atli tipli kollektorlara aid
edilir. Vulkanogen siixurlar bir nego sahads quyular vasitasilo ag¢ilmis va on-
larin kollektor xassolori todqiq olunmusdur. Bolgonin sorq hissasindo Tors-
dollor sahasinds 9 sayli quyudan gétiiriilmiis vulkanogen monsali siixur nii-
munalarin kollektor xassalarinin tadqiqi onlarin masamaliliyinin 4,8-6,5 %-9,
keciriciliyinin (0,01-0,02) mD vo ¢atlarin xiisusi sixliginin 22-57 m™ arasin-
da doyisdiyi molum olub. Niimunolorin karbonatlig: 1,0-11,2% arasinda do-
yisir.

Torsdoallor sahosindo ohongdasi niimunolorinin orta karbonatliligt
77,8 %, masamoaliyi 4,5 %, kegiriciliyi 0,01mD, gilli-mergelin karbonatlig

99



44,6%, masamoliyi 9,1 %, kegiriciliyi 0,01 mD-dir. Braxiantiklinal qirisigh-
ga malik olan Torsdallor yatagi Kiir-Qabirr1 ¢aylararasi, neftli-qazli rayonu-
nun (NQR) sorqg hissasinda, Kiir ¢aymin sol sahilinds, Mingagevir su hov-
zosindan gorbds yerlosir. Yatagin relyefi Kiir ¢ayina dogru ayilmis, ¢ox da
boyiik olmayan yiiksokliklorla, yarganlarla par¢alanmis diizonliyi tasvir edir.
Bu yataq vo eloco do ona yaxin olan strukturlar neft-qazliliq néqteyi-nazar-
don perspektivli hesab edilso do onlarin potensiali kifayst godor Syronil-
momisdir. Torsdoallor sahasinds ilk dofo 1955-1956-c1 illords oks olunan dal-
ga iisulunun (©DU) tatbiqi ilo seysmik islor aparilmis vo bu islor 1972-Ci ila
godar NQR-in ayri-ayr1 sahoalorinds do davam etdirilmisdir. 1983-cii ildo
Tarsdallor sahasinds 1Ne-li quyuda Orta Eosen ¢okiintiilorindon 200-250
m®/giin olaraq sahonin kollektorluq xiisusiyystlori miifassal dyronilmisdir
(codval 1).

Codval 1
Tarsdallar sahasinds cokuntiilorin kollektorluq xiisusiyyatlori
" . o 3 Unununa delelarm
4 . .| Masamstilik, Kegiriedlil. i, g'sm’ o
Z Strag- | Interval Ka:bon?aﬂJq_ asa;réle ' 591:30 St /s yayiima siirati
3 Eﬁ? 0 7 /- . ~ -
g FET | winmavire | mgpmeota | 0% Qo o [ o
OuinOnzx Oostz | OOy Tortz Ve Ve Vora Vaie- Ve Vera
Cokrak 1)6;’3 LE3LTI33(4) (100179714 34(5) | 0.1-LU1A(3) | 216-233223(2) | 234-24672.4000) 204 2730-3100/2920(2)
3 st 165> 0 LII23Q) - 2092122112 | 218:2332272) SH 1030-2780/2360(2)
Eosen 1623 o o o
i 2605
ELSt ')63‘; 11.3-73.6/50,76(T)) 3.33-18.1/82(10) 0.001(8) 238238/2.46(6) | 241-261/2.52(T) | 1090-4180/1900(T) | 1760-2540/2130(3)
- Q3efn L0643
3 -
] 2915-
ra:;j: ;9131 WEOLATL0E | 40013755090 | 00010003 | 2342T22638) | 2632T32686) | 2720430053400) | 2720375032400
Oa | 2906- 005 s6m 3151 | 1937 790 5 < A0
Bosen 16 0.8-81.7/32.43(64)( 1.7-20,/8.85(69) |0,001-0.04/0.01(40)( 2.29-236/2.43(13) | 2.33-2T22.32(18) | 2360-3740/3040(9) | 2213-40403280(%)
9 —
Ta[k;sat;ix 11[:133 10-83.9/27,06(2)| 2.23-30,0/8,32(33) [0.01-383,027.6(15)] 2.17-2.82248(17) | 227-2002.70(17) | 2360-4770/3800(2) | 2430-4360/3070(13)
Oa | M85 <47 a1 : 0905023501 | 2630266030007
1 Eosen 35 LO-SSAMT8(20) | 6.0-13,6/141036) | 0001005 | 215-238/238(24) | 2,19-2,65/2.43(19) | 1380-2930/2330(13)| 2630-3660/3000(7)
A/
Ust 3U3- 9183 1112 3/ 515 $00.3500,705 3
06-51L.2163(19) | 3,7-13.298(9) 0.01(6) 220:233/2.27(2) | L27-2482.35(12) | 2300-3380/2830(10) | 2780-3100/2940(2)
Eosen 4236
Orta 4276- n 21T : 179 557 78075 2 243.2701/22
2| g |y [WBTRST0| 43BUITAD | OOLS | 25T2S62460) | 245209250 | DODDGL0NG | SS03T803T06)
2L
Al - 16.1-38.026.8(6) | 8.0-12.3/11.2(3) | 0.01-0.07/0.03(3) | 241-23172.46(2) | 236-2382.3702) 2730 340002)
osen | 4152 138,072, (-123/1, 010, AL, : :
26 Ut 5 T3-3.2207(3) | 311908903 0.01-0.03 L17-2L372.2112) | 23624724112 2800-3100/29302
i Bosen | w5 | Po22b0)| MR Q1003 | 21T2312.200) | 2362412.41(2) - 1800-3100295002)

Siixur niimunalarinin analiz naticalarine géros miioyyon edilmisdir ki,
Tarsdallor strukturunun geoloji qurulusunda istirak edon Paleogen vo Eosen
yaslh ¢okiintiilor asason alevrolit, mergel, ahan%daslarl va tuflu alevrolitlorls
xarakterizo olunur. Mergelin sixlig1 2,16 g/sm®, masamaliliyi 2,5%, magnit
hossasligi ¢ox ki¢ik, uzununa elastiki dalgalarin yayilma siirati iso 3500
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m/san-dir. Paleogen shangdaslari, demak olar ki, magqnitli deyil, onlarin six-
g1 2,56 g/sm®, mosamaliliyi 5,1%, uzununa elastiki dalgalarinin yayilma
stirati 1so 3000 m/san-ys catir. Siixur niimunalorinin laboratoriyada todqiqi
naticalarina asasan, eosen yasl siixurlarin fiziki xassslorinin asagidaki qiy-
motlori miioyyan edilmisdir.

Alevrolitlorin sixligi 2,45 g/sm®, masamoaliliyi 5,0 %, ultrasas dalga-
larinin yayilma siirati iso 1300 m/san-dir, shongdaslarinin sixligi 2,65 g/sm?,
moasamaliliyi 5,24%, ultrases dalgalarinin yayilma siirati 2950 m/san, magnit
hossaslig1 iso yoxdur. Argillitlorin sixligi 2,25 g/sm®, moesamaliliyi 15,5%,
maqgnit hassashig zaifdir, ultrases dalgalarinin yayilma siirati iss 2700 m/san
toskil edir. Todqiqatlar gostormisdir ki, eyniadli vo eyniyash siixurlarin fi-
ziki xassolori geoloji-fiziki proseslor naticasinds doyismis vo miixtalif giy-
motlor almisdir. Bu naticalor tozyiq vo temperatur altinda aparilan petro-
fiziki todgigatlar naticasinds do bir daha 6z naticasini tapmisdir. Siixurlarin
kollektor xiisusiyyatlorini oks etdiron cadvali vo digar geofiziki materiallar
aragdiraraq bela naticaya galmak olar ki, qirilmalarla hiidudlanmis yarimqa-
pali antiklinal olan Torsdollor yataginda iimumi saho {igiin vahid qanuna-
uygunluq izlenilmir [2,4]. Lakin siixurlarin sixlig1 vo uzununa elastiki dal-
galarin yayilma siirati asason darinlikdan va tektonik proseslordon asili oldu-
gundan sixligin va siiratin giymatlori dorinlik artdigca genis diapazonda do-
yisir (cadval 1, sokil 1).

Quyularin hidrogeoloji tadgigat molumatlarina géra moahsuldar eosen
¢okiintillorinin  kegiriciliyi 0,001-don  8,5x10"°m? hiidudunda doyisdiyi
miioyyon edilmisdir.

Umumiyyatlo, mévcud geoloji-geofiziki materiallarin vo dorin gazi-
ma islorinin noticolorinin aragdirtlmast gostorir ki, todqiq olunan bdlgonin
tektonik qurulusunun miirokkobliyi ham do onunla olagodardir ki, oksor sa-
halordos Mezozoy-Paleogenin struktur plani ilo iistdo yatan cavan ¢okiin-
tillorin (Neogen-Antropogen) struktur planlart bir-birino uygun golmirlor.
Belo ki, bdlgonin Simal-Sarq hissosinds Catma tektonik zonasi daxilinda
Paleogen-Tabasir stratiqrafik kompleksi tiglin pozulmalarla miirokkablosmis
subqgafqaz istiqgamatli qirisiqlar saciyyelidir vo onlar {ist struktur mortobayo
nisbaton heg bir ganunauygun olmayan sokilds istigamotlonmislor. Geoloji-
geofiziki arasdirmalarmn noticalori gdstorir ki, rayonun bu zonasinda Ust Ta-
basir kosilisindo terrigen-karbonatli ¢okiintiilor iistiinliik toskil edo bilorlor
va onlar burada bdyiik dorinlikds (6000 m-don dorin) yatsalar da, golocokds
neft-qaz obyektlori kimi maraq dogururlar. Qeyd edildiyi kimi, Oligosen-
Miosenin qumlu-alevritli rezervuarlariin da bolgonin Simal-Simal Sarq zo-
nasinda neftli-qazli olmasi giiman olunur. Bu stratigrafik vahidlorin neft-
qazliliq perspektivliyi Eosen vo Ust Tabasiro qazilacaq quyularla aydin-
lagdirila bilor.
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Sok. 1. Tarsdallor yataginda timumi sahasi ti¢tin doarinlik uzrs stixurlarin
fiziki xassalorinin giymatlori.
a) Mosamalilik amsali-Kp, ; b) karbonatliq - C; ¢) sixliq - p;
d) kerciricilik — Ky, ; e) elastiki dalgalarin siroti - Vp.

Bolgonin Conub-Qorb hissasindo Paleogen ¢okiintiilorinin yer sothi-
no yaxinlasdiglar saholordo oksqafqaz istiqgamotli yasti lokal qalximlar in-
kisaf etmigdir. Bu ciir tektonik elementlar ¢ox giiman ki, Yurayaqador mov-
cud olan qirisigliq biindvrasi iistiindo inkisaf etmis qalximlari shato edon
lokal struktur formalardir. Aparilmis seysmik vo qravimetrik kosfiyyatin no-
ticolori do deyilonlori tosdiq edir.

Natica
Aparilmig todqiqatlar1 imumilosdirarok asagidaki noticalora galmok
olar:
1. Sahads geofiziki-kosfiyyat (asason kosmik kasfiyyat) islarini totbig
etmoklo neftli-qazli obyektlarin axtarisi iigiin Paleogen-Tabasir martabasinin
tektonikasinin dyranilmosina yonaldilmasi mogsadouygun hesab edilir.
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2. Aragdirilan sahados siixurlarin kollektor xiisusiyyatlorinin genis dia-
pazonda doyismasini, asasan tektonik doyisikliklarlo, ¢okiintii kompleksinin
litoloji cohotdon geyri-bircinsliliyi, siixurlarin yatma dorinliyinin miixtalif-
liyi vo homginin tektonik soraitin miirokkabliliyi il alagalondirmok olar.

3. Todgigat obyektlorinin eyni strukturlarinin dorin qatlarinda neft-
gazlilig1 prognozlasdirmaq tigiin kosfiyyat geofizikasi iisullar1 ilo yanasi,
homginin siixurlarin petrofiziki todgigatlarla toyin edilmis stiziilma-tutum
xarakteristikalarinin doyismo naticalorindon do istifado etmok mogsadouy-
gundur.
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O T'EOJIOTMYECKOM CTPOEHUH U KOJUIEKIIMOHHBIX
XAPAKTEPUCTUKAX ME30OKAMHO30MCKUX
OTJIOKEHUIN PAMOHA TAPCJIAJIIIAP

II.B.ITAITAEBA, JIx.JIx.IHAPU®OB
PE3IOME

Hedterazosoe mectopoxaenue Tapcranep, uMeromiee OpaxHaHTHKIMHAIBHOE
CTPYKTYPHOE CTPOCHHE, SIBIIsETCS Hanbosee nepcrnekTuBHBIM paifonoM Kyp-I'abuppu HKP.
W3ydeHsl KOJJIEKTOPCKHE CBOMCTBAa 0Opa3IOB TOPHBIX MOPOJ, MOIYYEHHBIX U3 Pa3BeroU-
HBIX CKBa)XXUH, TPOOYPEHHBIX Ha MPHUJIEralouiell K MECTOPOXKICHUIO TEPPUTOPHH, U COCTaB-
neHa Tabmuia, oTpaxaromnias Guzndeckue cBoiicTBa. B Tabnmiie ¢ hakTHueCKUMU JaHHBIMU
OTpPaXXEHO 3aKOHOMEPHOE pachpeieieHHe Pa3IndYHbIX THIIOB MOPOJ, YYacTBYIOIIUX B I'e0-
JIOTHYEeCKOM CTPOEHHH MECTOPOXKICHUH HETH U Ta3a, 110 XapaKTepUCTHKaM KOJUIEKTOPOB,
IUTOLIA N M CTpaTHrpaguIeckuM rmojpasiencHus M. [IoBTOpHO M3ydeHbI pe3ynbTaThl Teo-
JIOTO-Te0(U3NIECKUX TIOMCKOBO-Pa3BeIOYHBIX pabOT, MPOBEJCHHBIX HA MECTOPOXK/ICHUH.

B xone nccnenoBanuii ObIJIO YCTaHOBJIEHO, YTO MPOHUIIAEMOCTH OPOJT MECTOPOXK-
JICHNS HU3Kasl, a HOPUCTOCTh IPUTOIHA JUI HAKOIIJICHHS YTJIEBOIOPOJIOB.

KiioueBsble ciioBa: nerpohu3nka, INOTHOCTh, CKOPOCTh PACHPOCTPAHEHHS BOJH,
MOPHUCTOCTD, OPOIBI-KOJUICKTOPHI.

103



ABOUT THE GEOLOGICAL STRUCTURE AND COLLECTION
CHARACTERISTICS OF MESOCANOZOIC DEPOSITS
OF THE TARSDALLAR AREA

Sh.V.PASHAEVA, Sh.J.JABRAIL
SUMMARY

The Tarsdaler oil and gas field, which has a brachyanticlinal structural structure, is
the most promising region of Kur-Gabirri NKR. The reservoir properties of rock samples
obtained from exploration wells drilled in the area adjacent to the deposit were studied, and
a table reflecting the physical properties was compiled. The table with actual data reflects
the regular distribution of various types of rocks involved in the geological structure of oil
and gas fields, according to reservoir characteristics, area and stratigraphic units. The
results of geological and geophysical prospecting and exploration work carried out at the
field were re-examined.

During the studies, it was found that the permeability of the deposit's rocks is low,
and the porosity is suitable for the accumulation of hydrocarbons.

Keywords: petrophysics, density, wave speed, porosity, reservoir rocks.
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XOZOR DONIZININ BAKI ARXIPELAQI AKVATORIYASINDA
NEFT CIRKLONDIRICIiSININ YAYILMASI

ILM.ABDULLAYEV", $.B.9SODOV®
'Baki Diviat Universiteti, 2“Neftqazelmitadqicatlayiha” Institutu
fev.1950@mail.ru

Xazor donizinin ¢irklonMasi miiasir dévriin an miihiim problemlarindon biridir. Xii-
susan son illar Xazardas intensiv neft-gaz hasilatimin artmasi, hamginin miixtalif manbalar-
don ¢irklondiricilarin danizo axidilmasi ekoloji vaziyyatin pislagmasina sabab olur. Qaza
naticasinda daniza dagilmis neft va neft mahsullarimin miixtalif hidrometeoroloji saraitlorda
yayilmasini riyazi model asasinda dyronmok daha effektiv todgigat metodlarindan sayulr.
Isds ikiolciilii geyri stasionar model (““Cardinal”) asasinda Baki arxipelaq: akvatoriyasin-
da dagilmig neft ¢irklondiricisinin yayimasi oyronilmisdir.

Acar sozlar: Xozor donizi, Baki arxipelaqi akvatoriyasi, ¢irklonma manbalori,
cirklondiricilorin yayilmasi, neftin konsentrasiyasi, axin sahasi, kiiloyin siirat vo istiqamati

Xazar donizi son 15-20 ilds neft vo neft mohsullar ilo daha ¢ox ¢irk-
lanmaya moruz qalmisdir Ki, bu da neft-qaz hasilatinin artmasi ilo slagadar-
dir. Baki arxipelaqi Xozor donizinin conub hissasinds Baki buxtasindan co-
nuba dogru ¢ox da boyiik olmayan adalar qrupundan (Xara-Zira, Sangi-Mu-
gan, Qum adas1 vo S.) ibaratdir (sokil 1). Baki arxipelaqi akvatoriyasinda
asas ¢irklonma monbalarine neft-qaz modonlorinin istismart zamani, neft qu-
yularinin qazilmasi zamani, qoza zamani, qruntdan daxil olan ¢irklandirici-
lor, hamginin doniz nagliyyatindan vo sahil zonasindan donizs axidilan kom-
munal-maisat ¢irkab sular1 aiddir. Daniza axidilan ¢irklondiricilorin asas tor-
Kibi neft vo neft mohsullarindan, fenollardan, sintetik tizon aktiv maddalor-
don, pestisidlordon, metallardan va s. (tursular, iizvi va asili maddalar, sul-
fatlar, quru kiitlo) ibaratdir [1, 2].

Akvatoriyada geyd olunan monbolordon, xiisusilo qazimanin, sual-
t1 boru xatlorinin, tankerlarin va s. gazasi naticasinds neft vo neft mohsulla-
rinin donizs dagilmasi hallar1 daha tohliikali hesab olunur. Danizdo miixtolif
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hidrometeoroloji soraitlordo neft vo neft mohsullarinin yayilmasinin model-
logdirilmasi va onun prognoz edilmasi boyiik shomiyyato malikdir.

Xazar donizi akvatoriyasinda uzundalgali hidrodinamiki proseslarin vo
cirklondiricilorin (asqarlarin) dasinmasinin oayrixatli asili-sorhod koordinat-
lar1 metodu asasinda hesablanmasinin adodi modelino baxilmigdir. Bu ton-
liklorin halli metodu “Cardinal” modelinds tosvir edilmisdir [3, 4, 5, 6].

“Cardinal” program tominatindan istifado edarok Xozar donizi, x{isu-
silo Baki arxipelaqi akvatoriyasi {izra hidrometeoroloji, batometrik, neftin fi-
ziki-kimyavi xiisusiyyatlorini gostoron molumatlar daxil edilmisdir [7, 8, 9].
Baki arxipelaqi akvatoriyasinda 25 m-lik izobatlar iizro hesablanmis bato-
metrik Xarito sokil 1-do tosvir edilmisdir.

Axin sahasinin va neft ¢irklondiricisinin yayilmasi tizro hesabat iki-
olgiili geyri-stasionar model asasinda 143x301 diiyiinlii setkada, mokan va
zaman iizro uygun olaraq 500 m vo 80 saniys addimu ils aparilmigdir (sokil
2, a). Axin sahasinin va ¢irklondiricilorin yayilmasi asasan yaz (mart) va pa-
yiz (sentyabr) aylar1 li¢lin aparilmigdir. Akvatoriya iizro axin sahasinin he-
sablanmasi zamani Xozor donizinin 15 hidrometeoroloji mantogasinds 6
saatliq interval ilo kiiloyin siirat vo istigamoti {izro miisahido molumatlarin-
dan istifads edilmisdir (sokil 2, b). Hesabat zaman1 Volqa, Ural vo Kiir ¢ay-
larinin su sarflori do nazars alinmisdir.

Google sartt

[ —

Sak. 1. Baki arxipelaq1 akvatoriyast ve batometrik xarito

Sok. 2. Xozar danizinin xaritasi:
a - ayrixatli setka; b - hidrometeoroloji montagslarin yerlagmasi
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Xazarin Baki arxipelaqi akvatoriyasinda neft vo neft mohsullar ¢irk-
londiricisinin yayilmasin1 hesablamaq ti¢iin Xors-Ziro adasi yaxinliginda
ehtimal edilon gaza manbayi segilmisdir (sokil 3). Ehtimal edilon goza nati-
casinds donizo dagilmis neftin ¢okisi 400 kq, onun konsentrasiyasi isa vahi-
do barabor gotiiriilmiisdiir. Qaza manbayinds donizin darinliyi toxminan 30
m-a borabordir.

rm]‘i IR s |

Sak. 3. Xozorin Baki arxipelaqi akvatoriyasinda ehtimal edilon goza monboyi

Baki arxipelaqinin Baki, Xore-Ziro vo Qum adasi mantagalorinds kii-
layin fasillor {izro tokrarlanmasi yronilmisdir. Malum olmusdur ki, yazda
asason Bakida SmSmQ (24 %), SmQ (11 %), CS (11 %) va CQ (10 %); Xo-
ro-Zira montagasinds Sm (27 %) CCS (15 %), CS (12 %) vo SmSmQ (11
%); Qum adasinda iso C (25 %), Sm, SSmS (15 %), SmSmQ (14 %) kii-
loklarinin tokrarlanmasi istiinlik togkil edir. Payizda Baki montagesinds
SmSmQ, Sm va C (51, 21 va 16 %), Xors - Zirads Sm vo C (42 va 16 %),
Qum adasinda iso Sm, SmSmQ vo C (22, 21 vo 19 %) kiiloklorinin tokrar-
lanmasi daha ¢oxdur. Songi-Mugan adasinda gasirgali simal-sorg (88%) isti-
gamatli kiiloklor iistlinliik toskil edir.

Axin sahosinin hesabati, qeyd edildiyi kimi mart vo sentyabr aylar
i¢tin aparilmigdir. Mart ay1 ticlin hesablanmis axin xoritalorini analiz edak.
Doarinlik tizrs ortalagsmis kiilok axin sahalorinin asason 6 saat, 24 saat, 6, 8 vo
10 giin arzinda hesablanmis xaritalori sokil 4-da tosvir edilmisdir.

Xazorin Baki arxipelaqi akvatoriyasinda hesablanmis kiilok axinlari
sahosinin 6 saatdan sonraki voziyystini analiz etsok gororik ki, Abseron ya-
rimadas1 qarsisinda, homginin conuba dogru akvatoriyada antisiklonik axin
yaranmisdir (bax sokil 4). Burada axinlarin maksimal siirati 17-20 sm/san-
dir. Qoarb sahili boyunca axinlar conuba dogru istigamoatlonmisdir. Burada
maksimal vo minimal axin siiratlori uygun olaraq 8 vo 0.2 sm/san toskil edir.
Hesablanmig 24 saat sonraki axin xaritosindon goriiniir ki, Abseron yarim-
adasinin conubunda, Baki buxtasi-Qobustan sahillori akvatoriyasinda anti-
siklonik axin yaranmigdir. Axinin maksimal siirati 25 sm/san, minimal iss 2-
5 sm/san olmusdur. Sah dilindon agiq donize dogru axinlar conub-gorb isti-
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gamatinda yonalmisdir. Axinin maksimal vo minimal siirati uygun olaraq
25-28 vo 1.2-2 sm/san olmusdur. 6 giin sonraki axin xaritasinin analizi gos-
torir ki, axinlar asasan gorb sahili, hamg¢inin akvatoriya iizro simal vo simal-
sorq istigamatinds yonalmisdir. Axinlarin maksimal siirati 15-18 sm/san,
Minimal siirati iso 1.5-4.5 sm/san olmusdur. 8 giin sonraki axin xaritasi 24
saatliq axin xaritasi ilo demok olar ki, list-iisto diistir. Burada sahil zonasinda
axinlar conuba dogru (maksimal vo minimal axin siirati 42 vo 5-6 sm/san),
ac1q donizdo isa simal-sorg istigamotinds (maksimal siirot 2-3 sm/san) yo-
nalmisdir.

Baki arxipelaqi akvatoriyasinda (Qobustan vo Olata goadar) hesablan-
mis 10 gilin sonraki axin xaritasinin analizi gostorir ki, boyiik antisiklonik
axin formalasmisdir. Antisklonun morkazindos axinlarin siirati 0.8-1 sm/san,
konarlarinda iso 3-7 sm/san togkil edir.

6 saat sonra 24 saat sonra

6 giin sonra 8 giin sonra

10 giin sonra

Sak. 4. Xazarin Baki arxipelaq: akvatoriyasinda darinlik tizra
ortalagmig kiilok axinlarinin istigamati va siirati, mart
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Qeyd etdiyimiz kimi axin sahasi sentyabr ay1 licin do hesablanmigdir.
Sentyabr ayi tiglin hesablanmis axin xaritalorini analiz edok. Darinlik {izro
ortalasmis kiilok axin sahalorinin 6 saat, 24 saat, 6, 8 vo 10 giin arzinds he-
sablanmis xaritolori sokil 5 - do tosvir edilmisdir.

Xazorin Baki arxipelaqi akvatoriyasinda hesablanmus kiilok axinlari saho-
sinin 6 saatdan sonraki vaziyyatini analiz etsok gorarik ki, Baki buxtasindan co-
nuba dogru siklonik va antisiklonik sirkulyasiya miisahids edilir. Agiq donizds
iSo axmlar conub-sorq istigamatinds yonoalmisdir. Axmlarin maksimal vo mini-
mal siirati uygun olaraq 8-10 vo 1.3-4 sm/san intervalinda doyisir. Hesablanmis
24 saat sonraki axin xaritasi demoak olar Ki, tokrarlanir. Akvatoriyada maksimal
axin siirati 8-10 sm/san, minimal iss 1-4 sm/san -ys baraboardir.

6 saat sonra 24 saat sonra

6 giin sonra 8 giin sonra

10 giin sonra

Sak. 5. Xazarin Baki arxipelaqi akvatoriyasinda derinlik tizrs ortalagmis kiilok axinlarinimn
istigamati vo siirati, sentyabr

6 giin sonraki axin xoritosinin analizi géstorir ki, axinlar qorb sahili

boyunca simala dogru, aciq donizds isa conub-sorq istigamatinds yonolmis-
dir. Axnlarin siirati 0.8-4 sm/san intervalinda doyisir. 8 giin sonraki axin
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Xaritasinin analizi gostarir ki, axinlar agiq donizdan sahilo dogru va conub
istigamatinds yonalmisdir. Maksimal axin siirati 13-15 sm/san - ya barabar-
dir. 10 glin sonraki axin xoritasinin analizi gostarir ki, Kiir ¢ayr mansabin-
don gorb sahili boyunca axinlarin bir hissasi simala dogru istigamatlonmis-
dir. Agiq danizds isa siklonik vo antisiklonik axin saholori formalagmigdir.
Axinlarin maksimal siirati 14-15 sm/san olmusdur. A¢iq donizds axinlarin
stirati 0.2-4 sm/san intervalinda doyisir.

Yuxarida geyd etdiyimiz kimi, ikidl¢iilii geyri-stasionar model natico-
sindo alinmig axin saholori asasinda Xoro-Ziro adasi yaxinliginda gotiiriil-
miis hor hansi ixtiyar1 bir monbadon donizo dagilmis neft ¢irklondiricisinin
yayilmasi vo onun konsentrasiyasi hesablanmisdir. Neft ¢irklondiricisinin
geyd olunmus manbadan mart va sentyabr aylari tiglin 6 saat, 24 saat, 6, 8 vo
10 giin sonra yayilmasi sahasi Vo neft konsentrasiyasinin miqdar1 hesablan-
musdir (sokil 6, 7).

6 saat sonra 24 saat sonra

& iy =

6 glin sonra 8 giin sonra

10 giin sonra

Sak. 6. Baki arxipelaqi akvatoriyasinda neftin yayilmasi
Vo konsentrasiyasinin izoxatlori, mart
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Baki arxipelaqi akvatoriyasinda gotiiriilmiis ixtiyari qoza manboyindon 6
saat sonra yayilmis neft ¢irklondiricisi dairavi genislonmisdir. Manbanin mar-
kozindo neftin konsentrasiyasi 0.01 kq/m®, konarlarda iso 0.4*10° kg/m? ol-
musdur (sokil 6). Cirklondiricilarin 24 saat sonra yayilma sahasindon goriiniir
ki, neft dairasi bir az genislonmis, onun markazinds konsentrasiyanin miqdari
0.04 kg/m?, konarlarinda iso 2.6*10 ka/m® olmusdur. Akvatoriyada neft ¢irk-
londiricisinin 6 giin sonraki yayildig1 zonan1 analiz etsak, gorarik ki, 0 conub-
gorb istigamatinds yonalmis, onun asas va ikinci markazinds konsentrasiya-
nin migdar1 0.11 vo 0.02 kg/m®, kenarinda iss 2.2*10"* kg/m? olmusdur. Cirk-
londiricilorin 10 giinden sonraki yayilmasi conub-gorb istigamstindo davam
etmis va iki ¢irklonma markazi yaranmisdir. Onlarin markazinds konsentrasi-
yanin miqdari 0.07 kg/m®, konarinda ise 1.6*10™* kg/m® olmusdur.

Sentyabr ay1 tiglin aparilmis hesablamanin naticasindon malum olur ki,
Baki arxipelaqi akvatoriyasinda qoza monboyindon 6 saat sonra yayilmis
neft ¢irklondiricisi dairovi genislonmisdir (sokil 7).

Manbanin moarkazinds neftin konsentrasiyasi 0.9%10 kq/m3, konarlar-
da iso 2.1%10™ kg/m® olmusdur. Cirklendiricilorin 24 saat sonra yayilma sa-
hosindan goriiniir ki, neft dairasi bir az genislonmis, onun morkazinds kon-
sentrasiyamn miqdart 0.04 kq/m°, kenarlarda iso 20.4*10™ kq/m® olmusdur.
Akvatoriyada neft ¢irklondiricisinin 6 giin sonraki yayildigi zonani analiz
etsok, gorarik Ki, 0 conub-garb istigamatinds uzun masafads yayilmis, onun
asas va ikinci merkozinds konsentrasiyasinin miqdari 0.04 va 0.02 kg/m?,
konarda iso 0.34*10™ kq/m® olmusdur. Cirklandiricilerin 8 giinden sonraki
yayilmasi conub-gorb istigamatinds davam etmis vo Kiiriin monsobindoan do
conuba keg¢mis, li¢ ¢irklonmoa morkazi yaranmigdir. Onlarin markazinds kon-
sentrasiyanin migdar1 0.02, 0.03 vo 0.02 kg/m?, sahildo iso 2.2¥10° kg/m?
olmusdur. Cirklondiricilorin 10 giindon sonraki uzunsov formada yayilmasi
conub-garb istigamatindo davam etmis, iki ¢irklonma morkozi yaranmisdir.
Onlari morkozindo neftin konsentrasiyasinin migdar1 0.06 vo 0.04 kg/m?,
sahilda iss 2.3*10°° kg/m?® olmusdur.

Alman naticoalor onu gostarir ki, ehtimal edilon goza manbayindan neft
cirklondiricisinin yayilmasina osasan kiilok va kiiloyin daniz ssthindo yarat-
dig1 axin sahosi bilavasito tosir edir. “Cardinal” modelindon istifado edarok
asagidaki masoalalori hall etmok miimkiindiir:

- akvatoriyada ekoloji vaziyyatin yaxsilagsmasi tigiin tokliflorin hazirlanmasi;

- goza naticasinda doniza dagilan girklondiricilorin qarsisinin alinmasi {igiin
gabaglayict tadbirlorin hazirlanmasi va s.;

- akvatoriya tizorindo qisa miiddatli kiiloyin prognoz molumatlarini bilorak
akvatoriyaya goza naticasinds dagilan ¢irklondiricilorin yayilmasini prog-
nozlagdirmag.
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6 saat sonra 24 saat sonra

6 giin sonra 8 giin sonra
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J ; I

10 giin sonra 10 giin sonra

Sak. 7. Baki arxipelaqi akvatoriyasinda neftin yayilmasi
Vo konsentrasiyasinin izoxatlori, sentyabr

Bu bizo donizo dagilan ¢irklondiricilorin logv edilmosi tiglin effektiv
todbirlor gormays imkan verir.
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PACITPOCTPAHEHUE HE®TAHOI'O 3AT'PA3HEHHUSA HA AKBATOPUUN
BAKMHCKOT'O APXUIIEJIATA KACIUHACKOI'O MOPSI

N.M. ABJIYJUIAEB, C.5.ACAJIOB
PE3IOME

3arpsi3HeHust Kacmuiickoro Mopsi SIBISICTCS. BKHBIM MPOOJIEMaM Ha COBPEMEHHOM
stane. B mocneHue roapl HHTCHCUBHOCTh BO3pacTaHHe J0ObIYM HE()TH U rasza, a TakKe
pa3jKBa 3arps3HEHUS Ha MOPE U3 PA3HBIX MECTOPOXKIACHUHN MPUBEI K PE3KOMY YXY/IIICHUIO
9KOJIOTUYECKOTo cocTossHusi Ha KacmuiickoMm Mmope. MonenupoBaHue pacipoCTpaHeHHs
He(BTH U HEDTETPOIYKTOB HA MOPE MPU PA3HBIX THIPOMETCOPOJIOTHUCCKIX YCIOBUAX UM E-
eT OoJblioe 3HaYeHHe. B craTbhe M3yUYEHO pacmpoCTpPaHEHHE pa3inBa HE(DTSIHOTO 3arpsi3-
HEeHHUS Ha aKBaTOpUU BaKMHCKOTo apxuresara Ha OCHOBE JBYXMEPHOI'O HECTAIIMOHAPHOTO
moxenu (“Cardinal”).

KiaroueBbie ciaoBa: Kacmmiickoe HOpEC, aKBaTOPpUA bakuHckoro apxunesara, MeCTo-
POXACHUC 3arpsA3HCHHS, PAIPCOCTPAHCHUC 3arpA3HCHUMSA, KOHLCHTpAIUn HC(I)TI/I, IoJie
TEYCHU, HAIPABJICHHUEC U CKOPOCTH BETPaA

DISTRIBUTION OF OIL POLLUTANT IN THE BAKU ARCHIPELAGO
WATER AREA OF THE CASPIAN SEA

I.M.ABDULLAYEV, S.B.ASADOV
SUMMARY

Pollution of the Caspian Sea is one of the most important problems of modern times.
Especially in recent years, the increase in intensive oil and gas production in the Caspian
Sea, as well as the discharge of pollutants into the sea from various sources, lead to the
deterioration of the ecological situation. Studying the spread of oil and oil products spilled
into the sea as a result of an accident in different hydrometeorological conditions based on a
mathematical model is considered one of the more effective research methods. Based on the
two-dimensional non-stationary model ("Cardinal"), the distribution of spilled oil pollutant
in the water area of the Baku archipelago was studied.

Keywords: Caspian Sea, Baku Archipelago water area, sources of pollution, spread
of pollutants, oil concentration, flow area, wind speed and direction
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Maqalada Boyiik Qafqazin conub-sarq yamaclarimin landsaftlar: ilo antropogen
amillar arasinda miirakkab garsiliql slago todqiq edilir. Tadgigat arazisinda tobii landsaft
komplekslari, o ciimladan antropogen amillor miiayyanlasdiriimis, problemiarin halli isti-
qamotlori verilmisdir. Orazinin ekosistemlori insamin toSorriifat faaliyyati ilo ahamiyyatli
daracada doyisiklikiora moruz qalmisdir. Todqgiqatda biomiixtalifliyin qorunmasinin, torpa-
gin dayamiqh istifadasinin Vo su ehtiyatlarimin idara edilmasinin vacibliyini vurgulayaraq,
landsaftlar tictin asas optimallasdirma istigamatlori miisyyon edilmisdir. Tadqigat regio-
nunda amoakdaslhigr vo idaraetmo sistemlorini inkisaf etdirmaKla, ekoloji dayamqliga, eyni
zamanda sosial-igtisadi inkisafa nail olmaq miimkiindiir.

Acgar sozlar: landsaft, antropogen amillor, optimallasdirma, Samax1, Qobustan

1.Giris

Son dovrlords respublikamizda landsaft geokomplekslori ohalinin vo
tosarriifat foaliyyatinin artmasi ilo giiclii antropogen yiikklonmoya moruz gal-
maqgdadir. Tobii resurslarin qorunmasi ilo bagli 6lkods bir sira hiiquqi va in-
zibati todbirlor goriilso do, regionlarda tobiotdon dayaniqli istifado edilmosi
istanilon soviyyada deyil. Bazan comiyyatdas tobii ehtiyatlarin miihafizasi vo
tohliikasizliyi haqqinda molumatsizligin olmasi tobii komplekslorin transfor-
masiyasina gotirib ¢ixarir. Regionlarda tobii folakstlorin, dagidict proses-
lorin intensiv xarakter almasi, biomiixtslifliyin azalmasi, torpaq Ortiiyiiniin
degradasiyas1 natico etibarilo tobii-antropogen komplekslorin daha genis
saho tutmasina sobab olmusdur.

Todgiqgat orazisi olan Samaxi-Qobustan alcaqdagligi Boyiik Qafqazin
conub-sarg ayilma zonasiin conub yamacinda yerlasir. Orazids tobii land-
saftlarin antropogen doyismosi Vo yaranmis ekoloji voziyyatlo bagl tobii-
orazi komplekslarinin barpa edilmasi istigamotinds tadqiqatlarin aparilmasi,
todbirlor sisteminin hazirlanmasi boyiik aktualligi ilo diqgeti colb edir.
Orazids landsaftlarin yayilma ganunauygunluglarinin va antropogen trans-
formasiyasi problemlorinin 6yronilmasi, ekocografi potensialin qiymaotlon-

114



dirilmasi hom elmi-nazari, ham doa praktiki shamiyyat kosb edir.

Hazirda respublika orazisinds shalinin otraf miihito texniki tasir im-
kanlarinin artmasi ilo tosorriifat faaliyystinin biitiin novlori landsaftlara
daimi vo ya dovri olaraq tosir gostormokdadir. Miixtalif tobii ehtiyatlar
tosarriifatin miixtolif sahalorinds intensiv sokilds istifado edilir. Bu sababdon
demok olar ki, slverisli landsaft sahalori vo zonalar1 kaskin dayisikliys ma-
ruz qalmisdir. Miasir dovrdo antropogen tasirlor noticasindo formalasmis
geosistemlar landsaft todqiqatlarinin asas obyektina ¢evrilmisdir.

Olkomizds landsaft komplekslorinin formalasma ganunauygunluqlar,
tipoloji va morfoloji xiisusiyyatlori, homginin tokamiil proseslarinin Gyranil-
mosinds B.©.Budaqov [3], M.A.Miiseyibov, A.A.Mikayilov [12], Y.©.Qari-
bov [4], M.C.Ismayilov [13] vo s. kimi alimlarimizin miihiim rolu olmusdur.
Bundan basqa landsaft komplekslorinin yiiksaklik strukturlari tizro miixtalif
tiplorinin ~ formalagmasinin ~ dyronilmasi  masalolori  M.A.Miiseyibov,
N.K.Karomov [11], B.8.Budaqov, X.1.Omorova [14] vo digarlorinin elmi-
todqiqat islorinds 6z oksini tapmigdir.

2.Tahlil vo miizakira

Tabii landsaftlar. Todqigat orazisi olan Samaxi-Qobustan alcaqdagligi
Boyiik Qafgqazin conub-sorq ayilmo zonasmin conub yamacini shato edir.
Orazidos yayilmig asas landsaft tiplari bunlardir:

Yarumsahra landsaftlar: conub-gorbdo Novahi diizonliyindan baslayib
simal-sorqds Bogaz diizonliyina kimi, gorbds Longobiz tirasinin sorq stoklo-
rindon sorqdo Giizdok yastaninadok olan orazilori shato edir. Orazi lgiin
arid-denudasion relyefomalagatirici proseslor, gilli karst vo bedlend relyef
formalar1 saciyyavidir. Qobustan 6ndagliginda yargan-gqobu va pillokanvari
relyef formasi intensiv inkisaf etmisdir. Burada az meyilli diizon sahalor
okin altinda, digar arazilar iss qis otlaqlari kimi istifads olunur.

Quru-¢ol (bozqir) landsafti Longabiz tirasinin conub-gorb stoklorinde-
ki maili diizonliklari shats edir. Orazinin relyefi zaif pargalanmis proliivial-
dellitvial mongoali maili diizonliklordon ibarstdir. Orazido soth sular1 ¢ox az
oldugundan, yalniz miivaqqoti axarlardan ibaratdir. 9sasan boz, boz-qonur,
sabalidi, aciq-sabalidi torpaqlar inkisaf etmisdir [6].

Mesa-¢ol landsaft komplekslori 500-600 m yiiksoklikda yayilmisdir.
Bu landsaftlar Pirsaat¢ay, Qozlucay, Cigilcay vo Gilgilgaymn orta axarlarin-
da, xlisuson do Qobustanin simal-gorb hissalorinds daha genis yayilmisdir.
Torpaq Ortiiyii asasen sorlasmamis, bazi yerlords zoif sorakotlogmis sabalidi
Vo tiind sabalidi, gismon gara torpaglardan ibaratdir.

Dag-mesa landsaft kompleksi totqiq olunan orazids orta va gismon al-
¢aq dagligin 700-800 m-doan 1800-1900 m-a dok olan miitlaq yiiksakliklarin-
do inkisaf etmisdir. Burada mesolor, osason agcaqayin, goriis, qaragohro, qa-
ragac vo s. agaclarin qarigigindan olan valss, palid vo fistig mesoalarindon
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ibaratdir. 9sasan gahvayi dag-mesoa, qonur dag-meso, mesadon sonraki gara
torpaglarin miixtalif ndvlori inkisaf etmisdir.

Dag-¢omon landsaftlar: todgiq olunan orazinin simal-gorbinds Pir-
saat¢ay hovzasinds 1700-1800 m miitlaq yiiksokliklordon yuxarida yerlosir.
Subalp va alp ¢amanliklarindan yay otlaglari, biganak sahasi va gismoan akin
sahasi kimi istifads olunur. Dik yamaclarda sistemsiz otarilma ilo slagadar
torpag vo ot oOrtiiyli yararsiz hala salinmis, eroziya sirimlarmin inkisafina
Sobob olmusdur.

Qayaliq subnival landsaft tipi todqigq olunan orazinin 3100-3200 m-
don yiiksok olan suayrici qursaq zonasinda miixtalif enliys vo uzunluga
malikdir. iqlim soraiti ¢ox sortdir. Burada orta illik temperatur 0°C-don artiq
olmur. Subnival landsaft kompleksi daxilinde gadim vo miiasir buzlaglarin
Vo qar Ortliylinlin yaratdigi relyef formalari genis yayilmisdir.

Antropogen tasirlar. Boyiik Qafqazin conub-sorq yamacinda yayilmis
landsaft komplekslori vo onlarin daxilindo yayilmis tobii ekosistemlor praktiki
olarag insanlar torafindon doyisilmisdir [9]. Orazinin miiasir landsaft kom-
plekslarino tam va gisman dayisdirilmis miirokkob tobii-antropogen landsaftlar
sistemi kimi baxmaq miimkiindiir. Burada tabii cografi sistemlorlo yanasi, on-
larin antropogen dayismis formalari, hamginin antropogen komplekslor do ya-
yilmigdir. Landsaftlarin antropogen transformasiyasinin osas xiisusiyyati bu
geosistemlarda biotoplarin “tranzit mévqgeyi” sababindan diizanlik ekosistemlo-
rina nisbatan antropogen amillarin tosirine garst daha dayanigsiz olmalaridir.

Mesolorda odun tadariikiiniin aparilmasi, bazi tala sahalords torpagla-
rin sumlanmasi vo heyvanlarin hoddon artiq otarilmasi burada geyri-sabit
dinamikaya malik landsaftlarin formalagsmasina gotirib ¢ixarmisdir [8].

Tatqigatlar zaman1 miiayyan olunmusdur ki, arazinin conub-sorq his-
sasinda qis otlaglarindan normadan artiq otarilma naticasinds geosistemin
tobii vaziyyati doyismisdir. Belo ki, otarma normasina diizgiin amal edilmo-
masi Vo samarasiz istifado noticasinds bitkilorin név tarkibi, zonginliyi vo
proyektiv ortiiyli doyisilmisdir. COl tatqiqatt zamani miioyyon olunmugsdur
ki, normadan artiq otarilan orazilordo efimerli-yovsanli bitkilordon ibarot
ortislordo efimerlorin nov torkibi kasiblagmis, yovsanlar ustiinlikk toskil
etmoays baslamisdir. Nisboton meyilli yamaclarda otarma naticasinds bitki
ortliyii deqradasiyaya moruz qaldigindan orazi az mohsuldarliga malik dasl
oriislors ¢evrilmisdir.

Hoddon artiq antropogen yiiklonma ilo slagodar landsaftlarin inkisa-
finin tobii rejimi pozulmus, bir ¢ox yerlordo onlarin bioloji mohsuldarlig
asag1 diismiisdiir. Misahidolor gostorir ki, antropogen yiiklonmonin giiclon-
moasi ilo alagadar bazi yerlordo meso qursaginin asagi sarhadi conub yamac-
larda yuxari galxmusdir [10]. Moasalon, ismayilli rayonunun orazisinds, Buy-
nuz kondina yaxin daglarin yamaclarinda algaq dagliq qursaqda mesalor
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olmayan sahoalor 650-750 m hiindiirliikden kegir, Talistan, Diyalli, Sadyan
kondlarinds onlar 1000-1300 m hiindiirlitys qalxmusdir [7].

Belaliklo, bu orazilords antropogen tasir naticasinds bas veran land-
saftlarin tobii yiiksoklik diferensiasiyasinin pozulmasi oyani sokildo vo
aydin goriniir. Biitovliikde, ¢ol vo kameral todqigatlarin noticolori gostarir
ki, Boyiik Qafqazin conub-sorqg ayilma zonasinin conub yamacinda an boyiik
antropogen yiiklomalor vo landsaftlarin koskin transformasiyasi meliorasiya
Vo kond tosarriifat1 islori aparildigi orazilorde 6ziinii daha gabariq sokilds
biiruza verir [2]. Dagoatoyi-algaq dagliq meso, ¢61 vo yarimsohra kompleks-
lori yerli ohali tarofindon baggiliq, tiziimgiiliik, taxilgiliq, bostangiliq maQse-
dilo kond tosorriifat1 okinlori kimi genis istifado olunur [5].

Bununla bels, rayonlar tizra statistik manbalarin tohlili gostarir Ki, son
illords kond tosorriifati bitkilori altinda becarilon torpaglarin sahasi xeyli
doracado azalmisdir [1]. Samax1 vo Qobustan rayonlarindo kond tosarriifati
bitkilorinin comi okin sahasi 2018-ci ildo 73961 ha olmusdursa, bu ragem
2022-ci ilin gostaricilorinds 43555 ha-a barabar olmusdur (cadval 1). Bu ise
41% azalma demokdir. Region iizra eyni tendensiya donli bitkilords, ham-
¢inin payizliq vo yazliq bugda okinlorinds do miisahide edilmokdadir (cod-
val 2). Samaxi1 rayonu arazisinds 2018-ci ilds 30603 ha sahods bugda okil-
diyi halda, 2022-ci ildo bu rogem 12170 ha-ya godor enmisdir. Tahlilimizin
naticasi kimi burada skin sahslorinin azalmasinin bir ne¢o sobabi ola bilar.
Bunlar, torpaqglarda eroziya, sorlasma vo Sohralagma prosesinin getmasi ilo
kond tosorriifatina yararliligin azalmasi, quraqliq, ¢aylarin suvarma qabiliy-
yotinin azalmasi, torpaqdan istifado rejiminin doyisdirilmasi, mohsullarin
becarilma rentabelliyinin azalmasi, sosial-iqtisadi amillor vo s. ola bilor. Bu
amillor bir-birino qarsiligl tesir gostordiyindon problemlarin halli zamani
miirokkab dinamikani nozors almaq vacibdir.

Cadval 1
Kand tasarriifat1 bitkilarinin comi akin sahasi, ha
2018 2019 2020 2021 2022
Qobustan 31673 32 215 24 026 30977 21910
Samaxi 42 288 44 065 22 200 34 788 21 645
Coadval 2
Kand tasarriifat1 bitkilarinin akin sahasi, ha
Danlilarin va danli paxlah bitkilari
illor 2018 2019 2020 2021 2022
Qobustan 31412 31987 23 844 30792 21724
Samaxi 40 774 42 850 20790 33427 20 149
Payizhq va yazhq bugda
Qobustan 21164 22 258 17 511 18 922 13 230
Samaxi 30 603 29 865 13 680 22 823 12 170
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Tadgigatlarimiza asason timumilogmis sokilds algaq dagliq vo dagato-
yi landsaft komplekslorino manfi antropogen tosirin asagidaki asas naticalo-
rini ayirmaq olar:

- antropogen tasir naticasinds orazids torpaq ortiliyliniin deqradasiyasi,
dag yamaclarinin miixtalif doracados eroziyaya moruz galmasi, tez-tez siiriis-
ma Vo sel hadisalorinin bas vermasi;

- tobii ekosistemlarin antropogen mansali komplekslarla, o ciimladan
okin yerlari, otlaglar, bigonaklor, tokrar meso sahalari ilo avoz olunmasi;

- tobii ekosistemlorin texnogen vo aqrar landsaftlar arasinda kigik
areallar, “adalar” soklinds qalmast;

- ekosistem saviyyasinda biomiixtalifliyin zaiflomasi, canlilarin 6zii-
niinizamlama vo o6ziintibarpa gabiliyyatini itirmasi, biotoplarin torkib vo
strukturunda par¢alanmanin bas vermasi.

Optimallasdirma istigamatlari. Todgigat orazisinds landsaft komp-
lekslorina movcud antropogen tasirlorlo bagli bir ne¢o optimallagdirma isti-
gamatlori miioyyan edilmisdir. Bu optimallasdirma istigamatlori insan foa-
liyyotinin monfi tosirlorini azaltmaq vo regionun ekosistemlorinin davamli
idara edilmasini vo miihafizasini togviq etmok mogsadi dasiyir:

Biomiixtalifliyin qorunmasi: Landsaftlari optimallasdirmaq ti¢iin bio-
miixtalifliyin qorunmasina diqqgat yetirmok ¢ox vacibdir. Buna yerli bitki vo
heyvan novlarinin, o ciimladon antropogen foaliyyatlor naticasinds tohliika
altinda olan vo ya manfi tasiro moruz qalan névlorin qorunmas yolu ils nail
olmaq miimkiindiir.

Eroziya proseslorinin qarsisinin alinmasi: Mesoalorin borpasi, terras-
larin salinmasi va torpaglarin diizgiin idars edilmasi kimi miibariza todbir-
lorinin hoyata kegirilmasi torpaq eroziyasinin garsisinin alinmasina vo land-
saftin biitovliyiiniin qgorunmasina kémoak eds bilar.

Torpagdan dayaniqli istifadonin tosviqi: Ekosistemlora monfi tosirlori
minimuma endirmakls yanasi, torpagin uzunmiiddstli mohsuldarligini tomin
edon davamli kond tesorriifatt vo torpaqdan istifado tocriibalorini tosviq
etmok olduqca vacibdir. Okin dovriyyasina va otlaglarda 6riis normalarina
omal edilmasi hayata kegirilmolidir.

Su ehtiyatlarinin idaro edilmasi: Ekosistemlarin, straf miihitin qorun-
masi, homginin yerli icmalarin ehtiyaclarini tomin etmak {i¢iin gaylarmn, 0
ctimladan digar su ehtiyatlarinin dayaniqli idara olunmasi tamin edilmalidir.

Koandlorin inkigafinin planlasdirilmasi: Tobii ehtiyatlarin qorunmast ilo
balanslasdirilan torpagdan istifads planlarini hazirlamaq va hayata kegirmok
tiglin yerli icmalar vo dovlst orqanlart ilo amakdasliq etmoak talob olunur.
Buraya miihafizo olunan arazilorin ayrilmasi vo hassas ekosistemlar otrafin-
da bufer zonalarin yaradilmasi aid ola bilar.

Tohsil vo maariflondirma: Buraya yerli ohalinin, torpaq miilkiy-
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yatcilorinin vo maraqli toraflorin dayaniql torpaq idaragiliyinin shamiyyati
Vo regionun unikal ekosistemlorinin qorunub saxlanmasmin dayari barads
molumatliligin artirilmasi vo maariflondirilma islori daxildir.

Meso ekosistemlorinin barpasi: Deqradasiyaya ugramis mess landsaft-
larin1 boarpa etmok {igiin mesalorin barpasi layihalorini hoyata kegirmok va-
cibdir. Bu proses, yerli bitki vo agac novlorini barpa etmaya, canlilar tigiin
yasayls mithitini tomin etmaya komok edo bilor.

Todgigat vo monitoringlorin aparilmasi: Insan faaliyyatinin tesirlorini
giymatlondirmok vo miihafizo saylorinin effektivliyini izlomok ti¢iin tadqi-
gat vo monitoringlarin aparilmasi optimallasdirma tadbirlarinin torkib hisss-
si olmalidir. Bela tadbirlorin hoyata kegirilmasi adaptiv idaroetmo strategi-
yalar1 hagqinda malumat manbayi rolunu oynaya bilar.

Samaxi1-Qobustan algaqdagliginda landsaftlarin optimallasdirilmasi
todbirlori ekoloji, sosial vo iqtisadi amillori nozors alan vahid yanagmani
ohato edir. Insanlarmn ehtiyaclar ilo regionda unikal ekosistemlorin gorun-
masi arasinda balans osas sortdir. Dayaniqli torpaq idaragiliyi vo miihafizo
todbirlari vasitasilo manfi antropogen tesirlori azaltmaq vo landsaftlarin
uzunmiiddotli saglamligini vo tamligini tomin etmok miimkiindiir.

3.Natica

Boyiik Qafgazin conub-sorq ayilma zonasinin conub yamacinda yerlo-
son Samaxi-Qobustan al¢aqdagligi zonasinin landsaftlarina vo ekosistemlo-
rina shomiyyatli daracods antropogen tasirlorin oldugu tadqigatimiz natice-
sindo miioyyanlosdirilmisdir. Kond tesarriifati, haddindon artiq otarma vo
mesolorin qirilmasi kimi faaliyyatlordon gaynaglanan tasirlor regionun tabii
miihitinds nazaragarpacaq doyisikliklara sabob olmusdur. Apardigimiz mii-
sahidalar va tadgiqatin naticasi tokco antropogen tozyiglor qarsisinda ekosis-
temlorin kovrakliyini deyil, hom da bu problemlarin halli ilo tobistin vo co-
miyyatin xeyrina landsaftlarin optimallasdirilmasi potensialini ortaya qoyur.

Miioyyon edilmis optimallagdirma istigamatlori insan foaliyyati ilo
tobii ehtiyatlarin qorunmasi arasinda daha dayaniqli vo balanslagdirilmis bir-
go yasayisa nail olmagq ti¢iin yol xaritasini tomin edir. Bu istigamatlara bio-
miixtalifliyin qorunmasi, eroziyaya qarsi todbirlar, torpaqdan dayaniql isti-
fado vo yerli icmalarla birgo foaliyyst daxildir. Bu ciir strategiyalar insan
miidaxilalorinin monfi tosirlorini yumsaltmaq vo ekosistemlorin dayaniqligi-
n1 artirmaq moaqsadi dasiyir.

Landsaftlarin optimallagdirilmasinda osas saylor masuliyyatli idaragi-
lik vo regionun uzunmiiddotli rifah1 prinsiplorine asaslanmalidir. Maariflon-
dirmoani, amokdasligi vo adaptiv idaroetmoni tosviq etmoklo straf miihit vo
sosial-igtisadi amillor arasinda miirokkab qarsiliqh alagoni uygunlasdirmaq
miimkiindiir.
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AHTPOIIOTEHHBIE BO3JENCTBUS U HAIIPABJIEHUS ONITUMU3ALIUM
JAHAINA®TA B HUBMEHHOCTH AMAXHU-TOBYCTAH

A ANCMANIOBA
PE3IOME

Cratbs HccIeqyeT CI0KHOE B3aUMOACHUCTBIE MEXKAY JaHIMA(TAMHA U aHTPOIIOTEH-
HBIMHU (DaKTOpaMH Ha FOTO-BOCTOYHBIX CKJIOHax bombimoro Kaskasa. B mccienoBarensckoit
30He OBUIM BBISBICHBI MPUPOJHBIE JaHAMA(THRIE KOMIUIEKCHI, BKIIOYasi aHTPOIIOTEHHEBIE
9JIEMEHTHI, U HPEeIJIOKEHBI PEIIeHUs AT CMATYeHHs mpolOsieM. J[esTeIpbHOCTh 4yeloBeKa
3HAYUTENbHO WM3MEHHMJIA 3KOCHCTEMBI pernoHa. lMcciemoBaHue MOTYEPKUBACT BaXKHOCTD
coxpaHeHHs OMOpa3sHOOOPa3ws, YCTOMYMBOTO HCIOJIB30BAHUS 3€MENIb M YIPABICHUS BOA-
HBIMH pecypcamMH Kak (yHIaMEHTAJIFHBIX HaNpaBlIeHHH ONTHMHU3anuu jJaHamadros. [1y-
TEM COJEHCTBUS COTPYIHUYECTBY U Pa3pabOTKe CHCTEM YIPABICHUS B UCCIIEIOBATEIHCKOM
paiioHe MO>KHO JTOOMTBCSI HKOJIOTHYECKONH YCTOMYMBOCTH, COAEHCTBYS NMPU 3TOM COLHMAlb-
HO-?)KOHOMHMUYECKOMY Pa3BUTHIO.

KuioueBble ciioBa: tanamadT, aHTponoreHHble pakTopbl, onTuMu3anys, [llamaxwu,
I'oGycraH.
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ANTHROPOGENIC EFFECTS AND LANDSCAPE OPTIMIZATION
DIRECTIONS IN SHAMAKHI-GOBUSTAN LOWLANDS

AAISMAYILOVA
SUMMARY

The article explores the complex interplay between landscapes and anthropogenic
factors on the southeast slopes of the Greater Caucasus. Natural landscape complexes,
including anthropogenic elements, have been identified in the research area, and solutions
to the problems have been proposed. Human exploitation activities have significantly
altered the ecosystems of the region. The research underscores the importance of preserving
biodiversity, sustainable land use, and water resource management as fundamental opti-
mization directions for landscapes. By fostering collaboration and developing management
systems in the research region, it is possible to achieve ecological resilience while
promoting socio-economic development.

Keywords: landscape, anthropogenic factors, optimization, Shamakhi, Gobustan
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Paspabomana yckopennaa u npocmas no annapamypmomy 0QOopmIeHuio MemoouKa
onpeoenenus UOHO8 CEUHYA 8 NPUPOOHBIX B0OAX MEMOOOM UHBEPCUOHHOIU BOJbIMAMNEDO-
Mempuu ¢ UCNONb308AHUEM PMYMHO20 Y20NbHO-RACNOB020 dNeKmpooa. Onmumusuposansl
Yenosus onpedeienus UOHo8 ceunya. Ycmanoeneno, umo npu pH 5.5 onmumansuwvim ono-
6bim nexmpoaumom sensemces 1,0 M pacmeop LiNOs. Pazpabomannas memoouxa npume-
HeHa 6 aHanu3e NUMbesbixX 600.

KiroueBble ciioBa: CBUHEI, HHBEPCHOHHAS BOJIBTAMIIEPOMETPHS, PTYTHBIN YTOJIb-
HO-IIaCTOBBIN IEKTPOJ, IPUPOIHBIE U IUTHEBBIEC BOJBI.

B nocnennue ronpl 01HON U3 BAKHEUIIUX TTPOOJIEM, CTOSIIUX TEepe
4eJI0BEUYECTBOM, SIBIISIETCA OXpaHa OKpykarowmed cpeast [1-2]. lna xos-
TpOJIsi OOBEKTOB OKPYXKAIOLIEH cpebl MpelaratoTCsl MHOTO ONTUYECKUX U
ANMEKTPOXUMUYECKHX METOJIOB HX orpezeneHus [3-6].

OaHMM W3 NEpPCHEKTUBHBIX C TOYKU 3pEHMs] OOILIEro HampaBlIEHUs
pa3BUTHA COBPEMEHHOM AHAIMTUYECKOM XMUMHM HHTEHCHUBHO pa3BUBAIO-
IIMXCS METOJOB OINpEAETCHUS] METAIJIOB SIBISETCS COPOIMOHHBIE METOIbI,
MIO3BOJISIFOIIAE COBMEUIATh KOHLIEHTPUPOBAHNUE C MOCIEAYIOLUIUM OIpEeIie-
HUEM METaJUIOB Ha TBepAou matpuile [7-9]. B paborax mocineaHux jJeT mo-
Ka3aHa MepCreKTUBHOCTh MIPUMEHEHUS NprueMa UMMOOMIIN3allU OpraHnye-
CKHX PEareHTOB JJIs YAYyULICHHUS] UX XUMUKO-aHAJIMTUYECKUX ITapaMeTpoB U
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COo3JIaHMsI Ha MX 0CHOBE ceHcopon [10-16].

Wnest »31eKTpOXMMHUYECKOTO KOHIIEHTPUPOBAaHHUS BeELIECTBAa Ha IIO-
BEPXHOCTH 3JIEKTPOJIa MOJIyunsia CBOE pa3BUTHE B CO3/1aHUU PA3IMYHBIX Ba-
PUAHTOB MHBEPCHUOHHBIX JJIEKTPOXMMHUYECKHMX METOAOB aHalu3a, OTJIhYa-
IOIINUXCS TAKUMU BaXXHBIMHM Ka4€CTBAMH, KaK:

-BO3MOXKHOCTH orpezaeneHus 6onee 40 XUMHUYECKUX 3JIEMEHTOB EpH-
0JINYECKOU CUCTEMbI U MHOTUX OPraHUYECKUX BEIIECTB;

- HU3KHUE Mpefiesibl 00OHapy>KEeHUsl, TOCTUTAOLIUE JIJIs1 HEKOTOPhIX Me-
TaJUIOB U OPTaHUYECKHUX BEIIECTB YPOBHS CIIEIOBBIX KOJUYECTB;

-BBICOKAsl CEJIEKTUBHOCTh U XOPOIIME METPOJOTUYECKHE XapaKTepH-
CTUKH METOJIHK;

-OTHOCHUTEJIbHAS MPOCTOTa TEXHUYECKOW pealn3allid METOAOB U
CpaBHHTEIIbHAS JCIIeBU3HA MpuOopoB [17-18].

OTU TOCTOMHCTBA MHBEPCHOHHBIX 3JIEKTPOXUMHUYECKUX METOJIOB 00b-
SICHSIFOT TTOBBIIIICHHBIA UHTEPEC K JAHHOMY HaIpPaBJIEHUIO UCCIICIOBAHUN.

[Tpu cxxuranun HedTH U OeH3UMHA B OMOCdEpy MOCTymnaeT He MEeHee
50 % Bcero aHTPOIOTEHHOTO BBIOpOCA CBHUHIIA, YTO SBJISETCS OCHOBHOM CO-
CTaBJIAIONICH B IIOOATLHOM LIMKIIE JaHHOTO »neMeHTa. boriee Toro, aBTO-
MOOWIJIbHBIE BBIXJIONBI Ja0T 0K0JI0 50 % 00I111ero HeOpraHM4YeCKOro CBUHIIA,
MOCTYMHAIOIIETO B OPTaHU3M YeNIOBEKa, YTO SBISETCS CIEICTBUEM €0 BHICO-
koit onu (75 %) B aTux BeIOpocax [19].

3HaYUTENbHOE TMOBBILIEHUE COJIEPKAHUS CBHUHIIA B OKpYKarolei
cpene, B TOM YKCIIe B MPUPOAHBIX BOJIaX, OOYCIOBJICHO €r0 MIUPOKUM TPHU-
MEHEHUEM B MPOMBIIIJICHHOCTH. Tak, €XeroJHoe MUPOBOE MOTpeOieHue
CBUHIIA COCTaBJsIET 0KoJio 3 MiH. TOHH [20]. OTHUM U3 CEPhE3HBIX UCTOY-
HUKOB 3arpsi3HEHUS] MOBEPXHOCTHBIX BOJ COCIMHEHUSIMU CBUHLA SBIISIETCS
C)KUTAaHHE yTiied ¥ MPUMEHEHHUE TETPAITUIICBUHIIA B Ka4€CTBE aHTUETOHA-
TOpa B MOTOPHOM TOILIMBE, a TAK’KE€ BBIHOC B BOJOEMBI CO CTOYHBIMH BOJa-
MU PyA0000TaTUTEIBHBIX (PaOpUK, METAUTYPTUYECKUX MNPEINPUATUHN, XU-
MUYECKHUX MPOU3BOJCTB U maxT [21].

Jst OONBIIMHCTBA TPOMBITIUICHHBIX PaililOHOB YPOBEHb COICPKAHUS
cBuHIa Konebnercs ot 10 mo 80 mkr/m [22]. B To ke Bpems MOCTyIIeHUE
CTOYHBIX PYJAHHYHBIX BOJI MOXET TMOBBIIIATH €0 COJAEPKAHUE B OKPYkKalo-
X Bojax a0 >500 mkr/m [23].

YpoBHU 001I€r0 COAEpKaHHMS CBHUHIIA B aTMOC(HEPHBIX OCaJKax
00b1uHO KoJeOmtoTest oT 1 10 50 Mkr/n. OnHaKo B TYCTOHACETIECHHBIX paifo-
Hax OHU Moryt npesbimath 1000 MKI/J, OpUBOAS K CYIIECTBEHHOMY 3a-
TPSA3HEHHUIO CHEKHOTO MOKPOBA U MOYB U COOTBETCTBEHHO Hapyias oOMeH
BEIIIECTB B JKMBBIX opranu3max [23]. B opranusme denmoBeka B mpolieccax
OTJIOKEHUSI M MEepPEeHOCca CBUHEI[ CXOJCH C KalbIIMEeM, YTO O0YCIOBIUBAET
€ro BBICOKHE KOHIIEHTpaIluu B ckenere [24]. CBuHel, monaaas B OpraHu3M,
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aJicopOupyeTcsi IPUTPOIUTAMH, TIOYKAMHU, KOCTHOWM M HEPBHOW TKaHBIO.
XPOHUYECKOE OTpPaBICHUE CBUHIIOM ITPUBOIUT K Pa3BUTHIO HedpuTa [25].

Jlo HeJTaBHEr0 BpEMEHU pa3BUTHE METO/1a MHBEPCUOHHOM BOJIbTAMIIE-
POMETPHUH CACPKUBAIOCH HEOOXOIUMOCTBIO UCIIOIB30BAaHUS PTYTHBIX U YT-
JepOJICOAEePKALMX AIIEKTPOAOB. llepBrie 00aTat0T BBHICOKOH TOKCHYHO-
CTBIO, HEJOCTaTKOM BTOPBIX SBJIETCS KOPOTKUH CPOK CIYKObI M KaK CIe-
CTBHE HEOOXOJMMOCTh PEreHepaluy MOBEPXHOCTH 3JIEKTPOJOB. ITH IMPO-
0JIeMbl HAM YJAJIOCh PEIIUTh U CO3[aTh LIETYI0 FaMMy OPUTMHAJIbHBIX CEH-
COPOB, BKJTIOYAOIYIO BAPUAHTHI JOJTOKUBYIIUX CEHCOPOB C OOHOBISIEMOI
ITOBEPXHOCTBIO AJIEKTPOJA U PA30BbIX CEHCOPOB HAa OCHOBE TOJICTOIJIEHOY-
HBIX TPa(UTOBBIX AIIEKTPOAOB [26].

L]envio pabOTHI SIBUIOCH BO3MOKHOCTh HHBEPCHOHHO-BOJITAMIIEPO-
METPUUYECKOTO OIPENEICHHS CBUHIIA B MOJIETIbHBIX CJIOKHBIX CMECSIX U pe-
QIBHBIX 00BEKTaX HCIIOJIb30BAHUEM XUMHUYECKOI0 CEHCOpa HAa OCHOBE PTYT-
HOT'O YrOJIbHO-IIACTOBOI'O 3JIEKTPOJIA.

JKcnepumenmanvHas wacmo

Pearentsl u pactBopbl. CTaHIapTHBIE PACTBOPHI METAJJIOB TOTO-
BWJIM PAaCTBOPEHHEM METAUIOB (X.4.) B pa3zdaBneHHbIX (1:1) kucnorax c mo-
CIIEYIOIKUM pa30aBlieHHeM OUIUCTUILTUPOBaHHOW Bojoi [27]. CBuHen
A30THOKHUCJIBIA NEPEKPUCTAIIIN30BbIBAIOT U BbIcymnBatoT npu (104+1)°C
70 TOCTOSIHHOM Macchl. 1,599 r BBICYIIEHHOI COJM pacTBOPSIOT B He-
0011b1I0M 00BeMe OMINCTUIUTMPOBAHHON BOJBI M KOJHMYECTBEHHO MEPEHO-
CSIT B MEPHYIO KoJIOy BMecTUMOCThI0 1000 cm®. B K0JI0y 100aBISIOT 5 oM’

a30THOM KHCJIOTHI II0THOCTRIO 1,40 rlem® w JTOBOASIT 00bEM pacTBOpa
JI0 METKH OMIUCTHIUIMPOBAHHOM BO0M. PacTBOp XpansaT He O6oisee 1 rona.
KoHneHTpanus cBUHLIa B OCHOBHOM pacTBOpe paBHa 1 mr/cm®, Crannapr-
HbI€ pacTBOPHI HEOOXOIMMON KOHIEHTPAIIMH TOTOBST MOCJIEI0BATEIbHBIM
pa3baBiieHHEM HCXOJHOI'O PacTBOpPA CBUHIIA.
Ceputo 6ydepubix pactBopoB rorowi u3 1M HAc, HCI, NaOH,
NH4OH, NaAc [28].
O6opynoBanne. ATOMHO-aOCOPOIMOHHBIN cniekTpomeTp “Shumadzu
AA -7700” (SInoHus), B KOTOPOM B OCHOBHOM HCIIOJIb30BAIIUCH TJIaMs BO3-
IyxXa U alUTHICHa, BOJIbTaMIiepoMeTpudeckuii anamuzatop [lomsiporpad
ABC 1.1 (Poccus). 111 KOHTPOJISE KUCIIOTHOCTH CPEJIbl MCTIOIb30BAIH LU ]-
posoii pH-metp “PHS-3E” u pH merp METTLER TOLEDO (Five Easy
pH/mV), snexTponpoBogHOCTs U3Mepsian Ha KoHaykromerpe METTLER
TOLEDO (Five Easy Conductivity), ucronb30Bajd MarHUTHYIO MEIIAIKY
“MS7-H550-S”. Ckanupyronmii 31ekTpoHHBIH Mukpockon JEOL JSM-
IT200LA, ananutudeckue Becsl ABS 120-4N. Vcnonp30BaH IUCTAIUISTOP

124



Heal Force CR-RO30. XumMuueckuii aHanu3 Ha COJCpIKaHHE Pa3IMYHBIX
cojeil He nenancs. YaelbHas 3JIEKTPOIPOBOJHOCTh OUIUCTUILIMPOBAHHON
Bozbl 0.475 MCm/M. Onpeznenenus Ha MpUOOpax MPOBOIMWINCH B YCIOBHIX
AKCIUTyaTallii, PEKOMEH/I0BAaHHBIX MPOU3BOAUTEIIEM.

Mertonbl. Memoouku usmepenuss aHarumuiecko2o cucHania: AHanus
MPOBOAMIIM B JIBa 3Tara: MEpBBIA - M3MEpPEHUE AHATUTUYECKOrO0 CHUTHala
(AC) ¢onOBOTO PrIEKTpONUTA AJIS BBISIBICHUS BO3MOXKHBIX NpUMecei (oHa,
MCKXKAIOUINX BOJbTAMIIEPHYIO KPUBYIO U BHOCSIIIMX MOTPEIIHOCTh B TOY-
HOE OmNpeZeNiCHHe MeTalljia; BTOPOi — n3Mepenue nojesHoro AC merania B
aHanu3upyemoii mpooe [29-30].

Memoouka usmepeHusi aHaIUMUYecKo20 CUSHALA (POHOB020 IJieK-
mpoauma: DJIEKTPOJIU3Ep, MPOMBITHIA AUCTUIIMPOBAHHOM BOJOM, 3aIoJ-
HAIOT 15 MiI POHOBOTO 3JEKTPOJIMTA, TIOMEIIAIOT B HETO0 padO4Mii M BCIIO-
MOTaTENbHBIN JIEKTPOJIBI U AJIEKTPOJA CPaBHEHHS, 33/Jal0T PEXKHUMBI JJIEK-
TPOJIN3a: YCTAHABIMBAIOT MoTeHnuan Hakorienus (Ey), BpeMs HakoruieHust
(t;), AMama3oH TOKa, aMIUTUTYAY U CKOPOCTh Pa3BEPTKU U CHUMAIOT BOJBT-
amIeporpaMmy He MEHee TpeX pa3. PerucTpupyroT JuIib TpeThe M3Mepe-
HUE, TIOCKOJIbKY TEpBBIC JBa SIBISIOTCS TPEHUPOBKOW AJIEKTPO/Ia, MOBBIIIA-
IOIIei BOCIIPOM3BOAMMOCTh TOKOB MOHHM3AIUU M COOTBETCTBEHHO TOYHOCTH
PE3yNbTaTOB U3MEPEHUH.

Memoouxa usmepenusi AHATUMUYECKO20 CUSHANA ONPeOesemo20
Komnonenma: IIpOMBITBIA AUCTUIUIMPOBAHHON BOJOW IEKTPOIU3EP 3aIMoJ-
HAIOT 15 M aHamu3upyemol NpoObl W, MPOBEAsS BBILICTIEPEUUCIICHHBIE
IpeBapUTENIbHbIE MOATOTOBUTENbHbIE ONEpalii, CHUMAIOT BOJIbTaMIEpO-
rpammy. [Ipu onpeneneHny KOHIEHTPAUN METAIIOB IO METOAY 100aBOK,
B aHATU3UpPyeMyl0 NpoOy BBOIAT H3BECTHOE COJEpKAHHUE CTAaHAAPTHOTO
pacTBopa ¥ CHUMAIOT BOJIbTAMIIEPOTPaMMy.

PacimmdpoBky BompTaMIeporpamMm MPOBOJIWIHN, PYKOBOACTBYSCH
pexoMenaanusamu [31-32].

MaremaTtnueckast 00paboTKa pe3yabTaTOB MCCIEIOBAaHUN MPOBOIU-
J1ach B COOTBETCTBUU C PEKOMEHIAIMAMH M TPOIEAypaMu corjiacHo [33-
38].

KoHmeHTpauio omnpenenseMoro Merauia B HCCIeIyeMOoi Impooe
(Cy) Bbruncasiu o gopmyne [37]:

k-h_-D
C,(melom®)= K

(hd - hx) -V
rae k — xoadduument, Bbpaxkaronuil OTHOIIEHHE 001Iero oobema
pacTBopa aHaIU3UPYEMOI MPoOBI K 00bEMY OTOOPaHHON aTMKBOTHI;

hx # hg — BBICOTBI MHKOB OMPEIEIIEMOTO 3JICMEHTa B PaCTBOPE 10 U
rociie 100aBKU COOTBETCTBEHHO, MM;
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D — Bennunna no0aBKH, MF/,Z[M3;

V — 00beM Tpo0HI, I[M3.

s onpenenenust C,; CTPOMIM KPUBBIC 3aBUCUMOCTH Sy OT OMpee-
JSIEMOT0 cojiepKaHust KoMmImoHeHTa B mpobe (cj). ITo kpusoit S, = f (Cj)
Haxoawu Cy, KaK MUHUMAJIbHOE COJICPIKAHHE 3JIEMEHTA, ONPEISIIIEMOE 110
NB metoaukam ¢ S; = 0,33. B kauecTBe npumepa Ha pUCyHKE | MpuBEACHBI
KpuBbIe 3aBucHUMOcTH S = T (Cj) 11 cBUHIIA.

Sy
0,3 7;‘
0,2 s
01
“.A X 56, MK/ M3
0 T T “\A - T 2 \A T = T

0 1 2 3 4 5 6 7
Puc. 1. KpuBble 3aBUCHMOCTH 3HAYEHHUSI OTHOCUTEIBHOTO CTAHIAPTHOTO OTKIOHEHUS (S;)
oT ompenensieMbix koHeHTpanuii Pb (C):

B cnyuasx, korzna Sy He MOIJIO OXapaKTepU30BaTh UCTUHHYIO KapTH-
Hy aHaiu3a, Mbl NpuOerajgd K CPaBHEHMIO JIBYX CPEJHHMX 3HadyeHui (t-
KpUTEpUIi) U IBYX CpPEeIHUX KBaApaTU4HbIX omnO0K (F-kpurepuii).

JUist OLIEHKH KaJIMOPOBOYHBIX Ipa)MKOB UCIOIb30BAIM PErPecCUOH-
HBbIM aHaiau3, paccuuThiBas KOd(P(GUUUEHT Koppensuuu (r), A ONHUCaHUs
TECHOTHI CBs13u mapameTpoB Xx-(Ci) u y-(h;).

UYem Omroke 3HaueHus r K 1, Tem Onmxke u3ydaemasi 3aBUCHMOCTb K
(GYHKIMOHATIBHOM (HE CTOXACTUYECKOM) 3aBUCUMOCTH MEX/y UCCIIeTyeMbl-
MU BETUYMHAMU, a TpU 1 = () UMEET MECTO OTCYTCTBHE KOPPEISAIIMOHHOM
CBSI3M MEXY BEIMUYNHAMU X U Y.

Pezynomamol u ux ooécyyicoenue

Kak u3BectHOo, misa B MeTOI0OB MCClIeIOBaHUN MEPBOCTENIEHHOE
3Ha4YeHHEe UMEET BBIOOP THIIA MHIUKATOPHOTO 3JIEKTPO/ia U OCOOEHHO 3JIeK-
TPOJHOTO MaTepHaja, OT KOTOPBIX 3aBHCSIT JOCTOBEPHOCTH IOJYYEHHBIX
pe3yabTaToOB, MX BOCHPOM3BOJUMOCTH U OILIEHKA IPENeoB OOHapyKeHUs
3JIEMEHTOB, a Tak)Ke 00JacTU MPUMEHEHHUs OTHAEIbHBIX BapuaHToB VB npu
OIpeJIelIEeHUN KOMIIOHEHTOB B Pa3JIMYHBIX 110 MPUPOJIE 0OBEKTaX.

[Toatomy, Ans BbIOOpa MHIAMKATOPHOTO 3JIEKTPOAA, MPEkKIE BCETo,
IIPOBOAMIIN IIPEIBAPUTENBHBIE UCCIEN0BAHUSA IO BBIABICHUIO JIYYIIHX II0
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ANIEKTPOXMUMUYECKUM XapaKTEPUCTHUKAM U HKCIUTyaTallHOHHBIM MapaMeTpam
3NeKTpo10B Iipu VB onpeneneHusx uccie oBaHHbIX METAIIOB, PE3YIbTaThI
KOTOPBIX NIPUBEJICHBI B Tabmuie 1.
Tabmuma 1
CpaBHHTe/IbHbIE XaPAKTEPUCTHKHU JIeKTPOXMMUYECKOI0 NOBeeHUs
CBHHIIA HA PA3JIMYHBIX 110 PUPOJeE YIeKTPOIAX

[Ipupona u 119 YIID PYIID
Me Cae: 3 | KoHIeHTpamus AT | T
MKI/JIM doma MKA c E,B | hhmvm | E,B | hmm | E,,B | h,mm
Pb 2,0 0,2 M HCI 1,0 60 - - -0,43 20 -0,43 140
2,0 1M LiNO, 1,0 60 - - -0,38 40 -0,38 180

W3 nanHbIX TaOIULBI BUAHO, YTO BBEJICHUE B UCCIEAYEMBIN pACTBOP
HEeOOJIBIINX KOJMYECTB HOHOB KaKOTO-HHOY/Ib BCIIOMOTATEIHLHOTO AJIEMEHTA
MO3BOJISIET MOJYYUTh HEHCKA)KCHHBIN IOJIE3HBIN aHANUTUYECKUN CUTHAI
(AC), cHM3uTh mpenen OOHAPYKEHHUS U YIYUIIUTH BOCHPOU3BOJAMMOCTH
orpezaeneHus MeTauioB. Hamu B KauecTBE BCIOMOIaTEIbHOTO 3JIEMEHTa
obuta BeiOpana pryth(1l), KoTOpas mocne BBEICHHS B aHATH3UPYEMBIH pac-
TBOP BOCCTaHABJIMBAETCA Ha JJIEKTPOJIE BMECTE C MOHAMH OMPEEIIIeMbIX
METAJUIOB B peXHMeE “in situ”, oOpa3ys PTYTHBIH YrOJIbHO-TIACTOBBINA AJICK-
tpon (PYIID). ®opmupoBaHue pTYTHON MOBEPXHOCTU B TAKOM peXUME Obl-
70 BBIOPaHO TMOTOMY, YTO TaKOW CIOCOO MOKPBITHS 3JEKTPOJA OTIMYACTCS
0ojiee paBHOMEPHBIM PacHpeeICHHEeM PTYTHBIX Karelb Ha €ro MOBepXHO-
CTH, 00YCIIOBJIMBAIOIIMM IOBBIIICHNE TOYHOCTH VB onpeneneHms.

OKCIEpUMEHTBI NOKa3aiH, 4To Hucnonb3zoBanue PYIIO nosbimaer
YYBCTBUTEIBHOCTH M IKCIIPECCHOCTH OIpPECICHHUI CBUHIA (pHC. 2), a Tak-
&Ke ycTpaHseT oOpa3oBaHHE MHTEPMETAIUIMUECKUX COCTUHEHUN M TBEPAbIX
pacTBOpPOB.

h, mm H
250 g

200 -
150 -

Pb
100 -

N

50 -

0

-06 -04 -02 0 062 04 E,B

Puc. 2. BonbramiepHesle KpuBble CBHHIA (@), moiyueHHbIe Ha poHe LiNOj3 Ha:
1-VII3; 2-PVIID.

127




C uenpo ONTUMHU3ALMU YCIOBUN HMHBEPCHOHHO-BOJIBTAMIIEPO-
Metpudeckoro (MB) ompenenenus cBMHIIA U3YYHIIH 3aBUCUMOCTH ero AC
ot koHueHTpauuu prytu(ll), koTopas npeacraBieHa Ha pUCYHKE 3.

h, mm
180 -
160 -
140 -
120 -
100 -

80
60 -
40 -
20 A

0 T T T T T T T CHg(II)’ MKr/am3
0 2 4 6 8 10 12 14

Puc. 3. 3aBucumocts AC cBuHIa (1,0 MKT) OT KOHIIEHTpAIMK A0OABICHHOMN PTYTH

U3 pucyHka cienyer, 4to AecaTukparsbie koaundectBa pryTu(Il) mo
OTHOILIECHHIO K CBUHILY IPUBOJAT K JOCTHXKEHUIO MakcuMyma AC, KOTOpbII
MEPEXO/IUT B IUIATO NP JaybHEWIIEM yBenndeHuu coaepxanus prytu(ll) B
pactBope. O4eBHIHO, YTO IpeBbllIeHHE 10-KpaTHOTrO KOJIMYECTBA PTYTH B
pacTBope Mpu oIpeaesieHuH cBuHIa MeTo oM 1B HenenecoobpasHo.

OkcnepuMeHTsl noaTBepaAnian npeumyiiectsa PYIIOD nepen VIIO
IIpU ONPEJENIEHNU CBHUHIIA U MOATOMY BCE€ JajbHEHIINE HCCIEA0BaHUS 110
OIIpEeENIEHUIO CBUHIA TpoBoaviK Ha PYIIO.

OcHoBHBIM (hakTOpOM, BiustomMM Ha ¢opmupoBanue AC merai-
JIOB, SIBJIIETCSI MPUPOJIA U KOHLEHTpalus (POHOBOTO 3JIEKTPOJIUTA, TTOITOMY
JUIsL BBIOOpa ONTUMAJIBHOTO pPeKMMa padOThl U3YUYEHO 3JIEKTPOXUMHUYECKOE
MOBEJICHHE CBMHIIA HA PA3JIMYHBIX [0 MPUPOJIE U KOHIEHTpanusax ¢poHax. B
KauecTBe (DOHOBBIX AIEKTPOJIUTOB OBLIM MCIOJIB30BaHBI: THAPOKCHU/IBI, XJIO-
pUABI, HUTPAThl U POJAHMU/BI IIEIOYHBIX METAJUIOB U aMMOHHS, XJIOPUCTO-
BOJIOpPOJHAs, cepHasi, (ocopHasi, a30THAsI, YKCYCHAsl 1 MypaBbUHAsI KUCIIO-
Te, Oydep bpurrona-Pobuncona (6. b.-P.), aneratusiii 6ydep (Ac. 6.),
CMECH THJIPOKCHJAa aMMOHHUS, YKCYCHOM U XJOPHUCTOBOJOPOJHOM KHCIOT
pa3IMYHBIX KOHLEHTpauuid U pH, oka3bIBalOIMX CYIECTBEHHOE BIIMSHUE
Ha AC omnpezenseMbIX METaIIJIOB.

Nzyuenne VB noseaenus ceunHua nposoawim Ha PYIID. Hekoro-
pbI€ U3 MOJIyYEHHBIX HAaMH JIaHHBIX IPUBEIEHBI B TaOIUIE 2.
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Tabmumna 2
Pe3yabTaThl 10 H3YyYEHUIO BIUAHHUS NPUPOALI (POHOBOIO 3JIEKTPOJIUTA
HA NOTEHIUAJ MAaKCUMaJIbLHOro Toka (E,) n BbicoTy nuka (h)
(1.1. 1,0 MKA; 7,=90 ¢; Cpp=1,0 MKr/am°)

[puposa v KOHIEHTPAIHS Pb
(hona E,, B h, mm

0,1 M H;PO, -0,23 8
0,2 M HCI -0,42 20
0,2 M HNQ; -0,35 11
B.5.-P., pH 6,8 -0,40 20
B.5.-P.,pH 5 -0,40 30
1,0 M KCI -0,43 25
1,0 M NaCl -0,42 12
1,0 M LiCl -0,42 8
1,0 M KNO, -0,38 10
1,0 M NaNO; -0,38 11
1,0 M LiNO3 -0,38 40

W3 nanHbIX TabmuUIb! 2 BUJHO, 4TO HanOobive BenuunHbl AC CBUHIIA
HaOIIIOMAI0OTCS HA HUTPATE JIUTHSA, IOATOMY onTuMu3anus ycinosuid B onpe-
JIETICHUS 3THUX METAJUIOB MTPOBOIVIIN HA TOM (DOHOBOM DJIEKTPOJIUTE.

B Tabmuue 3 u puc.4d mnpencraBieHbl 3aBUCUMOCTH BBICOT ITHKOB
CBHHIIA OT KOHIIEHTpaIu (JOHOBOro 3J1eKTposnTa (HUTpara nutus). pH u3 xo-
TOPOTO BUHO, YTO ONTUMAaIIbHBIM siBisieTcst 1 M pactBop LiNOs ipu pH 5.5.

Tabmuma 3
Pe3yabraTel n3yuenusi 3apucumoct AC ceunna(ll) or konuenTpauuun
dhonosoro r1ekrposanta (Cpp=1,0 MKI/aMC; AT, = 1,0 MKA, T,=90 ¢)

CLiNQ; M 0,25 0.5 1,0 2,0

h, mm Pb 27 35 40 40,5

N3 pucynka 4 BunHo, uro AC CBHHIIA YBEINYUBAETCS C YMEHbIICHU-
eM pH u HanOombIIas YyBCTBUTEIBHOCTD OMPECICHHS JOCTUTAETCs B Clla-
Ookucnoii cpene.

DKCIEepUMEHTHI MOKa3aJid, YTO MOTEHIMAIbl HAKOIUICHUS METaJUIOB
BJIMSIIOT Ha BBICOTHI AQHOIHBIX NMHUKOB OMNPEIENSeMbIX METAJIOB, a TaKKe
OKa3bIBAIOT 3HAYHUTEIHHOE BIMSHUE HA MTOJHOTY WX BBIJCIICHHS HA JIEKTPO-
1e 1 o0pa3oBaHue Ha HEM UHTEPMETANTNYECKUX COSTUHEHHUM, TPUBOISIINX
K MCKaKEHHIO ()OPM MHUKOB, COOTBETCTBEHHO K MOJIyYEHHIO HE HAJCKHBIX U
HE JIOCTOBEPHBIX pe3yibTaToB. HEKOTOpHIE M3 MONyYEeHHBIX HaMHU JTaHHBIX
M0 M3YYEHUIO BIMAHUA noreHiMana HakorieHus (E,) na AC cBuHIa npu-
BEJICHBI Ha pHC. 5.
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h, Mmm

50

40 4

30 4

20 4

10 4
Pb

Puc. 4. 3aBucumocts xapakrepa AC ceurna ot pH ¢oHOBOTO 31€KTpOIHTA

h, mm

Puc. 5. Bmusuue E, na AC cBuHIa
(®om 1,0 M LiNOg; .1. 1,0 MKA; t, = 90 ¢; Cpy=1,0 Mkr/am’)

W3 pucynka 5 BUIHO, YTO /I CBHUHIIA ONTHMAJIBHBIM MOTEHIIMAIOM
HakorieHus sBisercsa E; =-1,0 B, T.x. nanpHeliliee ero u3aMecHEeHHE B OoJiee
OTPHUIIATENHHYIO 00JIaCTh HE IPUBOAUT K 3aMeTHOMY moBbiieHn0 AC.

Jns moBblieHNs1 4yBCTBUTENBHOCTH VB onpenenennii MeTaiuioB cy-
IIECTBYET HECKOJILKO MPUEMOB: YMEHBIIICHUE HANa30HA TOKA, U3MEHEHUE
MaciiTaba Ha CaMOMMNCIIE, YBEIIMYCHHE BPEMEHU HAKOIUICHUS MeTajlia Ha
anextpone u np. [31, 39]. Dddext oT ucnonp3oBaHUS MEPBHIX ABYX Mapa-
METpPOB, KaK IMPaBWJIO, 3aBUCUT OT KOHCTPYKIIMH Tpubopa (€ro 4yBCTBH-
TETLHOCTH ), BIMSIHUE XK€ BpeMeHHU HakorieHus: Ha AC 3aBHCHUT OT MPUPOIBI
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OMPCACIIAICMOro 3JICMCHTA U €ro COACPKAHUA B paCTBOPC.

Ha pHuc. 6 B KauecTBe InpuMeEpa NpruBEACHa 3aBUCHUMOCTD BBICOT ITMKOB
CBMHIIA OT BPCMCHH HNX HAKOIUICHUA Ha 3JICKTPOAC.

Kax BUJHO H3 PHUCYHKA, IIpU OINPCACICHHUU CBHHIA uenecoo6pa3Ho
BBIGI/IpaTB BpEMA HAKOILICHHUA 2 MUH. " MCHCC, IMOCKOJIBKY BBICOTA IMHMKA OT
BPEMCHH HAKOIUICHUSA NAJICC CTAHOBUTCA HE3aBHUCHMOM - TIOCTOSHHOM.

h,mMm

100 Pb
80
60
40 ~
201 t,, MUH

0 T T T T T
0 1 2 3 4 5

Puc.6. BiusiHre BpeMeHU HaKOIUICHHS METAJIOB Ha aiekTposae Ha AC cBUHIA

Bunsinne ckopocTH pa3BepTKHU NOTEHIHAJIA
HA aHAJIMTHYECKHE CUTHAJIbI CBUHIA

DKCIepUMEHTBI MOKA3aJIM, YTO IPU HMOBBIIIEHUH CKOPOCTH aHOJIHOM
pa3Beptku noteHnuana ot 20 go 100 mB/c Ha BoiabTaMIieporpaMmax CBHH-
11a HaOJI0JAaeTCsl COOTBETCTBEHHO yBennueHue ux AC, oJHaKoO IpHU CKOpO-
cTsax 6onee 60 MB/c mpoucxoauT yxyaiIeHHue U HCKaXXKeHUEe aHOAHbBIX MTUKOB
MeTaJIoB (pUC. 7.), COOTBETCTBEHHO YMEHBIICHHE MPaBUIBHOCTH U BOC-
IIPOU3BOIMMOCTH MOJIyYEHHBIX PE3YyJIbTaTOB.

h, mm
100 5
80 - 4
60 - 3
40 -
2
0 ; ‘ ‘
0.4 05 0,6 0,7 E., B

Puc. 7. BnusiHue ckopocTH pa3BepTKHU MOTEHIMala Ha BBICOTY U (pOpMy NMUKOB METauIOB.
3HaveHus ckopoctu, MB/c:

1-20; 2-40; 3-60;

4-80; 5-100.
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Kpome Toro, BciencTBue yBEIMUEHHUS CKOPOCTH Pa3BEPTKU IOTEH-
[[MAJIOB aHOJIHbIC MHUKU CBUHI]A CMEIIAIOTCS B MOJIOKHUTEIbHYIO 00J1acTh, a
3HAYEHMS OJYIIUPUHBI UX TUKOB u3MeHstoTcs ot 0,13 1o 0,17, uTo yka3bi-
BaeT Ha HEOOPAaTUMOCTh IMPOLIECCOB BOCCTAHOBJICHHUS MOHOB METAJNIOB MpHU
ONTHMU3UPOBAHHBIX YCIOBUSAX HA UCCIIEIOBAaHHBIX 3JeKTpoaax [40].

Hamu ycraHoBII€HO, YTO ONTHUMAJIbHOM CKOPOCTBIO Pa3BEpTKU I0-
teHuuaia npu MB ompenenenun cunna ssisercs 60 mB/c, yto u ObL10
BBIOpAHO ISl ATbHEUIIUX UCCIIeI0OBaHUI.

ITpoBeneHb! 3KCIEPUMEHTBI 10 ONPEAEICHUI0 HOHOB CBUHIIA B MH-
JTUBHTYAJIbHBIX pacTBopax (Tabm.4).

Tabnuna 4
PesyabTarsl UB onpenenenusi CBUHIIA B MHAUBUAYAJIBHBIX PACTBOPAX

Haiineno Me, Mxr s s
Beeneno Me, Mkr -
(P=0,95; n=5; x £ AX) '
0,2 0,19+0,05 0,03 0,155
Pb 5,0 4,97£0,35 0,22 0,045
30,0 29,49+1,16 0,12 0,004

KosmdyecTBeHHOE OTpe/ie/ieHIe NCCIICIOBAaHHBIX AIEMEHTOB TIPO-
BOJFJIM TI0 METOTy T0OABOK, T.K. B ONTUMU3UPOBAHHBIX JTUANa30HAX KOH-
LIEHTpaIMii METa/IOB KAJIMOPOBOYHBIE TpadUKH IPSIMOJIMHEHHBI (pUC. 8).

h, MM Pb
100 |

80

60 -

40 -

O T T T T
0 10 20 30 40

50C, Mkr/om3
Puc. 8. KamubpoBouHslie rpaduku CBUHIIA

PaccunTanbl HEKOTOpPBIE METPOJIOTHYECKUE U APYTHE apaMeTpHI,
3HAa4YeHHUs1 KOTOPBIX MpeACTaBIeHbI B Ta0iH1IE 5.
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Tabauua 5

Pe3yibTaThl HEKOTOPBIX METPOJIOTHYECKUX XaPAKTEPUCTHK,
MOJIy4eHHBIX NpHU pa3padorke UB meToauk onpeieseHnsi CBUHIA

JlnanazoH THHEHHOCTH KOHIICHTPALNii Ha Ka- - C, Cins
Me 3 r 3
JTOPOBOYHBIX TpaduKax, MKI/IM MKI/ M MKI/IM
Pb 0,20-30,0 0,996 0,20 0,10

* I — cTeneHb KOPPENsIIN

) JaHHBIX Ta6HI/II_[BI 5 BUJHO, YTO HMKHHMC I'paHHIbI OIIPCACIIAC-
MBIX COI[Cp)KElHHfI, pacCUYUTaHHBIC I10 3S'KpI/ITepI/IIO, HaxXoIdATCsa Ha YpOBHE

I[TJK u Huxe.

B tabnunax 6 mpuBeaeHsI pe3yabTathl, BausHUS Ha AC mOoCTOpOH-
HUX METAJJIOB MPU UX PA3TUYHBIX COOTHOIICHUSIX, TPABUIBHOCTh KOTOPBIX

yCTaHaBJIMBAJIU METOJIOM ‘‘BBEJIEHO — HAMJIEHO .

s ycraHOBIEHUST BO3MOYKHOCTH OINPEIEICHUS CBUHIA B peajb-
HBIX 00BEKTax OBbUIM COCTaBJIEHBI MOJEIbHBIE CMECH Pa3HBIX COUYETaHMH,
MMUTHPYIOLIUE PA3IMYHbIE IO MpUpOAe BoAbl. Meroauka u ycinosus 1B
OIpeJIeJIEHUs] CBUHIA B aHAIM3UPYEMBIX CMECSX ObUIM TaKUMH XK€, KaK U

MIPY aHATN3E UX WHANBUIYAIBHBIX pacTBOPOB (Tabmuie 7).

Tabnuna 6

Pe3yabTaThl BJAUSIHUSI IOCTOPOHHUX COMYTCTBYIOMIMX MEIIAIOIIMNX
KATHOHOB HA NMPABWIBHOCTH U Bocnpou3BoaumMocts UB onpenenenus
cBuHIa (Cpp= 1,0 Mkr; X — conmyrerByrommii merasi, P = 0,95)

Haiineno Pb, Mxr

[Pb] : [X] (x4 AX) n S S
Pb:Cu
1:100 1,02+0,09 5 0,08 0,078
Pb: Cd
1:100 0,981+0,074 4 0,06 0,066
Pb:Zn
1:80 1,01+0,08 4 0,07 0,069
1:100 1,12+0,11 5 0,10 0,085
Pb: Cr
1:10 0,991+0,095 5 0,08 0,083
1:25 0,972+0,102 4 0,09 0,091
1:50 0,66+0,085 5 0,07 0,112
Pb: Mn
1:100 1,00+0,15 5 0,13 0,131
Pb : Fe
1:100 0,983+0,214 4 0,186 0,189
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Tabmauua 7
Pe3yabTaThl HHBEPCHOHHO-BOJIHTAMIIEPOMETPHYECKOT0 ONpe/IeIeHUsI
CBHMHIIA B MOJEJBHBIX CMECAX

. Hatineno Me, Mkt (P=0,95; n=5)

CocraB aHAJIM3UPYEMOU CMECH, MKT Me T+ AX S S,
Pb(1,0)+Cr(2,0)+Cu(1,0) Pb 1,04+0,13 0,11 0,105
Pb(1,0)+Cr(2,0)+Cd(4,0) Pb 0,981+0,084 0,07 0,075
Pb(2,0)+Cr(1,0)+Zn(15) Pb 1,99+0,10 0,09 0,045
Pb(1,0)+Cr(1,0)+Cd(13,0)+Cu(10,0) Pb 0,971+0,122 0,11 0,109
Pb(3,0)+Cr(5,0)+ Fe(15,0)+Mn(10,0) Pb 2,90+0,29 0,25 0,086
Pb(0,5)+ Cr(3,0)+ Pb 0,509+0,072 0,06 0,123

+Cd(2,0)+Cu(10,0)+Fe(30,0)

Kak BugHO 13 nanHbix Tabnuisl 8, B onpenenenue cBUHIIA B MO-
JeNbHBIX OMHAPHBIX, TPOMHBIX U OOJIEe CIIOKHBIX CMECSX BO3MOXKHO, MPH-
YEM OTHOCUTEIBHOE CTAHJAPTHOE OTKJIOHEHHE BO BCEX CIIydasiX HE MPEBbI-
maet 0,123, 4TO rOBOPUT O CPAaBHUTEIBHO XOpOLIEH MPaBUIBHOCTU U BOC-
MIPOU3BOJIUMOCTHU Pa3pabOTaHHBIX METOTUK.

Ha ocHoBe mpoBeneHHBIX HCCIENOBAaHUM MOXXHO 3aKJIIOYUTh, YTO
BbIOpaHHbld Hamu PYIID mo cBoemy pabodemy pexumy, METpOJIOrHye-
CKHM, 9KCIUTyaTal[MOHHBIM U Jp. XapaKTePUCTHUKAM HUCKOJIBKO HE YCTYIaeT
OpyruM TBepAbIM 3nekTponaMm. Ha ocnoe YIID B mpouecce mpoBeneHUs
AKCIEPUMEHTOB MOXKHO NoTy4uTh U PYIID, 4TO mo3Bosiser onpeaenirh Kak
3JIEMEHTHI, JUIsl KOTOPBIX PTYTh SBJISETCS MEUIAIOIIUM areHTOM, TaK U ApY-
M€ METaIbl, /Uil KOTOPBIX PTYTh SIBISIETCA IOJIOKUTEIBbHOW «IIOIJIOXK-
KOI», TOBBIIAIOIIEH YyBCTBUTEIBHOCT, B MeTronuk ompeneneHus pas-
JIUYHBIX METAJJIOB.

[ToBenenne TM B npUpPOIHBIX U APYTHX BOJAX MOXKET OBITh BECh-
Ma pasHooOpazsbiM. [Ipu uccnenoanun nosenenus Cd, Mn, Ni, Co, Cu,
Pb, Zn u Cr B cnaboMuHepan30BaHHBIX PEYHBIX BoJax aBTopamu [41] yc-
TaHoByeHO, 4To Cd, Mn nonsiporpadudecku PUKCUPYIOTCS KOJIMUECTBEHHO
B TE€YECHHE JUINTEIBHOTO BPEMEHU M MX IOBEACHHE B JUCTWIMPOBAHHOU
BOJIE HE OTJIMYaeTcsi oT TakoBoro B peunoit Bojme. AC Ni u Co mocie ux
HEINOCPEACTBEHHOIO BBEACHUS B PEYHYIO BOJY 3HAUUTEIBHO HUXKE, YEM B
JTUCTUJUTUPOBAHHOM BOJIE, HO BO BPEMEHU OHU JOCTATOYHO cTaOUIbHBI. AC
JPYTUX UCCIEIOBAHHBIX METAJUIOB, TaK K€ a/IeKBATHBI, KaK U B MPEIbIAY-
IIeM CIIy4ae M 3TOT MapaMeTp TakKe HECKOJIbKO HIKE, YEM B AUCTUIUIUPO-
BaHHOH BOJE, JaXKe MPU HENOCPECTBEHHOM MX BBEJIEHUU B PEYHYIO BOAY.
Pe3ynbrarel aHanu3a Boj MpUBEACHbI B TaOIMIIE 8.
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Tabmuma 8
Pe3yabTarsl onpeaesieHuss HOHHBIX ()OPM METAJLJIOB B PeYHOM Boje

(n=5, P=95)

Metann Bona, % Bseneno Me, MkT Haiineno Me, Mxr
100 gucTrmIMpoBaHHON 2,0 1,94+0,11
100 peunoit 2,0 1,48+0,07
Pb2* 80 peunoii + 20 aucT. 2,0 1,56+0,08
20 peunoii + 80 gucT. 2,0 1,74+0,07
5 peunoii + 95 mucr. 2,0 1,89+0,06

B peunoii Bone BenuuuHbl AC MeTa/uIoB, a CIEI0BaTEbHO U UX
(buKcupyeMble KOHLIEHTPALUHA HECKOJIBKO HIDKE, YeM B JIUCTUILIMPOBAHHOM
BO/E, XOTsA (opMa NMUKOB (KPUBBIX) M IMOTEHIMAIBl MX BOCCTAHOBJICHUS
MPAKTUYECKH aJleKBaTHLL. [Ipu qo0aBieHnH ke AUCTUIUIMPOBAHHOMN BOJIBI K
peuHoit BenmmuuHbl AC HCCIIEIOBAaHHBIX METAJLIOB YBEIUYHBAIOTCS, a Gop-
MbI KPUBBIX M TOTEHIMANIbI UX BOCCTAHOBIEHHUS HE MEHSIOTCS. bimuzocTs
MUKOB MO TpUposae U Gopme, a TakKe MOTECHIIMATIOB BOCCTAHOBJIICHHUS Me-
TaJJIOB B PEYHOU U JTHUCTUIUTUPOBAHHOM BOJAX, O-BUIUMOMY, OOBIICHSIETCS
BOCCTAHOBJICHHEM OJHOM M TOH k€ (OPMBI METAJUIOB, HAXOSAIINXCS KaK B
PEYHOM, TaK U TUCTUJUTMPOBAHHON BOJAX B BUJIE UX aKBAKOMILIEKCOB.

MeTtouka ornpeneeHrs CBUHIIA B pEYHOH Bojie: B MepHyr0 kKo0y
BMecTMOCTbI0 100 eM® momemaror 20-40 e’ npoObl aHATTU3UPYEMOil BO-
1el, mob6aBisoT 6,89 r LiNO3, T0BOASIT 10 METKH aHATM3UPYEMOU BOJIOH H
MepPEeMETUBAIOT.

Amuksoty (15 CM3) IIPUTOTOBJICHHOTO JUIS aHAJIA3a pacTBOpa IO-
MELIAOT B IEKTPOJIUTUYECKYIO SUYEHKY, YCTAHABINBAIOT ONTUMU3NPOBAH-
HbI€ PEXKUMBI pabOThl YCTAHOBKH U CHUMAIOT BOJIbTaMIIEPOrpaMMBbl CBUHIIA.

[Tpu onpeneneHuy CBHHIA K aHATU3UpyeMoil pobe BobI 100aB-
mror 0,2 M 1:10° M pactBopa Hg(NO3),, ycTaHaBIMBAIOT MOTEHIHAI
HakoruieHus —1,0 B, auanaszon toka 0,5 MKA 1 yepe3 2 MUH. perUCTPUPYIOT
BOJIbTAMIIEPOTPAMMBI OT MOTEHIMaNIa HakotuieHus 10 +0,4 B co ckopocThio
pasBeptku 60 mMB/c.

ITo Hanuuuio Ha BosmbTaMmeporpamMMe nuka npu —0,4 B cyzar o
HaJIM4uM B Npo0e aHaIu3UpyeMol Bojbl cBHHLA. KOHIIEHTpanuio cBUHLA
HaXOoJAT TaKKe METO/I0M J100aBOK.

[Ipu ompeneneHUU BaJOBOIO COAEPKAHUS IJIEMEHTOB aHAIU3UPY-
emyro pody 6panu B oobeme 100 mi, gobasmsiiu 1,0 M KOHIIEHTPUPOBAH-
HOM a3oTHOM KucnoThl win ke 1,0 mi 30 %-ro nepokcua BOAOPOJA U yla-
pHUBaJIM 10 BJIQXKHBIX COJIEH, 3aTeM IMOJyYEeHHYIO Maccy pacTBOPSUIU (OHO-
BBIM 3JIEKTPOJIUTOM U CHUMAJIU BOJIbTAMIIEPOrPaMMBI.

Hamu npoBeznen ananus npo6 nuTheBoi (“y kpaHa™) U peuHOi BOJ,
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pe3yabTaThl KOTOPBIX MpUBEEeHHI B Tabnuiax 9 u 10.
Tabauma 9
Pe3yabTaThl HHBEPCHOHHO-BOJIBTAMIIEPOMETPHYECKOT0
onpeaeieHusi CBUHIA B peyHbIx Bogax (P=0,95; n =5)

KonnenTparws Pb, MKr/L[M?’
Ne ipoGsI T+ AX S S,
1 10,72+0,38 0,33 0,031
2 8,95+0,35 0,30 0,034
3 9,27+0.,40 0,35 0,038
4 6,54+0,50 0,44 0,067
Tabmmma 10

Pe3yabTaThl HHBEPCHOHHO-BOJILTAMIIEPOMETPHYECKOT0 ONpe/ae/ieHUus
CBHHIIA B IUTHeBOM Boae («y kpaHay) (P=0,95; n =4)

Konnentparst Pb, MKF/[[M3
Ne mpo651 T AX S S,
1 3,43+0,41 0,29 0,087
2 2,84+0,37 0,27 0,095
3 1,35+0,20 0,14 0,101
4 5,62+0,49 0,35 0,063

Ha ocHOBe IpoBeICHHOIO aHANN3a PEYHOU U IUTHEBOM BOJ MOYKHO
3aKJIIOYUTh, YTO CBUHEI| B HUX MIPUCYTCTBYIOT B KOJMYECTBAX, HE MPEBBI-
maromux TT/JK.

B tabmune 11 mpencraBiieHbl HEKOTOPBIE METPOJIOTHYECKHE XapaK-
TEPUCTHUKH, MOJIy4YE€HHBIE C TOMOIIbIO pazpadoTaHHOi 1B 1 KOHTpONbHBIMU
METOJIMKAMHU TP ONPEJEICHUN CBUHIIA.

Tabmuma 11
CpaBHuUTe/IbHBIE Pe3Y/IbTAThI, NOJy4YeHHbIE IPH aHAJN3€E PA3JIMYHBIX
no npupoae sog B n koHTpoIbHBIMU MeTOAMKaMHu (n=5; P=95)

No Haiineno Pb, MKF/,I[MS

mpo- _ B _ AA*

Obr x+AX S x+AX S
1 3,68+0,37 0,096 3,58+0,23 0,106
2 4,07+0,53 0,080 4,13+0,58 0,092
3 7,34+0,41 0,053 7,45+0,39 0,062

*- aTOMHO-aJICOPOLIMOHHBIN aHaIH3 (KOHTPOJIBHBIIN).

Jannbie Tabauie! 11 CBUAECTEIBCTBYIOT O TOUHOCTH pa3pabOTaHHBIX
HB MeTonuk 1o CpaBHEHUIO C KOHTPOJIBHBIM M IIOKa3bIBAIOT, YTO MPEMIIO-
’)keHHble 1B MeToanKky aHammM3a MUTHEBOM BOARI I'. TalIkeHTa Imoka3ajl, 9To
OHa BIIOJIHE IPUTOJIHA JJI UCIIOJIb30BAHUS HACEIICHUEM, ITIOCKOJIBKY COLEP-
’KaHue B Hel cBHHIA He npesbimaet [1JIK.
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INVERSION VOLTAMPERQMETRiYA USULUNDAN iSTiFADO ETMOKLO
TOBii SULARDA QURGUSUNUN TOYIN EDiLMOSi SORTLORININ
OYRONILMOSI

U.Q. AXMADCONOV, D.A.ZIYAYEV, A.ANOBIYEV, S.R.HACIYEVA,
T.i.OLIiYEVA, Z.A.SMANOVA

XULASO

Inversion metodunda cive-karbon qarisiglt elektrodundan istifado edorok, tobii
sularda qurgusun ionlarimin tayin edilmosi igiin siiratlondirilmis vo sade aparat osaslt iisul
islonib hazirlanmigdir. Qurgusun ionlarinin toyin edilmasi sortlori optimallagdiriimigdir.
Miisyyan edilmisdir ki, pH 5,5-do optimal fon elektrolit 1,0 M LiNOs; mshluludur.
Hazirlanmis metodologiya igmoli suyun analizinds totbiq edilmisdir.

Acar sozlor: Qurgusun, soyuma voltammetriyasi, civo karbon pastasi elektrodu,
tabii va igmali sular.

INVESTIGATION OF THE CONDITIONS FOR DETERMINATION OF LEAD
IN NATURAL WATERS BY THE METHOD OF INVERSION
VOLTAMPEROMETRY

U.G. AHMADJANOYV, D.A.ZIYAEV, A.A.NABIEV, S.R.HAJIYEVA,
T..ALIYEVA, Z.A.SMANOVA

SUMMARY

An accelerated and simple hardware-based method for determining lead ions in
natural waters by stripping voltammetry using a mercury carbon-paste electrode has been
developed. The conditions for determining lead ions have been optimized.It was found that
at pH 5.5 the optimal background electrolyte is a 1.0 M LiNO3; solution. The developed
methodology was applied to the analysis of drinking water.

Keywords: Lead, stripping voltammetry, mercury carbon-paste electrode, natural
and drinking waters.

139



BAKI UNIVERSITETININ XOBORLORI
Ml Tabiat elmlari seriyast 2023

UOT 479.24; 9/47.924

AZORBAYCAN XALQ CUMHURIYYOTI TARIXINDO
AQRAR ISLAHATLARIN LAYIHOLONDIRILMOSI

0.E.OHMODOV
Baki Déviat Universiteti
emrah_sniper246@list.ru

Azarbaycan Xalg Ciimhuriyyati (AXC) Conubi Qafqaz regionunun kesmokesli tari-
Xinda miihiim sahifa kimi dayamir. Birinci Diinya Miiharibasinin va 1917-ci il Rusiya Ingila-
bnn bas vermasindan sonra yaranan AXC miistaqil va demokratik doviat qurmaq istayan
Azorbaycan xalqu iigiin iimid ¢iragr kimi meydana ¢ixdi. 1918-ci ildan 1920-ci ilo qodar
moveud olmug bu yenica yaranmis respublika ¢oxsayli problemlarlo miibarizo aparirdr ki,
bunlardan an miihiimlorindan biri aqrar islahatlara ehtiyac idi. AXC qeyri-sabitlik dov-
riinda dovlat quruculugunda bela masalalara yer vermasi déoviatin har sahada inkisaf etmak
iStayinin gostoricisi idi. Osmanli Imperiyast va Rusiya Imperiyast dagildigca AXC 6z mii-
goddaratini tayin etmok iigiin qisa bir fiirsatdan istifadas etdi. Conubi Qafqazda yerlasan, si-
malda Rusiya Sovet Federativ Sosialist Respublikasi il qarbda yeni yaradilmis Ermonistan
Demokratik Respublikasi arasinda yerlasirdi. Bu cografi moévqe ham tistiinliik, ham da zaif-
lik idi, ¢ctinki AXC qonsu doviatlarin xarici tazyiqlori ilo dizlogdi. AXC-nin tarixi konteksti
onun aqrar islahatlarimin ahamiyyatini anlamagq iiciin ¢ox vacibdir. Igtisadiyyati 2sasan
agrar olan kand tasarriifatt Azarbaycan comiyyatinin can damart idi. Bununla bela, bu
sektor qeyri-barabor torpaq bolgiisii ilo pozulmugdu, ¢ox vaxt rus va ya fars asilli iri torpaq
sahiblari boyiik miilklora sahib idilar, bir ¢ox kandli isa torpagsiz, ya da az torpagla tamin
olunurdu. Torpaq miilkiyyatindaki bu barabarsizliklor AXC-nin déviat quruculugu saylo-
rinin tomoal dasi kimi aqrar islahatlara ehtiyacini alovlandird.

Bu maqalada Azarbaycan Xalg Ciimhuriyyatinin apardig agrar islahatlar, torpagla-
rin yenidon boliisdiiriilmasi cahdlori, vergi sisteminda islahatlar vo bu yolda qarswya ¢ixan
catinliklor aragdirimigdr. Bununla yanasi maqalada Azorbaycan Xalg Ciimhuriyyatinin
aqgrar siyasatinin qisamiiddatli va ¢atinliklorlo dolu olsa da, Azarbaycanin tarixi va kand
toSarriifatinin inkisaf trayektoriyasina neca qalici tasirlor qoydugu isiglandiriimisdir.

Acar sozlar: Agrar islahatlar, agrar siyasat, kand tesarriifati, miilklar, pay torpaqlari

Giris
Azorbaycan Xalq Climhuriyyoti (AXC) Conubi Qafgaz regionunda
1918-ci il mayin 28-don 1920-ci il aprelin 28-dok mdvcud olmus qisamiid-
dotli miistaqil dovlat idi. AXC qisa miiddat orzinds bir sira ganunlar vo
islahatlar hayata kegirdi. Bu islahatlardan an shamiyyatlilorindon biri agrar
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masalalar: 6lkads torpaq miilkiyyati vo kand tesarriifati masalalorinin halli
idi. AXC hakimiyyati dovriindo hoyata kegirilon asas agrar ganun vo
siyasatlors asagidaki niimunoni géstarmoak olar:

Torpaqlarin yenidan béliisdiiriilmasi: AXC hokumati torpaq bora-
barsizliyi va torpaglarin bir nega torpaq miilkiyyatgisinin alinda comlogmasi
problemini hall etmok zoruratini dork etdi. Noticads onlar torpagsiz kond-
lilora torpaq ayirmaq vo zadoganlarin hakimiyyatini azaltmaq {igiin torpad-
larin yenidon bolisdiiriilmasi siyasatini totbiq etdilor. Torpaq miilkiyyatine
goldikds isa torpaqglarin zadoganlarin vo miilkadarlarin nazarstinds oldugu
feodal torpaq miilkiyyati sistemini logv edan ganunlar gobul edildi. Ovs-
zindo onlar torpaqlar aktiv sokildo becaran fardlorin va ya ailolorin soxsi
miilkiyyatini yaratmaga g¢alisirdilar. Olbatts, bu dénamdos vahid idaroetma
sistemi torpaqglarin paylanilmasinda vo islahatlarin hoyata kegirilmoasinda
onamli idi. AXC torpaq islahatlarinin hoyata kegirilmasine nazarst etmok
tclin yerli saviyyado torpagq komitalori yaratdi. Bu komitalor yenidon
boliisdiiriilo bilon torpag sahslorini miisyyan etmak, torpaq miibahisalorini
hall etmok va torpagdan mohsuldar istifadoni tomin etmok iiciin masuliyyot
dastyirdilar. 1917-ci ildo Simali Azarbaycan kandlorinds yoxsul tosorriifat-
lar1 54,4%, ortabablar 34%, qolgomaglar 6% taskil edirdi. Dovlat vo miilks-
dar torpaq sahibliyi Gstiin idi. Biitiin kond teSarriifatinin 29,5%-i miilkodar-
lara, 68,7%-i dovloto moxsus oldugu halda, yalniz 1,8%-i kandlilorin payina
diistirdii.

9sas material

AXC icaradarlar va pay sahibloari igiin qoruma tatbiq etdi, bu da onla-
rin torpaq miilkiyystindo miioyyon hiiquga malik olmasini vo torpaq miilkiy-
yatcilorinin istismarina maruz qalmamasini tomin etdi. AXC hokumati dov-
lato golir alds etmok ticiin torpaq vergisi sistemini totbiq etdi. Bu vergi ho-
kumot tigiin galir manbayi vo torpagdan somorali istifadoni tosviq etmok
iclin nazards tutulmusdu. Kond tosarriifatt sektorunda mohsuldarligi artir-
maq ligiin kond tosarriifat: tahsili va taliminin tokmillogdirilmasi tigiin saylor
gostarilmisdir. Qeyd etmok vacibdir ki, AXC qisa miiddat arzinde miihiim
problemlarls, o ciimladan siyasi geyri-sabitlik vo qonsu dévlatlorin, xiisusan
do Bolsevik Rusiyasinin xarici tozyiglori ilo tizlosmisdir. Naticodo aqgrar
islahatlarin hoyata kegirilmosi miqyasina géro mohdudlasdi vo maneaslorlo
lizlogdi. 1920-ci ilin aprelinds Sovet Rusiyasiin Qirmizi Ordusu torafindon
isgal olunaraq zobt olundugdan sonra AXC-nin mévcudlugu qisaldi va nati-
codo Azorbaycan Sovet Sosialist Respublikasinin yaranmasi vo AXC-nin
miistaqilliyinin sona ¢atmasi ilo naticalondi. AXC dovriinds baglanmis aqrar
islahatlarin bir ¢oxu sonralar sovet hokumaotinin Azorbaycanda apardigr si-
yasats inteqrasiya olundu.
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Azorbaycan Xalq Cilimhuriyyatinin (AXC) hoyata kecirdiyi torpag-
larin yenidon boliisdiiriilmasi Saylorinin miqyasini basa diismok {igiin ilk
novbads onun yarandigi dovrds lizlosdiyi agir torpaq bolgiisii problemlarini
dork etmok ¢ox vacibdir. Bu masalalarin asasinda Azarbaycan comiyyatini
narahat edon vo genis naraziliq moanboyi olan torpag miilkiyystinds darin
kok salmis barabarsizliklor dayanirdi.

Qeyri-borabar torpaq miilkiyystinin olmasi ciddi problemlors yol
acirdi. 1918-ci ildo yarandigr dovrdo AXC kaskin barabarsizliklo saciyys-
lanan torpaq miilkiyyati manzarasini miras aldi. Okin sahalarinin aksariyyati
boyiik torpaq sahiblorinin kigik bir azhigmin slinde comlosmisdi, onlarin
coxu rus va Ya fars osilli idi. Bu miilkadarlar bazan minlarlo hektardan ibarat
genis miilklors sahib idilor, halbuki kand sakinlorinin sksariyyati, ilk névbs-
do, Azarbaycan kondlilori kicik, ¢ox vaxt geyri-adekvat torpaglarda dolan-
maq Ui¢lin miibarizo aparirdilar vo ya tamamils torpagsiz idilar. Torpagin bu
geyri-barabor bolgiisii sosial va iqtisadi borabarsizlik dovriinii davam etdir-
di. Iri torpaq sahiblori shomiyyatli sarvat vo giico malik idilor, kendlilor isa
yoxsullug va hiiqugsuzlugla iizlosdilor. Torpaga ¢ixisin olmamasi kondlarin
inkisafina mane oldu vo kond tesarriifatt mohsuldarligini bogdu, shalinin
oksariyyatinin iizlogdiyi iqtisadi problemlori daha da giiclondirdi. Torpaq
bolgiisii masalalori bolgadaki etnik vo modoni garginliklo daha da kaskin-
logdi. Rus, fars vo azarbaycanli torpaq sahiblorinin olmasi problema slava
miirokkablik qatirdi. Etnik par¢alanmalar vo tarixi rogabot ¢ox vaxt torpaq
miibahisalarinin vo miinagisalorin siddstlonmasinds rol oynayirdi. Azarbay-
can kondlilorinin torpaq ugrunda miibarizosi yaxin vaxtlarda bas vermis
hadiso deyil, dorin tarixi koklora malik idi. Onlar ¢oxdan torpaq islahatini vo
yenidon bolisdiiriilmasini tolob edirdilor vo bu torpaq miilkiyyatgiliyi vo
aqrar odalot istoyi AXC-nin torpaq masalasini hall etmak saylarinin hors-
kotverici qlivvasi idi. Miilkadarlar va burjuaziya ciimhuriyyati imumi boh-
ran kegirirdi. Satig bazar1 yoxlugu tiziindon neft sonayesi mahv olurdu. Neft
anbarlar1 agzina qodor dolmusdu. Belo ki, 3,300 min ton nefti aparmaga yer
yox idi, yalnizca bir olac qalmigdi ki, o da golocokda nefti donizs tokiib on
minlorlo is¢i isdon ¢ixsm. Ingilislor Rusiyaya neft gondorilmasing icazo
vermadilor. Hokumot 6zii do aparilmasini istomirdi.

AXC rahbarliyi etiraf edirdi ki, torpaq bolgiisii masalalarinin halli tok-
Co sosial odalat mosalasi deyil, hom do siyasi imperativdir. Kond ohalisinin
dostoyini qazanmaq yeni respublikanin sabitliyi vo legitimliyi {igiin vacib
idi. Agrar islahatlar kandlilorin sadagatini tomin etmak vo onlarin dévlat qu-
ruculugunda faal istirakini tomin etmok vasitasi kimi gabul edilirdi. Burada
sosialistlor {izo ¢ixdilar. 1919-cu ilin fevralinda parlament torpaq komissi-
yast secdi vo torpag ganun layihssi hazirlamagi ona tapsirdi. KomisSiyanin
basinda sosial-demokrat dururdu. Komissiyanin 6z layihasi iistiindo ozmi vo
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ya ¢oxlu isladiyi molum deyildir. Hor halda komissiyanin maruzasi ancaq
oktyabrin 2-sindo parlamentds dinlonildi. Bu ganun layihasi lizra istor xo-
zing, dovlat, vagf, xenadan va hamginin xiisusi soxslor alinds olan mesalar,
sular, torpaglar pulsuz olaraq komitalorin ixtiyarina kegmasi talob olunurdu.
Kond tasarriifati istehsal formasi haqqinda masala, miiassis maclisin hallina
goadar toxirs saliir. Torpagin miilkadarlar torafindon alinmasi haqqinda da-
nigarkon eyni zamanda torpagdan istifadoe formalari masalasini siiquta ke-
cirirlor. Bu moasalonin hall edilmomis buraxilmasina, ganun layihasinin ya-
rimgiq oldugunu gostarir. Ona gora do onun bas tutmayacagi qabaqcadan bi-
linirdi. Parlamentin iizvlori olan miisavat¢ilar, layihodo sazis olmadigina
asaslanaraq onun aleyhinas ¢ixmaqda tamamils haqli idilar.

Agrar islahatlar asagidaki sabablora gérs vacib idi:

1. Sosial barabarlik: Torpaglarin geyri-barabar bolgiisii uzun miiddat
naraziliq vo comiyyatdo pargalanma manboyi olmusdur. Aqrar islahatlar bu
odalatsizliklorin aradan qaldirilmasi vo Azarbaycan ohalisi arasinda sosial
borabarlik hissinin asilanmasi tigiin hayati shamiyyat kosb edirdi.

2. Iqtisadi sabitlik: Kond tosorriifati Azorbaycan iqgtisadiyyatinin osa-
sint toskil edirdi. Torpaq islahatlar1 tokco miilkiyyatin yenidon bolisdiiriil-
masi masalasi deyildi; onlar kond tosarriifatinin mohsuldarligini artirmag,
kond iqtisadiyyatini sabitlogdirmok vo orzaq tohliikesizliyini tomin etmok
vasitasi idi.

3. Siyasi legitimlik: AXC rohbarliyi kond shalisinin doastayini gazan-
magin siyasi legitimlik Giciin mithiim shomiyyat kasb etdiyini basa diisiirdi.
Agrar islahatlar Azarbaycan comiyyatinin oksoriyyatini toskil edon kandli-
lorin sodagotini gazanmagin bir yolu idi.

4. Millat quruculugu: Agrar islahatlar dovlot quruculugu prosesinin
bir hissasi idi, comiyystdo ayri-seckiliklori aradan qaldirmaga vo timumi
mogsad hissi yaratmaga komok edirdi.

1920-ci il martin avvallarinds Okingilik Nazirliyi "Xiisusi sahibkar
torpaqlarinin dovlet torpaq fonduna kegirilmasi vo Azarbaycan Xalq Ciim-
huriyyati ohalisinin torpagla tomin olunmasi haqqinda qanun'"un yeni layi-
hasi {izorindo isi basa ¢atdird1 vo baxilmaq ti¢iin Nazirlor Surasina toqdim
etdi. Yeni ganun layihasi Giirciistan sosial-demokrat hokumatinin Azarbay-
can sosial-demokratlar1 torafindon bayoanilon agrar ganunu osasinda hazir-
lanmigdi. Bu layiha kond yerlorinds olan xiisusi sahibkarlarin-hiiquqi soxs-
lorin biitiin torpaglarinin, o cimlodon monastir, vogf, mascid va kilss tor-
paglarinin, habels sohar arazisinin sohar miilkiyyatine daxil olmayan saho-
larinin sahiblarindon alinib avazi 6donilmadon dovlst torpag fonduna veril-
masini nozords tuturdu. Miilkiyyati alindon alinan sahibkarlarin ixtiyarinda
saxlanan torpaq sahosinin Ol¢iisii hamin yerlorin tosarriifat soraitino uygun
olaraq, kand yerlarinds becarilon bitki tosorriifatlar tigiin 7-10 desyatin (7-
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10 ha), taxil¢iliq tasarriifat: tiglin 15-20 desyatin (15-20 ha), maldarliq tosor-
riifatlart tigiin 40-50 desyatin (40-50 ha), sohords isa miivafiq olaraq 1,5-3
desyatin, 3-5 desyatin, 10-12 desyatin miioyyan edilirdi. Sahibkarlarin miilk
Vo baglar1 da bura daxil idi.

Naticalar

Oslinds, agrar islahatlar tocrid olunmus siyasat todbirlori deyil, AXC-
nin miistaqil vo dayaniqli millotin yaradilmasi ilo bagli daha genis baxisinda
dayaq noqtasi idi. Bu islahatlar AXC-nin adalato vo xalqin rifahina sadiq-
liyinin simvolu idi. Bu islahatlarin hoyata kegirilmasinds AXC-nin iizlosdiyi
catinliklar vo mohdudiyyatlor kifayst gqodar boyiik olsa da, onlarin shamiy-
yatini giymatlondirmamok olmaz. Onlar daha adalstli vo demokratik comiy-
yato dogru cosaratli addim atdilar. AXC-nin aqrar siyasatinin irsi Azorbay-
can tarixinin salnamosinds galaraq, kesmokesli bir dovrde miistaqilliys vo
adalata can atan xalqin sarsilmaz ruhunun siibutu kimi xidmat edir.

Azaorbaycan Xalq Ciimhuriyyatinin apardigi aqrar islahatlar1 vo onla-
rin boylik tolatiimlor dovriinde dovlst quruculugu kontekstindo darin sha-
miyyatini hortorafli basa diismok magsadi dasiyir. Bu islahatlar qisa dmiirlii
respublikada hoyata kegcirilsa do, kond tosorriifatinin vo xalqin 6ziiniin in-
kisafina davamli tosir gostordi.

Birinci Diinya Miiharibasindon sonra AXC-nin yaranmasi vo imperi-
yalarin pargalanmasini nazoro alaraq tarixi konteksti arasdirmagqla basladiq.
Bu kontekst dovlot quruculugunun alsti kimi aqrar islahatlarin aparilmasinin
vacibliyini vurguladi. Bu islahatlar torpaq miilkiyystindo dorin kok salmis
boraborsizliklori aradan qaldirmaq vo kond shalisinin dastoyini gazanmag
tiglin hoyati ohomiyyat kasb edirdi. AXC-nin torpaqlart iri torpaq sahiblorin-
don torpagsiz kondlilora yenidan boliisdiirmoak saylori aragdirildi. Bu saylara
Torpag Komitolorinin yaradilmasi, torpaq aragdirmalari, zobt vo miisadiro,
torpaqg sahalorinin ayrilmasi vo yerli togobbiislor daxildir. Bununla bels, bu
islahatlarin hoyata kegirilmasindo iizlosdiyimiz ¢atinliklori vao moahdu-
diyyatlori do qeyd edildi. Torpaq Vergisi Islahat1 vo Catinliklor: Xarici mii-
naqisolor, etnik gorginliklor vo bazi torpaq miilkiyystgilorinin miigavimo-
tinin yaratdig1 ¢atinliklori dark edarok AXC-nin torpagla bagli vergi sis-
temindo islahatlar aparmaq cohdlori arasdirildi. AXC-nin aqrar islahatlari
Azorbaycan tarixinin trayektoriyasinda qalici irs rolunu dasiyir. Bu isla-
hatlar mahdud ohats dairasine vo miiddatine baxmayaraq, regionda golocok
torpaq siyasatinin asasini qgoymusdur.
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INIAHUPOBAHUE CEJbCKOXO3MCTBEHHBIX PEOOPM B UICTOPUU
A3BEPBAMJI)KAHCKOM JEMOKPATUYECKOM PECIYBJIUKH

A.D.AXMAJIOB
PE3IOME

B naHHOI cTaThe paccMaTpHBaIOTCS CENLCKOXO3SHCTBEHHBIE pe(OPMBI, IPOBE/ICH-
Hele AsepOaiimxanckoil [lemokparndeckoil PecrryOnukoii, MOMBITKH TiepepacpeneieHus
3eMenb, pe)OpMBI B HAJIOTOBOM CHCTEME M MPEOJI0IEBAaEMbIE B IIPOLIECCE STHX W3MEHEHHUH
TPYZHOCTH U BBI30BEL. KpoMme TOro, B CTaThe HMOAYEPKUBAETCS, KaK HECMOTps Ha Kpart-
KOCPOYHBIE CJIOKHOCTH M KOMIUIEKCHOCTH B CEIIBCKOXO3SIICTBEHHON MOJHTHKE A3sepOaii-
mxaHcKkor Jlemokparnueckoil PecryOnmku, oHa mpostiiia cBeT Ha JOITOCPOYHOE BO3CHCT-
BHUE, OKa3aHHOE Ha HCTOPHUYECKYIO U CEIbCKYIO pa3BuTHE A3zepOaiipkana.

KioueBble ciioBa: arpaphbie peopMbI, arpapHas MOJIUTHKA, CETLCKOE X035 CT-
BO, COOCTBEHHOCTb, TACBHIC 3CMITH.

THE PLANNING OF AGRICULTURAL REFORMS IN THE HISTORY
OF THE AZERBAIJAN DEMOCRATIC REPUBLIC

A.E.AHMADOV
SUMMARY

In this article, the agricultural reforms carried out by the Azerbaijan Democratic Re-
public, attempts at land redistribution, reforms in the tax system, and the challenges faced
in this process are explored. Additionally, the article highlights how despite the short-term
difficulties and complexities in the agricultural policy of the Azerbaijan Democratic Re-
public, it shed light on the lasting impact it had on Azerbaijan's historical and rural de-
velopment trajectory.

Keywords: Agrarian reforms, agrarian policy, agriculture, estates, share lands.
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