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Toagdim olunan isdo dizel yanacagimin miixtalif saxlanma soraitlorinda kimyavi sta-
billiyi arasdirilmigdir. Belo ki, tadqiq edilon yanacaq siisa, polietilen, polietilen tereftalat,
aliiminium va aliiminium arintisindon hazirlanmis miixtalif qablarda alti ay miiddatinda,
isigh otaqda agzi baglanmuis saraitda saxlanilmg, sonra isa torkib dayisikliyi Niivo Magnit
Rezonansmmin komayila dyranilmisdir. Tadgigatlar aliiminium arintisindon hazirlanmis qab-
da daha ¢ox torkib dayisikliyinin bas vermasini géstormis Va bunun sabablari izah olun-
mugsdur.

Acar sozlar: dizel, material, emissiya, oksidlogsmo, NMR spektroskopiyasi.

Dizelin yiiksok zohorli emissiyalarina baxmayaraq, kommersiya maye
yanacaqlart arasinda istehlakda lider olaraq qalir, hazirda soherlorarasi av-
tobuslarda, su nogliyyatinda, agir yiiklorin dasinmasinda, lokomotivlords,
elektrik generatorlarinda vo s. istifado olunmaqdadir. Yaxin golocokdo do bu
yanacaq noviiniin tamamils ovozlonmasi real gériinmiir. Ona goro do garsiya
qoyulan vazifolordon biri do dizel yanacaginin kimyovi stabilliyinin, ekoloji
gostaricilorinin yaxsilasdirilmasidir. Bu problemlorin halli yollarindan biri
da dizel yanacaqlarina texniki cohatdon miimkiin, ekoloji cohotdon mogbul
olavalarin istifadssidir. Yanacagin kimyoavi dayaniqligi daxili yanma mii-
harriklorinin diizgiin islomasini tomin edon asas amillordon biridir. Saxlama
vo daginma zamani miixtalif soraitlorin tosiri altinda yanacaglarin torkibinin
tadricon doyismasi onlarin istismar xassalorine monfi tosir gostorir. Bundan
olava, fotokimyovi proseslor noticosinds neft mohsullarinin destruksiyasi vo
zararli birlogsmoalorin amals galmasi ekoloji problemlars sobab olur [1-9].

Bildiyiniz kimi, dizel yanacagi xam neftin fraksiyali distillosi ilo ali-

5



nan miirokkob garisiqdir, osason alifatik, tsiklik vo aromatik karbohidrogen-
lorin garisigindan ibarotdir. Yuxarida gostorilonlori nozors alaraq siiso, poli-
etilen, polietilen tereftalat, aliiminium vo aliiminium orintisindon hazirlan-
mis miixtolif gqablarda alt1 ay miiddotindo, isiqli otaqda, agz1 baglanmis so-
raitdo saxlanilmis Azorbaycanda istehsal edilon dizel yanacaginin kimyovi
torkib doyisikliyi NMR spektroskopiyasinin komayils todqiq olunmusdur.

Tocriibi hissa: Tadqiqat tiglin lazim olan diiz distillo dizel yanacagi
Baki sohorinds yerlogon yanacaqdoldurma montaqosindon gotiiriilmisdiir.

Qocalma, kimyavi torkib doyismosino materialin tosirini arasdirmaq
moqsadilo yanacaq sliso, polietilen, polietilen tereftalat, aliiminium vo alii-
minium arintisindon hazirlanmis miixtolif gablarda alt1 ay miiddatindo, isigl
otaqda, agzi baglanmis soraitdo saxlanilmigdir. Saxlanma miiddoti basa cat-
digdan sonra kimyovi torkib doyisikliyine nozarst BVT 3200 temperatur
nizamlayicist ilo tochiz olunmug Bruker firmasinin impulslu AVANCE 300
NMR spektrometrindo "H niivesi ticiin 300, °C niivesi ticiin 75 MHs tez-
liklorda yerina yetirilmisdir (proqram tominat1 TopSpin 3.1). Todqigatlar za-
man1 CDCl; holledicilorindon istifado edilmisdir (daxili standart tetrametil-
silan- TMS).

Naticolorin miizakirasi: Heydor Oliyev adina Neft emali zavodunda
istehsal edilon dizelin kimyavi stabilliyino zamanin, soraitin vo miixtolif ma-
teriallarin tosirinin dyronmok moqsadile yanacaq siiso, polietilen, polietilen
tereftalat, aliminium vo aliiminium orintisindon hazirlanmis miixtalif qab-
larda alti ay middstindo, is1ql1 otaqda, agz1 baglanmis soraitdo saxlanil-
misdir. Saxlanma miiddati basa ¢atdiqdan sonra dizel yanacaginda bas veron
kimyavi torkib doyisikliyi NMR spektroskopiyasinin kdmayile tadqiq olun-
musdur. Olds edilon naticalor cadval 1-ds verilmisdir.

Cadval 1
Miixtalif materiallardan hazirlanms qablarda

6 ay saxlanmadan sonra dizel yanacaginda kimyavi tarkib doyisikliyi
fIkin PK OK AK Dizel6ay PK OK AK  P/A (%)

niimund sonra
Dizel 97.81 0.01 2.18 Siiso 97.64 0.05 2.29 6.56
PE 97.57 0.05 2.36 9.35
Al 9745 0.05 247 14.41
PET 97.34  0.06 2.57 17.13

Alorintisi ~ 96.40 0.05 3.53 39.70

burada: PK- parafin karbohidrogenlori, OK- olefin karbohidrogenleri, AK- aromatik
karbohidrogenlori, P/A- iso parafin aromatik nisbatidir



Cadvaldon goriindiiyii kimi siiso, polietilen, polietilen tereftalat, aliimi-
nium vo aliiminium orintisindon hazirlanmis qablarda alt1 ay saxlanilmis di-
zelin kimyovi torkib doyisikliyi uygun olaraq 6.56, 9.35, 14.41, 17.13,
39.70% kimi olmusdur. ©On ¢ox kimyavi torkib doyisikliyine miixtolif icki-
lorin saxlanilmasi i¢lin genis istifado edilon metallik bankanin materiali so-
bab olmugdur. Bu fakt maraq dogurdugundan metallik bankanin hazirlandigi
torkiblo (cadval 2) bas veron kimyavi torkib doyisikliyinin olagosi arasdiril-
migdir.

Cadval 2
Miixtalif ickilar iiciin metallik bankalarin torkibi
Kimyovi tarkib, %
Si IF@ Cu Mn Mg Cr Al
0.30 0.70 0.25 1.5 1.30 0.05 95.9

Odabiyyat monbalorindon [10, 11] malumdur ki, parafinlerin oksidlog-
mo reaksiyalarinda katalizator kimi, doyiskon valentli metallarin (mas.,
Mn’", Cr’*, Co®" vo s.) birlogsmolari istifado edilir. Bu zaman oksidlosmonin
mexanizmi asagidaki kimi tosvir olunur:

RH+ Me>" - R +Me* +H
R +02 — ROO

ROO +RH — ROOH + R

ROOH — | » R-(iR

C/io
ROy

Bunlar1 nazors alaraq qeyd edo bilorik ki, metallik bankanin material
uzunmiiddatli saxlanilma soraitinde dizel yanacagina katalitik tosir gdstor-
mig vo tosvir edilon mexanizm iizra daha ¢ox kimyovi torkib doyisikliyi bas
vermisdir.

Ikinci nozeracarpacaq kimyovi torkib doyisikliyi polieteilen tereftalat
qabda saxlanilmis dizelds bas vermisdir (17.13%). Cox giiman ki, bu do-
yisiklik polimerin dizeldo miioyyon godor holl olmasi vo aralarinda bag ve-
ron qarsiligh tasirile alagoadardir.
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Aliiminuim gabda bas veran doyisikliyi, oksidlogsmo naticosindo dizello
omolo gotirdiyi kimyavi birlosmolorin katalitik tosiri ilo izah etmok olar.

Stiso vo polietilen gablarda kimyovi torkib doyisikliyi (uygun olaraq
6.56 va 9.35%) kifayat qodor zoifdir. Bu yalniz saxlanma goraitindos zama-
nin, i1 vo temperaturun tasirilo 6z-6ziina bag veron torkib doyisikliklori
kimi izah edils bilor.

Natica: Dizel yanacaginda qocalma vo kimyavi torkibi doyismosino ma-
terialin tosiri alt1 ay miiddatindo, siiso, polietilen, polietilen tereftalat, aliimi-
nium, alliminium orintisindon hazirlanmis miixtalif gablarda, isigli otaqda,
agz1 baglanmis soraitdo saxlanilmaqla aparilmisdir. Kimyavi torkib doyisik-
liklori NMR metodunun komayilo dyronilmis vo maraq doguran naicalor
oldo olunmusdur.

On ¢ox kimyovi torkib doyisikliyino miixtalif igkilor tiglin istifado edi-
lon metallik bankanin materialinin tesiri oldugu miioyyon edilmis vo bunun
sobablori gostorilmisdir.
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XUMHNYECKASA CTABUJIBHOCTD JU3EJIBHOT' O TOIIVINBA
ITPU PA3HBIX YCJIOBUAX XPAHEHUS

C.I.KYJIMEBA, H.H.IOCYIIOB, ©.T'MAMEJIOB

PE3IOME

B npejcraBneHHol paboTe MccieIoBaHa XUMUYeCKash CTaOMIBHOCTh JIN3EJIbHOTO TO-
IJIMBa TIPU PA3HBIX YCIOBUAX XpaHeHUs. Tak, uccieayeMoe TOIUIMBO XPAHUIOCh B €MKO-
CTSAX M3 CTEKJa, TOJMATUJICHA, MOJMITUIICHTepedTaiaTa, ATIOMUHHUS W aJTIOMHHHEBOTO
CIJIaBa B TEUEHHWE IIECTH MECSIEB B XOPOIIO OCBEIIEHHOM IMOMEIIEHUU B 3aKPHITOM CO-
CTOSIHUM, TaK)Ke M3ydaloCch M3MEHEHHE XMMHUYECKOrO COCTaBa C MOMOIIBIO SEPHO-MAr-
HUTHOW pE30HACHOW creKTpockomuu. VcciemoBaHus mokasaiy, 4TO B COCYAE M3 aTIOMU-
HUEBOTO CIUIaBa MPOUCXOAMUT OOJNbIlE U3MEHEHUH XUMHUYECKOTO COCTaBa, U ObLTH 00BsC-
HEHBI IPUYUHBI TIPOUCXOISIINX TIPOILIECCOB.

KuroueBble ciioBa: 1u3enb, MaTepHual, dMUCCHs, okuciienue, SIMP ciektpockomnust.

CHEMICAL STABILITY
OF DIESEL FUEL UNDER DIFFERENT STORAGE CONDITIONS

S.G.GULIYEVA, N.N.YUSUBOV, i.G.MAMEDOV
SUMMARY

In the presented work, the chemical stability of diesel fuel under different storage
conditions was studied. Thus, the studied fuel was stored in various containers made of
glass, polyethylene, polyethylene terephthalate, aluminum, and aluminum alloy for six
months in a well-lit room with a closed condition, and then the chemical composition
change was studied by using of Nuclear Magnetic Resonance spectroscopy. Studies have
shown that there are more changes in the chemical composition in the container made of
aluminum alloy, and the reasons were explained.

Keywords: diesel, material, emission, oxidation, NMR spectroscopy.
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POJIb MOHHBIX )KUIKOCTEM B PA3BBUTUHA
COBPEMEHHOM XUMHUYECKO HAYKHA

H.A.CAIBIXOBA
bakunckun I'ocyoapcmeennwiit Ynueepcumem
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B HacmoAwem O630p€ paccmompenvbl OCHO6Hble Memoobl NoOJYy4eHUss UOHHbIX JHCUO-
Kocmeli (H}R), NoKaszaHa ux 6Aas)CHasl pojlb KaAK HEMOKCUYHbIX, mepMocma6wszblx pacmeo-
pumeﬂeﬁ, Kamaauzamopoes, Nno6epXHOCmMHO-AKMUBHbLX eeujecme U dp C YHUKANbHbIMU
CGOL?CWl@dMM, npuUMeHeHue Komopuvlx 6 pa3iuiHblx XUMUYeCKUux npoyeccax no3eosiem 3na-
YuUmenbHo paciiupums 603MOHCHOCMU «3€/IeHOU XUMUUY.

KaroueBble c1oBa: HOHHAS JKUJAKOCTDb, paCTBOPUTECIIb, KAaTAJIMU3aTOP, a30TCOACPIKA-
ue reTepoumrKIbL.

B pa3BuTHM COBpEMEHHON XMMHMYECKOW HAyKH, HAIpaBICHHON Ha
paciidpeHre McciaeoBaHuN Mo co3JaHuI0 3P (EKTUBHBIX, IKOJIOTMYECKU
0e30macHbIX U OE30TXOAHBIX MPOIIECCOB, BaXKHASI POJIb OTBOAUTCS «3€JICHOM
xumun» (green chemistry) [1-5]. Uucno myGnukamnuii B 3Toil obnactu u3
rojia B IO/l HEMPEPHIBHO PACTET, a Takke B (hyHIaMEHTAIbHbIX HCCIeI0Ba-
HUSX yHemnsieTcsl OOJbIIOe BHUMAHUE H3BECTHBIM pEaKUUsSM, HMEIOIIUM
IIPUKIJIATHOE 3HAUEHUE.

[Ipu pemieHnu MHOTUX BOMPOCOB «3€JIEHOM XMMHUM» MpodsieMa, CBs-
3aHHAas ¢ HEOOXOIUMOCTBIO MHOTOKPAaTHOTO MCIOJb30BaHMS O€30MacHBIX
pacTBOpHTEINeH, OKa3aimach Hambosjee ocTpoil. Kak mokaszamm pe3ynbTarhl
MHOT'OYHUCJIEHHBIX HccheqoBanuil [6-10], anbTepHaTUBON UM B ONpeEEIeH-
HOM CTENeH! MOXKHO CUMTATh HOHHBIE kuaKocTH (VK).

WX mnpencraBnstor coboil OpraHMYeCKUe COJM C IOBEPXHOCTHO-
AKTUBHBIMU CBOMCTBaMHM, OOJIQ[AOIIME IIUPOKON TeMIepaTypHOH 00JacThio
KHUJIKOTO COCTOSIHMSI, HU3KOU JIETY4ECTbIO, TEPMUYECKON YCTOMUUBOCTBIO U
MaJIOW TOKCMYHOCTBIO. Kpome Toro, M npucyIy BbICOKAs MOHHAS IIPOBOJIU-
MOCTb U Jp. LICHHBIE CBOWCTBA, YTO JENAET UX NPUMEHEHUE NEPCIEKTUBHBIMU
B Pa3JIMYHbIX 00JACTAX XMMHH M TEXHOJOIMHU U ONpeJessieT 3HaUUMOCTh JUIs
«3eneHoit xumuny. K Hanbonee pacrnpocrpanennsv MK otHocsiTest conu nu-
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TKWIAMHUIA301M1, TUAIKWITTMPUAUHAS 1 alIKiiaMMoHust [11].

Onu sABIAIOTCS aMPUPUIEHBIMU BEIIECTBAMH, COJIEPKAIUMH THJI-
poduibHbIe U TUNOQUIBHBIE (PArMEHTHI, KOTOPbIE ONPEEIAIOT TOBEPXHO-
CTHYIO aKTHBHOCTb M CIIOCOOHOCTh MX K CaMOOpPTaHM3alluH, KaK B UH/IUBH-
IyaJIbHOM COCTOSIHMM, TaK M B pacTBOpPE, YTO MO3BOJISIET MX HCIIOJIb30BaTh
IIpH pa3paboTKe MULEIIIPHBIX PACTBOPOB € 33aJJaHHBIMU CBOMcTBaMm [12].

WX cranu muMpoKo HCIOAB30BaTh B PEAKIMAX AJIKUIMPOBAHUS,
Junsca-Anbaepa, @punens-Kpadrca, Burtura u ap. B pa3nu4HbIX KaTaiu-
THYECKUX Npoleccax (anbI0JbHONM KOHAEHCALUU, KPOCC-COYEeTaHUs, TU-
pUpOBaHUs, THAPOCUIMPOBAHUS U IP.).

Cepbe3Hoe BHUMaHue yaensercs npumeHenuto VDK B papmaneBtu-
Ke, IpU pa3paboTKe HOBBIX JIEKAPCTBEHHBIX TpErnapaToB, B Mpoleccax Ie-
pepaboTku OGuoMacchl, MpH pa3pabOTKe HAHOCTPYKTYPUPOBAHHBIX MOJIH-
MEpHBIX MaTepuanoB u ap. [13-15].

IMosryyeHre HOHHBIX JKUAKOCTEH

Cunre3 MK BriIrouaeT HECKOIBKO cTaguii. BzanMomeicTBueM a3oT-
COZIEPIKAILETO TEeTEPOLMKIMYECKOIO0 COCIMHEHUS C AJIKWIUPYIOIIUM areH-
TOM (HampuUMep AaTKUITaJIOT€HUJO0M) TOTYy4YarOT COOTBETCTBYIOIIYIO YeT-
BEPTHYHYIO aMMOHHEBYIO COJIb, KOTOPAsl JIajiceé BBOAMTHCS B PEAKIIHIO 00-
MeHa ¢ pa3nuyHbiMU kucioTamu Jlptonca. Takum 00pa3oM, B CTPYKTYpPY
WX BBOAMTCS TpeOyeMBblii KaTHOH U Jjajiee OCYIIECTBIsETCS OOMEH aHUOHA.
Tak, Hanpumep, cunte3 MK Ha npuMepe aMMOHUEBOM COJIM OCYIIECTBIISIET-
csl crenyromuM oopaszom [16]:

lewis acid
MX , -
R'X L Y > INR3R I+I1\/1Xy+ll
NR; ———— [NRR'|"X'—— b orc NRRT A
> 3

a-salt MA (-MX), b-Bronsted acid HA (-HX), c-ion exchange resin

Y CTaHOBIIEHO, YTO B HEKOTOPBIX Cllydasx, HapUMep, i Moayde-
HUS HUTpPATa 3TUIAMMOHUS, JOCTATOYHO MPOBEICHUE MEPBOM CTAIHH.

CuHTe3 KaTMOHAa MOKHO NMPOBOIMUT NMPOTOHHPOBAHUEM CBOOOIHOM
KHMCIIOTOM WJIM KBaTepHu3auued amuHa (Wian (ocpuHa) rajoreHalKaHaMH.
IIpouecc ankuiauMpoBaHUs MPOBOAUTH JIETYE, M3-3a JOCTYIHOCTU MCIIOJb-
3yeMbIX Il 3TOr0 Ipolecca rajoreHaakaHoB. Kpome toro, ykazaHHas pe-
aKUUs OCYUIECTBIIAETCS IPU YMEPEHHBIX TemimepaTrypax. B peakuuu kBa-
TEPHU3ALUU MOYKHO MCIOJIb30BaTh XJIOp-, OpoM- uiau Hojankanbl. OCHOB-
HOE YCIIOBHE — 3TO HEOOXOAMMOCTH INPOBEJICHHS PEaKIUH B OTCYTCTBHE
BJIard, Tak Kak oOpasyrouyecs MPOIYKThl 4acTo OOJIajatoT TMIPOCKONNY-
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HOCTBIO.

Jia npsimoro noxydyenust VDK Obutn mpoBeNEHBI peakluu MExXy
TpUAJIKUJIAMUHAMU M MeTwiITo3mwinaTtaMu [16], 1-ankuinmugazonaMu U me-
tuntpudaarom [17], a Taxke MeTuiagochuHOM U OKTHIITO3HIATOM [18].

beumu cunTesupoBanbl Takxke MK, ycroiiuuBbie K BOJIE M BO3IAYXY.
Tak, Hanpumep, oOpabareiBasg Homun 1-MeTHI-3-3THUIMMHIA30IUS COJIBIO
cepebpa (AgNOg, AgNO,,AgBF4,AgOAc, Ag,SO4) B cpeie MeTaHOJA WIIH
BOJHOM MeTaHoJie Obuta moydeHa VMK, cmemmBaromasicst ¢ Bogoi. Hemoc-
TaTOK — BBICOKAsi CTOMMOCTH CoJieil cepedpa.

Cnenyer OTMETUTb, YTO IPHU OCYHIECTBIEHUU PEAKLMH aHHOHHOIO
oOMeHa BHMMaHHUE HaJI0 o0paTUTh Ha TO, 4T0ObI monyueHHas VK He Obuia
3arpsi3HeHa MOCTOPOHHUMHM MOHAMM, YTO MOXHO pemuTh cuHte3oM MK,
KOTOpBIE HE CMEIINBAIOTCS C BOJIOM.

Huxe npuBonmarcs CTpyKTyphl OpraHMYECKHX KaTHOHOB — IPOU3-
BOJHbBIE UMHUA30JUsl, MUPUANHUS U TETPAaTKUIaMMOHHUS, HanbosIee 4yacTo
SIBISIONTHECS cocTaBHOM yacThio K.

(o)

o~
N
R
1-alkylpyridinium
[\ ICpyr!* ®
N<® N N..
NN “,
H3C R / /C4!'|9_ .
1-alkyl-3-methylimidazolium 1-aklyl-1-methylpyrrolidinium
[C,Cqim]* [CnCopyrr]t
Cations
® T'
S b ®
R R
‘ R' R I\R
R | R
_ [sral _ RW‘TKR | PRRJ*
trialkylsulfonium i n-alkylphosphonim

[ NC,ChChCl*
’Nmnnnl *

Haubonee pacnpocTpaHeHHBIM THIIOM KaTHOHOB JIJISl IPUMEHEHHUS B
KaTtajau3e SBILIIOTCS HOHBI 1,3-THanKuINMHAA30JIMsg, B YacTHOCTH 1-H-
OyTtun-3-merunumuaazonuid. Umunazonuessie K 00BIYHO MMEIOT HU3KYIO
TEeMIIepaTypy TUIABJICHHS, HEBBICOKYIO BSI3KOCTh, TEPMUYECKH CTAOMIIBHBI U
XUMUYECKA UHEPTHBI. B 3aBUCHMMOCTH OT aHMOHA, BXOJSIIETO B €€ COCTaB,
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OHHM MOTYT OBITh KaK THAPOPUIBHBIMH, TaK U TUAPOGOOHBIMU. DTH CBOUCT-
Ba U CTAJIU periaroimmM (HakTopoM I MIHPOKOTO MPUMEHEHHS UX B Kade-
CTBE Cpea [Tl MPOBEACHNUS MHOTOUUCIEHHBIX XUMUYECKIX PEAKIHil.

Pa3HO0Opasre aHMOHOB OTKPBIBAET BO3MOXHOCTH monydenust VK ¢
BapbUPYEMBIMU CBOMCTBAMHU. 32 UCKIIOYEHUEM HEKOTOPHIX, AaHHOHBI MOHO-
BaJIEHTEL. DTO Cl_, BI'_, N(CF3SOz)2_, N(CstSOz)z_, N(FSOz)z_, C(CF3SOz)3
, CF3CO,, CF5S05°, CH3SO5°, a Takke koMmIiekcHele aHnoHbl BF4, PFy,
SbFs’, AsFs’, ZnCl,", CuCly’, SnCl;". OmybnukoBaH psii pabOT TOCBSIIIEH-
HBbIX cuHTE3y 1-0yTni-3-merunumunaazonueBbix MK ¢ anmonamu Co(CO)s,
Hfe(CO)s u Mn(CO)5[3-6].

N> _~N
e, &
N\
N
Q
Cl, Br, I dicyanamide OH, HS", N
|[halogens|” [N(CN)Z]' or DCA
o (o}
S e
ch)ko FsC~ O
Acetate Trifluoroacetate
E [0Ac]or AA TFA .

P | WF Fu, |
b

N Anions o

tetrafluoroborate

F
hexafluorophosphate [ BF4] -
PFel
| PFél R\o
0 | ©
- g O@ p—O0
_g— —
I © o~ N
o [0}
N\ O
alkylsulfonate R~ R
ICnSOg) o %
CnSO3 o alkylphosphate
alkylsulfate [RoPO,
RSOyl

O O
F3C\ /) A /CF3
//S\N/ S\\
O H o)
bis(trifluoromethylsulfonyl)imide
[NTf,l" or TFSA

lMunpodunbHOCTh MOHHOM KMJIKOCTH omnpezenseT aHuoH. Mccneno-
BaHO TMOBEJICHUE TAKMX aHHMOHOB KakK, alleTaT, HUTpart, TpudTopamerar, TeT-
padropbopat u np. [9].
OnpenensirormuM  (HakKTOPOM JJisi KUCIOTHO-OCHOBHBIX CBOHMCTB MK
sIBJIsIeTCs mpupoia anuoxa [10].
WK, ocHOBBIBasCh Ha JILIOMCOBOM OCHOBHOCTH aHMOHOB, Pa3JEIsIOT
Ha OCHOBHBIE (CHJILHO KOOPAMHHUPYIOUINE), HEUTpaIbHBIC (CTA00KOOPIUHH-
pyomure) u Kucible (HekoopauHupytomme). B o63opax [7,8] moapobHO
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PacCMOTPEHBI TPUMEPHI AHHOHOB TIPEJICTABIISIOIINE 3TU KJIACCHI:

e QOcnosurie: CI', CH;COO", NO;5", SO4

e Heiitpanbnsie: AICly", CuCl,’, SbF¢', BF4, PF¢

e Kucnrwie: AlL,Cl;, Cu,Cls, AlzClyg, CusCly

Taxum o6pazom, MK ¢ ramoreHn1-noHaMu SBJISTFOTCSI OCHOBHBIMHM 32 CUET
CWIBHON KOOPJMHHUPYIOMIEH CIIOCOOHOCTH aHWOHOB, a OWHApHBIE C ITOJIH-
SICPHBIMU aHMOHAMHM — CHJIBHOKHCIBIMH. B ciydae Korja MoJIbHAs JTOJIst
AICl; B 6unapuoit MK 6onbire 0.5, oHa MPOSIBISIET KUCIOTHBIC CBOMCTBA, a
MEHbIIIE — OCHOBHBIE [10].

B pabGorax [19] ommcan HOBBIN BHJ TPOTOHHO-KHUCIIOTHOTO KaTallk-
3aTopa, KOTOPBIA MOJKHO HCITOJIB30BaTh JJIsi OPTaHMYECKOro CHHTE3a:
[Et3N-SO3H] [MeSO3] u aukatnoHHass uoOHHas Xuakoctb, N,N,N',N'-
terpametui-N, N'-Ouc(cynbdo)stan-1,2-guamunnii mesunatr [TMBSED]

[OMs].
o
OHC O O
OH Et;N-SO;H||MeSO, O O
2 + solvent-free ‘
ON O,N

B 3aBUCMMOCTH OT KaTHOHA BBIIETSIOT TP OCHOBHBIX BHJIa OpraHU-
gecknx VDK: mmumasomnuessie [RR Im]", MAPUTUHUEBBIE [RR’Pyr]Jr u (doc-
¢doHueBbIe [R3R’P]+, rae RR - ankuibHble rpynnsl, Im — nMunasonui-Ka-
THOH, Pyr-nupuannuii-katuos [20].

Cpenu Hux Hamboisee crabmibHbiMu VK sBisrotest 1,3-auankumnu-
muasonuesbie [RR Im]X (Rwu R MeTWIBHBIA 1 H-OyTUIIBHBIE TpyIIb). B
AHMOHHOMW YacTH MOTYT OBITh paznuuHbie HOHBI, Hanpumep AlXy, CI, Br, J,
PF¢, BF4, CF3;COO™ u ap. [21-22]

Hcxonst U3 cOBpeMEHHBIX MPEACTaBICHUM, KacalOlUXCsl CTPYKTYp-
HbIX ocobenHocTet MK Ha OCHOBE MMHA30JMEBBIX COCIMHEHHUM WX TIPHU-
HATO XapaKTEpHU30BaTh KAK BBICOKOMOJIEKYJSIPHBIE MOJIUMEPHBIE CTPYKTY-
pBI, o0Nagarone BRICOKOW CTENEHBI0 caMoopranu3aiui. B Hux nmpucyrcr-
BYIOT CTPYKTYpPbI U3 TPEXMEPHBIX CETOK M3 aMOHOB U KaTHOHOB, CBSI3aHHBIX
MEXIy cOoOOH BOJOPOIHBIM CBS3SIMH WU MEXMOJICKYJISIPHBIMH BaH-JIEp-
BAAJIbCOBBIMU cuIamu [24].

B paMkax pa3BUTHS «3€JI€HOM XMMHHN» M€ MPOBEIECHHUS MHOTHX
XUMHYECKUX PEaKIUi B BOJE WM 0€3 MCIOIh30BAHUS KAaKUX-THOO pacTBO-
puteneid octaercs 3aMaHYMBOM. OJHAKO peanu3oBaTh €€ TPYAHO MO MHO-
UM OpPUYMHAM: JJI LIeJICHANPABICHHOTO MPOBEACHUS XMUMHYECKUX peaK-
Ui HEOOXOIUM KHMHETHMYECKUW KOHTPOJb HaJ OTAEIbHBIMU CTAIUSIMU U
nporeccoMm B 1ienoM. Kpome Toro, pacTBopuTenu HEOOXOAUMBI JUIsl BbIJe-
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JICHUS. ¥ OYMCTKH KOHEYHBIX MPOAYKTOB OT IMpUMEced M He BCTYMHBIIUX B
pEaxIuIo peareHToB.

[Tosromy MK ctanu HE TOABKO aabTEPHATUBON TPAJUIIMOHHBIX pac-
TBOPUTENIEH, HO U HEPENIKO CTAJIM MCIIONb3YIOTCS B coueTaHuu ¢ Humu. [lpu
ATOM KakK IOKa3aHo B pabore [25], BciencTBue coibBaTallii KaTHOHOB U
annoHoB MK nmpoucxoaut ux paccpenorodenue. B pedynbrare n3MeHsI0TCs
OTJeNbHbIE (PU3UKO-XUMUYECKHE CBOMCTBA, TaKKe, KaK BA3KOCTb, IPOBOIH-
MOCTB U JIp., KOTOPBIE CYIIECTBEHHBIM 00pa30M OKa3bIBAIOT BIMSHUE HA Te-
YeHHe Ipoliecca U pa3JeieHne MPOIyKTOB PEaKIUu.

WX o6bryHO conepxar 0ObeMHbIE OpraHHYECKHUEe KaTHOHBI C JIET0-
KaJTM30BaHHBIM 3apsOM, 4TO OOyCIaBIMBAeT HU3KYIO TEMIIEpaTypy HX
raBiaeHusi. C HUMUA MOKHO paboTaTh NMpU KOMHATHOM Temmeparype (room-
temperature ionic liquids, RTIL). Anuonsl, Bxonsmue B coctaB MK, Gonee
CUMMETPUYHBI U IO pa3Mepy MeHblle, 4eM KaTHoHbl. Hanbomnee vacto nc-
noJjib3yeMble aHHOHBL: rekcadropodocdar (PFe ), TerpadpTopodbopar (BF,),
ouc(rpudpropmermincynspormm)umua (THrN) u ap. YkazaHHbIe KHIKOCTH
HErOproYH, 00JIaJal0T BHICOKUMH TEPMHUUYECKUMHU CBOWCTBAMHU U COXPAHSIOT
KHUJKOE COCTOSIHUE B IIUPOKOM TeMIIEpaTypHOM uHTepBae [26,27].

OpHolt U3 akTyanbHBIX Mpobiem sBisercs u3pineuenue CO, u3 pas-
JUYHBIX Ta30BbIX cMmeceil [28]. OH sBIsieTCs KOPPO3MOHHO-arpeCCUBHBIM
BEIIECTBOM, HAHOCSAUIUM OTPOMHBIN yIIepO HePTSIHONW MPOMBINIIICHHOCTH.
Cy1recTByromnye crocoObl yJIaBIUBaHUS €T0 SBISIOTCS Manod()(eKTUBHBI-
mu. [ToaTomy, ucxons u3 Beicokoit pactBopumoctu CO;, B RTIL, Obin nipen-
JI0’K€H HOBBIN CIIOCOO €ro MCBJIEUYEHHUS MTyTEM UCIIOJIb30BaHMS alleTaTa UMH-
nazonusi. Mexanusm B3aumoierictBus CO, ¢ nocneanum [29]:

(@]
(_O)J\Me
N o

vor o
Me\NCAN,Bu” — " N\_\_/N > + HO)J\MeT

9,

o\\c:) Os_O

(' O

Me, j\\/ Bu"

Me\N/—‘\J’B”n N& N~

y — 7/

Jiist aToM enm Obuth pa3paboTtaHsbl U crienmanbHbie VDK, npencrasisto-
e coboit conu, coepxanire GyHKIHMOHATN3UPOBAaHHbIE KaTHOHBI [ 16]:
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R. R ¥ R +
NN+ R Ha —— ONNR Har s TN Ry
\=/ =/ MRl ey

Y-Me, Bu™; R- functional group

[Ipennoxens! u noauMepHsie VDK, koTopble py KOMHATHON TeMIlepa-
Type SIBJIIFOTCS TBEPABIMHU BELLECTBAMH. BBUIO BBIABIEHO, YTO MOJUMEPHBIC
TerpaankuiaMmonueBbie VDK 00anaroT BBICOKOM MOTJIOTHTENBHON CIIOCO0-
HOCTBIO 10 oTHOMIEHHIO K CO, (B 6-7,6 pa3 6onblie, yem oObraabIe MK).

CrpykTypbl HEKOTOPBIX onuMepHbIX VDK npuBonsarces Huxe:

oo o0 Yo
BF, % BF, BFs TEN' H BF,"
N

i 2\
NMe; NMes @N*Bu" @NfBu“ N&D/N*Bu"
a) b) c) d) e)

BbIcOKyt0 MOTIOTUTENBHYIO ClTIOCOOHOCTD nonuMepHoit MK aBTOpbI
paboThl [28] OOBSICHSIOT, UCXOAS U3 HAJIMYWS BBICOKOW TUIOTHOCTH 3apsiia
Ha KaTHOHE, 4TO CIIocoOCTBYeT ee appeKkTuBHOMY B3aumozeicTeuio ¢ CO,.
Hecopbuus CO, u3 nomumepHbeix MK Takke mporekaroT ObICTpO (B Tede-
Hue 15 muH). beun paspaboransl U Ap. 3GdeKTUBHBIE aICOPOIUOHHBIE
cniocoOs! u3Bneuenust CO, (Hanpumep, coueranneM MK ¢ XutnHOM U XUTO-
3aHOM M Ap.). OxHako, n3-3a Beicokoit croumoctu MK, mporeccel He Obun
BHEJIPEHBI B POMBIIIUICHHOCTb.

B nocnennue roast MK BecbMa 3¢ (heKTUBHO CTaaM UCIONb30BaTh
IIpU pEILlIeHUU psifa 3aa4 HAHOTEXHOJIOTMH, KaK IpU pa3padoTKe HAHOOOb-
€KTOB, U uX crabunuzauuu [24]. Ilpu co3ganuyu HAHOYACTHI] METAJIOB, UX
Cyab(GUI0B, OKCUIOB U JpP. OCHOBHOM MpoOaeMoil sBIsSeTCs MpeJoTBpallie-
HHUE Mpolecca UX aryioMepanuu. s 3Toro UCHosab3yloTCsi METOJbI HIIEK-
TPOCTATUYECKON WIJIM MpOCTpaHCTBeHHOH crabmnuzanuu VK. OHa ocHoBa-
Ha Ha 00pa30BaHUM JBOMHOIO 3JEKTPHUECKOTO CIIOS B PE3yibTaTe MpoTe-
KaHUs Tpolecca aJcopOLuy Ha MOBEPXHOCTH HAHOYACTHI] METAJIJIOB HOHOB
OJIMHAKOBOTO ¢ HUM 3HaKa. OObEMHBIE POTUBOMOHBI CIIOCOOCTBYIOT 00pa-
30BaHHUIO0 BTOPOTO CJIOS, KOTOPBIN U MPEMSITCTBYET COMMKEHUIO HAHOYACTHUIL
U UX arjioMepu3alim.

Tak, npu npoBeAeHnU peakinu Muzopoku-Xeka ¢ UCI0JIb30BaHUEM
arierara mamuiaaus u opomuna 1-(H-OyTwin)-3-MeTUIMMUIA30HsST OBUIO 00-
HapykeHo oOpa3oBanue HaHouactuil Pd [30]. [Ipu BeIcOKMX TemmepaTypax
umunazonuesbie MK o6pasyror kommiekcsl ¢ aromamu Pd.
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R R
=\ N N AN
+ X' - 0
Pd(OAc), + RN e X — [N\de:<N] Pd
\ /

R' R' R=n-Alk, R =Me,Bu"

OGHapykeHo, 4To coiu N-OyTHPOHUTPUIHPUANHHS B3aUMOJICHCTBYIOT C
PdCl, ¢ o6pazoBaHreM KOMIIEKCHBIX COSTUHEHUI:

AN +_ AN +_
O (CHCN by [ N=(CHy)sCN- |-~ PdCl,
% X % 2

2X

X=PFg , BF4, N(SO,CF3),; X=BFy4, PFg, N(SO5F3),>

[Ipu peakuuu ux ¢ TpruOyTUI(EHUICTAHHATOM MIPOUCXOJUT BOCCTA-
HOBJICHHE U 00pa3oBaHKUe HaHOUYACTHII mayutagus [31].

C ucnons3oBanneM MK Obutn pa3paboTaHbl Takke WUPHUIHEBBIE H
pyTeHoBble HaHoudacTHLbI [32]. beun pazpaboTaHbl U METOMBI MOTYYECHHUS
HaHoyacTHIl 30J70Ta [33,34]. BaxkHoe 3HaueHHe TpH pa3padOTKe HaHOYAC-
THUI] 30JI0Ta UMEET MPHUPOJa BOCCTAaHOBUTEINA. Tak, HapUMep, MPH UCTIONb-
30BaHUU B Kau€CTBE BOCCTAHOBUTENS LUTpaTa HaTpUs MUMEJIO MECTO oOpa-
30BaHME CPABHUTENILHO KPYMHBIX HaHOYacTUI (0T 23 10 98 HM).

H,C—COONa
HO-GC-COONa  +AuCl, — Au(0)+ CO, + NaCl + HCl + Me,COj
|
H,C—COONa
cl
[ _ N@\N B
HAUCl, + MeHN@N\(CHz)G—S oo NABHa_ et <&

2

B pabote [35] nmpuBOAMUTCS CHHTE3 HAHOYACTHUI[ 30JI0Ta UCXOMAS U3
MMHJIa30JIMEBBIX COJIeH, coaepkamux aucyinbhuanbiii pparmednt u HAuCly:

o NS
HAUCI NN S NUN A~~~
uCly + Me™ Y (CHp)s—s— 2Cl Me™ Y S

:

Cpennuii pazmep HaHOYACTHI] 30710Ta MoauduIupoBaHHBIX VDK ~ 5 HM.
B MOCJICAHUC TOAbl MJIA TOJYUCHUSA HAHOPA3MCPHBIX OKCHUAOB, XaJlb-
KOT'€HMJIOB M TaJOreHHJI0OB METauIoB, cTradunu3upoBanHbix MK ncnonb3y-
10T Pa3JIMYHbIe XMMUYECKHE METO/bl B COYETaHUU C COHOXUMUeEH, Y P-00-
Jy4eHUEM, MUKPOBOJHOBBIM oOnyueHueM u ap. [36-41] MK sBrusrorcs
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KJIFOYEBBIMH BEIICCTBAMHU U MPH MOJYYCHUH HAHOYACTHUI[ HEMETAJIOB, YTO
SIBJISIETCS] BXKHBIM C TOUKH 3PEHUS CO3/JaHUS HEOPraHUYECKUX MaTepUuaIoB
pa3IMYHOrO Ha3HayeHus [42].

Tak, Hanpumep, HaHowacTuilbl S, Se U Te ObuIM MONYYeHBI HArpeBa-
HHUEM MOPOIIKOB XalibkoreHoB 1 NaBH,4 nipu 180-200°C B UMHUIA30IUEBBIX
WX [43].

Bosmoxknoctn npumveHenust DK B HAHOTEXHOJIOTHSX BBIIICIIPUBE/ICH-
HBIMUA MaTepuajiaMyd He ucuepnbBaloTcs. OHM MIMPOKO UCCIEAYIOTCS B IMPO-
1eccax IMOJIMMEPU3Allii TPH CO3AaHUU HAHOCTPYKTYPHUPOBAHHBIX IPOBOJIS-
IIMX MaTepUaJIOB TIOJMMEPHON CTPYKTYPHI (Hampumep, Noaunupposia). B mar-
HUTHOM I10JI€ TIPUBOIMI K 00pa30BaHUIO0 HAHOTPYOOK [44].

PaccmoTpuM Bkpatiie HEKOTOpBIE PEaKIMi OPraHUYeCKOW XUMUH, B KO-
TopbIx MK ncnomnb3yroTcs B Ka4ecTBE paCTBOPUTENEH WM KaTalTu3aTOPOB.

AJIKW/IMpOBaHMe U allWJIMPOBaHHUe

[lepBbie nyOaukanuu, B KoTopsix MK BriepBble HCIOIB30BATUCH KaK
PEAKLIMOHHBIE CPe/ibl TN KaTaln3aToOpbl B OPraHUYECKUX CUHTE3aX, B YaCTHO-
ctu B peakuusix Opunens-Kpadrca, nosBumichk B koHIe 80-X roJJ0B MPOIILIOTO
Beka [45]. [leponauansao MK paccmarpuBamich Kak S QGeKTUBHBIC KaTallu-
3atopsl B peakiu Opunens-Kpadrea [15, 33]. B nacrosmee Bpemst K uc-
MOJIb3YIOTCSl HE TOJBKO KaK pPacTBOPUTENH, HO M KauyecTBO KaTaU3aTOpPOB
MHOTHMX MPOLIECCOB MepepabOTKH YII€BOJOPOIOB B PEAKIIMH, ATKIIIMPOBAHUS,
OJIUTOMEPU3AIIH, TUCTIPONIOPIIMOHUPOBAHUS U 1Ip. [46, 47].

Kucnorueie K Ha ocHOBe XJ0pUI0B METANIOB MOTYT paccMaTpH-
BaTbCsl KaK ajJbTEpHATUBA TPAJULMOHHBIM I'€TEPOT€HHbIM M TOMOTECHHBIM
karanuzaropam Opunens-Kpadrea [48, 49]. TunuyHbIM NpUMEPOM aruiIu-
poBanusa no dpunemro-Kpadrey sBrisercss anuaupoBaHUe aTKAIAPOMATH-
4ecKuX yriaeBonopoaoB [50, 51]. DTu peaknuu MpeacTaBisiOT 0COObIN HH-
Tepec sl TOHKOTO oprannyeckoro cuntesa u MK oTkpriBaroT MHTEpECHbIE
BO3MO>XHOCTH B JJAaHHOM HAIIpaBJIEHHUH, IOCKOJIBKY TBEPAbIE KHCIOTHBIE Ka-
TaJIU3aTOPhl, TaKUE KaK LEOJIUTHI U TBEPJblE CYMEPKHUCIOThI, HE MOTYT (-
(EeKTUBHO KaTaJU3UPOBATh PEAKLIMU 3TOrO THUIA U3-3a CHIIBHOW ajicopOouun
00pa3yoIuXcs MPOIYKTOB, a TAK)KE MPOTEKaHUS MOOOYHBIX peakluil u Jie-
3aKTUBALMM KaTanu3aropa [45]. YcnemHoe ocyliecTBICHUE peaklui alu-
nupoBanus B 1K Obuto mokaszano B padore [52].

[IpoBenenue peaxiun ankuinpoBanus no Opunento-Kpadrey B cpe-
ne WOK cumTaeTcss mepcrieKTUBHOM 00JIaCThIO OPTaHMYECKOM XHMHUH, TaK
KaK MHOTME TEXHHYECKU Ba)KHbIE IPOJYKTHI MOIYYarOTCSl YKa3aHHBIM I1y-
teMm. B wactHocTH, DK ucnonbs3yroTcss 1 B IpoIeccax aJIKUIMPOBAHUS U30-

OyraHa OyTeHamH, C LEJIbI0O CHHTE3a M300KTAHOBBIX KOMIIOHEHTOB OCH3H-
HOB [53-63].
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B nureparype [64-66] Takke onucaHbl TPUMEPhI ATKUJIUPOBAHUS U
ammuupoBanust o Opunenro-Kpadrey B cpene MK He Tonbko apoMaTude-
CKHX CyOCTpaToOB, HO U T€TEPOLUKINYECKUX COeTNHEHUM.

Bt pa3paboran ynoOHBIH U 3PGEKTUBHBII METO BHYTPHUMOJIEKY-
JSIPHOM peakuuu asza-npucoeauHeHuss Muxasnsa 2'-aMHUHOXAJIKOHOB C HC-
noJjib30BaHueM terpadropdopara 1-#-0yTHin-3-MeTHIMMUAA30IHSI B KaUecT-
BE PacTBOPUTEINS U KaTaiau3aTopa [67], Tie HOHHAS )KUJIKOCTh YCIIECITHO pe-
TEeHEPUPYETCS U UCIIOJIb3YETCsl HOBTOPHO.

O
O

X RTILs O
- N
HoN H

WX npumensttores u B apyrux cunreszax (Kuosenarens, J{uibca-Aunb-
nepa u z1p.)[68]. Tak, Harpumep, ObUT pazpaboTaH METOJl CHHTEe3a [3-XJIOpBU-
HWIKETOHOB [69] peakiuell BHEApPEHHs aleTWIeHA C XJIOPAHTMIPUAAMHU B
XJIOpAJIFOMHHATHBIE HOHHBIE KuAKocTH 1o Tuny @punens — Kpadrea.

Hcnonn3oBanne HOHHBIX KUIKOCTEH HE TOJIBLKO MO3BOJISIET H30e-
’KaTh UCIOJB30BaHUS YETBIPEXXJIOPUCTOIO yriepoaa win 1,2-nuxioparaHa,
HO TaKXe MMOJIaBJIsIeT MOOOYHBIE PEeaKIIui U OCOOCHHO MOJIMMEPU3AIIUIO arle-
TUJICHA.

j\ _ 0
— N
Rc Chloroaluminate R Z Cl
lonic Liquid

R=aryl, alkyl

ABTOpHI paboTel [70] Ha mpuMepax nATH peakuuit: bumxuHennu,
KueBenarensa, Muxasnga n Xeka nokasanu nonesHocts MK B oprannue-
CKOM CHHTE3€ U MX HMIMPOKHUX BO3MOXKHOCTSX, KaK pacTBOpHUTENIEH U KaTa-
JIM3aTOPOB.

UccnenoBana peaxkuus Xeka [71] ArX (X=LBr) ¢ amiuibHbIMH
cnupramu npu temneparype 80—120°C B pacnnase n-BuysNBr ¢ ucnons3o-
BanreM NaHCO; B kauectBe ocHoBanus u PACl, B kauecTBe karanuzaropa.
[Toka3aHo, YTO B YCIOBMAX peakUUH 00pa3yloTcs COOTBETCTBYHOIIME [3-
apUIMpPOBaHHBbIE KapOOHWIIbHBIE COEJMHEHUS U IMOCJIEe MX 3KCTPAKIHUU JU-
STUIIOBBIM 3()MPOM MOHHBIH CJIOH MOXKHO MCIIOJIb30BaTh MOBTOPHO.

Br OH
+ \)\ e
MeO MeO
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beuin cunTe3upoBaHbl 4-aiKOKCHU-1,1-auxaop-3-aikeH-2-0Hbl ¢
JBOMHOW CBSI3BbI0 B PE3y/IbTAaTe AIMJIMPOBAHUS €HOJIBHBIX d(PUPOB U arera-
Jel TUXJIOpaneTIIXJIopuaoM B HOHHON kuakoctd ([BMIM] [BF4] wnmum
[BMIM] [PFs)). [72]

OR
OR O OR OR
= R1 - = RSJ‘K%\ R1 - . R1
R R? R

ABTOpBI paboThl [73] KIaccuGUIMPYIOT TP OCHOBHBIE MYTH TPH-
Menenust DK B opranndeckoM CHUHTE3€ B 3aBUCUMOCTH OT HX MPUPOJIBI.
Oto kucnoteie MK Jlstonca (ankuimmpoBanue u arurpoBanue mo dpuje-
mo-Kpadrcy, peakiuu [{unbca—Anbaepa, peakuusi ['eHpH, CHHTE3 WHAONA
no dumepy, cynbponunupoBanue no Opunento — Kpadrey), kucneie MK
Bbpencrena (peakmust dTepuduKaum, peakiuy nepedTepuduKaniu u code-
TaHus, 3alluTa KapOOHWJIA M aMUHA, BOCCTAHOBUTEIHLHOEC aMHHHPOBAHHE
KapOOHWIBHBIX coeAnHEeHUH, peakiun Dpumiennepa, Mannuxa, [Ipunca,
Kabaunuka — ®unaca, Jlakuna — Becta, bumkunem) u ocHoBHbie MK 1m0
bpencreny (mpucoenunenune mno Maiiky, peaknuu Kuesenarens, ['enpu,
Mannuxa, npucoequHeHre 1o MapkoOBHUKOBY, CHHTE3 XuHa30inuH-2,4 (1H,
3H)—nuonHos, peakuus Paiicra-benapu) u np.

TakuM oOpa3oM, U3 BBIMICIPUBEACHHOTO MaTepualia BUAHO, Ha-
CKOJIbKO BXXKHO PACIIMPEHUE UCCIEAOBaHUMN B 00JACTH IIeJIeHANIPaBICHHBIX
CHUHTE30B OPraHMYECKUX COEIMHEHMH ¢ ucnosibzoBanueM MK kak pactBo-
pHUTENEN U KaTaau3aTopoB.

CrnemxyeT OTMETUTH, YTO a3epOallPKaHCKMMH Y4YEHBIMU B TEUYECHUU
psila JIET TakKe MPOBOJAWINCH UCCIEAOBAHUS B O0JACTH «3EICHOU XUMHUU»
[0 CHUHTE3Y MHOTOYUCIEHHBIX XMMHUYECKHUX COEIMHEHHA C TOJIE3HBIMU
cBoiictBamu B cpene MK [74]. B HacTosiiee BpeMs poa0IKal0TCs yCe-
HBbIE UCCIICJIOBaHMs B 00JAacTU CHHTE3a MOHHBIX KHUAKOCTEH, B MpoIeccax
OJIUTOMEpU3ALUH, TOJUMEpPU3ALNH, dTepUPUKAUH, AIKWINpoBaHus [75].
DTU mpolecchl C MPUMEHEHUEM HOHHBIX JKUJIKOCTEH M pPa3IMYHbIX MOAU-
(bUKATOPOB HMEIOT JKOJIOTHYECKYI0O M DKOHOMHYECKYIO TMEPCHEKTHBY,
0oJbIIIOE HAyYHOE U MpakTudeckoe 3HaueHue [76-80]. B cBoux uccrnenopa-
HUSX HAMU TaKXe BEAYTCS PaOOTHI IO CHHTE3Y HOBBIX MOHHBIX JKHIKOCTEH
U UX NPUMEHEHHIO B IPOLIECCaX OJMTOMEPU3ALUU U COOJUTOMEPHU3ALMNU
Pa3IUYHBIX 0JIC(PUHOB, 3aMEIICHHBIX CTUPOJIOB U JIp. MOHOMEPOB[81].

Aemop evipadicaem 21yOOKYHO NPUBHAMENIbHOCMb compyOHuye Hucemu-
myma Hegmexumuueckux Ipoyeccos umenu axademura FO.I".Mameoarueea HA-
HA 0.x.n., npogh. Anuesoti P.B.3a npedocmasnenue mamepuaios 6 oo1acmu uoH-
HBIX HCUOKOCTHELL.
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MUASIR KiMYA ELMININ INKiSAFINDA iON MAYELORININ ROLU
N.D.SADIXOVA
XULASO
fcmalda ion mayelarinin (IM) alinmasinin asas {isullart nozordon kegirilir, onlarin
zoharli olmayan, termostabil hoalledicilor, katalizatorlar vo unikal xassalori olan digor sothi
aktiv maddalor kimi miihiim rolu gdstarilir. Onlarin miixtalif kimyavi proseslords istifadasi
"yasil kimya"nin imkanlarini shamiyyatli deracads genislondirs bilar.
Acar sozlar: ion mayelori, holledici, katalizator, azot torkibli heterotsikllor
THE ROLE OF IONIC LIQUIDS IN DEVELOPMENT
OF MODERN CHEMICAL SCIENCE
N.D.SADIKHOVA
SUMMARY
This review considers the main methods for obtaining ionic liquids (ILs), depicts
their significant role as non-toxic, thermostable solvents, catalysts, and other surfactants
with unique properties. Their use in various chemical processes can significantly expand

the opportunities of "green chemistry".

Keywords: ionic liquid, solvent, catalyst, nitrogen-containing heterocycles.
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SINK-ALUMINIUM LAYLI iKiLi HIDROKSIDLORIN POLIVINiL
SPIRTI iLO NANOKOMPOZITLORININ HAZIRLANMASI

0.0.BALAYEVA
Baki Dévlat Universiteti
ofeliyabalayeva@bsu.edu.az

Togdim olunan igda sink va aliiminium torkibli layli ikili hidroksidlarin polivinil
spirti ilo nanokompozitlori birga formalasdirma va moahlulda sintez metodlarini tatbiq
etmoklo hazirlanmis, qurulusu va optiki xassalari rentgen difraktometri (RD) va ultra-
bandvsayi (UB) spektroskopiya ila dyranilmisdir. Optik gadagan olunmus zonanin eni (Eg)
udulma va refleksiya spektrlarina asasan Tauc va Kubelka-Munk ganunlar: ilo hesablanmuis
Vo polimerin layli struktura tasiri arasdiridmisdir. Malum olmusdur ki, doldurucunun
migdart artdiqca asag enerjili Eg -iin qiymoti artmus, yuxart enerjili Eq-in giymati isa
azalmisdir. ZnAI-LIH-larinin sintezinda karbomiddan istifada edildikda ayrilan karbonat
anionlart (CO5%) LIH-larin tobaqolaring interkalyasiya etmis vo bazal boslug 9.514 ol-
musdur. Birga formalagdirma metodu il» sintez olunmus ZnAl-LIH / PVS nanokompozitinda
PVS-in uygun goldiyi 20 = 19.17° difraksiya piki nanokompozitin amala galmasi ilo yuxari
difraksiya bucagina dogru (20 = 20.00°) siiriismiis, belalikla, PVS-in LIH-lor vasitosila
tikilmasi bas vermisdir.

Acar sozlor: Layli ikili hidroksidlor, polivinil spirti, nanokompozit, nanoma-
teriallar, optiki xassolor

Son todqiqat iglori gostarir ki, nanotexnologiyanin intensiv inkisafi ilo
olagodar agilli materiallara maraq giinbogiin artmaqdadir. Ciinki elektro-
nikanin miimkiin golocayi li¢lin xiisusi xassaloro malik cihazlarin agilli vo
Oziinl idaro edon sistemlors inteqrasiyasi asas moaqsadlordon biridir [1]. Bu
sababdon agilli polimer materiallar olan termotrop, termoxrom va fotoxrom
polimerlor temperatur artdigda vo ya material isiglandirildigda avtomatik
olaraq soffafdan giiclii sopilmo (qeyri-soffaf) vaziyystine kecir ve ya rongini
doyisir. Bu materiallar pancars siisolorine totbiq edildikds binalarin enerjiyo
olan ehtiyaci azalir [2,3]. Digor bir totbiq sahasi gilinas kollektorlaridir ki, bu-
rada termotrop materiallar hoddindon artiq istidon qorunma rolunu oynayir.

Hal-hazirda materiallara termotrop xassolor veroan maddslor asagidaki
xassalora malik olmasi {i¢lin inkisaf etdirilir:
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e (oxsayl matrisalara uygunlagsma

e Tonzimlonon kegid temperaturu

e Oks olunan dalga uzunlugu intervalinin tonzimlonmasi

Bu ciir materiallarin hazirlanmasinda layli ikili hidroksidlor (LIH) genis is-
tifado olunur [4]. LIH-lorin miisbot yiiklonmis tobagolors malik olmasi onlara
interkalyasiya xiisusiyyati verir vo tikici agentlordo aktivator olub polimer
nanokompozitlorin hazirlanmasinda doldurucu kimi istifads olunur [5-7].

Tacriibi hissa

Moahlulda sintez iisulu il ZnAl LIH/PVS nanokompozitin hazir-
lanmasi: ZnSO4x7H,0 va Al (SO4);x18H,0 duzlarindan miivafiq olaraq
0.015 va 0.005 mol gotiiriilmiis, ayri-ayriligda hor biri 40 ml suda hall edil-
migdir. Alinmis mohlullar 11-lik kolbada garisdirilmis, tizorina 80 ml karba-
mid mohlulu slava edilorok 25ml 2M NaOH mohlulu ils titrlonmisdir. Alin-
mig suspenziya su hamaminda 80°C-do qizdirilmis, distillo suyu ilo yuyul-
mus va siiziilorok qurudulmusdur. Quru niimunadon miixtoalif migdarlar go-
tiirmaklo PVS-in 10%-1i mahlulu ilo 10 doq ultrasaslo qarigdirilmis vo no-
ticodo LiH-in polimerds kiitlo torkibi 0.05% ; 0.1% va 0.3% olan niimuno-
lor hazirlanmigdir. Alinmig niimunslor qurudularaq tobaqoe soklino gotirilmis
va fiziki todqigat metodlari ilo qurulusu va optik xassalori dyronilmisdir.

Birga formalasdirma iisulu ilo ZnAl LIH/PVS nanokompozitin ha-
zirlanmasi: ZnSO4xTH,0 va Alx(SO4)3x18H,0 duzlarinin yuxarida verilon
qayda ilo qarisiq mohlulu hazirlanmis vo iizorine PVS-nin 10%-1i 40 ml
mohlulu slave olunuraq 25ml 5SM NaOH mohlulu ils titrlonmisdir. Alinmis
suspenziya su hamaminda 90°C-do qizdirilmus, isti distilla suyu ilo (90°C)
yuyulmus va siiziilorok qurudulmusdur. Quru niimunsnin fiziki todqigat me-
todlar1 ilo qurulusu vo optik xassolori dyronilmisdir.

Nanohissaciklordo qadagan olunmus zonanin eni (E,) Tauc (1) vo
Kubelka-Munk diisturlar1 (2) ilo qurulmus ayrilora ¢okilon ekstrapolyasiya
ilo toyin olunmusdur [8-10].

a = [k(hv — E9)"*] / hv (1)

[F(Ro)hv]""=k(hv-E,) )

Burada, v- tezlik, h-Plank sabiti, F(R,)- Kubelka-Munk funksiyasi,
k- sabit komiyyetdir, n-in qiymoti elektron kecid tipindon asili olaraq do-
yisir, 1 vo yaxud 4 olur.

Nanohissaciklorin orta dl¢iisii vo LiH-lordoki laylararasi mosafa mii-
vafiq olaraq Debye Sherrer (3) vo Braggs (4) diisturlart ilo qiymatlondiril-
misdir:
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KA

D= Lcos6 (3)
A
dhld:z; — 4)

Burada, D — nanokristalin orta ol¢iisii, A — rentgen siialarinin dalga
uzunlugu (1.54A), 0-difraksiya bucagi, dpg — bazal boslugun dlgiisii, K —
sabit komiyyotdir.

Naticalar vo onlarin miizakirasi

0.05% vo 0.1% ZnAl LiH-lorlo hazirlanmis niimunoalorde maddo vo
mohlul sorhaddi gozlo goriindiiylindo dispers paylanma tam getmomisdir.
0.3% —li qarisiq iso ultrasosdon sonra ag homogen mohlula ¢evrilmisdir.
Alnmis ZnAl-LIH nanokristallarinin vo birgo formalasdirilmis ZnAl-LIH /
PVA nanokompozitinin RD analizi sokil 1-do verilmisdir. Hor iki halda
yiiksok kristallasmis hidrotalsito banzor LIH olds edilmis vo (003), (006),
(009), (110) vo (113) miistovilor LIH-loro xarakterik olan difraksiya bucaq-
larinda miisahido edilmisdir. ZnAl-LIH-lorinin sintezindo karbomiddon isti-
fado edildikdo birga ¢okdiiriilmo zamani ayrilan karbonat anionlar1 LIH-1o-
rin tobagoloring interkalyasiya etmis vo bazal bosluq 9.51A olmusdur. Bu
qiymot LiH-lorin analoglarindan [11] ~2A bdyiikdiir. Bazal boslugun genis
alimmasi polimer nanokompozitlorin hazirlanmast ii¢iin olverisli haldir. Ciin-
ki bazal bosluq bdyiidiikco laylararast Van-der-Vals vo digor fiziki qarsiligh
tosirlor azalir, tobagolor bir-birindon asanligla ayrilaraq polimerds dispers
paylanir. Bu zaman alinmis polimer nanokompozitlor ¢ox yiiksok baryer ef-
fekti gostorir vo sanayeda tatbiqi artir.

Birgo formalasdirma metodu ilo sintez olunmus ZnAl-LIH / PVS na-
nokompozitinds PVS-in uygun goldiyi 20 = 19.17° difraksiya piki nano-
kompozitin omolo golmosi ilo yuxar1 difraksiya bucagina dogru (206 =
20.00°) stiriismiigdiir. Bu fakt birgo formalagsma zamani miihitds olan PVS-
in LIH-lor vasitasila tikilmosini gdstorir. Odabiyyatdan da molumdur ki, po-
limerlora moxsus difraksiya piklorinin yuxari difraksiya bucaqlarina siiriis-
mosi enind rabitolorin yaranmasi vo torsokilli polimerin amolo golmosi ilo
olagadardir [12].

Nanokompozitlorin optiki xassalori UB spektroskopiya ilo dyronil-
misdir. Moalumdur ki, LiH-lor miixtalif (ikivalentli vo iigvalentli) metal hid-
roksidlorden vo laylararasi anionlardan toskil olundugundan birden artiq E,
qiymatlorino malik olur [9]. ©ksar hallarda 3 miixtalif enerji doracalorinds
(yiiksok - Eg; orta - Eg vo asagi - Eg3,) qiymatlor alir. E,; laylararasi anion-
lar1 ifads edir, Ey vo Eg iso LIH-lorin yarimkegirikilik qgabiliyyatini va
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elektronlarin kegid enerjisini ifado edir. Alinmis ZnAl- LiH nanokristallari-
nin vo polimerlo kompozitlorinin Eg noticolori qiymotlondirilmis vo codval
1-do gostarilmisdir.

Cadval 1

Alinmis nanokomozit tabaqgalorin udulma zolagina
asason hesablanmis gadagan olunmus zonanin eninin qiymatlori

Sink-aliiminium layh ikili hidroksidlarin polimerds miqdar: Eg E,, Eg
(eV (eV (eV
ikin alinan vo PVS gatilmayan ZnAl LiH 4.80 |[3.00 |2.10
Birga formalasmis ZnAl LIH/PVS 3.3 3.2 -
0.05% 6.22 | 595 1.60
0.1% 6.27 | 6.00 1.50
0.3% 5.65 |4.70 3.65
A) 16
14 e T AR
1 12
i
‘,j: 0 o8
.C: M ne
=t 04
& 02
¢
4 =7 s
04
1 3 4 6 7
hv (eV)
B) === 0.05%
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=
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o

-

] 2 3 4
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Sok. 1. Mohlulda sintez isulu ilo hazirlanmus 0.05, 0.1, 0.3 % ZnAl-LIH/PVS
nanokompozitlarinin Tauc diisturuna asason qurulmus E, oyrilori.
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Sak. 2. Mohlulda sintez tisulu ilo hazirlanmis 0.05% (B), 0.1% (C) va 0.3%(D)
ZnAl-LIH/PVS nanokompozitlorinin refleksiya spektrlori (A)
vo Kubelka Munk funksiyasina esason qurulmus E, ayrilori (B-D).

Goriindiiyii kimi doldurucunun miqdart artdiqca yiiksok enerjili E,-
nin qiymoti daha asag1 olmusdur (Eg;=5.65¢V). Buna sobab polimer mohlu-
lun LiH tobagolorine niifuz etmosi vo laylararasi boslugdan anionlarin nisbo-
ton xaric olmasidir. Hom refleksiya, hom do udulmaya goérs hesablamalarda
analoji hal miisahido olunmusdur. Asag enerjili Eq —nin qiymati LIH-in
0.05 va 0.1% miqdarlar ilo miiqayiseda 0.3% miqdarda boyilik qiymat al-
musdir (Ei=3.65eV). Bu qiymat kvant 6l¢ii effektino uygun golib hissocik-
lorin daha kigik 6l¢iilora xirdalanmasini gostorir. Buradan belo naticoys gol-
mok olar ki, layli ikili hidroksidlorin laylarina polivinil spirtinin daxil olmasi
ilo interkalyasiya bas vermis, valent zonadan kegirici zonaya elektronun
kecid enerjisi artmigdir.

Eg3-lin artmas1 nanokompozitin amalo golmasini bir daha siibut edir.
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Homg¢inin doldurucunun miqdart 0.3% oldugda polimer nanokompozit
tobagolorindo termotropik xiisusiytlor miisahido olunmus, soffafliq kompozit
tobogodo itmomis, saxlanilmisdir.
Cadvol 2
Alinmis nanokomozit tabagolarin refleksiya zolagina asason
hesablanmis qadagan olunmus zonanin eninin qiymatlari

Sink-aliiminium layh ikili hidroksidlarin polimerds Eg, E,, E,;
miqdari (eV) (eV (eV
ikin alinan vo PVS gatilmayan ZnAl LiH 4.80 3.00 2.10
0.05% 4.5 3.9 2
0.1% 3.35 2.5 1.65
0.3% 3.25 2.7 1.7

Qadagan olunmus zonanin eni, homginin refleksiya spektrlorino
osason hesablanmigdir. Codval 2-don goriindiiyii kimi, polimer istirak etmao-
dikdo yiiksok enerjili Eg-nin qiymati nanokompozitlora nisbaton boyiik ol-
musdur. Polimerin daxil edilmasi ilo bu qiymat tadricon azalmis, 0.3% kiitlo
hissosi ultrasosin giiciino daha aktiv moruz qaldigindan hissociklorarasi
qarsiligl tosir hesabina interkalyasiya giliclonmis, polimerin tabagolora
niifuzetmosi artmisdir. Beloliklo, hissociklorin kristal 6l¢iilori do kigilmisdir.
Refleksiya spektrlori ilo hesablanmis E; udulmaya goro hesablanmis qiy-
matlorlo miiqayiso edilmis, malum olmusdur ki, 0.05% doldurucu istifads
etdikdo asagi enerjili Eg3 artmus, yiiksok enerjili Eg; iso azalmisdir. Doldu-
rucunun miqdarindan asili olaraq asag1 enerjili vo yiiksok enerjili qadagan
olunmus zonanin eni miloyyon gqanunauygunlugla doyigmisdir. Biitlin
hallarda refleksiya zolaglarinin intensiv alinmasi va enerjilorinin kvant dl¢ii
effektine uygun olmasi alinmig materiallarin ¢ox effektiv optiki vo foto
aktiv material oldugunu gostorir.
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MOJYYEHUE HAHOKOMIIO3UTOB JIBOMHBIX CIOUCTBIX
I'nmaPOKCHUA0OB IMHKA-AJTIOMHUHHUA C NOJUBUHHNUJIOBBIM CITMPTOM

0.0.FAJTAEBA
PE3IOME

B nipencraBienHoit pabote MeTo10M COPOPMUPOBAHUS U CMEIIEHUS PACTBOPOB T10-
muBHHWIOBEIM criupToM (IIBC) Obutn mosydeHsl IMHK- U alTFOMUHHICOEpIKaIie CIONC-
TBIC JBOMHBIC TMIPOCH/BI U HAHOKOMIO3UTHI. CTPYKTYpa M ONTHYECKHE CBOMCTBA MONY-
YEHHBIX HAaHOKOMITO3MTOB OBUIM HCCIIEIOBAaHBI METOAAMH PEHTTCHOBCKOHM Mudpaxkromer-
pun (PZ1) u ynstpaduoneropoii (YP) cnekTpockonnu. DHeprus 3anperieHHoi 30ubl (E,)
paccunThIBaJIach Ha OCHOBE CIIEKTPOB ITOTJIONICHUS U OTPAXKEHUS 110 ypaBHEHUsIM Tayka n
Ky06enkun-Mynka. VccnenoBaHo BIustHUE MoJIMepa Ha cioucTyto ctpykrypy C/I. Beuio
0o0HapyKeHO, 4TO TI0 Mepe yBenudeHus konmdectBa C/II" 3HaUueHne MUPUHBI 3aMpeIIeHHON
30HBI U1 HU3KUX SHepruii (E,;) yBenuuupaeTcs, s BbICOKUX dHepruii (Egl) ymenpinaer-
cs. Ilpu ucnons3oBannn kapbamuaa B cuutese ZnAl-LDH BbIcBOOOXKICHHBIC KapOOHAT-
aumons! (CO5”-) unTepkamuposau cion LDH, 6azoBoe mpoctpascTBo cocTapmsuo 9,51 A.
Jisn Hanokommnosuta ZnAl-C/AI/TIBC, cuHTE3MpOBaHHOTO METOI0M CO(OPMHUPOBAHUS,
mudpaxumonHslit uk mpu 20 = 19,17°, cootrBercrByrommii [IBC, cmectuiicst B CTOpoHy
6onbinero yria qudpaxunu (20 = 20°), TakuM odpaszom, nponsonurio ciusanue [1BC.

KaroueBbie cioBa: HBOﬁHLIC CJIOUCTBIC TUAPOKCUIBI, MIOJIMBUHHIOBBIN CIIUPT, HaA-
HOKOMIIO3UT, HAHOMATCpHaJIbl, OITUYCCKUC CBOMCTBA.
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PREPARATION OF NANOCOMPOSITES OF ZINC-ALUMINUM LAYERED
DOUBLE HYDROXIDES WITH POLYVINYL ALCOHOL

0.0.BALAYEVA
SUMMARY

In the presented work, zinc and aluminum containing layered double hydroxides
(LDH) and their nanocomposites with polyvinyl alcohol (PVA) were prepared by co-
formation and solution blending methods. Structure and optical properties of obtained
nanocomposites were studied by X-ray diffractometer (RD) and ultraviolet (UV) vizible
spectroscopy. The band gap energy (E,) was calculated based on the absorbance and
reflectance spectra by Tauc and Kubelka-Munk equations, respectively. The effect of the
polymer on the layered doulle hidroxydes was investigated in detail. It was found that as
the amount of filler compound increased, the value of low-energy band gap (E) increased,
while the value of high-energy band gap (E,) decreased. Using carbamide in the synthesis
of ZnAl-LDHs, the released carbonate anions (CO;”) intercalated the LDH layers and the
basal space was 9.51A. For ZnAl-LDH/ PVA nanocomposite synthesized by the co-
formation method, the diffraction peak at 20 = 19.17° corresponding to PVA shifted to the
higher diffraction angle (26 = 20.00°), because the cross-linking of PVA.

Keywords: Layered double hydroxides, polyvinyl alcohol, nanocomposite,
nanomaterials, optical properties
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B cmamve npusedennvl pesynbmamsl 6102e0OXUMUYECKUX UCCTEO08AHUL HA (POHOBLIX
Janowapmax u Ha aaHowagmax pyoHvix mecmopodxcoenull. Ilokazanvl KOHYEHMpPAayuoH-
Hble 0COOEHHOCIU XUMUHECKUX DNIEMEHMO8 6 PACMEHUAX, NPOUSPACMAIOWUX HA PA3TUUHBIX
nopooax.

Hao meono-nuppomunosvix, Meono-noiumemaiiudeckux, Ko14e0aHHo-noaumema-
JUYECKUX MeCOpOICOeHUAMU. Bouisicneno, ymo, pyonas mMuHepanusayus yKa3aHHuIX Me-
CMOPOXHCOe ULl cONposoXHcaemes buoeeoxumudeckumu anomauamu. M noxasvieaem na
Mo, 4mo Ha 1dcHom ckione borvuoeo Kaexaza ons obuapyscenus pyoHvix nposeieHull
Mozym 6bimb npuMeHeHvl OU02eoXUMUTecKUe Memoobl HOUCKOS.

Yemanosnenvr ocobennocmu 6uonocuueckoeo nocnowjeHus uccie008anus pacmeHul
6 3A8UCUMOCIIU OM COOEPICAHUSL DIEMEHIMOB.

KuaroueBble cioBa: bonpmiolt KaBka3s, pyaHble MECTOPOXKICHHS, OHOTCOXMMHUYE-
CKMI METOJl IOUCKOB

Ha ocHOBaHMU MPOBEIEHHBIX UCCIIETOBAHUI OMpeaeNeHbl PETHOHAb-
HBIE YPOBHH cojiepkanuii u xapakrep nornomenus T1, V, Cr, Mn, Co, Cu,
Zn, Pb B pactutenpHOCTH (OHOBBIX JaHAA()TOB M arpoiaHamadroB
b.KaBkaza, B pacTUTEIBPHOCTH KOJTYCIAHHBIX MECTOPOXKICHUH FOXKHOTO
ckiona b.KaBkasa.

CpaBHEHHE CPEIHHX COJIEP)KAHH DJIEMEHTOB B PAaCTUTEIHLHOCTH pe-
THOHA CO CPEHEN OLEHKON COJECPXKAHUM PJIEMEHTOB B PACTUTEIBLHOCTH CY-
¥ TIO3BOJISICT BBISIBUTH PETHOHATBLHBIE OCOOCHHOCTH COJIEP>KaHUHN dJIeMEH-
TOB B PaCTUTEIBLHOCTH peruoHa [2,5-9].

Y CTaHOBIIEHO, YTO TPABSHUCTAS PACTUTEIHHOCTH (DOHOBBIX JaHAmAa]-
toB b.KaBkaza xapakrepusyercs okonokiapkoBsiMu conepkanusimu T1 (0,9
KK). Conepxanust Cr, Pb, Ni B 2,0-2,5 pa3, Co, Cu - B 5 pa3, V - 6onee 3
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pas, Zn - 6osee 8 paz u Mn Gosiee 33 pa3 HIKE COAECPKAHUN B PACTUTEIb-
HOCTH KOHTHMHEHTOB. TpaBsSHUCTas pacTUTEIBHOCTh KOJIUYEAAHHBIX MECTO-
POXKIIEHUI XapakTepHu-3yeTcsl KiIapkoBbIM cozepkanuem Cu. Conep:kaHus
Cr, Pb (B 1,5pa3), Ni (1,9), Co (3,0), Zn (6,5), Mn (26), V (37), Ti (93) uu-
Ke COZepKaHUIl B PACTUTEIBHOCTH KOHTUHEHTOB. Takum oOpa3oM, peruo-
HAJIBHOW 0COOEHHOCTBIO TPABSIHUCTOW pacTUTenbHOCTH peruoHa b.Kaskaza
SBISIETCS HIDKEKIapkoBbie coaepxanus Cr, V, Mn, Co, Ni, Zn, Pb. Oco-
O0eHHOCTBIO (DOHOBBIX JaHIIIA(TOB SBISIETCS OKOJOKIAPKOBOE CO/IEPIKaHUE
Ti, Kom4e1TaHHBIX MECTOPOKACHUI - KJIApPKOBOE COAEepKAHIE METH.

OnauM u3 (PaKTOpoB, OMPENENSIOUINX BapbHPOBAHUE COJCPKAHUN
3JIEMEHTOB B PACTUTEIBHOCTU SIBIISIETCS UX CUCTEMATUYECKOE IOJIOKEHUE
[6, 7, 11]. B TpaBSHUCTOI pacTUTENHLHOCTH (POHOBBIX JIAHAMAPTOB MAKCH-
MaJIbHBIMU cofepxanusaMu Mn, Cr, Ni, Cu, Pb xapakrepusyercs cemeiicTBo
0000BbIX, Ti, Co - cem. 311aKOBBIX, V - ceM. TYOOIIBETHBIX, Zn - MalOPOTHH-
KOBHU/IHBIX. B pacTUTENBHOCTH KOIUYEJAHHBIX MECTO-POKIACHNUN MAKCUMAaJIb-
HBIM cojiepxkaHueM V xapakTtepusyercsl nanopotHukoBuansie, Co, Ni, Cu,
Zn - ceM. CIOXHOLBETHBIX, Mn - ceM. po3onBeTHbIX, Ti, Cr, Pb - TarapHuK.

daxTOpOM, BIUSIOLUIMM Ha COJIEPKAHUE DJIEMEHTOB, TAKXKE SIBISIOTCS
TOpHBIE MTOPOABI, HA KOTOPBIX IIpoM3pacTaroT pacteHus [6,8,10]. Ycranos-
JIEHO, YTO Ha (POHOBBIX JaHAmIAPTaX PETHOHA TPABSIHHUCTAs PACTUTEIb-
HOCTh Ha IOPCKHUX OTJIOKEHHUSAX pacTUTENbHOCTH KalMalnHCKOro MeaHo-
MIAPPOTUHOBOIO MECTOPOXKACHUA. Mn - B pacTuTenbHOCTH PUIN34alicKOro
KOJTYEJAHHO-TIOJMMETAJUIMUECKOTO XapaKTepU3yeTCsl MaKCUMAJIBHBIMU CO-
nepxxaausimu T1, Co, Ha HIDKHEMENOBBIX oTioxkeHusx - V, Cr, Ni, Cu, Zn,
Pb, Ha HeEOreH-4eTBEPTUYHBIX OTJIOKEHHSIX — MapraHeu. B TpaBsHucToi
PacTUTENBbHOCTH KOJYEAAHHBIX MECTO-POKICHUI MaKCHUMallbHble CO-
nepxxanust Ti, V, Pb oOHapysxeHbl B pacTutenbHocT Kararckoro MeaHo-
nuppotuHoBoro mectopoxkaenus, Cr, Co, Ni, Cu, Zn - B MECTOPOXICHUSI.
Takum o0pa3oM, HauOOJIbIIIEE YUCIO SJIEMEHTOB ¢ MAaKCUMAJIbHBIMU COJIEP-
KAHUSIMH HAOIIOJAIOTCS B TPaBSIHUCTOM PAaCTUTEIBHOCTH MEIHO-IIUPPO-
TUHOBBIX MECTOPOXKACHUH.

TpaBsiHECTass PACTUTENBHOCTh KOJMYENAHHBIX MECTOPOXKICHUHA TI0
CpPaBHEHHIO C (DOHOBBIMHU COJIEPYKAHUSMHU BBIIEISETCS aHOMAJIbHBIMH CO-
nepxanusmu Cr (Ca - 1,7), Cu (1,8), Pb (2,9) B pacturensHoctu Kanjar-
ckoro Mectopoxaenus, Cr (1,9), Co (4,3), Ni (3,6), Cu (15,0), Mn (3,3) - B
pactutensHocTH Kammanuackoro u Mn (1,7) B pactutenbHOocTH Dunms-
4aiiCKOro MECTOPOXKICHUH.

buoreoxumudeckass 0COOCHHOCTh PACTCHUH OMpPEACNACTCS IyTeM
CPaBHEHHUs COACPNKAHUM 3JIEMEHTOB B PACTUTENBHOCTU C KIApKaMH JIH-
tocdepbl. CpaBHEHHUE MOJTYYEHHBIX JAHHBIX B TPABIHUCTOM PACTUTENBHO-
ctu peruoHa (be) ¢ nanasiM B.B.Jlo6poBosibekoro (1983) BbIssBUIN aHATO-
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THYHOCTD pacrnpezaenenus Zn, V u Ti, T.e. Kak B paCTUTEIBHOCTH CYIITH, TaK
u B pernone b.KaBkaza.

CymiecTBeHHBIM (DaKTOPOM, OMPEAETSIONUM KOHIIEHTPAIUIO XUMHU-
YECKUX 3JIEMEHTOB B PACTUTEIILHOCTH SIBISIETCS MOYBEHHO-T€OXUMHUYECKHE
YCIIOBUSI MPOU3pACTaHUsI pacTeHus. AHamu3 K03PPUIUEHTOB OHUOIOrHyec-
KOro mnorjomeHus (Ax) mokasajl CyIIECTBEHHYIO 3aBHCHUMOCTb XapakTepa
MOTJIOLIEHUS OT COZepKaHMs dJIeMeHToB B nouBax. Ha oHoBbIX manmamad-
Tax WHTeHCUBHOCTH mornomenus Ti, V, Co, Cu, Zn, Pb, Mn tpaBsHUCTOM
PaCTUTETBHOCTHIO HAXOAUTCA B OOpATHOW 3aBUCMMOCTH OT COJEpP>KaHUS B
nmouBax. Xapakrep noryomeHuss Ni u Cr HecKobko nHOe. HTEHCHBHOCTH
noryomenuss Cr npu CollepKaHUM B MTOYBAX B KOJIUYECTBE 3,4—5,1-10'3 % -
TPSIMOJIHHEIHAS, TIPH YBETHUCHIN COEPKAHMs B npeenax 5,1-16,7-107 %
- oOpatHas. UHTEHCHBHOCTH akKyMyJsiiiH Ni PH COAEpP)KaHUHU B TTOYBAX B
npezenax 2,2-4,5107 % HaxomuTcs B IIPSAIMOH, C YBEIIMYECHUEM COICPIKAHUS
n0 7,5-107 % - mabmomaercst oOpaTHAS 3aBHCHMOCTH OT COIEP/KAHHS B
nouBax. M3 moyBbl B pacTeHUs MOCTYIMAeT HE PaBHOE BAJIOBOMY COJEpKa-
HUIO KOJIMYECTBO 3JIEMEHTA, a PEaKIUU UX HA OJHM U T€ K€ KOHLEHTPALUU
JJIeMEHTa B TIOYBE, B 3aBUCHMOCTH OT COIYTCTBYIOIIUX YCJIOBHM, MOTYT
OBITh pa3IMIHBIMU [ 14].

B TpaBsiHHCTOI pacTUTENHHOCTH KOMYEIAHHBIX MECTOPOKJACHUN HH-
TeHcuBHOCTH Tornomierust Ti, Cr, Mn, Pb maxoautcst B oOparHoii, Ni - B
MPsIMOI 3aBUCUMOCTHU OT COJIEp>KaHus B MOYBax. MIHTEHCHBHOCTH MOTJIOIIE-
aust Cu [IPH COZIEP/KAHHME B TTOUBaX B mpejenax 2,5-2,8-107 % uaxomutcs B
IPAMOf, PH yBETHUYCHNH comeprkanust 10 14,5-107 % - B o6parHoii 3aBu-
CUMOCTH OT COJEp’KaHus B NouBax. VIHTEHCUBHOCTb IMOIJIOIIEHUS MIPH CO-
JIepKaHNN B [OYBAX B mpeenax 3,9-8,6-10 % maxoaures B 06paTHOiA, mpu
YBEIIMYEHUU B MOYBAX 0 13,410° % - B MPSIMOM 3aBUCUMOCTH OT COJEP-
KaHUH B MOYBax. 3aKOHOMEPHOCTEH B akkymyisiiuu Co He HaOIro1aeTcs.

B nenom, B TpaBSIHUCTON pacTUTEIBLHOCTH (POHOBBIX JaHAIIA(TOB pe-
ruoHa HaOmrogaercs akkymynsus Zn (Ax=14,4). MeHee HHTEHCUBHO TPO-
ucxomut akkymyasuus Pb u Cu, conepkaHusi KOTOPbIX B paCTUTEIbHOCTH
JOCTUralOT YPOBHS cozepkaHus B mouBax. Akkymyinsmuu Ti, V, Mn, Co,
Ni, Cr B TpaBsIHUCTOM pacTUTENbHOCTH He HabmogaeTcs. OJIHAKO B 3aBUCHU-
MOCTH OT HMOJCTHUJIAIOIIUX MOPOJ MHTEHCUBHOCTH moriouienus Zn, Pb, Cu
3HAYUTEIBHO OTINYAIOTCA. AKKyMyssinust Cu B TPaBSIHUCTOM PacTUTENIbHO-
CTH MAaKCHUMaJbHOTO YPOBHS HAONIOAETCA Ha HUKHEMEIOBBIX OTIIOKEHUSX
(Ax=1,47). B uenom, B pacTUTEITLHOCTH COXPAHSIETCS COOTHOIICHHE KOH-
LEHTpaIHi 3JI€MEHTOB, CBOMCTBEHHOE MTOYBOOOPA3YIOIIUM OPOIaM U T0Y-
BaM.

KycrapaukoBasi pacturenbHoCcTh (hoHOBBIX nanamadroB b.Kaskaza
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xapakrtepu-3yercs conepxanusmu Cr, Ti (B 1,7-1,8 pa3), Pb, Zn (2,8-3,8),
Cu (4), Co (9), V (11), Mn (18) Himxe pacTUTENBHOCTH KOHTHHEHTOB. Co-
nepxanue Ni - OKoloKIapkoBoe. B KycTapHUKOBOI pacTUTENHHOCTH KOJ-
YeaHHBIX MECTOPOXKAeHUH 10xkHOTO ckioHa b.KaBkaza cogepxkanus Cr, Ni
(8 1,2-1,4 pa3), Pb (8 2,2 pa3), Co, Mn (3,0-3,3), Zn (7,1), Ti (500) mHrmke
KJIQpKOBBIX BEJIMYMH. Brime kinapka cogepxkanus Cu (B 2,2 pa3). Takum 00-
pa3oM, T€OXUMHUYECKOW OCOOCHHOCTHIO KYCTapHHUKOBOH pPacTUTENbHOCTH
nanamadTo b.KaBka3za siBnsieTcss HrbkekiIapkoBbie conepxkanus Ti, Cr, V,
Co, Mn, Zn, Pb. OcoOGeHHOCTBhIO PAaCTUTEIHLHOCTH (OHOBBIX JIAHAMA(TOB
SBIISIETCS OKOJIOKJIAPKOBBIE cozepkanusi Ni (B pacTUTENFHOCTH KOJT4e/1aH-
HBIX MECTOPOKJICHHUM HIDKE KIapKa), KOJTUeJaHHBIX MECTOPOXKACHUN - BbI-
HIeKJIapKoBbie cofepxanus Cu (Ha (OHOBBIX JaHAITa(TaX HUXKE KIIapKa).

B KycTapHUKOBOIl pacTUTEIHHOCTH KOMYEJAHHBIX MECTOPOXKICHUN
MakcumaibHble cogepxkanus Cr, Co, Ni, Cu, Zn, Pb oOHapyxeHbI B pacTu-
TenbHOCTH KalMannHCKOro MeTHO-MMPPOTHHOBOTO MECTOPOXAeHUS. B
KYCTapHHUKOBON pPacTUTENBbHOCTH KOJIYEJaHHBIX MECTOPOKJIEHUI 10 CpaB-
HEHUIO C (DOHOBBIMU COJEPKAHUAMU B KYCTapPHUKOBOW PaCTUTEIHLHOCTH
obOHapyxkeHbl aHoManmbHBIe coaepkanus Cr (Ca - 2,6), Ni (1,6), Cu (24,3),
Zn (1,6), Pb (1,7) B pactutenbHocTH KanManmHCcKoro MecTopoxkaeHus, Mn
(Ca - 5,5), Co (3,5), Pb (1,2) - B pacturenpsHOCTH PUIH3YANCKOTO KOJTIE-
JIaHHO-TonuMeTanueckoro mectopoxkaenus u Cr (Ca - 1,4), Cu (1,7) - B
pacturenbHocTH KaTexckoro MenHO-MOIMMETAUINYEEKOT0 MEeCTOpPOXKIe-
HUS, YTO MOKET MPEJCTABISITh HHTEPEC 7151 OOTAaHUKOB, H3y4YaIOINX KU3Hb
pacTeHuil B 3KCTPEeMaJIbHBIX TEOXUMHUECKUX YCIOBUSX. [Ipy HHTEHCHBHOM
MOCTYIUJICHUHU 3JIEMEHTa B PACTEHHUs uepe3 KOPHHU, KaK U3BECTHO, paboTaroT
3alIUTHBIE MEXaHW3MBI, OTPAaHUYMBAIONINE MPOHUKHOBCHHWE METalula B Ha-
3eMHBI€ OpraHbl; MO0 OTHOLICHHIO K Pa3HBIM 3JIEMEHTAM 3TH MEXaHHU3MbI
pacTeHust MOTYT MPOSIBISITHCSI HEOAUMHAKOBO [6,13].

B xycTapHHKOBOI pacTUTENLHOCTH KaK ()OHOBBIX JaHAMIAPTOB, TaK U
naHAmwadTOB KOTYEAAHHBIX MECTOPOXKACHUN 110 CPAaBHEHHIO C [TOYBAMHU Ha-
omonaetcs akkymymsiius Cu (Ax=1,3- 5,1), Zn (Ax=2,0-7,2).

XapakTep MOIJIOIIEHUS 3JIEMEHTOB U3 MOYB CYIIECTBEHHO 3aBUCUT OT
naHIma(THO-T€OXUMUYECKUX YCIOBHS ITpOU3pacTaHus pacrenuit [7-13].

JlpeBecHasi pacTUTENBbHOCTh (DOHOBBIX JIAHAMA(TOB W JIaHAMIA(TOB
PYIHBIX MECTOPOXKJICHHUN XapakTepusyercs: HuxeknapkossM Ti, V, Mn, Co,
Ni, Cu, Zn, Pb. Uckmouenne cocrapisiroT Cr, Cu coaepskaHusi KOTOPBIX B
1,3 u 2,1 pa3 cooTBEeTCTBEHHO BhbIlIe Ki1apka. Hanbomnbiue conepxanus Ti,
V, Mn nHabmtonarotcsi B pactutenbHocTH (poHOBBIX nanmmadToB, Cr, Co,
Ni, Cu, Pb - B pacTUTeIbHOCTH KOJYETAHHBIX MECTOpPOXaeHUH, Ni, Zn - B
PaCTUTENBHOCTH 30JI0TOPYIHBIX MECTOPOXKIAECHUH. B peBecHON pacTUTENb-
HocTH (pOHOBBIX JaHAmadGTOB MakcuMabHbIMU coaepkanusmu Ti, Cr, Co,
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Ni, Cu xapakTepu3yeTcsi CeMeHCTBO OYKOBBIX, CEM. OEPE30BbIX BBIIEINACTCS
MakcuManbHbIMU copepxkanusiMu Ti, Cr, Mn, Cu, Pb mns cem. IMMOBBIX Xa-
pPaKkTepHO MaKCHUMalbHbIE coiepkaHus V, Zn. B pacTuTenbHOCTH Koide-
JAHHBIX MECTOPOXKIEHUN MakcUMalbHbIMU cojepkanusimu Cr, Cu, Zn BbI-
Jensercs ceM. OYKOBBIX, CEM. OEpe30BbIX, XapaKTePU3yeTCcs MaKCUMAabHbI-
Mmu conepkanusimu Co, Mn, Ni.

B 3aBucumocTH OT MOACTWIAKOIIMX IMOPOJ, COAEPKAHUE AIEMEHTOB
CYIIECTBEHHO OTJIMYaeTca. B NpeBeCHOM paCTUTENbHOCTH, MPOU3PACTAIO-
Il Ha IOPCKUX OTJIOKEHMSIX, MAKCUMAJIbHBIMU COJEPKAHMSIMU BBIJIEISA-
eTcst MI1, Ha HIPKHEMEJIOBBIX OTJIOKCHHSIX - V, Ha BepxHeMeNnoBbIX - Ni, Cu,
Zn, Pb, Ha HEOTeH-YETBEPTUUHBIX OTIOKEHHUSIX MaKCHUMAalbHBIE COJAEpKa-
Hus ormevatorcest y Ti, Cr, Ni. B 1peBecHO# pacTHUTEIBHOCTH KOTYEAAHHBIX
MECTOPOKICHUI MaKCUMallbHBIMH coaepxanusimu Ti, Pb Beigensercs pac-
tutenbHoCcTh Kararckoro, Cr, Co, Ni, Zn - Kanmanuackoro, Mn - ®ujms-
YaNCKOTO MECTOPOXKIACHUM.

Ha ocHoBanuu ycepeTHEHHBIX JAHHBIX BBISIBISIIOTCS OCOOCHHOCTH aK-
KYMYJISIHUM 3JIEMEHTOB B 3aBUCHUMOCTH OT BEr€TaTUBHOM Macchl BUIA: B
JPEBECHBIX, KYCTApPHUKOBBIX, TPABSIHUCTOM pacTuTenbHOoCcTH. Hamnbosee
KOHTPAcCTHOE TMOIJIONIEHUE XapaKTepHO Al Mn, akKymylsnusi KOTOPOro
npeBecHbIMH mopojaMu 70 30 pa3 MpoOUCXOIUT MHTEHCUBHEE, MO CpaBHE-
HUIO C TPABSHUCTOU PACTUTENBHOCTHIO. C OYEBUAHOCTHIO MPOSBIsiETCS 00-
Jiee 3HAUUTENbHAs aKKyMYJSIHS B JPEBECHBIX MOPOJAX MO CPAaBHEHUIO C
tpaBsiuuctor Ni, Cu, Zn, menee otueuBo - Cr u Pb. K anemenTtam koto-
pBI€ TIOTJIOMIAOTCS C OJUHAKOBOW MHTEHCUBHOCTHIO JIEPEBBIMH, KyCTapHU-
kamu U TpaBamu, oTHOcsTCs Ti, Co.

C ToukM 3peHus OHMOTEOXMMHUHU PACTCHHH MPEACTaBIsSET HHTEpPEC,
M3y4YEHUsl KOPPEJSIIUOHHBIX CBS3€H MEXIY 3JIEMEHTAMH, YTO MO3BOJISIET
BBISIBUTH UX B3aHMMOOTHOIIEHUS B OPTAaHOMHHEPAIBHBIX KOMITJIEKCAX pacTe-
HUil. B JpeBecHON M TPaBSHUCTOW BBISABICHBI PACTUTEIHLHOCTH (POHOBBIX
naHaAwadToB ycToiunBo BeipaxeHHbIe cBA3M Mn-Cr; Mn-Ni; Cr-Ni; Ni-Cu,
Pb; Cr-Ti. BeisiBieHo, 4TO B pacTUTENBHOCTH MPUPOAHO-aHOMATBHBIX TLIIO-
maae (KomuemaHHbIe, 30J0TOPYIHBIE MECTOPOXKIEHUS), TTPOUCXOAAT OIl-
peeNeHHbIE U3MEHEHHUS B KOPPEISLIMOHHBIX CBS34X A1eMeHToB. Tak, B pac-
TUTENTHLHOCTH KalMalnHCKOTO MECTOPOXKACHHUS HE BhIpAa)K€HA 3aBUCUMOCTH
Ni-Cr, ycTOMYMBO BBIPAKEHHUCS B PACTUTEIHHOCTU (DOHOBBIX JTaHAIMIA(PTOB.
[Ipaktruecku otcyTcTBYIOT cBsiz Pb-Zn, Cu,Cr,Ni, kKoTOopble cTaOHIBHO
MPUCYTCTBOBAJIIH B PACTUTENILHOCTH Oe3pyAHbIX TuIomaaei (2, 13].

B miomoBoi#i, OBOIIHON W KOPMOBOW PacTUTEIHHOCTH arpoJianamad-
TOoB coaepxkanue Pb, Zn, Ni, Co, Cr, Mn, Ti BappupyroTcs B T€X ke mpee-
JaxX, KaKk B JTUKOpac-TYIOIIEW PACTUTENBHOCTH, IIPUYEM cojlepkanue Mn u
Ni OGM3KO K COAepKaHUSAM B TPaBIHUCTOW PACTUTEIBHOCTH. BBIsABIEHO
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3HAQUYUTEJIbHOE HAKOIUIEHHE Zn B 3epHE MIIEHULbl U suMeHs. CoaepKaHus
Cu B CeNbCKOXO3SUCTBEHHOW MPOIYKIIUU WIH OJU3KO K COACPKAHHUIO B
pacTuTenbHOCTH (DOHOBBIX JaHAMA(TOB WM TPEBHINIAIOT €ro. YPOBEHb
3arpsiI3HEHUS IUI0J0BOM, OBOITHOW U KOPMOBOM NPOAYKIIMH FOr0-BOCTOYHOMN
yactu b.KaBkaza siBisieTcss oueHb Hu3KoM (Zc=2,22). [IpuopureTHpIMU 3a-

TPS3HUTENSIMU B 3aBUCHMOCTH OT BHJa npoaykiuu siBisitores Cu, Ni, Mn,
Pb, Cr, Zn, Ti.

—_

W

10.

11.

12.

13.

14.

JIUTEPATYPA
Anexceenko B.A. Dxonorudeckas reoxumus. — Mocksa: Jloroc, - 2000, - 626 c.
babaes ®©.M., Parumzane A.J1. MUKpO3JIeMEHTHBIH COCTaB PACTEHUH KaK WHIUKATOP
KOJIY€1aHHO-TI0JIyMETAIIINYeCKUX MecToposxaeHnid. HoBocubupcek, Tesucsl Beecoros-
HOro cosemanus. 1992, ¢.74-76.
Jlo6posonnckuit B.B. OcHoBbl 6uoreoxumun. — Mocksa: BIII, - 1993, - 413 c.
WBanos I1.B. Teopernyeckne 0CHOBBI OMOTEOXMMHUECKOTO METOJIa PYIHBIX MECTOPO-
xnaennit. — Hoocubupck: Hayka, - 1986, - 140 c.
Wnenu B.b. Tsoxenbie MeTaluibl B ccTeMe mouBa-pacteHnii. — HoBocnbupek: Hayka, -
CO, - 1991, - 148 c.
HUcaes C.A., babaeB @.M. Dxosnoro-onoreoxuMmudeckas McciaeIoBaHus B dnocdepe. —
baky: MBM, - 2007, - 472 c.
Hcaes C.A., MacumoB A.VY., XacaeB A.l. ['eoskonorus. — baky: Krop, - 2013, - 306 c.
Ilepensman A.U., Kacumos H.C. I'eoxumus nanamadra. — Mocksa: Acrpes, - 2000, -
163 c.
Haugland T., Steinnes E. Trace metals in soil and plants subjected to strond chemical
pollution. Water, Air and soil Pollut., 137, Nel-4, p.343-353.
Mireles A., Solis C. Heavy metal accumulation in plants and soil irrigated with
wastewater from Mexico city. 6 International Conference on ion Beam Analysis,
Aibuquerque, 29 June-4 July, Nucl. Instrum, and Meth. Phys. Res. B, 2004, 219-220,
p-187-199.
Popov G. Bioaccumulation of Pb, Zn, Cu and Ag in some wide spread plant species
from the Ore Deposit region. Ecol. and Future. 2014. 3, Ne2, p.32-36.
Virnan V.M. The determination of heavy metals in soil and plants by the coupled
plasma by atomic emission spectrometry. 6 International Conference on the
Biogeochemistry of Trace Elements (ICOBTE, 2001). Guelph, July 29 Aug., 2, 2001.
ICP Inf. Newslett, 2003, 28, Ne8, p.583-589.
Windham L., Weis J. Metal dinamics of plant litter of Spartine altemiflora in metal-
contaminated salt marches. Environ. Toxicol, and Chem., 2004, 23, Ne6, p. 1520-1528.
Zhanq H., Lin V. Coxep:kaHue TSDKEIBIX METAUIOB B PACTEHUSIX, IPOU3PACTAIONINX Ha
MOYBE, 3arpsi3HEHHON XBOCTAMHU 00OTaIleHNs] MAapraHIeBOTO pyIHHUKA paiioHa CSHTaHb
(KHP). Shenqtaixue=Chin, J.Ekol., 2004, 23, Nel, c¢.1 11-123.

39



BOYUK QAFQAZIN BiTKIiLORININ BIOGEOKIMYASI
(AZORBAYCAN DAXILINDO)

V.M.BABAZAD®O, S.A.ISAYEV
XULASO

Mogqaloads fon landsaftlarinda vo filiz yataqlar1 landsaftlarinda biogeokimyovi tod-
qiqatlarin noticalori verilmisdir. Fon landsaftlarinin miixtolif siixurlari izorinds biton ot, kol
vo oduncaqli bitkilords mis-pirrotin, mis-polimetal, kolgedan-polimetal vo qizil yataqlarinin
bitkilorindo kimyovi elementlorin konsentrasiya xiisusiyyatlori tosvir edilmisdir. Miioyyon
olunmusgdur ki, gdstorilon yataqlarin filiz minerallagsmas: biogeokimysavi anomaliyalarla
miigayiot olunur. Bu gostorir ki, B.Qafqazin conub yamaci orazisindo filiz tozahiirlorinin
askar olunmasi li¢iin biogeokimyovi axtaris tisullarini totbiq etmok olar.

Torpaqglarda elementlorin miqdarindan asili olaraq onlarin ot, kol vo oduncaqlt
bitkilor torafindon bioloji udulma xiisusiyyastlori agkar edilmisdir.

Regionun meyva, torovoz vo yem mohsullarinin dyronilmasi miixtslif kond tesarrii-
fat1 hasilati ndvlorinds ayri-ayri elementlorin nisboton yiiksok miqdarlarini tizo ¢ixarmisdir.

Acar sozlar: Boyiik Qafqaz, filiz yataqglari, biogeokimyavi axtarig metodu

CONCENTRATIONS OF SOME BIOGEOCHEMICAL ELEMENTS
IN PLANTS IN THE GREATER CAUCASUS
(WITHIN AZERBAIJAN)

V.M.BABAZADE, S.A.ISAYEV
SUMMARY

Results of biogeochemical investigations in background landscapes and in
landscapes of the ore deposits have been considered in the article. There have been also
considered peculiarities of concentration of chemical elements in grassy, bush and wood
plants existing in different rocks of the backgroud landscapes, as well as of chemical
elements in plants of copper-pyrrhotite, copper-polymetallic, pyrite-polymetallic and gold-
containing deposits. There has been determined that mineralization of the studied deposits
was accompanied by biogeochemical anomalies. It enables to make a conclusion that
biogeochemical method of exploration may be applied to discover ore-seeps in the territory
of the south slope of the Greater Caucasus.

There have been alo determined peculiarities of biological absorption of elements of
grassy, bush and wood plants depending on their concentration in soils.

As a result of studies of fruit, vegetable and fodder plants in the region, there have
been determined relatively high concentrations of some elements in different kinds of
agricultural products.

Keywords: Greater Caucasus, ore deposits, biogeochemical method of prospecting

40



BAKI UNIVERSITETININ XOBORLORI
Ne3 Tabiat elmlari seriyast 2022

V]IK 5533.4

CUCTEMATHKA, @OPMAINU U TEHETUYECKHUE THIIbI
30JI0TOPYJHBIX MECTOPOXIEHNUU MAJIOI'O KABKA3A
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B cmamve paccmampusaemcs cucmemamura opmayuii pasiuyHblX munos 30710~
MOPYOHBIX MeCmOpOodAcOeHUll, 8blOesieHbl elagHetiuue ux munsvl. Ilokasana césnszb u 3010mMo-
PYOHBIX U 3010MOCO0EPAHCAUUX MECTHOPOICOCHULL C PYOOBMEUAOWUMU 2E0N0SULECKUMU
dopmayuamu, nareoounamuyeckue 06CmMano8Ku oaaconpusmuuvle 0isi 603HUKHOBEHUS PYO-
HO-MA2MAMUYeckKux CUCMeM, XapaKmep OKOJLOPYOHO20 2UOPOMEPMATbHO20 MEemamopdus-
ma. Onpedenena no8mopseMoCb CXOOHbIX 2e0102UYECKUX YCIOGULL 8 NPOYecce Pa3GUmus
0CMPOBOOYICHOU 0OIACMU, NOGMOPIEMOCb BEUJECIBEHHO20 COCMABA PYO0, CXOOCMEe
PYO0SMEWaOuux nopood U ux NOCMMASMAMUYECKUX USMEHEHULL U CES3U C MASMAMUY eCKU-
mu ghopmayuamu.

KiroueBble cjioBa: cucTeMaTHka, (OpMaIns, MECTOPOXKICHHUE, 30JI0TO, I'CHE3HUC,
kinaccuuKaius, CTpyKTypHO-(hOpMAIIMOHHAS 30HA, META/UIOTCHUYECKass 30HA, IUTYTOHO-
I'CHHOE, BYJKAHOT'CHHOE, KOJYCIAaH, CepHs

CucremaTnka 30JI0TOPYJHBIX MECTOPOXKJIEHUH IMPOBOJUTCS Ha OC-
HOBAaHUHU PA3JIMYHBIX MPUHIIMUIIOB, B KOHKPETHOM CIy4ae — Ha OCHOBE BBbIJIE-
JIEHUS] PYAHBIX (QOpMalMii, YTO SBISETCS BeCbMa BaXXHOW ISl MPOTHO3HOU
oLeHKU Tepputopur. Kiaccuueckoe nmoHuManue pynHoi ¢opmanuu chop-
MupoBajgoch 1moja BiusHueM pabdor W.I'Marakesna, B.A.Ky3Henosna,
I''A.TBanmupenunze, A.Jl.Illernosa, E.A.PaakeBuu, E.E.3axaposa, B.C.Kop-
mununbiHa, [1.A.Ctponslr, P.M.KoHcTanTHHOBA U 1p., 3aHUMAIOIINXCS BO-
IIpOCaMu MeTaJJIOTeHUH. Bcenen 3a ynoMsiHyTBIMM HMCCIIEAO0BATEISIMHU, Mbl
o pyOHOU (opmayueti TTOHUMAEM ECTECTBEHHYIO acCCOLHUAIMIO PYIHBIX
MECTOPOXKICHH, 00IaaroIue CTa0MIbHBIM MUHEPAIIbHBIM COCTABOM, I10O-
BTOPSIIOIIMMCS B ONPEIEICHHON MOCJIEIOBATEIBHOCTH HA BCEX MECTOPOXK-
JCHUSIX TaHHOW GopMaryu 1 00pa30BaBIIKECs B OJU3KUX M€OJOTUIECKUX U
(U3HKO-XMMHUYECKUX YCJIOBHSX, HE3aBUCUMO OT BpPEMEHH 0Opa3oBaHUS.
CoBpeMeHHOE TIOHUMaHKUE PYAHOH (opManuu AaeT BO3MOKHOCTh MEPEHO-

41



CUTh 3aKOHOMEPHOCTH PyI000pa30BaHMsl, YCTAHOBJIEHHbIE HAa OJHOM W3
M3YYCHHBIX MECTOPOXKICHUI TaHHOW (opMaIuu, Ha JApyrue, ciabonu3yueH-
HbIe, HO OTHOCHUMBIE K TOH ke pyaHoil ¢opmaruu. [Ipeamomnaraercs, 4To
NPUHAAIEKHOCTh K OMNpPEIEeNICHHONH pYyIHON (QopManuu Ipenonpeneiser
MacimTab U KadecTBO MecTopokaeHus. Ha ocHoBe paszpaboranHoi (opma-
[IMOHHOW KJIacCH(UKAIMU MarMaTU4eckux obOpaszosanuit [1, 11, 18, 26 u
Ip.] ¥ CYIIECTBYIOIIUX MPEACTaBIECHUN O PyAHBIX GopMaIusaX, HaMu pa3pa-
0oTaHa crcTeMaTHKa 30JI0TOPYAHBIX ¢opmanuii Masnoro Kaskasza. B mpen-
JlaraéMoOM CTAaTUCTHUKE BBIIEJICHUS TJIaBHEHIINX TUIIOB 30JI0TOPYIHON MH-
HEepaJlM3allii aBTOPbl CTPEMIINCH COXPAHUTh NIPEEMCTBEHHOCTh OT CHCTE-
matuku H.B.ITerposckoii, A.®oreasman, M.b.boponaesckoii u 1..PoxxkoBa
U Jp., JOIOJIHAS €€ HEKOTOPHIMM HOBBIMH JAaHHBIMH. B Hell Hamm oTpaxe-
HUE CBSI3U 30JI0TOCOJIEPKAIINX M COOCTBEHHO 30JI0TOPYIHBIX MECTOPOXK/Ie-
HUHN C pyIOBMEIIAIOINMU U MAaTEPUHCKUMHU PYJOHOCHBIMU I'€0JOTMYECKH-
MU (popmanmsiMH, ManeoIuHAMUYECKHEe OOCTAaHOBKH, ONArompusiTHbIE AJIs
BO3HUKHOBEHHUS PYJHO-MarMaTU4YeCKUX CHCTEM, XapaKTep OKOJIOPYAHOIO
THIPOTEPMAILHOTO MeTamopdu3Ma. Bbimu BbIIENEHBl KOMIUIEKCHBIE Mar-
MaTH4YeCKHe (POpMalUU KaK OJWH U3 MPHU3HAKOB MPOTHO3UPOBAHMS Ha OTI-
peleneHHbId TUIl PYIHBIX MECTOPOXKJIEHUN U YCTaHOBJIEHO BpeMs (popmu-
POBaHMSI PYTHO-TEOJOTHICCKUX (DOPMAIMOHHBIX accoruarmii. MecTopox-
NeHus1, 00pa3yroIIyo OJHY PYIHYIO (popMaruio, OTINYAI0TCS OAMHAKOBBIM
Ha0OPOM CMEHSIOIIMXCS PYT APYyra CTAAUHHBIX MHHEPATHHBIX aCCOIUAIINN
U MOTYT MMETh CaMblii pa3lW4yHBbIA Bo3pacT. PymaHbie ¢opmaruu BcTpeda-
I0TCS HE U30JIMPOBAHHO, @ 00pa3yr0T KOMIUIEKCHI (ps/Ibl), TECHO B3aMMOCBSI-
3aHHBIE U XapaKTEpHbIC Ul ONPEAEICHHOM TreoJornyeckoid OOCTaHOBKU
[15, 17, 22, 14]. BeisiBasieTcsi OTUYETIMBO BBIPAXKEHHAS CMEHA OJTHUX THUIIOB
pYyIHBIX (hopMalmii IpYyruMu B X0 UCTOpHUECKOro pa3utus 3emin. Cuc-
TeMaTHKa 30JIOTOPYAHBIX MecTopokaeHnii Manoro Kaskaza Ha (opmaru-
OHHOM OCHOBE OIIPENEISIETCS MOBTOPSEMOCTBIO CXOJHBIX I'€0JOTMYECKHX
YCJIOBHI B TIPOLIECCE Pa3BUTHS CKIATYATHIX 00JacTeil, a UMEHHO, MOBTO-
PSAEMOCTHU BEILIECTBEHHOI'O COCTaBa Py, CXOJACTBE PYIOBMEIIAIOIINX TOPOJL
U UX MMOCTMAarMaTHYeCKUX M3MEHEHUH U CBSI3U C MarmMaTHuecKuMu (opma-
nusaMu. [IpyHIMI TOBTOPSEMOCTH MOJIOXKEH B OCHOBY OIIPENEICHUS MarMa-
tryeckux Gopmanuii [32]. Ilo sTomMy e NpUHLUIY BBIIENAIOTCS IJIaBHbIE
pynusie hopmanyu u cyddopmaliu, KOTOPhIX HACUUTHIBAIOTCS HECKOJBKO
JECATKOB. B MCTOpHH reosiornuyeckoro pa3BuTHs MalloKaBKa3CKOro opore-
Ha HECOMHEHHO MMEJI0 MECTO MOBTOPSAEMOCTb IOYTH TOJKECTBEHHBIX pas3-
HOBO3PACTHBIX MarMaTH4ecKuX W pynHbix dopmaruii. ['.A.TBamupennmze
[24], aHanu3upyst IPOLECC PA3BUTHUS PYJHBIX MECTOPOKIEHUI BO BPEMEHH,
MIPUXOJIUT K BBIBOJAY, YTO C OJAHOW CTOPOHBI, YCTAHABIMBAETCS IOBTOpPsE-
MOCTh MECTOPOXKICHUH OJJHUX U TeX K€ PYIHBIX (opMauuil OT OJHOM 310-
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XM K JIPYrOi, a ¢ APYroi, - OTYETIMBO MPOSIBISIETCS TEHICHIUS, KOI/1a OTl-
peleneHHbIe TPYIIBI PYIHBIX MECTOPOXKICHUH BO3HHUKAIOT TOJBKO OJHH
pas, He moBTOpssch B npyroe Bpems [27]. A JI.B.Pynaksuct [20], oO6cyxnas
IBOJIIONHIO PYA000pa30BaHUsI BO BPEMEHH, MPUXOIUT K 3aKIIFOUCHHUIO, YTO
OJIHU 3JIEMEHTHI OOHAPYKUBAIOT TEHACHIIMIO KO BCe 0ojiee MHTEHCUBHOMY
HAKOIUICHUIO U 00pa30BaHUI0 MakcuMyma B Moionbie snoxu (Mo, B, Sb,
As, Ag, Hg, Bi), a npyrum npucyma TpOTHBOIIOIOXKHAS TSHISHIUS - 3a-
KOHOMEpHOE YObIBAaHHWE HMHTEHCUBHOCTH HAKOIUICHUS TOCIE MaKCHMyMa
obOpazoBanus B HauOosee apeHue 3moxu (Fe, Ti, Pt, Cr, Co, Ni).

OO0s3aTenbHBIM TTPU3HAKOM (popManuii 1omKHA OBITH 3aKOHOMEpHast
MPUYPOYCHHOCTh HE TOJBKO K OAHOTUITHBIM T'€OJOTHYECKHM CTPYKTYpaM,
HO U OMpEACNICHHBIM dTAallaM W CTAIUsSM pa3BUTHSA. B MpoTHBHOM cirydae
(dbopMallMOHHBIN aHATHU3 TEPSIET CMBICH, MPEBpAIIasICh B MHHEPAIOTHYECKOE
OMHCaHue MeCTOpOoXkaAeHHN. OnpenerneHHbIM dTalaM COOTBETCTBYIOT CBOU
(dbopMaloHHbBIE TPYIIIBI, 00pPa30BaHHBIX OJM3KO OJHOBPEMEHHO B KOHKPET-
HOW reojormyeckord obcraHoBke. OHU ClIaraloT CTPYKTYPHO-(OpMAaIHoOH-
HBIE€ 30HBI, OTJIMYAOIINECS OCAIOYHBIMU U BYJIIKAHOTCHHBIMU (DOpMALIUSIMU,
U C HUMU CBSI3aHBI OCOOCHHOCTH WHTPY3WBHBIX 00pa3oBaHUl W METaMop-
¢budeckux M3MEHEHMI claralolux UX Mopoia. B mpeampuHsaTOM aBTOpOM
WCCIICIOBAaHUH PYIHBIM (OopMammsiM OTBOJIUTCS 0c000 BaxkHasi poiib. [lo-
ATOMY TEOPETHUECKHE MPEACTABICHUS 10 dTOMY BOMPOCY IOMOIHSIOTCS U
YTOYHSIIOTCSI HUKE.

OcTaHOBHUMCS BKpaTIle Ha MOHUMAHUH HEKOTOPBIX APYTUX TEPMHUHOB
dbopmarmonHoro ananu3a. [Ipu pazpaborke pynaHODOPMAITMOHHOW KIaCCH-
¢buKanuyu aBTOPBI UCXOAUIU U3 MTOMETATBLHOTO UX ACNEHUS, YTO TIO3BOJIUIO
HEO0OXOIUMOCTD BBIJICJICHUS JIBYX - © MHOTOMETAIBLHBIX PYIHBIX (hopMaruii
B 3aBUCHMOCTH OT MHHEPAIbHOI'O COCTaBa M T'€OJIOTHUECKHUX YCIIOBUU Ha-
X0XKJeHus. B OOMBIIMHCTBE ClydaeB YCTaHABIUBACTCS 3aKOHOMEPHAs CBSI3b
MarMaTU4ecKux M PyaHbIX (popmanmii (IpUypOYEHHOCTh T€X U APYTUX K
OJTHUM M TE€M K€ TEKTOHHYCCKUM CTPYKTypaM, 4acTO yCTaHaBIHBacMas 00-
masi rIyonHa oOpa3oBaHUS UHTPY3UH U aCCOLUUPYIOUINX C HUMH MECTO-
POXKICHHH, IPUYPOUCHHOCTh ONPECIICHHBIX METAJUIOB K MHTPY3WBaM OIl-
pEeAeNeHHOr0 COCTaBa U Jp.), OAHAKO BHISBIICHHE STUX CBSI3€i OpYICHEHHS C
MarmMaTu3MOM BeChbMa CJOXKHO M HE€ BCErja paspeummnmo. TeM He MeHee,
B2XHOCTH OIPEJIENICHUS] STUX CBS3CH HE BBI3BIBAET COMHEHHH. Bompocsl
CBSI3M MarMaTU4eCKUX U pyaHbIX (opmaruit Manoro KaBkaza paccmarpu-
BaJICh MHOTUMH HCCIIEOBATEISIMU M OCBEUIAINCH B CBOUX OOOOIIAOIINX
tpynax II.A.Asu36exoBa (1947, 1961), M.A.Kamkas (1956, 1965),
WN.I' Marakesina (1969, 1974), C.C.MkprusHa (1961), I'.A.TBanupenuaze
(1961, 1966, 1972), P.H.A6aynnaesa (1963, 1977, 1988), I'.11.Kepumona
(1963), B.M.AmmeBa (1965,1976), B.M.baba-3ane (1975, 1990, 1999),
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B.B.Ilannynas (1977), T.I'.T'amxkueBa u ap. (1981), 3.C.CynelimanoBa
(1982), II.O.Amupsina (1984), C.A.Kekenua (1985, 1990), K.M.Mypansana
(1987), «Metammorennss AzepOarimxana» (1962), «OcHOBHBIE YepTHl Me-
TaysoreHnn AsepOaiikana (0OBsICHUTENbHAS 3alMCKa K METaJUIOreHuYe-
ckor kapre AszepOairmxana)» (1981) m ap. OmHako MeTayuIOreHUYECKas
M3YYEHHOCTH BCE €IIle HeJOCTaTOYHA, 0COOEHHO C MO3UIMIA HOBOHU T100aNb-
HOM TEKTOHHMKH, YTO TMO3BOJSET MPEANPUHATH MOMBITKY 0000IIEeHUs IO HO-
BbIM JJaHHOM OCHOBHBIX ocoOeHHocTel metayuioreHun Manoro KaBkasa B
LEJIOM.

Hebe3nHTepecHO paccMOTpPEeTh IMOCIEeNOBATEIBHOCTh PSIOB PYAHBIX
dbopMaruii, CBA3aHHBIX C PA3TUYHBIMHU MO COCTaBYy MarMaTU4ecKUMH ¢Gop-
MarusiMi, 100 0e3 ero OCBEIIeHUs] HEBO3MOXHO J]aTh YETKOTO TMpeACTaBIe-
HUS 0 3aKOHOMEPHOCTSX pa3MeIleHuUs YHIOTeHHBIX MECTOpOXAeHui Maio-
ro KaBkaza. Maemamuueckasn ¢hopmayus 00ObeUHIET €CTECTBEHHYIO acCo-
[UAIMI0 MarMaTUYecKUX IOpOJ OIPENeJIeHHOrO COCTaBa, 3aKOHOMEPHO
MIPOSIBIISFOIIASICS. B ONPECTICHHON Ie0JIOTHUecKol 00CTaHOBKE B XO/I€ pas3-
BUTHS PAa3HOBO3PACTHBIX, HO OJHOTHITHBIX SJIE€MEHTOB 3€MHOU KOpPBI [26].
Cybghopmayus BBIIENSETCS aBTOPAMU B CJIOXKHBIX 10 COCTaBY U CTPOCHHIO
dbopmanuii, eciim ecTb HE0OXOAUMOCTh WHAMBUIYAIN3UPOBATh UX OTIEINb-
HBIC YacTH. B OTIENpHBIX CIyYasx IO BEIIECTBEHHOMY COCTaBY Py BbIje-
JSIOTCSL U MUHepanibHvle munsl B COCTaBe pyAHOH (opmaruu (Hampumep,
JUI PTYTHBIX MeCTOpOXKJeHul). Komnnexc snoocennvix ¢opmayuii o0be-
JMHSAET KOHKpPETHbIE B3aMMOCBs3aHHbIE (popmaruu, o0iajaroniue eIuHCT-
BOM BPEMEHHU U MECTa BOSHUKHOBEHHS U TIPUYPOYCHHOCTh K MarMaTHYECKO-
My KOMIUIEKCY. MeTalioreHuueckoe 3HaYeHne KOMIUIeKca PyJIHbIX popma-
U OTpeieNsieTcss CBS3bI0 C OJHMM MarMaTH4eCKUM KOMITJICKCOM He-
CKOJIBKUX PyIHBIX (hopmarmii. B wactHoctu B Comxuro-Kapabaxckoii 30He
C BYJIKAHO-TUTYTOHUYECKHM KOMIUIEKCOM CpEIHEH FOphI TEeHETHUYECKH CBsI-
3aHBI 30JI0TOCOJIEpKAIUE KOTUEAAHHbIE, KOTYeJaHHO-TIOTUMEeTAIUINYECKHE,
KOJTYeTaHHbIE KOMILUIEKCHBIE, 0apHUT-TIOTMMETAIIHYECKHE U KPEMHHUCTO-Te-
MaTUTOBBIE pyaHble hopmarun. C nozaHemenoBeiMu bonnucckum u Kaszax-
CKUM HAJIO)KEHHBIMH TPOTHOAMH CBsI3aHBl KOJTYEIAaHHBIC 30JI0TO-MEIHO-
OapuT-noJaMMeTaInueckue pyansie popmanuu. Co cpeaHe-1mo3qHeI01EeHO-
BBIM BYJIKAHO-TTYTOHUYECKHM KOMILUIEKCOM 0a3allbT-aHIe3UTOBOTO COCTaBa
C OTKJIOHEHHEM K ILEJIOYHBIM MOpPOJIaM CBSA3aHbI 30JI0TOCOJEpIXKAIIUE Cep-
HOKOJTYeTaHHO-MEeTHO-TIoNIMMeTanyeckue Gopmauuu Amxapo-Tpuaner-
CKOW 30HBI. B 3TOM e 30He ¢ rabOpO-AMOPUTOBBIMH HUHTPY3HSIMH TECHO
YBSI3BIBAIOTCA CKAapHOBO-30JIOTOPYJIHBIE M MEAHO-MOP(UPOBBIE pYyIHBIE
bopmatmu. Pao ¢opmayuii [14] BeigenseTcs ¢ LEIbI0 OTPAXKEHUS MOCTE-
MEHHBIX MEPEX0J0B ONHUX (popmaumii B Apyrue, NpUHAAIEKAIUX MO CO-
CTaBYy K OJJHOMY U TOMY € Kjlaccy (Hampumep, KoJYeJaHHBIN psii pyIHBIX
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dbopmaruit Manoro Kaskaza). Cepus ¢popmayuti oobenuuser dhopmaivu,
3aKOHOMEPHO BO3ZHHUKAIOIIHME B Mpolecce 000COOICHHS TIaBHBIX CTPYKTYP-
HBIX 2JIEMEHTOB CKJIaA4aThIX oOyiacTel (MporuOoB, MOJHATAN U T.1I.) H MO-
KET CoJlep)KaTh HECKOJIIBKO (hOPMAIMOHHBIX PSAA0B (MHOTJAa pa3HOBO3PACT-
HbIE ¥ Pa300IIeHHbIE B MPOCTPAHCTBE) PA3IMYHOrO cocTaBa. B oluiem ciy-
qae, (hopMaIlioHHAasi Cepusl SBJSIETCS BOIUIOIICHHEM OIHOM CTaauM pa3BH-
THSL KOHKPETHOU CTPYKTYPBI, XOTS CYHIECTBYIOT TEKTOHUYECKHE 30HBI YHAC-
JIeIOBAaHHO pa3BUBABIIMECS B TEUCHUHU IIENOro JTama (1Iukia) 06e3 peskoi
cMmeHbl hopmanuii. I pynna ¢popmayuti 00beAUHSIET BCe KOMITJIEKCHI, PSABI U
cepun Gopmanuii, 00pa3oBaBIINECS B TEYCHUU OJJHOTO ATAIla OMPEIeIIEHHO-
ro nukia. TepMuH pynHbid KoMiieke B moHsATHN FO.A . bumbuna (1955) u
komektuBa BCEI'EU (1957) npubnmkaercs K HAIIMM MPEICTABICHUSIM O
pyaHbIx ¢opmanusx. B nonartue cmpykmyphno-gpopmayuonnaa (memanno-
2eHUYecKas) 30Ha BBIKJIAJBIBAETCS CMBICI COBOKYIHOCTH TEKTOHHYECKHX
CTPYKTYp, OCaJOYHBIX M MarMaTuyeckux Qopmaiuii, o0pa3oBaBIINXCA B
OTIpe/ICNICHHbI HCTOPUKO-TE€OJIOTUYECKUI 3Tal pa3BUTHUS TEPPUTOPUH U
CBSI3aHHBIX MEXAY COOOW EOMHCTBOM CTPYKTYpHOTO IJIaHA WU YCIOBUM
dbopmupoBanus (TekTonuka..., 1974). Kaxxnas u3 MeTaIoreHUYECKUX 30H
XapaKTepu3yeTcs OMpeeNieHHON cepueil pyaHbix Qopmaruii. Heckonbko
METAJUIOTEHUYECKUX 30H, (HOPMUPOBABIINXCS B IWHHYIO METAJUIOT€HUYE-
CKYIO 21I0XY, OOBbEIUHSAIOTCA B TEKTOHO-MarMaTU4ecKue U MeTalIoreHude-
ckue apeansl (B.1.KoBanenko u ap., 1984), kotopsie oTpakaroT OJHOBO3-
pacTHble (B Mpeaenax reoJOTHYeCKUX 30X ) JaTepaabHbIe PSIIbI CTPYKTYP-
HO-METaJNIOTEeHNYECKUX 30H. BaskHOI 0COOEHHOCTBIO ABIISETCS THUII METaJ-
JIOTEHUYECKUX 30H, CJIaraéMblii OT TEKTOHHYECKOTO CTPOEHUS M COCTaBa
PYJIOTreHEepUPYIOIIUX MarMaTu4eckux 00pa3oBaHui.

Ha Manom KaBkasze BbA€NEHBI MSITh METAIJIOTEHHYECKUX 30H I10
NPUHLMITY Tpeobiafarolied MUHEpalu3alud, oOpa3oBaHHOW Ha oIpeje-
JIEHHOW CTaguu Pa3BUTUS CTPYKTYpHO-(hopManuoHHOW 30HBI. Kaxkmas u3
METAJJIOTEHUYECKUX 30H XapaKTepU3YETCs] MECTOPOXKJIEHUSIMU JIBYX-TpeX
THUIIOB, YTO, B CBOIO OYEPEb, IPUIAET JIEMEHT IPOTHO3UPOBAHUS METAILIIO-
TeHUYECKOMY palOHUpOBaHUIO. MacuTaObl METaNIOTeHUYECKUX 30H OMpe-
JIEJIEHBI 110 apeajJbHOMY Pa3BUTHIO PYAOHOCHBIX U PYJOBMELIAIOIINX I'EO-
norudeckux opmauuid. OTneabHbIE PYAHbIE KOMIUIEKCH XapaKTepHbl [23]
TOJIBKO JIJIs1 OJJHOM METaJUIOT€HUYECKOM 30HbI, IPyrye JIOKAJIU30BaHbl B HE-
CKOJIbKUX 30HaX, TPETbU 00pa3yloT Mosica, MepeKpbIBAOLIUE Psi 30H C pas-
JIMYHOU MUHEPAIU3ALMEH.

OnHuM W3 BaXXHBIX OCOOCHHOCTEHW PyAHBIX (hOpMamuii paccMaTpu-
Ba€MOU TEPPUTOPHUU SIBISIETCS TOJUTEHHOCTh U TIOJTUXPOHHOCTH PyI000pa-
3YIOUIMX MPOLIECCOB, YCTaHABIMBAEMBIX I Ka)KJOTO TEKTOHO-MarmaTH-
yeckoro uukia. [IpekpacHbIM npuMepoM MOJUT€HHOCTH U MOJUXPOHHOCTH
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SBJSIIOT COOOHM KoOJIYeaHHBIE MECTOPOXACHUsS. [[pyroil BakHOW depTOM
pyasbIX hopmarmii Manoro KaBkasa sBIsieTcs pOrpecCuBHOE YCIOKHEHNE
COCTaBa pyJl MECTOPOXKJIEHHUH 10 Mepe OMOJIOKEHUS (CKOJIbKEHHsI) TEKTO-
HUYECKUX CTPYKTYp M PyIHO-MarMaTU4E€CKHX KOMILJIEKCOB OT FOPBI A0 30-
LIEHa B I0T0-BOCTOYHOM HAaIpaBJIEHUH U UX MOIU(ALNATBHOCTE: MECTOPOXK-
JICHUSI CBSI3BIBAIOTCS C OTACIBHBIMH (DallusiMi — CyOBYJIKaHUYECKHUMH, DKC-
TPY3UBHBIMU WM K€ OPOTEHHBIMM MPOLIECCAMHU, CONPOBOXKIAIOIIUMU CTa-
HOBIIeHHE 3THX (popmaruii. OCHOBHBIMH NMPHUYUHAMU TAKOH 3aKOHOMEPHO-
CTH SIBJII€TCSI METAJNIOTEHUYECKas CIelUannu3anus Mopo U pa3inuyus B 00-
CTaHOBKaX pyA000pa30BaHusl.

B HeKOTOpBIX Cilydasx pyAOHAKOMJIEHHE MOXKET NMPOUCXOAUTH B pe-
3yJIbTaTe MPOIECCOB, HE HAXOMSMIUX (POPMAIIMOHHOTO BBIPAKEHHUS U pac-
CMaTpHMBAETCS KaK pereHepanus MeTasIoB U3 BMEIIAIONIUX TOIII UIIU OoJiee
JPEBHUX MECTOPOXKICHHUI B BYJKAHOTE€HHBIX ToJax (Xaixajuckas rpymnmna
CaMOpPO/JHOM MeJM) WIM HAKOIUIEHHE 30J0TOPYIHONM MHUHEpalu3alu 3a
cyeT runepoasuToB (XapaKTepu3yroTcs HauOoiee BHICOKUM KJIapKOM 30J10Ta
— 21,3 Mr/t) u ux MeraMop(pUUYECKUX MPOU3BOAHBIX-ceprneHTUHUTOB (Co-
IOTIy4aiickas 30JI0TOpyIHas IUIOMmanb) U T.1. IS moJgoOHBIX OOBEKTOB
pa3BuBaercs (C. MIBaHOB) HECKOJIBKO BapHaHTOB THAPOTEPMATIBHOTO PYy/I0-
00pa30BaHMs ¥ HE UCKITIOYACTCS CBSI3M C MOCTYIJICHHUEM M3 TITyOMHHBIX HC-
TOYHHUKOB.

3010TOPYAHBIX (opManuid, 00BEINHSIIONINX THAPOTEPMAIIbHBIE MECTO-
poxnenuss Manoro Kaskasa, Bcero aBaauarth. B cucremaruke oTpaxeHsl xXa-
paKTepHbIE COUETaHUS PYIHO-TEOJIOTMYECKUX MPU3HAKOB, OTBEYAIOIINX
YPOBHIO PYIOOTIOXKEHHS B IMpeaenax pyJHO-MarMaTHYecKux cucrem. Jlan-
Hasl cHCTEeMaTHKa OXBATbIBA€T TPU CEPUU: SHAOTEHHYIO (KHJIbHAsl 30JI0TO-
KBapleBasi, 30JI0TOCOJAEPXKALIMIA KOMYEAaHHBIH psa (opmauuii, 3010TOCO-
JepKalasl KoqdeJaHHas KOMIUIEKCHas, 30JI0TOCOAepKalias MeIHo-nopgu-
poBasi, 30J0TOCOZEpIKaIas OapUT-NOIUMETAITNYECKas, 30JI0TO-IIOJIHCYIb-
¢buaHas, 30J0TOCOAEpIKaIIAsl KUIbHAS KBapl-NOJUMeTasinueckas, gpopma-
1S 30JI0TOCOAEPIKAIMX MEIUCTBIX BYJIKAaHUTOB, 30JI0TO-CYNb()UIAHO-ATIOC-
KapHOBasi, 30JI0TO-CYIb(UIHO-KBApLEBasi, 30JI0TO-CYJIb()UIHO-TEIUTYpOBasi,
30JI0TOCOJIepKAIIas MEIHO-MOIMOIeH nophupoBast, GopMarys 30JI0TOHOC-
HBIX BTOPUYHBIX KBApIMTOB), SK30T€HHYIO ((hopmarusi 30JI0TOHOCHBIX KOp
BBIBETPUBAHUSA, (hOpMaLIUsi COBPEMEHHBIX AJUTIOBHAIBHBIX POCCHINEH) U Me-
TamopdoreHnyo (hopmaius 30J0TOHOCHBIX KOHTJIOMEPATOB).

Hexomopulie uz paccmampugaemvix gopmayuii XxapaxmepHvl moabKo
07151 KOHKPEMHbIX MEMAalI02eHUYECKUX 30H, Opyaue Jice NposeieHbl no 8cell
nposunyuu. Cpedu paccmampusaemvix gopmayuonnvix munog ¢ Comxumo-
Kapabaxckoti 30ne evidenaiomes mpu Haubdonee yCmouuusblx 60 6pemMeHu
MUNOMOPDHLIX popmayuu, umMerouwux NPOMblULIEHHOe 3HAYEeHUe. 30]10MOo-
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KOJIYeOaHHAsl C WUPOKUM CNEeKMPOM KOI4eOaHHO20 psaod, Om CepHOKoYe-
OaHHbIX 00 KONYeOaHHbIX KOMNJIEKCHBIX, 3010MO-MHO20MEMATbHBIX U 30710-
MOo-CYIb@UOHBIX,  30]I0MOCO0EPHCAUYAsT MEOHO-NOPPUPOBAsL U  30]10MO-
cynvguono-keapyesasn. B knaccugpuxayuu maxsce Hawiiu ompasxicenue
dopmayuonHvie munvl, NPOMbIULIEHHbIE 3HAYEHUS KOMOPBIX NOKA He YCma-
HOB/IeHbL (30]10MO-pMymHuble, 30J10MOCO0epHcaujue Meoucmole 8YIKaAHUmbl
u op.). Omoenvhvie Gopmayuu noopazoenenvl Ha cyogpopmayuu. B ommo-
wenuu hopmayutl, 8v10eNABUUXCS NPEeOblOYUUMU UCCTIe008ameNsIMU, dA6-
MOpbL COXPAHUNU YCMOABUIUEC HAUMEHOBAHUSL.

DOHIOTeHHAas cepysi, BKIIOYAIONIAsi KOMIUIEKCHBIE U COOCTBEHHO 30J10-
TOPYAHBIE MECTOPOXKICHUS THUIPOTEPMaIbHON TPYIIIbI, OApa3AeseTcss Ha
IUTYTOHOT€HHBIE U BYJIKAHOT'€HHBIE KJIACChl, B 3HAUUTEIBHON CTENEHH OTJIH-
Yaroluecs Mo YCIOBUSAM OOpa30BaHMs, MUHEPATbHOMY U BEIIECTBEHHOMY
COCTaBY, CTPYKTYPHO-MOP(OJIOTHUECKUM XapaKTEePUCTHKAM OpYIACHEHHUS,
CBSI3M C MarMaTHU3MOM, XapakTepy OKOJOPYIHBIX MU3MEHEHUN MOpOAd H T.II.
K mepBoMy W3 HUX OTHOCSTCSI TUHITUYHBIE MECTOPOXKICHUS CPEIHUX TIIyOUH
(TTyTOHOTEHHBIE) C COMYTCTBYIOIIUMHU 30JI0TY MOJUMETANIaMU, MEIbI0 U
np. BosHukim B pe3ynbraTe akTUBU3ALWUK TEKTOHMYECKHUX IPOIIECCOB U
00IIero BO3JBIMAHUS CTPYKTYPHI, KOTOPOE MPUBENO K OKOHYATEIHLHOMY
CTaHOBJICHUIO KPYITHBIX TPAHUTOUIHBIX MOMH(A3ZHBIX HHTPY3UBOB (Merpu-
Opnybanckoro, Jlamunarckoro). MHTpy3uBBI KOMarMaTU4HbI C CHHXPOH-
HBbIM BYJIKAHU3MOM, pa3jMYHble UX CEPUM Pa3HOBO3PACTHBI U Mapajlienu-
3YIOTCSl C OTNpEAeNeHHBIMUA UMITYJIbCaMHU BYJIKaHH3Ma, 00pa3ys OpOTeHHYIO
BYJIKQHO-IUTYTOHUYECKYIO accoruanuio. OCHOBHasi Macca 3TUX UHTPY3Ul
MpUYypOYeHa K 30HAM MPOJIOJIBHBIX TTYOMHHBIX Pa3IOMOB B OCEBBIX YaCTSIX
cuHKIMHOpHEB. PopMarnius npecTaBieHa rabopo, rabdopo-auopuTamu, 11o-
pUTaMH, TPAHOAMOPUTAMHU, TPAHOCUCHUTAMH, NTUOPUT-CUEHUTAMH, MOHIIO-
HUTaMH, ra00pO-MOHLIOHUTAMU, CHEHUTaMU U UX TOP(GUPOBBIMU Pa3HOCTSI-
Mu. Hapsiny ¢ HaOmrogaeMbIMU B OTACTBHBIX MAacCHUBAX MOCTEIICHHBIMU Tie-
pexoaaMH MeXy dTUMH MOpPOJIaMH, YaCTO OTMEYAIOTCSI U PBYILME B3aUMO-
OTHOLLIEHUS MEXAY HUMHU, CBUAETENbCTBYIOIINE O TOMOAPOMHOM pPa3BUTUHU
¢dbopmanuu. BoNbIIMHCTBO MECTOPOXKACHUN 3TOM TPYMIbI, U3y4E€HHBIX M.-
A.Kamxaem, A.H.MycaesbiM, B.H.Haruessim, A.B.BenueBsiM u zp. acco-
LHUUPYIOT C TMOCTPAHCTBEHHO OJM3KMMH K HUM I10 BO3pPAcTy C MaJbIMU UH-
TPY3UBHBIMU U JAHKOBBIMU T€JIaMH MO3HEIOLIEH-OJIUTOLIEHOBOI'O BO3pacTa,
MIPEINOJIOKUTEILHO, CPEAHET0 COCTaBa, OOHAKEHHBIX HA TMOBEPXHOCTH B
npezesiax MHOTMX MECTOPOXKIEHUMN, U C KOTOPBIMU OpPYJICHEHHE UMEET Ma-
parerHeTndeckyro cBs3b (TyrxyH, Artopt, [Ibs36amm u ap.). Bo3nukmme B
3TOM IPOLECCE MECTOPOXKACHUS 30J0TO-KBAPIIEBONH U 30JI0TO-CYIb(PHUIHO-
KBapIeBO# (popManmu 00pa30BaIMCh B OJU3KOM Ie0JIOrMYeCKO 00CTaHOB-
ke. BMeniaromue nopospl NpakTUYECKU MOBCEMECTHO IOJBEP)KEHBI METa-
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COMAaTHYEeCKOMY MpeoOpa30BaHUIO U C HUMHU TECHO acCOLUUPYET 30JI0TOE
opynenenue. Bce 3TO mpenomnpenennio MHOroo0Opasue MUHEepaIn3aluu
OpPOTEHHOT0 3Ta’na W XapaKTepHBIM psia pyAHbIX (opmauuid. PynHeie tena
OOBIYHO pa3MeIleHbl B H/I0-3K30KOHTAKTOBOW 30HAX T'PAaHUTOUIOB, JOKA-
JU30BaHHBIX B TEPPUTCHHO-KapOOHATHO-BYJIKAHOTEHHBIX MOPOJHBIX aCCO-
LMAIUSAX BEPXHETO MeJa U 301eHa. 30JI0TO-KBAPIEBbIE POSBIEHUS COCpE-
JOTOYEHBI B IITOKBEPKOBBIX 30HAX, KPYTOMAJAOIIMX, YAaCTO BETBSIINXCA
KBapLEBbIX KWJIAX, )KWIbHBIX 30HAX, 30HAaX TMAPOTEPMAIbHOIO U3MEHEHUS
nopoa. OHM XapakTepu3yroTcs npeobaajaHueM cBOOOIHOTO 30J10Ta, Ha J0-
JIO CBSI3aHHOTO C CYJIb(QUAaMU TOHKOAWUCIEPCHOTO 30JI0Ta MPUXOIUTCS HE
6onee 20-25%. IlposiBaeHust 30510TO-Cyab(UIHO-KBApPLIEBOH (HopManuu
TyTXyHCKOrO MECTOpOKJIEHUS BbIPAXEHbl 30HAMU BKpPAIJIEHHOW U MpoO-
AKUIKOBO-BKPAIJIECHHON MUHEpaIN3allii, pa3BUBAIOIIMECS KaK MO BYJIKAHO-
Te€HHO-0CaJJOYHBIM OTJIO)KEHUSIM, TaK U MarMaTHYeCKUM, TJIABHBIM 00pa3oM,
B TeJle CaMUX UHTPY3UBHBIX mopo. Cpeau cynbPuaoB, 3aHUMAIOIINUX OT S5-
8 1o 15% o6bema mopobl, pe3Ko MpeodaagaeT MTUPUT U XATBKOMUPHUT TIPO-
JQYKTUBHOM CTaauu. B HUX coCpeloTOueHO MOAaBIsAIoNIas YacTh TOHKOIMC-
nepcHoro 3ojota. Ha Oosiee mMO3AHHMX CTamusax MUHEpanu3anuu (KBapil-
KapOOHATHO-CYNb()OAaHTUMOHUTOBOM), TaK K€ MPOAYKTUBHOM, BO3pacTaer
pOIb CBOOOIHOTO 30510Ta. MecTopokaeHus (popManuu XapakTepH3yIHTCs
00BIYHO OOJBIIMMHU pa3MepaMH U COJIepP>KaT OCHOBHBIC 3amachl 30J10Ta ITY-
TOHOTEHHBIX MECTOPOXJAEHUH. MeracoMaTuThl BO MHOTHX Cly4yasx IMpo-
CTPAHCTBEHHO COBMEIIEHBI, XapaKTEPU3ysICh CI0KHBIMA B3aMMOOTHOIIIE-
HUSIMU JIpyr ¢ JpyroM u opyaeHeHueM. lllupoko pa3BUTbI BTOpUYHBIE
KBapLUThl, HECYIIME 30JI0TOE OpPYIEHEHUE, U B PSANE CIydacB IPEICTaB-
JISIOIIME TPOMBIIUIEHHBIM HHTEpec. Pybl MacCUBHOW M MTPOKHUIIKOBON TEK-
CTYpbI, 3€pHUCTON CTPYKTYpbl. Jlns BbIAENEHHs KpUTEpUs TIIyOMHHOCTH
BBIOOp KOJIMYECTBEHHO MPeoOIagaroniuX, JM00 XapaKTepHBIX MHUHEPAJOB
HEnpHueMJIeM, M, KaK IOKa3blBae€T U3Y4YEHUE 30JI0TOPYAHBIX nosied Masoro
KaBkaza, conepkaHue 3TUX MHUHEPAJIOB B py/iax O0JbIlle 3aBUCUT OT MeTaJ-
JIOTEHUYECKON CleNUalu3alil CTPYKTYPHO-(OPMALMOHHBIX 30H. MIMEHHO
[0 3TOM NpUYMHE B pyJax IUIyTOHOTEHHBIX MECTOpPOKIEHHUI paccMaTpu-
Ba€MOM TEPPUTOPUU JOBOJIBHO YacTO BBIIEISIETCS 30J0TO-MHOIOMETalb-
HBIM MapareHe3uc; Hapsay C 30JI0TOM MPUHUMAIOT ydacThe MOJIMOAECHMT,
IIEEINT, BOJIb(paMHUT, KUHOBApPh U JAp. 30JI0TOE OpYy/ICHEHNE HaKJIa/IbIBaCT-
Csl Ha BYJIKAHOTE€HHO-OCAJ0YHbIE M MarMaTHYecKHe MOpojabl Bcex (opma-
muii. Coneprxanue 3o0710ta B pynax ot 0,3-0,5 1o 3-5 /1 u Beimie. B o0mem
K€ B COCTAaBE PyA MECTOPOXKIECHHU IIIIyTOHOT€HHOIO TUAPOTEPMAIBHOTO
KJlacca MPEBAIMPYIOT OAHM U TE€ K€ MHMHEpaJbl, KOJUYECTBO KOTOPBIX HE
IIPEBBIIIAET IIeCTH-ceMHU. Kpome 30510Ta, SBISIOIIMMCS IJIABHBIM KOMIIO-
HEHTOM, B COCTaB€ pPyJ NPHUHUMAIOT y4yaCTHME€ MHHEpallbl MEIW, CBHHIIA,

48



1uHKa, cepeOpa. Cpean KUIIbHBIX BBINOJIHEHUH IIMPOKO Pa3BUT KBapll, BbI-
TETSIONINNCS B HECKOIBKUX TeHEepaIusX.

[TapannenbHo ¢ cpeIHErTyOMHHBIMA MECTOPOXKACHUAMHU (popMupyeT-
Cs1 BTOPOM KJIacC 30JI0OTOPYAHBIX MecTtopoxzaeHuit Manoro Kaskasa, npen-
CTaBJICHHAs: OTHOCUTEJIBHO HU3KOTEMIIEPAaTypHBIMH BYJIKAHOT€HHBIMH, KO-
TOpBIE TPOAYHHUPYIOT OJU3MOBEPXHOCTHBIE MECTOPOXKACHUS, Kak Tpo-
MBILUIEHHBIE MECTOPOXKICHHS KOTYEAAHHOTO CEMEHCTBAa M MOJIMMETAILIOB,
TaK ¥ 30JI0TO-MEIHO-TTOJMMETATNIECKUX (HOPMAITMOHHBIX THIIOB. Dopmu-
PYIOTCSl OHH B JOOPOT€HHOM 3Tare OCTPOBOIYKHOW 30HBI U B 30HaX KOHTH-
HEHTAJIbHBIX pU(pTOB. OTIUYAIOTCS OHU OT IUTYTOHOTEHHBIX MECTOPOXKIE-
HUI MeHblIeH ri1yOnHOM (OpMHUPOBAHUS U MEHBIIUM BEPTUKAIbHBIM pa3-
MaxoM OpyAeHeHUs. MeCTOpOXKIeHHs TIOUYTH CHHXPOHHBI IIPOCTPAHCTBEHHO
U TIapareHHO ¢ MHTPY3MBHO-CYOBYJIKAHWYECKON M 3KCTPY3UBHOM (auusmu
rITyOMHHOCTH. Benymumu MpOMBIIUICHHBIME TIPEICTABUTEISIMH JTAHHOTO
KJjlacca SIBJSIFOTCS OpYAEHEHHE 30J0TO-KOIYEIaHHOW U 30JI0TO-IOJIUMe-
taumaeckort popmanmii (Kemadekckoe, Kadanckoe, Manneynnsckoe, Koi-
3putOynarckoe, YoBnapckoe). Ha MHOrMX pyaHBIX MOJSIX OCTPOBOIY>KHOU
30HBI UMEHHO KHUCJIbIe CyOBYyJIKaHMYEeCKHe 00pa3oBaHHs Oa3aibT-aHIE3UT-
IUTarMOPUOJIMTOBOM M 0a3anbT-aHAE3UT-1alUT-PUOIINTOBON (opMaluii BbI-
CTYNalT B Ka4yeCTBE 30JIOTONMPOAYKTHBHOH MarMaTudeckod Qopmanuu.
MecTtoposxaeHus OTIn4aroTcs 0oJiee BBICOKUMHU CPETHUMH COAEp KALMMU
30JI0Ta ¥ JIOCTATOYHBIMH 3aracamu. BwiieneHnsie pynaHble Gopmamuu co-
MOCTaBUMBI € (hOpMAlMSIMU OKOJIOPYIHBIX METacOMaTHTOB. (OCHOBHBIMHU
PYZAOBMEMIAIONTIMH TIOPOJAAMH SIBIISTIOTCSI PHOJIUTHI, PHOJALUTHI, aH/IC3UTHI,
aHJIe3UJALUTEl U JIp., IPETEPIEBIINE OPYIHYIO MPOMMIUTU3ALMIIO U OKO-
JIOpYJIHOE OKBaplieBaHUE, aAyJIsIpU3alNI0, CEPULIMTU3ALINIO, ATYHUTU3ALIUIO
U apruIn3anuio. XapakTepHO pa3BUTHE BTOPHUYHBIX KBAPLUTOB, TOBOJIBHO
4acTo Co/epKalllye MOBBIIIEHHOE KOJIMYECTBO 30J10Ta. DTOT MepeueHb ru/I-
pOTEepMalbHBIX M3MEHEHHH YKa3blBaeT Ha KUCIbBIH XapakTep pynooOpa-
3YIOUIMX PAacTBOPOB. {7151 Ko4yenaHHOM Ipymnmbl pyaHbIX ¢popMmanuii Maso-
ro KaBkaza, o0beUHAIOMNNA JOOPOTEHHbIE MECTOPOXKACHUS BYJIKAHOT'€H-
HOTO, BYJIKAHOT€HHO-0CAI0YHOTO ¥ KOMOMHMpOBaHHOTO TeHe3uca [21, 30],
XapaKTepHO KaK CUHI€HETUYHOCTb, TaK U SIUT€HETUYHOCTh OPYACHEHHS 110
OTHOIICHHIO K BMEUIAIOIIMM MOpoJaM. JTa 0COOEHHOCTh, OOBIYHO Xapak-
TepHas Ui SIMOHCKUX MecTopoxaeHuil tumna Kypoko, HaOiromaercs u B
paccMaTpuBaeMbIX pPYAHbIX paiioHax. OpyneHeHue MpeACTaBIeHO Ipu-
IUTIOCHYTBIMH JIMH30BUIHBIMH, TUIOCKUMH LITOKOOOPA3HBIMU TENIAMH, KH-
JaMU M KWIbHBIMU 30HAMM, BKPAINICHHUKAMHU, THE3/1aMH, TUPUTU3UPOBAH-
HBIMHU TeJIaMH MeTacoMaTuToB. OTMeuaeTcsi B 00IIEM CIIOKHBIA COCTaB Py,
I10JI0CYAThIE, MPOKUIKOBO-BKPAIUIEHHBIE, OpEKUMEBbIE U pexe KPyCTH(]U-
KallMOHHBIE TEKCTYpPbl U KOJUIOMOpGHBIE CTPYKTYpHl pya. Pacnpenenenue
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30JI0TOTO OpPYJIEHEHHUS] HEPaBHOMEPHOE, YaCTO COBMECTHO C cepedpoM, OT-
MeJaroTcsi OoHaHIBL. B coctaBe pya, Kpome 30J710Ta, MPUCYTCTBYIOT cepeo-
pocopep:kaiiiee 30JI0T0, HHOT/IA TEJUTYPUCThIE €r0 COSAMHEHUSI, pa3InuHbIe
cynbuasl. HepynHbie MUHEpabl IPEICTABICHBI XaIIEOHOBUIHBIM KBap-
1[eM, KaJbLIUTOM, POIOXPO3UTOM, OapuToM, aayispoM. MuHepanuzanus
JIOKAJU30BaHA B PAa3PBIBHBIX HAPYIIECHUSIX, 30HAX WHTEHCHUBHOW TPEIIUHO-
BAaTOCTH, JIMHEWHBIX CKIQJKaX, OCIOKHEHHBIX 30HAMH THAPOTEPMATHHOTO
M3MEHEeHHs opoJl. BepTukanbHbIi pazMax opyIeHeHHs HeOOIbIION.

B nocneanue aecsaTuneTHsi B CBA3M C OTKPHITHEM KPYIHBIX 30JI0TO-
PYIHBIX MECTOpOXJAeHUN ruaporepManbHoro rexesuca (Kapaun, CIIA;
Xemno, Kanama; Cyxo#t Jlor, Onummuana, Poccus; MypyHTay, Y30eku-
ctad; Onmumnuk Jlem, ABCTpaiusi U Jip.) BBISBJICHBI MHOTOOOpa3usi Mpoiiec-
coB ()OPMUPOBAHUS 30J0TOPYAHBIX MECTOPOKIEHUN U THIIOB 30J0TO00pa-
3yromux pyaHbeix cucreM. Ocymiectsiena momnbiTka (R.W.Hutchinson, 1987;
C.ILHodgson et al., 1993; C.N.Phillips, 1993; KO.Cadonos, 1997 u ap.) pac-
CMOTPETh 3TH MECTOPOXKICHUS C T€0JIOTO-UCTOPHUSCKON mo3uimu ux (op-
MHUPOBAHUS, BBIACIUTH T'€0JI0T0-TeHETUYECKUE TUIIBI, TPUOIU3UTENBHO OlIe-
HUTb IPOAYKTUBHOCTh (POPMUPOBAHUS PYA000PA3YIOIINX CUCTEM.

Ecnu monoxuTh B OCHOBY KPHUTEPUU TITYOMHHOCTH (DOPMHUpPOBAHUS
TUIPOTEPMANIBHBIX  30JI0TOPYAHBIX MecTtopoxaeHuil (H.boponaesckuid,
1964; 1U.Poxkos, 1967 1968; H.Ilerposckas, 1960, 1973; H.IlerpoBckas,
10.Cadonos, C.lllep, 1976; M.boponaesckas, U.Poxkos, 1978; 1.Poxkos,
H.Ilerposckas, 1979; A.Kpusno, M.KoncrantunoB u ap., 1995; H.®o-
rearpMan, 1960, 1962; H.®orensman, M.KoncrantuHoB u ap, 1995;
C.CrpyxkoB, M.Koncrantunos, 2005; H.Kyp6anos, 2007; u ap.), To 601b-
IIMHCTBO KOMIUIEKCHBIX U CaMOCTOSITEIFHBIX MECTOPOXKIEHUN 30710Ta Ma-
noro KaBkaza 00pa30Bajioch B YCIOBHUIX cpelHUX riyouH (2,5-1,5 km). Py-
JTbI MECTOPOKICHUHN TOJMCTAIUNHBIC, B UCTOPUH UX (OPMHUPOBAHUSI BBIIEC-
TSIOTCS pPaHHUE CTa[IuU, YOOTHE MO COAEPIKAHUIO 30JI0Ta, CPEAHHE 30J0TO-
HOCHBIC, TIPOAYKTUBHBIE U TIO3JHHUE, HE HMMEIOIINE CKOJIh-THOO0 3HAYCHHUE
JUTS. HAKOTLIEHUS 30510Ta. [IpoIyKTUBHBIE 30JI0TOPYAHBIE CTAAUHU 00Pa3yIOT-
csl B mHTepBaiax temmeparyp 250-150°C.

30JI0TOPYIHBIE MECTOPOKIAEHUSI THUAPOTEPMAIBHOTO TEHE3uca Jo-
BOJILHO YacTO (OPMHUPYIOTCS B TIpe/esiaX PyAHBIX PAallOHOB ¢ MHOW MeTall-
JIOTEHUYECKON crienuanu3anueil (pTyTHO-CYpbMSHON, OapUT-IIOJIMMeTaILTHI-
YECKOH, METHOKOTYETaHHOM ).

Kunbuas 30m0T0-KBapueBas Gopmanus HA3KOTEMIEPATYPHBIX
THJIPOTEPMAIBHBIX MECTOPOXKIEHUI TECHO CBs3aHAa C HEOT€HOBBIMHU (MHOII-
JIMOLICHOBBIMHM) MAJIBIMU HMHTPY3USIMU U SKCTPY3USIMH PHOJMUTOB, JAllH-
TOB,aHE3UTOB TO3/IHEOPOTCHHBIX BYJIKAaHO-TEKTOHWYECKUX MocTpoek. Co-
CTaB Py KBapLEBbIA ¢ MAIBIM KOJIHYECTBOM CYIbPuIoB (10 3%). Dopmarius
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xopomro pa3Bura B 3o0a-TyTrxyHc-Army3narckom Omoke ['eitua-AkepuHCKOM
30HBI MexAy Bocrouno-KapabaxckuMm xpeOToM Ha 3amajge W JOJIMHOU
p.Teprep Ha Boctoke (Armysmar, Kerunar, [llupsan, 3eiinuk, KapaxaHisi-
yaif, Kanyrcap, 3ap, Bankumzop u ap.). OpylaeHeHHe OrpaHUYMBAETCS OT-
KPBITBIMU ~ TpeIIMHamMH. OTIUYUTENBHONM O0COOEHHOCTBIO 30JI0TOHOCHBIX
KBapLEBBIX JKUII SBIISICTCS UX BETBIICHUE, OPEKYMPOBAHHE M 4acToe 00pazo-
BaHUE MYCTOT U Kamep. JKWIbl HEpenKo TIpyNIUPYIOTCS, JIOKAIU3YSICh B
JUIMHHBIX TPEIIMHHBIX MHHEPAIN30BaHHBIX 30HaX. [Ipoctupanue ux, mpe-
HMMYIIECTBEHHO CEBEPO-CEBEPO-3aMaqHOE; HEPEAKO OHU MPOCIEKHUBAIOTCA Ha
MOBEPXHOCTH MO OOHaKeHWsM KBapua. OTMeyaroTcs TaKkkKe >KUIBHO-
MIPOKUIIKOBBIN U IITOKBEPKOBBIE TUIBI PYIHBIX TEN. 30J0TO OOBIYHO B BHJIE
TOHKHX TPOKWJIOK 3arONHSET TPELIMHbI KBaplla BCEX TEHEPAINid, a TaKxke
CyIb(QHIOB, YTO CBHUICTEILCTBYET O OoJliee TO3IHEM €ro OoOpa30BaHUM.
OueHb peaKo JKWIbl CIEAYIOT HAaNpPaBICHUIO AKOBBIX MOPOJA WIIU K€ Cie-
IYIOT 10 TJIOCKOCTSAM TPEIIMH OTAETbHOCTU BKPECT MPOCTUPAHUS JAKOBBIX
TeNl. ATperarsl KBapia XaileJI0OHUPOBaHbI, MECTaMHU MpeolIiagaeT rpedeHya-
TeIid kBap1l. COMPOBOXKIAIOIINM SKUJIBHBIM MHHEPAJIOM SIBIISIETCS KAaoJIWH,
MIPUCYTCTBYET aaylsdp, a W3 PYIAHBIX IMPeodsaaeT CcaMOpOAHOE 30JI0TO;
BCTPEYAIOTCA AJNEKTPYM, CAMOPOAHOE cepedpo, alTauT, MUPUT, XAITbKOITUPUT,
cdaneput. 30J0TO TOHKOUCTIEPCHOE, CYOMUKPOCKOITUYECKOE, YaCTO KOJIIO-
MopdHoe, ryduaTtoe (cpenu xanuenoHa), Huzkonpoonoe (500-700), B 3Hauu-
TENBHOM cTeneHn odorameHo cepedpom (40-45%). XapaKkTepHbI TUIOIIATHBIC
KBapI[-XJIOPUT-TUIPOCTIOAUCTBIE TMPOMUIUTOBBIE U3MEHEHUS U OKOJIOXKUIIb-
HOE€ OKBaplieBaHUe, aayJispu3alus U cepuuutuzanus. Temmeparypa obpazo-
BaHUS MECTOPOXKIEHHUH (opMaIii MPOUCXOIUIO TpU TemrepaTtypax 150-
200°C u BbIIIIE.

Konuenanusiéi psan Gpopmanuii mapareHETHUECKHU CBS3aH C BYII-
KaHO-TTyTOHUYECKON acconmarnueii cpenneit ropel Comxurto-Kapabaxckoit
30HBI. Kak MpoayKThl BYJIKaHUYECKOW NESATENBHOCTH, TaK M PyIHAs MUHE-
panusanusi cocpeoTOUEHbI B BYJIKAHO-TEKTOHUYECKUX JETPECCUSIX, MOPO-
KJICHHBIX U3MUSHUSAMHU TPEIIMHHOTO M IEHTPAJbHOTO TUIOB. XapaKTepHa
COBMEIIICHHE B MPOCTPAHCTBE psila POJCTBEHHBIX PYIHBIX (opmamuid, 00-
paszyromux BeptukanbHbie psanabl. J.M.T'opxesckuit u I'.®.Skosnes [12]
pu pyaIHOPOPMAIIMOHHOM aHaJU3€ NMPUMEHUTENBbHO K TpyIIe KolyedaH-
HBIX MECTOPOXKIIEHUH, MpeIararoT y4ecTh CJIEAYIOIINe JaHHbIe: 1) MuHe-
paNbHBIN U KOJIMYECTBEHHbIE COOTHOLICHHSI MEXAY OCHOBHBIMU MHUHepasa-
MU U TIOJIE3HBIMH KOMIIOHEHTaMU; 2) TOCIEI0BATEIHbHOCTh U PaCIpOCTpa-
HEHHOCTb B PYJHBIX T€JIaX MUHEPaIbHBIX aCCOIMAIINI, OTHOCAIINXCS K pa3-
HBIM CTagusIM PYJOOTJIONKEHH; 3) T€OTEeKTOHHYECKHE TUIIBI CTPYKTYpPHO-
(GbOopMalMOHHBIX 30H, JIOKAIM3YIOIIUX KOJYEJAAHHbIE MECTOPOXACHUS; 4)
XapakTep U COCTaB BYJIKAHO-TUTYTOHUYECKUX WIIM OCAIOYHBIX (hOpMaluid, ¢
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KOTOPBIMH aCCOLMUPYIOT KOJTYeJaHHbIE MECTOPOKICHUS, POJIb X KHCIBIX
¢ GepeHIInaToOB | UX THUII 10 IMIETOYHOCTH; 5) XapakTep U COCTaB OKOJIO-
PYIHO M3MEHEHHBIX Mmopoa. C y4eToM 3THX MOJIOKEHUN aBTOpaMH HACTOS-
mel paboTel BeIEAOTCS [3, 6] cepHokomuenannas (Yuparmapacu, Tora-
Haiel, Bankiny, KBemo-bonuaucn), mennokonuenannas (Kemabek, [lamiyr,
Kadan), memno-mermbskoBas (buttu-bynar), komxdenaHHO-TIOJUMETAILTH-
yeckas (HoBo-I'opemoBckoe, AmnaBepawl, l[xHapu-AGaHO), KOITYETaHHO
komruiekcHas (KepuiOymar, ['oma), 6aputr — mommmerammudeckas (bar-
Kpinuiar, Jlanaepu) M KpeMHHUCTO-TeMaTuToBas (Amadamuiel) dopmariuu.
Haubonee paHHHM SBISIETCS CEPHOKOTYETAHHOE OpYJECHEHUE, MOCea0Ba-
TEIHHO CMEHSIOIIEEeCs] METHOKOIYETaHHBIM U OapUT-MOTUMETAITUIECKIM.
Konmyenannbie MeCTOpOXKACHUS, CBSI3aHHBIE C BYJKaAaHUTAMHU J0OPO-
TeHHBIX JTAlOB PAa3BUTHUS BMEOCHHKIMHAIBHBIX 30H, PACHpPOCTPAaHEHBI B
MOJIOJIBIX BYJIKAHUYECKUX 30HaX, B yacTHOCTH Kypuno-Kamuarckoi 30mHe,
SlnoHuu, U3BEeCTHHIE B MUTEepaType moja Ha3zBaHueM «Kypoko» u B Ipyrux
MecTax. J[peBHue majieo3oiickue MpeAcTaBUTENN KoJdelaHHOW (opmanuu
usBecTHhl B [Ipuamypre, Canaupe, Llenrpanbnom Kazaxcrane u B apyrux
Mecrtax. Komuenanusie pypl, pacioloKeHHbIE B PA3JIMUYHBIX METANIOTeHU-
YeCKUX 30HaX, XapaKTepPU3YIOTCS TOCTOSTHCTBOM. PyJbl CYIIIECTBEHHO CYIib-
buIHBIE C PE3KO MOJMYMHCHHBIM KOJHMYECTBOM HEPYAHBIX MHHEPAJIOB.
['maBHBIM B KOJMYECTBOM OTHOUICHHUH MHHEPAJIOM SIBISIETCSl MUPHUT Cia-
ralolM BEIIECTBEHHYIO OCHOBY Py, OOJBIIYIO POJb UTPAIOT XaJIbKOIHU-
puT, chanepurt, pexxe, OOPHHUT, BCTPEUYAIOTCS Takke OOPHUT U OJEKIIbIE PY-
JIbI, MOJTUOJICHUT, apCEHOMUPUT U JIp. PaznuyHble KOJUYECTBEHHBIE COOT-
HOILIGHUSI MEXIY MUPUTOM, XAIbKOMUPUTOM H CGHATEPUTOM OMPEACISIOT
pa3Iuyus MHUHEPAJIbHBIX TUIIOB W TMPOMBIIUICHHBIX BHUJIOB KOJTYEIaHHBIX
pya. Jns Kaxaoro MUHEpaIbHOTO THUIMA XapaKTepeH CBOM crenuduueckuit
Ha0Op PJEMEHTOB — cayTHHKOB. IIpu 3TOM OOpamaer Ha ceOs BHUMaHHUE
COBIIAJIEHUE B Pa3HbIX (HopMalUsiX OOIIEero COCTaBa IEMEHTOB — CIYTHH-
KOB, SIBIITIOIINXCSI B Pa3HBIX MUHEPATbHBIX TUIAX TO TJIaBHBIMH, TO BTOPO-
CTENEHHBIMH, YTO CBUAETENICTBYET O F€OXUMHUYECKOM POJICTBE KOJMUYEAaH-
HBIX (pOpMAIM ¥ TTPABOMOIIHOCTH OOBEIUHEHUS MX B €IUHBIN (hopmariu-
OHHBIN  reHeTnyeckuit psp [28]. KomuenanHble MECTOPOXKIEHUST OOBIYHO
coziepkaT 30JI0TO, 00pa3yrolue JUCTIEPCHBIC BBIJCICHUS B XaIbKOMUPHUTE,
MUPHUTE U APYruX cyiabpuaax. Heckoabko MOBBIIEHHBIE KOHIIEHTPALIUU 30-
J0Ta U cepedpa B KOMYEIAHHBIX pyJaX HEKOTOPHIX PYIONpPOSBICHHUI 00y-
CJIOBMJIO BBIJICIUTH KOJYENaHHYIO KOMILUIEKCHYIO (opmaruio. Pyasl npen-
CTaBJICHbI JTUH3000pa3HBIMU TEJIaMU, KUJIAMU M KUJIBHBIMH MHHEPAIU30-
BaHHBIMU 30HaMH. B pynax, Hapsmy ¢ 30J0TOM, KaK MOMYTHBIA MOJIE3HBIN
KOMITIOHEHT B IPOMBILIUIEHHBIX COAEPKAHUSIX, NIPUCYTCTBYIOT MEIb U Ce-
pebpo. CTpyKTYypHO OpYACHEHHE KOHTPOIHPYETCS JOKATbHBIMU BYIKaHO-
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TEKTOHUYECKHUMH JCTIPECCUSIMU, PACIOJIOKEHHBIMU MPEUMYILIECTBEHHO B
KPaeBbIX YaCTSAX MPUMOTHATHIX 070K0B. OOmMUM NI BCEX MECTOPOKICHUN
(bOpMallMOHHOTO psAlia SBISETCS MPUYPOUEHHOCTh UX K KUCIBIM BYJIKAHH-
TaM CPEIHCIOPCKON 0a3alibT-aHIe3UT-IIarHopruouToBoi (hopmaruu. ITpo-
CTpaHCTBEHHAs! MPUYPOUEHHOCTh OPYJEHEHUs K Toille 0ailoccKux ByJIKa-
HUTOB CBUJETEIILCTBYET B IMOJIb3Y MapAareHETUUYECKON CBSI3U TJIABHOTO MM-
MyJbCa OPYJAEHEHHs ¢ PUOJIUTAMU, PUONIUT-AanuTaMu. Hanmuune xe opyae-
HEHUs B HU3ax OaTckoii BynkaHoreHHo# Tonmmm (HoBo-I'openoBka umu Ap-
Tara) - Ha MPOJOJKUTENBHOCTh M1 MHOTO3TATHOCTh TUAPOTEPMAIbHBIX MPO-
eccoB. K aromy psay dopmariiu OTHECATCS OOJIBITMHCTBO KOJTYEIaHHBIX
MectopoxaeHuit Comxuto-Kapabaxckoil MeTaioreHH4eCKON 30HBI.

3o0TOCOAEpKAIINE KOTUYeAaHHbIE (hOopMAaIiK UPOKO PA3BHUTHI U Ha
10’)kHOM ckiioHe bonbioro KaBkasza Ha paHHel cTaauy pa3BUTHS CIAHIIEBON
ABIr€OCUHKJIMHAIN B MAJCOOKPAUHHOM MOpPE CPEld TEPPUTECHHBIX CpeIHe-
IOpcKkux oOpaszoBanuii. [lapareHeTndyecku C BBIAECNSAEMBIMH 3[€Ch CITUJIHT-
nnaba3oBoii u rab0Opo-arabdazoBoil (GopmamusMu CBS3BIBAIOTCS OoOraThie
KOJTYE€IaHHO-MIOJIUMETAIUIMYECKOE M MEAHO-NUPPOTUHOBOE OpPYACHEHUE.
Mexy TeM, IpoOJIeMbl CBSI3U OPYACHEHHSI ¢ MarMaTUu3MOM TpeOyeT Jalib-
HEHIINX HUCCIIEJOBaHMM, MOCKOIbKY B JAHHOM CIIy4ae MbI UMEEeM JIeJio C
accolanyeil KouelnaHHBIX 3anexeil HennpdepeHIIMpOBaHHON TOJEHT-
0a3aJbTOBOM Marmpl, HO He C ee KUCIbIMU IuddepeHnraraMu, Kak 3TO
MMEET MECTO B TUIMUYHBIX KOTYEIAHHBIX MECTOPOKICHHUAX, 3aJIETAI0IINX B
BynkaHoreHHbIX Tonmax. B.M.CmupHoB (1976) 3T MeCTOpPOKIEHHS OTHO-
CUT K KOMOMHHUPOBAHHBIM, KOTOPHIE BO3HUKAIOT BCIICACTBUE OOBEAMHEHUS B
KOHTYpPaxX PYJIHBIX TeJl UX THAPOTEPMAIbHO-0CAI0YHBIX U THAPOTEPMAIIBHO-
METAaCOMATUYECKUX YacTel. DTO — CJIIOXKHBIC TIOJUTEHHBIC W TIOJUXPOHHBIE
oOpa3zoBanus, copMHUpOBaBIIKecs B ABa U Ooyiee dTama, MpUYeM KoIde-
JAaHHBIE PYJbI OOBIYHO CBSI3aHBI C PAHHEIOOPOTCHHBIM BYJIKAHU3MOM, a 00-
Jee TO3JHSS METHO-MIMPPOTHHOBAs MHUHepanu3aius («oblaropaxuBaro-
mas») WHOTAA, BO3MOXKHO, 00si3aHa CBOWM TIPOMCXOKIIEHHUEM THUIPOTEp-
MaJbHBIM pacTBOpaM HMHOro reHesuca (Puumsuaiickuii win AnTaicKui
THUII).

ComnocraBnsii 0COOEHHOCTH METAUIOTEHUYECKUX MPOBUHIMK boib-
moro 1 Manoro KaBka3a, HEOOXOIMMO OTMETHUTh, UTO B Ka4eCTBE BO3MOXK-
HOTO MEPBUYHOTO UCTOYHUKA, MPUBOASAIIETO K (HOPMUPOBAHUIO MECTOPOK-
JICHUH, BaKHEHILIYIO POJIb CHITPAJU I'€0IMHAMUYECKUE YCIOBUS 3aJI0KEHUS
OTJIENIbHBIX CTPYKTYP.

3oi0TOCONEpKAIIasg KoJyeJdaHHass KOMIJIeKCcHas GopManus
Takke MmHUpoko pacnpoctpaneHa (Kenpuidymar, ['oma), XoTs U MeHee 1o
CpaBHEHHUIO ¢ mpeablayuieil. PygoBmematonmu nopogamu ¢popManuu siB-
JSOTCS THAPOTEPMAIbHO-U3MEHEHHBIE TOP(QUPHUTHI M MUPOKIACTHI 0a3abT-
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aH/Ie3UT-PUOIUTOBOM opmaruu Oailoca, MECTaMH MpEBpallleHHbIE BO BTO-
PUYHO KBAPIUTHI, pa3BUBAIONTHECS HAa (POHE MPONMMIUTU3ANNNA. XaPAKTCPHBI
30HBI TUAPOTEPMATIBHO-U3MEHEHHBIX MOPOJ ¢ KBapueBbIMU xwiamu CB u
C3 npoctupanus. 3onbl npociexansl Ha 400-1000 M, Tpyu MOIITHOCTH OT 5-
10 mo 50 M. ITpoTsKEHHOCTh U MOIIIHOCTh PYAHBIX HHTEPBAJIOB COCTABIISIET
70-250 M mpu MomHocTU 2-5 M. PynHas 3anexn mpeicTaBlieHa BKpaIljieH-
HOCTBIO, KHJIKAMH U THE3JaMH MUPUTA U XaTbKOMUPUTA, B HEOOJIBIIOM KO-
JIMYECTBE BCTPEUAIOTCS TAICHUT U casepuT. 30J0TO OOBIYHO CONEPKHUTCS
B XaJbKOMHUPUTE U APYTUX CYIbPHUAAX, a TAKKE B BUJE CAMOCTOSTEIbHBIX
3epeH. Becbma xapaktepubl ero BoiaeneHus B nupurte (['omra). [lonesnsie
KOMITOHEHTHI Pyl - MeJlb, 30JI0TO, Cepedpo.

3omoToconepxkamas MeaHo-mopdupoBas dopmanus mnpea-
CTaBJIeHa MHOTOUYMCICHHBIMU MecTopoxaeHusmu (Kapagar, Xapxap, Ixa-
rup, Hamupmu, Komkapuait, [{utenu-Conenn, [llukaxox u ap.), KoTopbie
ObUTH B OCHOBHOM OOHapykeHbl B 60-80-X rojmax MpOIIJIOr0 CTOJNETHUS.
Menao-niophupoOBEIE MECTOPOXKICHUSI, HECMOTPSI Ha MX CXOJICTBO, UMEIO
3aMETHBIE pa3inyusl B COCTABE Py, PYAOBMEILAIOMIMX MMOPOJAAX, OKOJIO-
PYIHBIX ME€TacoMaTuTax. BOJBIIMHCTBO M3 3TUX MECTOPOXKIACHHUM Pacosio-
xeHbl B Comxuro-Kapabaxckoii u Kadanckoit maneoocTpoBoyKHOM cuc-
TEeMax C calm4ecKo-MauIeckuM mpoduiaeM 3eMHON KOpBl. PymoHOCHBIMU
SBJISIFOTCA TPAHUTOUIBI HAaTpueBo cepuu. OHU MEIKHE U CYHIECTBEHHO
MEJIHBIE, MPOCTPAHCTBEHHO COJIMKEHBI C KOJTYEIaHHBIMU, PA3MEIIEHHBIMU B
CHUHBYJIKAHUYECKHUX JICTIPECCUsIX. SIBISIIOTCA OHU TMPEACTABUTEISIMU «IUO-
puTOBOI» Momenu XoJymuctepa [25], I KOTOPBIX XapaKTepPHBI BBICOKHE
OTHOIICHUS MEAH K MOJMOACHY U OTHOCUTEIIHHO IMOBBIIIEHHBIE COJEpKa-
HUsl OJIarOpOJIHBIX METAJIOB B pyAaX. DTH MECTOPOXKJeHUsI 00pa3oBaIuCh
[5,7] Ha paHHMX CTagUsAX Pa3BUTHS BTOPUYHO->BIE€OCHUHKIMHAIBHBIX 30H,
KOM(OPMHBI KOHTYpPaM KOJIBIIEBBIX MarMaTOT€HHBIX CTPYKTYP U acCCOIMH-
PYIOT C IJIaruorpaHuT-nopdupamMu a AMOpUT-NopHUPUTaAMH TIO3AHEN FOPHI-
paHHero mena. PymomposiBieHHs] TPEACTABICHBI IITOKBEPKAMH, CIOXKEH-
HBIMH MIPOKUIKOBO-BKPAIJICHHBIMU M BKPAIUIEHHBIMU KBapI[-MTUPUT-MOITHO-
JICHUTOBBIMH, KBapI-MUPUT-XAIBKOMMMPUTOBBIMU PyJlaMd M TPOCTPAHCT-
BEHHO COJIKEHBI ¢ KOTYEJaHHBIMHU, PA3MEIICHHBIMU B CyOBYJIKAaHHUYECKHUX
nenpeccusix. s uxX pyIHO-METaCOMAaTHYECKUX KOJIOHOK XapaKTEPHBI 30-
HaJbHBIC PSAIbl METACOMATHTOB CYOBYIKAaHUYECKOTO YPOBHS TITyOMHHOCTH
IpU YHACJIEJOBAHHOM HATPUEBOM Npoduie: MpOMHINTHI-KBapI-aIbOUTO-
BbIE METACOMATUTHI-Oepe3uThl. OTMeUaeTcs TEHACHIUS K 000TalleHUIO BH-
csiuero O0oka M (pIaHrOB IITOKBEPKOBBIX 30H METHO-TIOJIMMETANINYECKON ¢
OIaropoJHBIMU METaJJIaMU MUHEPaIU3aIUeii; 30JI0TO CBA3aHO C HAJIOXKEH-
HOU MOJUMETAININYeCcKON accouuarueid. CoctaB pya-XaJlbKOIUPUT, MarHe-
TUT, MOJHOJCHHUT, TTHPUT, 30J0TO; BTOPOCTEIICHHBIE — KOBEJUIUH, OOPHUT,
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YaCTUYHO XaJIbKO3MH, pexe canepur, raieHut. M3 nepyanbix npeodianaer
kBapi. OObIYHA MHHEpAJIOTUYEcKas CynepreHHash 30HajdbHOCTh. Ha mo-
BEPXHOCTH 3aJIeTal0T OKUCJICHHBIE PY/Abl U YUYaCTKU BbilenauynBanus. Hioke
OHU CMEHSIOTCSl CMEIIAaHHBIMH OKHCIEHHO-CYNb()HUIHBIMU PYyIaMH, KOTO-
pBI€ MOCTENEHHO (MJIM PE3KO) MEePEXOISAT BO BTOPUYHO CYNb(pUIHBIE Xaab-
KO3MHOBBIE py/ibl. MeIHble MUHEpAJIbl PACTIPEAEIIAIOTCA KaK BO BKPAIJICHU-
X, TaK ¥ B TPOXKHUIIKAX, C PA3IMUYHBIMH KOJIWYECTBEHHBIMU COOTHOIIEHUSI-
MU Ui pa3iIMYHbIX MECTOPOKIEHUM. BMmemaronme nopoapl, Tak *e Kak U
camoe TeJO MITOKBEpKa, OOBIYHO MpPEBpalIeHbl BO BTOPUYHBIE KBAPIUTHI.
VHTeHCcMBHAS MUHEpAIM3alus TSATOTEET K KBapI-CEPULIMTOBOH (haruu BTO-
PUYHOKBAPIIUTOBBIX METACOMATUTOB. BepxHue rOpU30HTHI HEPEIKO CUIIBHO
KaOJIMHU3UPOBaHbl. KaonmHu3anms OOBIYHO CBS3BIBAETCS C CYyNEepPreHHBIMU
npoieccaMu. MecTOpOKI€HHUsI BHEITHE CXOAHBI C OPOI€HHBIMH MEIHO-MO-
m0eH oppHUPOBEIMH, 00pa30BaHHBIE B aKTHBH3MPOBAHHBIX TNepudepuye-
CKHX 4acTsX MUCXaHO-3aHTe3ypCKOW 30HbI C PA3BUTON CHATMYECKON KOPO
(«monmonuToBas» mozaenb Jx.Jloysmma u Jx. Jxkuipbepra), HO OOBIYHO
MeHbIIero Macmraba. Ha mectropoxaenun Kapanar ormedeno [7] Tpu Mak-
CUMyMa TeMmIepaTyp, NPeAnoI0KUTEIbHO OTBEYAIOLIEH TpeM CcTagueM MHU-
HepanooOpas3oBaHus: kBapi-MarHetTutoBoit (330-365°C), menHo-monudae-
HOBOM (210-335°) u kBapu-nonuMeTaIndeckoi ¢ 30510ToM (150-225°).

MecTopoxaeHus: «TOHAIUTOBOW» MOJAENIH, K KOTOPbIM OTHOCHUTCS Te-
XyTcKoe pyaHoe mnoie [ 13], npuypodeHo K OJHON U3 MONEPEYHBIX CTPYKTYP
CeBepO-BOCTOUHOTO Mpoctupanus Kadanckoro 610ka, OCIOKHSIONIEH 10T0-
3anmaaablii KOHTakT [IIHOX-KoxOCkoro maccuBa C ByJKaHUTAMU CPEIHEH
1opbl. [lophupoBas cucrema B 1iiaHe BbIpakeHa JOBOJIBHO IIWPOKO MOJI0-
COW pa3BUTHA IUITOKOOOPA3HBIX U JANKOBBIX TEJl TOHAJIUT-IOPPUPOB TOHA-
JUT-TPAaHOJUOPUT-TIIATUOTPAHUTHOM (hopmaruu. [IpomblieHHas KOHIEH-
Tpalusi TOJIE3HBIX KOMIIOHEHTOB YCTaHABIIMBAETCS B AHAO- U IK30KOHTAK-
Tax NMop(UpPOBBIX MITOKOB U B UX CYXKEHHBIX 4YacTsax. Haubosiee panHum na-
pareHe3ncoM Ha MECTOPOXKJICHUU SIBIIAETCA KBapl-aJbOUT-MarHEeTUT-C(EH,
KOTOPBI CMEHSETCsl KBapI-MOJIMOJIEHUT-MarHeTUTOBBIM U KBapl-IHPH-
TOBBIM B I'PEM3EHONOA00HBIX U KBapIl-CEPUIIUTOBBIX METACOMAaTUTaX COOT-
BeTcTBeHHO [9]. HanoxxeHHble Ha paHHUE, psAA COOCTBEHHO PYIHBIX (TIpO-
IOYKTUBHBIX ) IAPAreHe3UCOB CIENYIOUINI: KBapL-KUIbOEPTUT-MOIUOICHUT,
KBapI-IUPUT-aHTUAPUT-XATBKOUPUT-MOIOAeHuT. Haubonee mno3nuss
KBapL-KaJbIUT-MUPUT-C(haTepuT-raleHUTOBAas acCoOlUaIUs pa3BUTa B SK30-
KOHTaKTE€ MPOJAYKTUBHBIX IITOKOB U HAJUHTPY3UBHBIX BYyJIKaHUTaxXx. Mo-
TUOACHUTOM OOOTaIIeHBl AaHTHAPUTCOACPIKAIIUE METACOMATHUTHI (B TOHA-
TUT-nophupax), a Menblo-KBapI-CEPULIUT-XJIIOPUTOBBIE (B SHIOKOHTAKTO-
BBIX KBapleBbIX auoputax). Conep:kaHue 30J10Ta B pyJax HU3KOE.
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3omoToconepxkaias OapuT-nmoiduMeTandnndeckas Gopmanus
SBIIIETCSl O0Jiee TI03/THEH TI0 OTHOIICHHIO K KOJTYETaHHOW U CBsi3aHa ¢ Cy0-
ByJIKaHW4YecKor (arueit kucioro 6arckoro Byiakanusma (bamkumnuiar, [la-
Haepu). OOmIel 3aKOHOMEPHOCTBIO TSI MECTOPOXKACHHA (hOpMAITUU SIBIISI-
eTCsl MPEUMYIIIECTBEHHO OAPUTOBBIN XapakTep ¢ HEOONbIIONH TITyOuHOM py-
nooTioxkeHus. Ha 0osee rinyOOKHMX TOpH30HTAaX MOSBJSETCS TajleHUT-cha-
JepuToBas ¢ 3010ToM MuHepanuzanus ([anaepu). B MunepanbHom cocrase
Py MPUHUMAIOT y4acTre OapuT, a TakKe KBapil, QIIFOOPUT, CYyIb(UIBI, 30-
noto. ConepkaHue 30J10Ta B pyAax COOCTBEHHO OapuUTOBBIX M OapHUT-TO-
TUMETAIUTMYECKHX KW 1-2 T/T 1 BbIIe. B psay atepanbHOi 30HATBHOCTH
KOJTUeJaHHOTO ceMeiicTBa bamakeHckoe MonMMeTainyecKoe MposiBICHHE
PACIIOJIOKEHO MEXAY METHOKOIYETaHHBIMU MecTopoxkiaeHusiMu Kemabek-
CKOH TpYIIBI U cCaMOM KpaiiHel B 3TOM psiAy OApUTOBBIX MPOSIBICHU, SB-
JISACh OTHUM M3 KOHEYHBIX MTPOTYKTOB CI0KHOTO MHOTOCTYIIEHYATOTO TH/I-
pPOTEpPMANILHOTO MpoIlecca CPETHEIOPCKON BYJIKAHOTCHHO-PYIHONU CHCTEMBI.
[TonumeTannuyeckas >kuiia pacroyiokKeHa MOTEPEK YIIETbs XapaKTepu3ysch
HenocTossHCTBOM MotHocTé (0,8-1,5 M) U HEpaBHOMEPHOCTHIO OpYyIcHE-
nus. Conepkanue cBuHIA koisebnercs B mpenenax 0,54-0,99% wu pemxo
nocruraet 1,8%, a muHka — ot cnenoB 110 3,1%. bagakena xapakrepusyercs
HCKITIOYUTEIIEHO BBICOKUMU COJIepKaHusIMU cepedpa. CozeprxaHue 30710Ta B
xwune ot 0,8 mo 3,1 r/t, cepedbpa ot 104,8 no 2816 1/T; B MUPUTOBOM KOH-
IIEHTpaTe coJepkanue 3010ta ot 1,7 1o 2,4 /1, cepedpa ot 21,0 o 100 r/T,
BO BTOPMYHBIX KBapuurtax 3oiota ot 2,1 g0 5,2 r/t, cepebpa ot 2,4 no 42,1
T/T.

3onoTo-nonucyinbduaHas ¢opmanus. MecTOpoKIEHUS STOU
dbopmaruu npuypoueHsl K bomancckomy n Kazaxckomy momnepedHsiM mpo-
rubaM, CBsI3aHHBIC C PUOHUT-0a3aTbTOBOM (hopMaliiell BEepXHETO KOHbSKA —
HIDKHETo caHToHa. [Ipeo0namaroT SKCTpy3MBHBIC KYMOJa MAllUTOB M aHIe-
sunanuToB (Mectopoxaenus Manneynu, JlaBun-lI'apemxu, AOyIbMYIBK,
Harkecaman, ®apeixibl, Ambipiasl, Yurenas u ap.) [2,8,9]. KomugecTtBo
cynbhunoB B pynax ao 20%. IIpeobnagaroT raneHUT, XaabKONUPUT U TH-
pHUT, a Takxke cayiepuT, XaabKO3HH, 30JI0TO; HEPYTHbIE MHUHEPAJIBI - KBAPII,
KaJbIUT, CEPUIUT, OapuT. OCHOBHBIM MOJIE3HBIM KOMIIOHEHTOM PVl SIBIS-
€TCs1 30J10TO, COMMYTCTBYIOIIMMHU — CEPeOpO, CBUHEI], IIMHK, ME/Ih. 30JI0TO ca-
MOPOJHOE, TATOTEET K MOJISIM BbICJICHUS XaJIbKOUPUTA, TAJICHUTA U TUPHU-
ta. [IposBnenus opmanuu xapakTepu3yroTcsl OJM3KUMHU T'€0JIOrHUEeCKUMU
CTPOCHUSMH M MHUHEPAIbHBIMU COCTaBaMU M OTHOCSTCS K 30J0TO-MEJIHO-
MOJIMMETAITTNYECKOMY THUITY, C HEKOTOPBIMU MEHSIIOIIMMHUCS, OJJHAKO, B3au-
MOOTHOIIEHUSMH OCHOBHBIX KOMIIOHEHTOB, MHOTJA BBIMNAJCHUEM OJHUX
MUHEPAJIBbHBIX 00pa30BaHUN U HA0OOPOT, MOSIBIEHUEM COBEPIIEHHO HOBBIX,
B YaCTHOCTHU K00aibTOBBIX (FOXapbl-AKcHIIaprHCKasi IpyIa) WM PTYTHBIX
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U PTYThCOJEpKalMX MuHepanoB (Jlarkecaman u Ap.), HE TOBOPS O COOCT-
BEHHO PTYTHOM MECTOpOXJIeHUH (YUyX) ¢ HEIOCTAaTOYHO SCHOM MeTaljio-
TeHUYECKON MOo3MIMeH. 3/1ech ke IMHUPOKO Pa3BUTHI Takue crenuduueckue
MPOAYKTHl BYJIKaHW3Ma, KaKk OCHTOHUTOBBIC TJIMHBI, TPACCHI, IICOTUTOBBIE
TyQsl U Ap., KOTOPbIE MOTYT IPEACTaBIATh OMPECICHHBI MHTEepec U ¢
TOYKH 3pEHUS HAIMYHUS 30JI0Ta U cepedbpa. B cocraBe dhopmanmu Beigens-
I0TCS MUHEPAJIbHBIE TUIIBI — 30JI0TO-MEHbIE, 30JI0TO-MOJMMETAIITHIECKHE,
MEIHO-TIOTUMETAJUINYeCKre U Ap. Pan nposiBneHuii popmanuii U3BECTHBI B
OpaybaackoM pyaHOM paiioHe.

3onoToconepkalas JKUJIbHAs KBapl-MOJUMETANINYECKas
dbopmanus. Haubonee 3HaUNTETHHBIM MECTOPOKAECHUEM (hOpMaLIUU SBIISI-
eTcsi MexMaHMHCKOE, PYAHbIE Te€lla KOTOPOro 3aJeralT B MOPOAAX KPOBIU
WHTPY3UBa, PEKE CPEel CaMUX TPAHUTOHUIOB U COMPOBOMKAAIOIIECTO UX Ja-
eqHoro kommuiekca. [lociennue mpeacraBiaeHbl KBapll- IMOJIMMETaJINYe-
CKHMH XHWJIaMU C 30JI0TOM M cepedpoM, a TakyKe 30JI0TOHOCHBIM METHO-
[IAPUTOBBIM OPYACHEHUEM KOJIYEJAHHOTO ceMencTBa. BkparuieHHble cep-
HOKOITYETaHHbIE PYIbl MPUYPOUYECHBI K DK30KOHTAKTY HWHTPY3MBA HEOKOM-
ckoro Bo3pacta (I'tonbstar, [>xanpsarar, Kacaner u ap.). JKunsl Xxapakrepu-
3YIOTCSl Pa3NMMYHBIMU COOTHOIICHUSMU OCHOBHBIX PYIHBIX MHUHEPAJIOB —
rajeHnTa u cdanepura. B kadecTBe BTOPOCTENEHHBIX MUHEPAIOB MPHCYT-
CTBYIOT MIUPHUT, XaTbKOMUPUT, MAPKA3HUT, XabKO3UH, OJEKIIbIE PY/IbI, CYlb-
docomu u ap. 3070TO TECHO CBSI3aHO C CyIb(UIaMH, 4acThi0 CBOOOIHOE
(mpoba 700-800). IMTonmumerannudyeckoe OpyACHEHHE OTHOCUTEIHHO METHO-
30J10TOr0 sABIIsE€TCS Ooyiee APEBHUM M 00S3aHO CBOMM IMPOUCXOKACHUEM
BO3HHUKHOBEHHIO 000COOJICHHOTO o4ara MarmMaTudeckoi nuddepeHnuanmu,
JIaBIIET0 CHayvajga ruOpuIHbIE MOPObI (IMOPUT-IOPUPHI), a 3aTEM MeTal-
JIOHOCHBIE PAaCTBOPBI, TOT/Ia KaK MEIHO-30JI0TOHOCHBIE JKIJIbI C(hOPMUPOBa-
JUCh 3HAYUTEIBHO IO3HEE HAa CaMOM IIOCJIEJHEM OJTare CTAaHOBJICHUS
MexMaHUHCKOrO MHTPY3UBHOTIO KoMiuiekca [29]. dopMmupoBaHue KBaplie-
BBbIX MEJIHO-IIMPUTOBBIX 30JJ0TOHOCHBIX JKUJI 3aBEPILUJICS B MOCIEAANKOBBIN
IIEpHOJ HAa CaMOM IIOCIEAHEM 3Talle CTaHOBJIEHUS T'PAHUTOUIHOIO MHTPY-
3uBa. [loje3Hble KOMIIOHEHTHI PYJ: CBUHEL, IUHK, 30J0TO, cepedpo, Kal-
MUH, ceneH, Teutyp. K 3Toil ke rpynmne TAroreroT KBapl-noauMeTaiinyec-
KHE C 30J10TOM TposiBiieHust AxTtana, [lamOmyn, I'eipmeizsl — ['toneid, Apna-
maBy, Kroparamku, a Takke Dnb0eKaal, JOKaTu30BaHHOE B U3BECTHIKAX U
B Ty(OTreHHBIX MOPOJax MO3AHEN IOPHL.

dopmanus 30J0TOCOAEPKALMX MEIUCTBIX BYJIKAHUTOB YC-
TaHOBJIEHA BJ0Jb HaxubiBaHCKOTO OOPTOBOTO pasioma Apa3CcKoil MeTaio-
TeHUYECKOH 30HBI Cpe/lu MECTPOLBETHHIX TY()HOT€HHO-MOJIACCOBBIX OTIIOMKE-
HUW ONHToIleHa-HIKHEro MuorieHa (Acanksdcekas rpymnma - Xanxan, Cu-
pab, Kaxab, Kenbuimka, Aimxer u ap.). CTtpaTHQOpPMHBIE 3ale€KH 3THX
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KOMIUIEKCHBIX PYyJl COJEepKAT CAMOPOJHYIO Me/lb, CBUHELl, LIUHK, MOJIUOEH,
30JI0TO M PEIKHE 3IeMEHTHI. JlomycKaeTcsl ByJIKaHOI€HHO-0CaJ0YHOE MpOo-
UCXOXJeHHE opyleHeHus. OTmedaeTcsl OTHAJEeHHAas CBS3b C COJIEHOCHO-
TUIICOHOCHBIMH OTJIOkeHussmu. B.H.Harues, netanpHo m3yuumBmmi Xain-
xaynckoe MectopoxkaeHue (1980-1981, 1986 rr), ykaspiBaeT Ha BBICOKOE CO-
Jiep’KaHue NEPBUYHBIX pya B Buae camopoanoi meau (0,55-2,96%), 3omota
(cm.-2,2 1/T), a B MOHOMHHEpaje camopoaHoi meau a0 200 r/T, cepedpa ot
0,2 1o 4 r/T. DTOT HCCIEAOBATENb MPEIaraeT BECbMa HMHTEPECHYIO TOUKY-
3peHMsI O IKCIUIO3UBHO-BYJIKAHOTEHHOM Ipoliecce pynoodpazoBanus. Ca-
MOpO/IHas ME€Jb CUHI'€HETUYHA C JIABOOPEKUYMSAMH, arjioMepaTtaMi, a pya-
HBIH MPOLIECC CONMPOBOXKIAJICSA SKCIIJIO3UBHBIM BYJIKaHU3MOM KakK IpOLECcC
U3BEPKEHUS. YUEHBIM yCTaHOBIJIEHBI YETHIPE TOPU30HTA PYJIHBIX arjiomepa-
TOB, YTO CBHJETEIBCTBYET O YETBIPEXKPATHOM IPOSIBICHUM PYAHOIO MpO-
necca.

3on0T0-cynbpuaHo-anockapHoBas ¢Gopmanus. 3010T0 OTMe-
4yaeTcs BO MHOTUX CKapHOBBIX MeCTOpOxaAeHud mupa. Ha tepputopun Ma-
noro KaBkaza MecTopoxaeHHss (OpMaly IMpeCcTaBIeHbl MEIHO-KOOAbT-
HukenebiMu  (Keram-Kunurckas rpymma), meaHo-mMoianOaeH-Boibhpamo-
BBIMU C OJIOBSSHHOM M CBUHIIOBOM MuHepanu3auusMu (I'bI3bui-UbIHTBLLIB),
xene3o-ckapHoBeIMHU (barrop, conep:kaHie MarHeTUTOBOM py/ibl B CKapHaX
nocturaer 50%), MEOIHBIMU M MOJIUMETAIUIMYECKUMH MECTOPOXKICHUSAMHU U
nposisnenusimu (I'sin3a, HroBanunckoe, Xnebanckoe, Bazyrckoe u ap.). Me-
CTOPOXKJIEHHSI HEIOCTaTOYHO M3y4eHbl. OHU MPUYPOYEHBI K KOHTaKTaM allto-
MOCHJIMKATHBIX M KapOOHATHBIX MOPOJ, JIOKAIN3YSCh BOJIM3U UHTPY3UBOB
rpanuTouioB Merpu-OpayOasickoro Oatonuta. Pa3merienue mectopoxie-
HUW KOHTpoiupyercs KumuT-KsusiknHCkMM pa3ioMoM  ceBepo-3araHoro
HalpaBJIeHUs, OPAHUYMBASICh MonepedHbIMU (KMIMTCKUM Ha I0r0-BOCTOKE U
I'ssH3MHCKOM Ha ceBepo-3amajie). YUacTKU CJI0’KEHbl POrOBUKAMHU M CKapHU-
POBaHHBIMU M3BECTHAKAMU BEPXHETO Me€Ja, IPOPBAHHBIMU KBapLIEBBIMU
MOHILIOHUTaMHU U JaiikamMu 11a0a3oB UM JUOPHUTOBBIX MOP(GUPUTOB HOLEHA.
3o510Tasi MUHEpAIU3alKsl BMECTE € MO3IHUMHU CyabpUIaMu U TeTypuIaMu
HaJIOXKEHA Ha JIOPY/IHbIE CKapHbI C MarHETUTOM, KOTOpPbIE B IOI0-BOCTOUYHOM
HalpaBJIeHUU O0OTAIIEHbI TAKXKE PEJIKUMH dIEMEHTaMu U KobanbToM. Ckap-
HOBBIE METAaCOMAaTUThI MOLIHOM I0JIOCOM MpPOTSAruBaroTcs Oosee yeM Ha 15
kM nipu mmpuse 0,1-1,3 kM B paiione I'bi3burublHrbULIBI-Kunur-Keram-I'a13a
B npezenax Opay0aickoro pyAaHOro paiioHa, ajee MpocieKnUBasiCh B TEPPH-
topun Mpana. MuHepanbHbIli COCTaB CKapHOBBIX METACOMATUTOB, CYAs IO
[apareHeTUYeCKUM AaCCOLUALUAM XapaKTepHbl JJIsI KaJIbLHUEBBIX CKapHOB,
OKOJIOCKapPHOBBIX METACOMAaTHUTOB, SIUA03UTOB U CUHPYIHBIX OKOJIOPYAHBIX
MeTacoMaTH4ecKux n3menenui [10].

3ono0To-cynbpuano-kBapueBas Qopmanus. MecTopoxaeHus
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dopMalMM IIUPOKO MPEJCTaBICHbl B PA3HOBO3PACTHBIX MAarMaTHYECKUX
KoMIulekcax Mucxano-3aHre3ypckoit u I'eiiua- AxkeprHCKOM MeTaioreH1ye-
CKUX 30H, IIPEATIOJIOKATEIIBHO HAUMHAas OT CPEJHEN I0Pbl U KOHYAs IIHOLE-
HOoM. OOpa3oBaIMCh OHU Ha OPOTEHHOM 3Tare B CBS3M CO CTAHOBJIEHHEM WH-
TPY3UBOB ra00pO-MOHIIOHUT-IMOPUTOBOM (OPMALIUM, U UX CIOKHBIX JalKO-
BBIX cepuii U ManblX uHTPY3ui (TyTrxyH, Artopt, MynyHnapa, [Iss30amm,
Jamunar-barsipcaxckas rpynmna u ap.). B Kadanckoii 30He B 9HIOKOHTaKTe
Merpu-Oprybanckoro 6aroinra C BYJIKaHOT€HHO-OCAJIOYHBIMH ITOPOJAMHU
BEPXHEH IOPBI U MEJa, B TECHOM CBSI3H C JAKOBBIMHU MOPOAAMHU aCCOLMUPYET
1enasi cepys MPOAYKTHBHBIX KBAPII-CYTb(OUIHBIX KU U MPOKUIKOB C KPyI-
HBIMH BblJIeNICHUAMH 30510Ta (Bexxnanu). B ¢dopmupoBanuy 1 nokanu3anuu
30JI0TO-CYTb()UAHOTO OPYACHEHHS BYIYIIYI0 POJb HWIPAIOT CTPYKTYPHBIE
snemenThl. [logaBinstomiee OOIBIIMHCTBO MPOSBICHNUH IPUYPOUEHO K OCEBBIM
YacTsAM CUHKJIMHAJIBHBIX IPOTrUOOB, CONPSKEHHBIE C TITyOMHHBIMU Marmopy-
JOKOHTPOJUPYIOIIUMHU  pa3ioMaMH. [JIaBHBIMU  pyJOKOHTPOJIMPYIOLIMMU
CTPYKTYpaMH SIBJISIOTCS OOIIEKABKa3CKOTO MPOCTHPAHMs HapyIIEHUS U CO-
NpsOKEHHBIE C HUMHU 0Oojiee MENKUE pa3pbiBbl, JIOKAIU3YIOLIME OOJbLIYIO
YacTh MNpOsIBIICHUH. PynoBMenaromuMu sIBISIOTCS 30HBI pacCiaHLIeBaHUs,
ApoOJIeHUs. U CMATHSI BJIOJb CEKYIIMX IO OTHOIIEHHIO K CKJIaJ4aTOCTH pa3-
JIOMOB.

MecrtopoxaeHuss (GopMalii B T€HETUYECKOM OTHOLIEHHWH HEOHO-
POIHBI, MUHEPAILHBIA CcOCTaB, MOP(OIOTHS W YCIOBUS 3aJIeTaHUsI PYyTHBIX
TeJ pa3uyaroTcs, KOJIMYECTBO CyIb(PUIOB B HUX BapbUPYIOT OT 5-8 10 15%
U 10 3TOM MPUYUHE MOTYT OBITh OTHECEHBbl K KOMIUIEKCHBIM 30JI0TO-
COZIEpIKaIllUM KBapI-MOJUOJEHUTOBBIM JKUJIaM U JIMH3aM IOJIMMETalInye-
CKHUX PY/, BILIOTh 0 CAMOCTOSITENIbHBIX KBAPII-30JIOTOPYAHBIX TEJ KHJILHOTO
tuna (MyHyHIapa); KWibl MPeICTaBICHbl CHIIBHO TPEIIMHOBATHIM OEJIbIM U
CephIM KBapLeM C 30J10TOM. OpyZieHEHHE JOKAIU30BAHO B HJ0- U HK30KOH-
takte Merpu-Opay0aackoro 6aTouTa Cpeau OPOreHHBIX MalbIX MITOKOOO-
Pa3HBIX U JAWKOBBIX TEJI TPAHUTOMIOB. K 3TOH e rpynne OTHOCITCS MECTO-
poxnenus (ITes36amm, Lskspaapa), cocpe1oOTOYEHHBIE B BYJIKAHOT€HHBIX U
BYJIKAHOTE€HHO-0CA/I04HBIX TOJILAX U MPOPBIBAIOIINX UX MHTPY3UBHBIX Mac-
cuBax. llocienHue BbI3BAIM 3HAYUTENBHYIO KOHTaKTOBYIO HepepabOTKy
BMEIIAIONIUX TOpPOJ, OOpa30BbIBas POTOBUKM M CKapHbL. 30JI0TOHOCHBIE
Cynb(UAHBIE KBAPLEBbIC KHUJIbl U KUJIbHbBIC 30HBI MEPECEKAIOT KaK MOPOIbI
MHTPY3HBAa, TaK U BMEIIAIONIMNA KOMIUIEKC BYJIKaHOI€HHO-OCAaJOYHBIX TIOPOJ,
COIIPOBOKIAsICh METACOMATUYECKH M3MEHEHHBIMHU IOPOAAMHU, B OCHOBHOM
BTOPUYHBIMU KBapuuTamu. OTMedaroTcsl KBapl-KapOOHATHbIE MPOXKUIIKHU C
cynb(uAHON MHUHEpanu3anuel (MUPHUT, XaJbKOIMHUPHUT, TaJeHUT, c]aiepur,
MOJIMOZICHUT U JIP.), 3a4acTyI0 00pa3yroIlKe ITOKBEPKOBBIE Y30phI; IMPOCe-
xeHbl 110 npoctupanuio 10 300-400 M. OCHOBHBIMM MUHEpalaMU-KOHLIEH-
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TpaTopaMH 30JI0Ta SBJISIOTCA MHUPUT, XalIbKONUPUT. B oTinYMe OT MHOTHX
30JI0TOPYIHBIX MECTOPOXKAECHUH MUPUTHl TYTXYHCKOTO PYJHOTO MOJS HE
30JI0TOHOCHHI [31]. 30J710TO 3/1€Ch TATOTEET K aHTUMOHUTY, peajibrapy u ay-
pUIMHUTMeHTy, 00pa3ys BKJIIOYEHHS B 3TUX MHUHEpaitax. MecTaMu MOKHO Ha-
Onro1aTh MeJbYalliiie BKIIFOUEHHS 30J10Ta B KBaplie. ACCOlMaIus 30J10Ta ¢
AHTUMOHUTOM (TIPH OTCYTCTBUH peasibrapa U aHTUMOHHUTA) HaOII0MaeTcs u
B banetickom 3omoropyanom mecrtopoxxaenuu (H.Ilerposckas, I1.bepn-
TeliH, 1961). Ho B otinnuun ot TyTxyHCKOro B pyaHbIX Tenax banelickoro
MecTopokaeHus, 1o AaHHbIM H.B.IleTpoBCcKoOil, aHTUMOHHT CBSI3bIBACTCA C
HauOosee MO3THUMU (TOCJIE300THIMM) CTAAUSIMM MHUHepaiu3auuu. B ca-
MO#1 k€ aHTUMOHUTOBOMN CTaJIMU CAMOPOJIHOE 30J0TO OTCYTCTBYET. 30J0TO
BUJMMOE, CAMOPOJIHOE M JIUCIEPCHOE, COJAEpXKaHUE OT €IMHUYHBIX 10 Tep-
BBIX JIECATKOB I/T.

OcoObIli MHTEpEC MPEACTABISAET 30JI0TO-CYJIb(PUIHO-TEIUTYPOBAs
dbopmanus, HanOomee sIPKo MpeacTaBieHHas B | eifua- AKepuHCKON MeTano-
reanueckort 3oHe (3ox, CorotnuHckas rpymnmna, Merpamzop). OTmeqaroTcs u
6onee menkue mecropoxiaeHus (Capnaxmiop, Mupak u ap.). KonmuectBo
Cynb(hUI0B B HUX BapeHpyeT OT 5 10 20%. 3010TOpYyIHBIE IPOSBICHUS QOp-
MaIli¥ MPECTaBICHb 30HaAMU MUHEPATU30BaHHBIX KBapIl-KapOOHATHBIX TO-
PO, KBapI-CyIb(UIHBIMU KUIAMH U CEPUSIMUA KBAPII-CYIb(UIHBIX TPOKHII-
KOB B 30HaxX THJPOTEPMAIbHO-U3MEHEHHBIX MeTacoMaTtuToB. OpyaeHeHue
pa3sMeIeHo B MOJISIX Pa3BUTHsI CHIILHO NepepadOTaHHBIX TabOpPOUIOB U TH-
nepOa3uToB, B JaKOBBIX TeJlaX, MaJbIX WHTpy3UBaX. BaxkHas poyib OTBO-
autcst rabOpousHoMy MaccuBy (307), pa3sMEIIEHHOMY B TEKTOHHYECKOM
kinuHe. CocTaB pya 30J10TO-CyAb(QUIHBINA, TeutypuaHbii. [lone3nsie Kom-
MOHEHTHI PYyJ: 30J0TO, cepedpo, TeIyp, BUCMYT, MeAb U LUHK. [IpombIi-
JICHHOE 3Ha4YeHUEe MMeEeT 30JI0TO U cepedpo. B 301ckoM MecTopoxkaeHuH,
no nanHbeIM 1I1.O.Amupsina [4], moutu 79% 30510Ta aCCOUUUPYET C MUPUTOM
(58%) wu apcenommputom (21%); momaBnsOmIee KOJIMYECTBO 30JI0Ta
(95,98%) B cpocTkax u coemumHeHMsX ¢ TemurypoM. CpemHee coaepKaHue
30J10Ta MO MecTopoxaeHuto -9,24 r/1, cepedbpa -15,67r/T, Tenmypa — 30,9
r/T. BpICOKHME KOHIIEHTpalMK TeJlypa BOOOIIE CBOMCTBEHHBI OJIM3MOBEPX-
HOCHBIM MECTOPOKACHUSAM OTJIENbHBIX METaJlIoreHn4eckux odnacreit Kap-
nat, Cxanuctbix rop CIIA u ap. (30J0TO-TENITYpPOBBIN THUIT 30J0TOPYIHBIX
dbopmanuii mo H.ITetposckoii, 1973) YapTpaoCHOBHBIE U OCHOBHBIE MTOPOIbI
B pe3yJbTaTe T'HMAPOTEPMAIBHOIO M3MEHEHHs IMpEeBpallleHbl B KBapIl-Kap-
OoHaTHbIE, KBapl-KapOOHAT-TAJIbKOBHIC, KBAPI-KAPOOHAT-aHTUTOPUTOBBIC
TUCTBEeHUTHI. CBSI3b 30JI0Ta M JAPYrUX KOMIIOHEHTOB C JIMCTBEHUTaMHU B
YIBTPAOCHOBHBIX MTOPOJIAX — CTPYKTYPHASL.

Ha otaenbHbIx yuacTkax [‘eiiua-AKEpUHCKONW METaIOT€HUYECKON
30HBI 30JI0Tasi MUHEpANINU3aLusl pa3BUBaeTCs Ha (POHE PTYTOHOCHBIX 30H C
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00pa30BaHMEM KOMIUIEKCHBIX 30JI0TO-PTYTHBIX (CAMOPOIHOE 30J0TO Xapak-
TEPU3yETCs TOBBIIIEHHBIMU KOHLEHTPALUsMU PTYTH) U 30J0TO-MEIHO-
PTYTHBIX (ApxaugapuHCKOE U JIp.) pyAonposiBieHuil. Pynosmemaronye mno-
poasl B ApXaylapuMHCKOM MECTOPOXKIECHUH IPECTaBICHBI KBapll-kap0o-
HaTHBIMM arorabOpOBBIMM JINCTBEHUTAMH, BECbMa OJM3KUMH K arloCepIeH-
TUHUTOBBIM JIMCTBEHUTAM; OTMEYAIOTCS TAaK)Ke KapOOHATHbIE, MOYTH Kajlb-
LUTOBBIE TOPOIbl. KMHOBaph acCOLMHUPYET C XaJIbKONHUPUTOM, IHPUTOM,
MUPPOTUHOM, CAMOPOJTHON MENbI0, aypUITUTMEHTOM, peanbrapom, OOpHH-
TOM, Onexynoil pynoi, 30510TOM, canepurom, TaJeHUTOM, KBapLeM, Kajib-
LIUTOM, AUKKUTOM. 30JI0TOHOCHOCTb MECTOPOXACHUS C cofiepKaHUEM Au B
nopoaax coctasisier 0,05-0,8 /T, 3HaKK 30710Ta OBLIN ONPECIICHBI B IILJIN-
Xax, IPOMBITHIX Ha IUJIOIIAI MECTOPOXKICHMSI B KOJIMUYECTBE 10 35 3epeH (¢
pa3MepoM 30JIOTHH B €IMHUYHBIX MUIMXaX OKOJIO 1 MM). YCTaHOBJIEHO BU-
JMMOE 30JI0TO, OKa3aBLIEeCs MPHU CIELUATbHOM OINpPEAEIEHUN MEIUCTBIM.
Borpoc 0 COOTHOMIEHUAX 30JI0TOM MHMHEpAIU3alMU C PTYTHOM U MEIHOU
3acIy’KUBAET NOMOJIHUTEIBLHOrO uccienoBanus. O4eBUIHO, 11€1eC000pa3HO
BBIJICIUTh OT/AEIBHYIO 30J0TOPYIHYIO (OpPMALMI0 C MOJpa3/eieHueM Ha
30J10TO-PTYTHBIN U 30JI0TO-MEAHO-PTYTHBIA MUHEPATbHBIE THIIBI.
3onoToconepxamas MoaubaeHo-mengHonopduposas ¢dop-
Manus. MecTopoXIeHHs 3TOTO TUIA XapaKTEPU3YIOTCSl KPYITHBIMU pa3Me-
paMHu Kak B IJIaHe, TaKk U B TITyOUHY, IPU HU3KOM cozepkaHuu meau. Onu-
CBhIBAEMBII TUII MECTOPOKJEHUI pa3BuTa B MucxaHo-3aHTre3ypcKoil MeTai-
norenndeckoit 3oue (Kamxkapan, Jlrapak, Ilaparavait u np.). OpyneHenue
CBSI3aHO C OPOT'€HHBIM T03/IHEIOLIEH-0JIUTOLIEHOBBIM MO (a3HBIM U MOJIH-
¢darmanbasiM Merpu-Opay6asickuM HHTPY3UBHBIM KOMIUIEKCOM. B 3HI0- 1
HK30KOHTAKTE€ MHTPY3UBa JIOKAJIMU3YIOTCS 30JI0ThIE MPOSIBICHUS KaK camo-
CTOSITENIbHBIC, TaK U NPUYPOUYEHHBIE K KBAPI-MOJUOJECHUTOBBIM >KUJIAM U
JMH3aM MOJIUMETaUINYECKUX pyA. Pynbl uMeroT MoaubieH-MeAHbIN COCTaB
IIPY HU3KOM COJAEpKAHUM 30J10Ta. PynoBMEIAIOIMMU SBJISIOTCS TpaHo-
JTUOPUT-IOPQUPHI, a TaKKe MOPOJbl KPOBIU MHTPY3UBA C Pa3BUTHEM BYII-
KAHWUTOB aHIE3UTOBOM CEPUM CPEIAHETO 30LIEHA. XapaKTepHa IITOKBEPKOBas
¢dbopMa 3aneranus ¢ NPEeUMYLIECTBEHHON MPOYKUIKOBO-BKPAIJICHHON JIOKa-
nu3anmeit opynenenus. Komuuectso cyiabuios B pyne 6onee 20%. Kpapu-
Cyab(GUIHBIE )KUIIBI, @ TAK)KE 30HBI OPEKUYMPOBAHHBIX PYJ JIOKAIU30BAaHbI B
OTHOCHUTEJIBHO KPYITHBIX HApYIICHUSX, OOBIYHO CyOmapayjieNbHBIX U CO-
TJIACHBIX C AJIEMEHTAaMU 3aJIeTaHusl PyJIOKOHTPOJIMPYIOIUX CTPYKTYp. Poib
9TUX HapyLIEHUH B JIOKAIM3alMM OPYIEHEHMs IO0BOJIbHO oryernauBa. Ilo-
no0HO MenHo-nopdupoBoit (Gopmanuu pyaHas MHUHEpAIU3alUs HEPEIKO
NPOSIBIISIETCS HEMOCPEICTBEHHO B MallbIX WHTpYy3uBHBIX Tenax (I'einar,
Mucnar, @axnugapa u ap.), Oyaydu cOMMKEHHOM ¢ HUMH BO BpeMeHu. Co-
cTaB pya GopManuu KBapl-MOJIUOAEHUT-XaTIbKOUPUTOBBIN. | TaBHbIE MU-
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Hepalibl — MUPUT, XAJIbKOIMUPUT, MOJUOACHUT, KBApI; BTOPOCTECIICHHbIE —
MUPPOTHH, MarHETHT, TEMATHT, c(hajepuT, raaeHUuT. OTMeUaeTCs JITUTENb-
HOCTh M MHOTI'OCTAIMWHOCTBH Tpouecca opyneHeHus. [lone3HbIMu KOMITO-
HEHTaMH PYJ SIBISIFOTCS M€, MOJHOJICH, PEHHIA, CElIeH, TeJUTyp, 30JI0TO.
Conepsxanwne 30mo0ta 0,1-0,4 v/T u BeIIIE, cepedbpa — 1,5-2 r/T u BoIIE. Bep-
TUKAJIBHBIA pa3Max OPYACHEHHS C YYETOM SPOJMPOBAHHON YaCTU KPOBIHU
WHTPY3UBHBIX MacCHBOB 0 2-3 KM OT JHeBHOM noBepxHocTH (Kamkapan).
B roro-3anaaHoit yactu 3aHre3ypckoro 0J0Ka, I/ie IIMPOKO Pa3BUTHI
pyasl  MonubOaeHo-menHonoppupoBoit hopmanuu, BbiAeHsOTCS Opay-
Oanckuii u 3aHre3ypcKuil pyaHbIe pailoHbl, B TOM uncie Jnaxdail-Aropt-
ckui, [laparauaiickuii u I'eitrenb-Ieiinarckuii pyanbie y3ibl. PazMmenienue
OpPYACHEHUS XapaKTEPU3YIOTCA MPUYPOUEHHOCTHIO K Pa3pbIBHBIM CTPYKTY-
pam ¥ KOHTPOJIUPYETCsI TIaBHBIM 00pa3oM [ bI3bLTYaHTbULTBI - KSAMSKMHCKIM,
Arapak-Opay0anckum, Mucnar-Kanbypkeik-Apamkeikckum, Kampkapas-
['eitrenb-ApaKbIKCKUM Pa3JIOMaMH CEBEPO-3alaHOro HampasieHus. Kak
MPaBUJIO, OPYACHEHUE KOHTPOIHMPYETCS B Y3JIaX MEepeceUeHUsl BIIICYPOMSi-
HYTBIX Pa3jIOMOB C MOMEPEYHBIMU - CEBEPO-BOCTOYHBIMU, CYOIIMPOTHBIMU U
cyOMepuanoHaNbHBIMHU. M TO9TOMY pernoHajgbHbBIE CEBEpO-3amajHble pas3-
JIOMBI PYJIOHOCHBI HE Ha BceM NpoTskeHuH. [1o mepe yaaneHust ot 1eHTpa
y37I0B TIEPECEUCHHUS] PA3JIOMOB YMEHBIIAETCS CTENEHb IITOKBEPKOBOTO
OpoONieHUsT U COOTBETCTBEHHO YOBIBA€T CTEMEHb MEIHO-MOINOAECHOBOM
MUHEpaJIU3alliM, a BJIOJIb PA3JIOMOB HAOIIOAACTCS KIJIBHBIN THUIT OpYyJIeHe-
HUsg. BHoap KaXI0ro KOHKPETHOIO pasjioMa C FOr0-BOCTOKA Ha CEBEPO-
3amaj; pacroyIoKEeH psii MECTOpoxkaeHUuN nopdupoBoro tumna. Tak, BIOJb
Arapak-Opay0baackoro paszioMa pacrosaratotcsi Arapakckoe, byraksp-
ckoe, @axmanapunckoe, Yareipaamickoe, Inaxyarickoe, ['eiigarckoe; B1oab
Kb3puryanrsunibl-KsiiskuHCKOro pasiiomMa - KbI3bUTUaHTBULITMHCKOE; BIOJb
Mucnar-Kanbmkbik-ApapKeIKCKOTO pazinoma — Mucnarckoe, KanblmKbIk-
ckoe, bapxynapckoe, Apamkbikckoe 1 T.1. Ha Bcex MecTopoxaeHUusIX Mel-
HO-TIOP(UPOBOTO THIA, KaK MPABUIIO, HAOIIOAACTCS MepecedeHue OCHOBHO-
r'0 PYAHOTO T€JIa MHOTOUYHUCICHHBIMU MOJMOIEHUTOHOCHBIMU KHUJIAMHU.
dopManus 30JI0TOHOCHBIX BTOPHUYHBIX KBAapIUTOB OTMEYa-
€TCsl MPEUMYIIECTBEHHO B TEHETUYECKOU CBSI3U C CyOBYIKAHUYECKHUMH 00-
Pa30BaHHUAMHU KHCJIOTO M YMEPEHHO KHUCJIOTO0 COCTaBa M pPacrpocTpaHeHa B
palioHax pa3BUTHS CPEIHEIOPCKUX, FOLIEH-OJUTOLIEHOBBIX U MUOIUIMOLIEHO-
BBIX MAarMaTW4eCKHX MOpOJ. 30J0TOHOCHBIE BTOPHYHBIE KBapIUThI OCO-
O6enHo xapaktepHbl s Kemabekckoro, OpayOanckoro, AnaBepiCcKOro u
BonHucckoro pyaHbIX pallOHOB; Pa3BUBAIOTCS BIIOJIb KPYITHBIX JTU3bIOHK-
TUBHBIX 30H [0 MOPOJAM Pa3IuYHOrO0 COCTaBa, UMEIOT BBITAHYTYIO JIMH30-
obpaznyto dhopmy amunoi 300-400 M, momrHOCTRIO 250-300 M 1Tpu mIUpuHE
100-150 M u mpexacTaBiieHbl KBapl-KAaOJWHUTOBBIMH, KBapI-KAOIUHUT-
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QIYHUTOBBIMH, KBapIL-KAOJIMHUT-ATYHUT-XJIOPUTOBBIMH, KBapll-CEPULIUTO-
BBIMH PA3HOCTSIMU. MMHEPaIN30BAHHBIE 30HBI C MPOMBIIUIEHHBIM OpYye-
HEHHUEM OJIaropoJHbBIX U IBETHHIX METAJJIOB Yallle HaOIIOAA0TCs B JKepio-
BBIX U MPIKEPIIOBBIX (alusix ByJKaHUYECKUX ammaparoB. ConepikaHue 30-
JI0Ta BO BTOPUYHBIX KBaplMUTaxX KakK MpaBWio, HU3Koe u cocrasisger 0,5-1,5
/T, OHAKO STH HOBOOOPA30BaHUS HEPEIKO MMEIOT IUIOUIAHOE pacIlpo-
CTpaHeHHUe, OCOOEHHO Ha y4YacTKaX WHTEHCHUBHOW MUPHUTHU3AIMH U MaKCH-
MaJbHOM KOHLEHTPALUU KBapLEBbIX KNI U MPOXKHUIKOB, YTO YBEIMYUBAET
MEPCIEKTUBY MX KAaK UCTOYHMKA KOHLIEHTPALMU 30J10Ta; B OTACJIbHBIX CIY-
yasgx Ha YoBIApCKOM MECTOPOXIEHUHM HAOIIOAINCh JIMH3BI BTOPUYHBIX
KBapLUTOB C cojaepkaHueM A0 3-4 r/T. 30J10TO acCOLMUPYET C MHUPUTOM,
XaIBKOTIMPUTOM, ChaIEPUTOM, KBapIeM, KapOOHATOM H JIp.

dopManus 30J0TOHOCHBIX KOP BBIBETPUBAHUS H3Y4YEHO He-
JIOCTaTOYHO M BbLAENSAETCS yClIOBHO. OIHAaKO HEONPOBEPKUMBIM SIBIISIETCS
(hakT HAKOIJICHUS 30JI0Ta B JKEJIE3HBIX IUIANAX KOTYETAHHBIX MECTOPOXK/Ie-
HUH, KOTOPBIMU Oorara paccMaTpuBaeMasi TeppuTOpHs. B 3Tux rimuHHCTO-
JTUMOHHUTOBBIX U JIMMOHUTOBBIX OypO-’KEIEe3HSKOBBIX pydax (MKeIe3HbIX
LUIANAX) ¥ 30HaX OKHUCICHUS CYIb(UIHBIX, IPEUMYIIECTBEHHO KOIYeaH-
HBIX MECTOPOKIEHUH, coaep:kanue 3o0j0Ta B 5-10 pa3 Bellle, uem B mep-
BUYHBIX CyIb(UIHBIX pydax (Kak Obl 00pazyeTcs MECTOPOXKIAEHHE B MECTO-
poxkaeHun). B pailoHax pa3BUTHS MIOIMIATHBIX KOP XMMHUYECKOTO BBIBETPHU-
BaHUS C JI€3MHTErpaluell KOPEHHBIX MOpOJ CKOIJICHHIO OOJIbIIMX Macc
PYIHBIX MUHEPAJIOB CIIOCOOCTBYIOT HE TOJIBKO SHIOTEHHBIE MECTOPOXKIE-
HUS, HO U TIOJISl C pacCessHHOM MuHepanu3auuel (MUHepalTu30BaHHbIE 30HbI
METacOMaTUTOB, CYOBYJKaHHYECKUE Teja) — OJaronpusTHbIE MCTOYHUKU
11 00pa30BaHUs 30JI0TOHOCHBIX POCCHIMEH.

@®opmanus COBpEMEHHBIX pPOCCHIIENH 30J0Ta, INIaBHBIM 00Opa-
30M aJUTIOBHAJILHOTO TE€HE3Mca, YCTaHOBJIEHA B OacceifHaxX MOYTH BCEX PEK
Manoro Kaskaza. Bmecte ¢ Tem, u3-3a ciaboil U3y4YeHHOCTH MPOMBIIIICH-
HBIE CKOIUIEHHUS 3TOTO THIA 3a PEIKUM HCKIoYeHueM (Oacceitnsl p.p.Kro-
pakuaii, AnuHIKayail U ero KpyIHbIH JIEBbIA NPUTOK p.bamikengyail) ve yc-
TaHOBJICHA. VICTOUHHMKOM MHTaHUS POCCHINEH — paccpeaoTOYEHHBIE Ha
OONBUIMX TUIOMIAASX 30J0TOCOJAEPIKAIINE KOMYETAHHBIE U 30JI0TO-CYIb-
buaHbBIE MECTOPOXKIAEHUS, YOorocynbpuanble MeTaMOppOreHHbIe KBaplie-
BbIE€ JKWJIBI C 30JI0TOM, MOTpeOCHHBIC APEBHHUE AJUIIOBHAJIBHBIC POCCHINH, a
TaK)Xe JIeTIOBUATbHBIC U 3JIIOBUAJIbHBIE POCCHINH (CKIOHOBBIE OTIOXKEHHUS,
pacuiieHeHHbIH penbed HeBaalieke OT KOPEHHBIX 30JI0TOPYAHBIX MECTOPOXK-
neHuit). BaxHoit 0COOGHHOCTBIO, CBUICTEIBCTBYIONMICH O OJIM30CTH KOPEH-
HBIX UCTOYHUKOB, SIBJISIETCS HAJIMYUE CAMOPOAHOIO 30JI0Ta HE TOJBKO B aJl-
JIOBUAJIBHBIX POCCHIMAX, HO U B JIEIIOBUATBHBIX OTJIOKEeHUsIX (p.bamkenn-
Yaii), KOTOphIe PAacCMaTPUBAIOTCS KaK MPOMEKYTOUHBIH KOJIEKTOP MEXIY
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MEPBUYHBIMU KOHIEHTPALUSIMHU 30JI0Ta U aJUTIOBHAIBHBIMH pOocchImsiMu. 13
TUTTOMOP(HBIX 0COOCHHOCTEH POCCHIITHOTO 30JI0Ta Ha y4acTKe XOIIKEITHH
Oacceiina p.bamkenauait Hanbonee oNpeAeNSIONUME SBISIOTCS HEOKaTaH-
Hble (OpPMBI 30J0TUH (KOMKOBUIHBIE, JIECHIPUTOBBIC, POBOJKOBHIHEIC,
CpocCIIHe KPUCTAJUIBI M 3€pHa U 1Ip.), pa3Mepbl KOTOPBIX KONEONATCS B IIH-
POKHUX Tpefesiax, HO OTHOCSIINXCS K MAaKPOCKOIIMYECKH BUUMOMY 30JI0TY.
OTcyTcTBUE TPU3HAKOB CYIIECTBEHHON 00pabOTKH 30J10Ta B MPOLECCE €ro
TPAHCIIOPTUPOBKH M TMEPEOTIIONKEHHUSI TMO3BOJSET JOMYCKATh OTHOCUTENb-
HYI0 OJM30CTh KOPEHHOTO OpPYAEHEHUs, KOTOPOe CYJs MO Pa3BUTHIO BHICO-
KOIpOOHOW Kakmbl (mpoda oT 84,06 10 95, 67 npu HAIMYKUN BKIIOUCHHUH U
obonouek ¢ mpoboit 98,81), mpeTrepneno 3HaunTENLHOE BhIBeTpHBaHue [10].
B kauectBe HamOomee ONArOMpUSATHBIX HCTOYHUKOB, (OPMHUPYIONIUXCS B
TPETUYHBIX MOJACCOBBIX OTJOKEHMSIX Ha CEBEPO-BOCTOUYHOM CKJIOHE Ma-
smoro KaBkaza, HaxubiBane u ['opHom Taublle, mpOrHO3UpyrOTCS yHaCHe-
JIOBAaHHBbIE TUJIPOCETHIO PYIONPOIYKTUBHBIE TEKTOHMYECKUE CTPYKTYpHI,
POCCHINIA COBPEMEHHBIX JIOJMH, PACIIOIO0KEHHbIE B MOWMAaxX PEK U HAIIOMN-
MEHHBIX Teppacax U CJIOKEHHBIX BEPXHEUETBEPTUUHBIM AJUIFOBUEM, KOTO-
pble MOTYT OBITb OOHApy>K€Hbl B TPHUPABHHUHHBIX YACTAX PEK CEBEPO-
BOCTOYHOTO CKJIOHA U IeHTpanbHON yactu Manoro KaBkaza (CoroTinHCcKHe
n JleBuaiickue pOCCHINH), a MOrpeOeHHbIE aJUTIOBUANIbHBIE pocchinu B Ha-
XYbIBAaHE — B JIPEBHUX OTJIOKEHHSIX MOTPEeOCHHBIX peibedoB AOIUH (TIy0o-
kue TanmbBeru). OOmmit Mopdonoruueckuii aHaAU3 PEK JIEBOOSPEIKbS
p.Apa3 mokasbIBaeT, uTo BCe OHHM TeppacupoBaHbl. [lo BceM monmHaM pek
XOpOIIO Pa3BUTHI IO MIECTU HAIMOWMEHHBIX TEPPacOB, OCOOCHHO HH3KHE
HaJnoiiMeHHble Teppackl. Pexka Anunmxkavail xapakrepusyercs [10] nanu-
YHEM POCCHIITHOTO 30JI0TA B AJUTIOBHUATIBHBIX OTJIOKEHUSIX COBPEMEHHOU J10-
JIMHBI, HAYMHAsA OT BEpPXOBbEB (yyacTok JIsksTar — yactora BCTpEeUaeMOCTH
3omotuH 42%, pazmeps 30i10TuH 0,2-1,6 MM; okaTaHHOE, CJIa00 OKAaTaHHOE,
HEOKATaHHOE) J0 YCThs MPH BaJeHuu B p.Apa3 (yuactok ['pI3pUTKa — Uac-
ToTa BcTpeuaeMocTu 3010TuH 80%, pasmeps! 3010tuH 0,2-3,4 MM, OKaTaH-
HOe, ci1aboOKaTaHHOE, HEOKaTaHHOE), a TaKXKe Y4acToKk Apa3 (uacTtora
BCcTpeyaeMocTH 30J0TUH 53%, pasmeps! 3omotuH 0,1-1,0 MM, okaraHHOe,
cnabo okaTaHHoe). B paiioHax pa3meleHus KOPEHHOTO 30JI0TOTO OpYACHe-
HUS B CKJIOHOBBIX OTJIOXKCHHUSX W B PACWICHCHHOM peibede MOTYT OBITh
OOHaApYKEHBI JICTIOBUATIBHBIC U DIIFOBHAIBHBIC 30JJ0TOHOCHBIE POCCHIITH.
dopmanus 30JJ0TOHOCHBIX KOHTJIIOMEPATOB. 31€Ch MOXKET UITU
pedb O MOJIOABIX ME30KAaWHO30MCKHX 30JI0TOHOCHBIX KOHTJIOMEPATaX B Ce-
BEPO-BOCTOYHOM CKJIOHE W LIEHTpasibHON yacTu Maioro Kaskaza u B I'op-
HoM Tanpiie. OCHOBaHUE BYJIKaHOT'€HHOTO HUXHE-CpeaHero soreHa ['op-
Horo TaJblla MpeaCcTaBICeHO MOITHOW TOJIIECH 0a3albHBIX KOHTJIOMEPATOB
¢ OOJBIIUM YTTIOBBIM HECOTJIACHEM IMEPEKPHIBAIOIINE [IEOJIUTU3UPOBAHHBIE
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(MopoHUT) Ty(dOTreHHBIE OTJIOKEHHS TayieolieHa. ba3aapHbie KOHTIIOMEpa-
THI TIPEJCTABISIOT OOJBINON HWHTEpEC KaK OTJIOKEHUS IPEeBHEH KOpBI BbI-
BETPUBaHUS, TJI€ BBISBICHBI POCCHIITU 30JI0Ta B IIEMEHTE M IMPOXKHIKOBO-
BKpaIuieHHOE Cyib(puaHee opyaeHeHne B 00JI0MKax. B meHTpanpHOi yacTu
Mauoro KaBka3a B BEpXOBBSX IATOTO MPABOTO MpHUTOKa p. Ka3bIxaHiabryai
(6acceitn p.TyTxyH) Ha mionaan 8 KM, OCOOCHHO B MECTHOCTH T. Berok-
003, 10 3ama/IHBIX CKJIOHOB YIOXJIMHCKOT'O OTPOTa, 3ajeracT MOIIHAS TOJIIa
(120-160m) xoHTIIOMEpATOB, B IIEMEHTE KOTOPHIX OOHAPYKEHBI €AMHUYHBIC
3HakH 30J0Ta. [locioiftHOe OmpoOOBaHUE TOJNIIM KOHIJIOMEPATOB, KaK II0
BCEMY pa3pe3sy, TaK U 10 MPOCTUPAHUIO, MOXKET JaTh OTBET HA BOIPOC Xa-
pakTepa pacrpeielieHUs 30JI0Ta.
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KiCiK QAFQAZIN QIZIL MODON YATAQLARININ SISTEMATIKASI,
FORMASIYALARI VO GENETIK NOVLORI

S.F.ABDULLAYEVA
XULASO

Mogqaloada qizil yataqlart formasiyalarinin sistematikast miizakiroe olunur, onlarin
osas tiplori vurgulanir. Hom qizil filizi, hom do qizil saxlayan yataqlarin filizyerlosdiron
geoloji formasiyalarla olaqgosi, filiz-magqmatik sistemlorinin yaranmasi {giin olverisli
paleodinamik sorait, filizyan: hidrotermal metamorfizmin xarakteri gostorilir. Adalarqdvsii
bolgosinin inkisafi prosesindo oxsar geoloji soraitin tokrarlanmasi, filizlorin maddi
torkibinin tokrarlanmasi, filizyerlosdirici siixurlarin oxsarligt vo onlarin postmagmatik
dayisikliklori, habels magmatik formasiyalarla slagesi miisyysn edilmisdir.

Acar sozlor: sistematika, formasiya, yataq, qizil, genezis, tosnifat, struktur-
formasion zona, metallogenik zona, plutogen, vulkanogen, kolgedan, seriya

SYSTEMATICS, FORMATIONS AND GENETIC TYPES
OF GOLD DEPOSITS IN THE LESSER CAUCASUS

Sh.F.ABDULLAYEVA
SUMMARY

The article discusses the systematics of formations of various types of gold deposits,
highlights their main types. The relationship of both gold-ore and gold-bearing deposits
with ore-containing geological formations, the paleodynamic conditions favorable for the
emergence of ore-magmatic systems, the character of near-ore hydrothermal metamorphism
is shown in the article. The repeatability of similar geological conditions in the process of
development of the island-arc region, in the similarity of ore-containing rocks and their
post-magmatic changes and connection with igneous formations the repeatability of the
material composition of ores are determined.

Keywords: systematics, formation, deposit, gold, genesis, classification, structural-
formation zone, metallogenic zone, plutogenic, volcanogenic, pyrite, series
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METPOrEOXAMWYECKHE ACTTEKTHI ®OPMHPOBAHMS
BAOCCKOTO BYJIKAHU3MA MAJIOTO KABKA3A
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B cmamve paccmampusaiomcs nempoceoxumuueckue 0cobeHHocmu 6auoccko2o
syakanusma asepoaiiodcanckou yvacmu Manoeo Kaskasa. IOpckuii @yakanusm, nposensng-
wuticss ¢ mou uau uHou unmencugnocmoio 6 Jlox-Kapabaxcroii 3one, npomexan 6 pasiut-
HbIX 2e00UHAMUYECKUX OOCAHOBKAX — NPU CMEHAIOWUX Opye Opyea Npoyeccax pacmsaice-
HUs U colcamusi ocmposHoll oyeu. B smux yenosuax na Manom Kaskaze 6 cpednetl ope 00-
pazosanucs 0ge 8yJIKaAHUYecKue opmayuu: 0a3arbm-puoiumosas oauoca u 6azanbm-
aHOe3Um-0ayum-puoaumosas 6amckozo eo3pacma. Buvlacneno, umo eyaxanumel HudiCcHe-
06atiocckoeo KOMNIEKCA OMHOCAMCA K MOJNeUmosol, d BepXHedaoccKoeo U38emKo8o-
wenounotl cepuu. B nopooax ¢popmayuu neekue P3D crabo npesanupyrom Had msaicenvlmu
u 0bpaszyiom noumu nAOCKue CReKmpbl, OJisi HOPMUPOBAHHBIX 2PAPUKOE XAPAKMEPEH XOHO-
PUmosvlil xapakxmep pacnpeoenenus peoKo3eMeNbHbIX dIeMeHmos, U JUHUY NapalieibHbl
cnekmpy pacnpeoeneHus: peokux 3emenvb ¢ MORB. B maxkux nopooax eeponuegoe omouie-
nue (EU/EU*=0,81-1,21) npubruscaemes k edunuye u nabuooaemcs nuskue La/Yb omuo-
weHnul. B nekomopbvix 60iee 0CHOBHBIX NOPOOAX YBENUYUBAECMC COOEPHCAHUE MANHCENbIX
P3D. Taxoui xapaxmep pacnpedenenue P332 6 usyuennvix 6yakanumos odviuen 0 0CHOG-
HbIX NOPOO MONEUMOBOU Cepull 8 MUNUUHBIX OCIMPOBHBIX 0yeax. B ananuzuposannom eoun-
cmeenHom obpasye puoauma Haobmooaemces ompuyamenvhas EU anomanus (EU/EU*=0,56).
Bynkanuueckue nopoosi Ha HOpMUPOBAHHOU K NPUMUMUSHOU MAHMUY MYTbMUITEMEHMHOU
Juazpamme xapaxmepuzyiomes obeonennocmoto Ta, Nb u 0boz2aueHHOCmbI0 KPYNHOUOH-
oMy umoguabHuimu dnemenmamu - Rb, Ba, Pb, U, Th xapaxmephoui 05 HaocyooyKyu-
OHHBIX OCMPOBOOYVICHBIX 00pazosanuil. Tlopodsl maxoice 0OeOHenbl MUMAHOM, Kaluem,
gdocpopom. Coenan 61600, YMO NO 2COXUMUYECKUM OCODEHHOCMAM CPEOHeIOpCKue Mae-
Mamuyeckue nopoovl 00pPA308aANUCH 8 IHCUMAMUUECKUX OCHPOBHLIX 0Yeax, 4mo AGIANCA
Hauanom pazeumue OCMpPOBOOYI’CHOU 0OCMAHOBKU U NPOOOAdNCEeHUe CYOOVKYuU yaice 8
BEPXHEIOPCKOM Nepuooe Ha KOHMUHEeHMAIbHOU KOpe.

KuioueBblie ciioBa: ballocckuil BylkaHU3M, OCTPOBHAs yTra, METPOreOXUMHUUYECKUE
OCOOCHHOCTH, pAaCHpECIICHHE PEAKO3EMEIBHBIX 3JEMCHTOB, CBPOIUCBOC OTHOIICHUE,
MYJIbTURJIEMEHTHBIE quarpammsel, Manblit KaBkas.
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BBenenne. Manbiii KaBka3 siBisieTcsi OJJHOM M3 OCHOBHBIX MHUHEpaJIb-
HO-CBIPBEBBIX 0a3 IIBETHBIX W YEPHBIX METAIUIOB M HEPYAHBIX MOJIE3HBIX HC-
kornaembix KaBkasa. [103ToMy BOonpoc MepcrneKTUBHOCTH AAJIbHEHIIINX TTOUC-
KOB HOBBIX PYJOIPOSIBICHUNA U MECTOPOXKIECHUM MOJE3HBIX NCKOMAEMBIX OC-
TaeTcs aKTyaJlbHBIM U MMeeT OOoJbIIoe MpakTU4yeckoe 3HaueHue. B mocien-
Hee BpeMmsl OJlarofapsi yCWIUsM COTPYTHUKOB A3zepOaiimkaHckoir MexayHa-
ponuoit Pymnoit Kommanmm, a Taxke xommnanuu “AzerGold” Ha ceepo-
BOCTOYHOM cKJIoHe Manoro KaBkasa B mpenenax AsepOaiimkana, Kpome pa-
Hee u3BecTHbIX Kemabekckoro u Jlamkecanckoro, oOHapy:KeHbl HOBbIE Me-
cropoxkaeHust u nepcnektuBHble miomamu (Iemxup, Yryp, 3edep, Yosnap,
Tynannap, Ariioxym, Mapax u np.) (Valiyev et al, 2018, ba6a-3ane u 1p.,
2015). Ilo nanusiM A.A.BemueBa u np. (Valiyev et al, 2018) onu BriepBbie
TeHETUYECKU OTHECEHBI K BBICOKO-CYybpuanzupoBanHbeM (high sulfidation) n
HU3KO-CynbhuanznpoBanneiii (low sulfidation) Tumam u yBenmuuuBaeT mep-
CIIEKTUBHOCTb 3TOTO pernoHa. MHorue u3 3TUX OOHapyKEHHBIX MECTOPOXK-
JIEHUI TPOCTPAHCTBEHHO M I'€HETUYECKU CBsA3aHbl ¢ Oaifocc-0aTcKUMM BYII-
KaHOTeHHBbIMM 00pa3oBaHMsAMH. [lpakTHueckas 3HAYUMOCTb YIOMSHYTOTO
BYJIKAHM3Ma BO3pociia 0aro/iaps BBISIBICHUIO €r0 CBSI3U C HOBBIMU THIIAMU
NOp(GUPOBBIX MEIHBIX U MEIHO-MOJIUOIEHOBBIX MECTOPOXKICHUN, NMEIOLINX
OO0JTbIIINE MTEPCIIEKTHBBIL.

Hcxons U3 BBIIECKA3aHHOTO, CIeAyeT Oosiee JeTaabHO H3ydaTb IOp-
CKUI BYJIKQHM3M Ha MPEAMET BBISBICHHS 3aKOHOMEPHOCTEN IBOJIOLMH OCT-
POBOJYKHOTO ByJKaHu3Ma. [lomydeHHbIe pe3ysbTaTbl MO3BOJSIOT OOOCHO-
BaHHO MOJOWUTH K CEpUaIbHON MPUHAIJICKHOCTU U3YYEHHBIX BYJIKAHOT€HHBIX
00pa3oBaHUil, X METPOreOXUMUYECKUM ocoOeHHocTsIM. Mcxons u3 3Toro,
LIEJIbIO TAHHOW CTaThH sBJsieTCs OoJiee JeTaabHOe U3YYEeHHE MeTPOreoXuMu-
YeCKUX 0COOEHHOCTEeW 0alloCCKOro BYNKaHHM3Ma, a TAKXKE BBIBICHHE 3aKO-
HOMEPHOCTEH M XapakTepa SBOJIIOLMU U YCTAaHOBJIEHHE HA 3TOM OCHOBE OCO-
6eHHocTel (OpMUPOBAHUS ITOPOJ] ITOTO BO3PACTA.

I'eosiormyeckasi XapakTepucTKa CpeIHEOPCKOro ByJakanusmMa Ma-
Jgoro Kaska3a. Jlok-Kapabaxckasi 30Ha SIBISIETCSI caMOM KPYIHOM, CIOXKHO
IIOCTPOEHHON CTpyKTypoi Masoro KaBkaza ¥ 3aHMMaeT BeCb CEBEPO-
BOCTOYHBIN CKJIOH MaJloKaBKa3CKOro TOPHOTO COOpYKeHMsl. B TeKToHn4YeckoM
OTHOIIICHUH TIPEICTABISET COOONW AaHTUKIMHOPHM, CIIOKEHHBIA MPEUMYITIECT-
BEHHO Me30KaifHo30ickumu oOpazoBanusimMu. JIums B aape [lamkupckoro aH-
TUKJIMHOPUSA - B BEPXOBBSIX pp. ACpuKuail U AXUHKayail BBICTYNAlOT MeTa-
Mopduueckue ciaHipl 6aiikanbckoro 3taxa (I'eonorus Az-na, 2004).

FOpckuii BynkaHu3M, TMPOSIBISIBIIMKCA C TOWM WJIM UHOW WHTEHCHBHO-
creio B Jlok-Kapabaxckoii 30He, IpOTEKall B pa3lIMYHbIX I'€OJUHAMUYECKUX
00CTaHOBKaX — MPU CMEHSIOMIUX JPYr Ipyra MpoLeccax pacTsHKEHHUs U CKa-
TUSL OCTPOBHOM ayru. B stux ycnoBusix Ha Manom KaBkase B cpeaneil rope
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00pa30BaJIMCh IBE BYJIKaHUYECKHE POopMaIuu: Oazaibm-puoaumosas datioca
u 6azanbm-anoe3um-0ayum-puoaumosas oamcko2o gospacma (Admymiaes u
1p, 1988, I'eonorust Az-na, 2004) (puc.1).

Puc. 1. CxemaTndeckasi TeoJIOTHIECKasi KapTa ME3030HCKHX MarMaTHYecKuX o0pazoBa-
Huit Manoro Kagkasza. [To I'.B.Myctadaeny u ap. (I'eonorus Az-Ha, 2004).

1-YerBepTuunble oOpa3oBaHms, 2-IlajeoreH-ueTBepTUYHBIC OOpa30BaHUs, 3-Tajicore-
HOBBIII MarMaTH4ecKuii KOMIUIEKC, 4-VI3BEeCTHSKM BEpPXHETO0 Mena, S5-0(HOJUTOBBII KOM-
ieKe, 6-BepxHemenoBas —TpaxuOazanbT-TpaxuanaesnTosas (opmarnms (I'owacckuii mpo-
rub), 7-BepxuemenoBas TpaxubazanbroBas dopmanus (XomkaBeHackuil nmporuod), 8-Bepx-
HeMeloBast 0a3aibT-pruosnToBas Gopmarmst (ArpKakeHaAcKuid nporud), 9-M3secTHsikN Bepx-
Hell fopbl ¥ Mena, 10-MHTpYy3uBHBIE 00pa30BaHUs BEpXHEil OpbI-HIKHEro Mmena, 11-Bepx-
HeMmeloBast OazajibT-nauT-puonauToBas (opmarms (Kazaxckuil nmporud), 12-uHTpy3HBHBIE
oOpaszoBanus cpeaneit opbl, 13-0aTckast aHAe3UT-AauUT-proanToBas Gopmanus, 14-baiioc-
cKas 0a3abT-pUONIUTOBAs (hopManus: a-0a3aIbTOBBIH KOMILIEKC HI)KHEro Oaiioca, pHoIuTO-
BBII KOMIUICKC BEpXHEro Oaifoca, 1 5-riryOnHHBIC pa3ioMsl (a) 1 Giiekcypsl (0)

Ha ceBepo-BocTounoM ckione Masoro Kaskasza B Hagane 6ailocckoro
sApyca MPOM30IIIJIa NepBasi BCIbIIIKA BYJKaHM3Ma OCHOBHOI'O COCTaBa (MOII-
HocThio 710 2000 ™). 3arem, B o3HEM Oaiiocce, TPOU3O0IUIO0 U3IHUSIHUE Mar-
MBI JalUT-proAUTOBOTO coctaBa (1o 700-750 m). Ilo manabIM AOmyniacBa
P.H. u gp., (1988), Mycradaea M.A. (2007) Gaiiocckre BYIKAaHHUTHI B pe-
3yJbTaTe aKTMBMU3AllMM TEKTOHUYECKHX IBMKEHHUH 00pa3zyroT OMMOAaibHbIE
cepu, 00yCIIOBIEHHBIE UX MPOCTPAHCTBEHHOW CONPSKEHHOCTHIO K 30HE CO-
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YJIEHEHUS! OKCaHMYECKOM M KOHTMHEHTAJIbHOW KOpbl. biaromapst BbICOKOM
TEKTOHUYECKOW HAIPSKEHHOCTBIO B 3TOM 30HE MPOSIBUIICS MHTEHCHBHBIN
MHOT'O3TAIHbIN FOPCKUI BYJIKAHU3M, COMPOBOKIABLIMICS pa3pbIBHBIMU 30-
HaMHU TITyOOKOTO 3aJI0KEHUS, B Pe3y/IbTaTe Yero BOZHHUKIN CTPYKTYpPbI pac-
TSOKEHUS U CKaTHsl, 00pa30BaIUCh y3KUE MPOTHObl C aKTHUBHBIM CYOMYKIIH-
OHHBIM 0allOCCKUM MarMaTu3MoM. Bo3aMoHO, 3TO HayambHBIN 3Tan GopmMu-
pOBaHHUs SHCUMATHUYECKOM OCTpOBHOM 1yru Ha Manom KaBkase.

ITo cocTtaBy mopoJi, BpeMEHHU U YCIOBHSIM (POPMHUPOBAHUS, & TAKXKE HE-
MIPEPHIBHOCTU CJATAIOIIMX €€ OTJIOKEHUM, HAaKOHEI], M0 HAIIPaBICHUIO XOa
HBOJIIOLIMU MarMel, Oaiiocckre o0pa3oBaHMs MOAPA3ALISIOTCS Ha JIBE TOJIIN
— paHHe0aloCCKYI0, CIOMKEHHYIO MTPEUMYIIIECTBEHHO MPOyKTaMH BYJIKaHHU3Ma
OCHOBHOTO M CPETHETO COCTaBa U MO3/IHE0a0CCKYI0, KUCIIOTO COCTABA.

ITopoasl panHeOaiiocckoit ToNM pacnpocTpaHeHsl B npenenax [am-
KHpCKOro, MpoBaarckoro antTukianHopueB. B IllamMkupckom ygacTke nopoibl
STOW TOJILM BBICTYMAIOT B CPEIHEM U HMKHEM TedeHusix p. lllamkupuail u
COCTABJISIIOT JIUIIIh BEPXHIOK YacTh TOJIIX MOIIHOCTBIO 10 S00 M, a HIDKHUIMA
KOHTAaKT HE BCKPHIT. B BomopaszmenbHOIl yacT Mporarckoro xpebra, Ha
ydacTke Mexy BepmmHamu Komrrapaar v ['sMbIn BuguMasi MOIIIHOCTh BYJI-
kaHoreHHo# tonmu aocturaer 1500-1700 M. 3gech B pe3ynbTaTe HHTEHCUB-
HOM BYJIKQHUYECKOW AESITEILHOCTH HAKOMWICS OTPOMHBIM 00BEM BYJIKAHO-
TeHHBIX 00pa30BaHUil, CIOKEHHBIX CEpUEH YepeayIOIUXCs MPOCIOEeB MHPOK-
JACTHYECKUX TIOPO/T ¥ JJABOBBIX TTOTOKOB M TIOKPOBOB.

[Toposl mo3qHE0AHOCCKOM TOMIIM HIMPOKO MPEICTABIEHBI B Tpeaenax
[ITamkupckoro, ['eMreabCkoro aHTUKIMHOPUEB U J{alIKECaHCKOTO CUHKIIN-
Hopus. B npenenax [IaMKupcKOro moAHIATHS OHU LIUPOKOM MOJIOCOM MPOTS-
THBAETCS OT JIeBoOepexbs p.Akcrada no aeBoOepexbs p.Komikapyaii B mu-
POTHOM HarpaBieHud Ha paccrossHuu okosio 100 km. Cpenu mopoj Tomnmu
peo0aatoT JIaBOBbIE MOKPOBBI, 3aHUMAIOILME OTPOMHbIE IUIOLAaAn B Oac-
ceiiHax pp. Tay3uaii, Acpukyaii, /[3eramuait, Jxarupuait u [llamkupuaii.

B dammansHom oTHOMIEHNN B CTpOCHUU 0a3anbT-puOIUTOBON (hopma-
LMY IPUHUMAIOT Y4acTHE BYJIKAHOT'€HHbIE, BYJIKAHOT€HHO-0CAJJOUHbIE U OCa-
JIOYHbIE 00pa30BaHMs pa3HOW MEHETUYECKOM MpUHAIexKHOCTH. Bynkanuye-
CKue 00pa30BaHUsSI MPEICTABICHBI KOPHEBBIMH, JTABOBBIMH, MHUPOKIACTUYE-
CKMMH ¥ ME€TacoMaTHYeCKUMH rpynmnamu (AOayninaesa u ap., 1988).

K rpynmne reHernueckux THUIOB KOPHEBBIX 30H 3TH MCCIEIOBATENH
BKJIIOYAIOT AKCTPY3UBHbIC, JKEPJIOBbIE M CYOBYJIKaHHYECKHE OOpa30BaHMI,
KOTOpBhIE BO MHOTHX paboTax MepeducisioTcs: Kak ¢anuu. B kaxmoii Ton-
e, Hapsiay ¢ 3¢ y3uBHO-IKCTUIO3UBHBIME (JITABOBBIC MIOKPOBHI, BYJIKaHUYE-
CKHE OpeK4MH, pasHOOOIOMOYHBIC TY(bl, UTHUMOPUTHI), IKCTPY3HUBHBIMH
(KymoJia, HEeKKU | JIp.) ¥ CyOBYJIKaHMYECKUMU TeJaMu (JaiKu, CHILIBI, ITO-
KM U J[p.) 4aCTO BCTPEYAIOTCS BYJIKAHOTEHHO-OCAIO0YHbIE (Ty(OKOHTIOME-
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pathl, TyQornecyaHuKku, TyGOrpaBeluThl, Ty(POaIEeBPOIUTHI U Jp.) U Oca-
JOYHbIE (M3BECTHSIKH, I'PAyBaKKOBbIE NIECUAHUKHU U JAp.) OTIOKEHUs, KOTO-
pBIe 3aMeMIaloT APYT Apyra Mo JiaTepald U BepTHKaiu. BaxHoi ocobeHHO-
CTBIO CPETHEIOPCKUX OTJIOKEHHH SIBIISIETCS pe3Koe mpeobiaiaHue BYIKaHO-
TeHHBIX MOPOJ, MPEACTABICHHBIX MUPOKIACTUYECKIUMH, JTaBOBBIMHU MOKPO-
BaMH U CyOBYJKaHUYECKUMHU 00pa30BaHUSAMH, CIIAraloIMMU JIBa KOMILJIEKCa
— HWKHUW BYJIKAHOTE€HHBIA M BEPXHUN — BYJIKAHOTE€HHO-0CaIO04HbIN. [lep-
BBII U3 HUX, OTBEYAIOLINI HIKHEMY 0aiioCy, CJI0KEeH B OCHOBAaHUU IIPEUMY-
1iecTBeHHO 3 (y3uBaMu CpeHEro U OCHOBHOIO COCTaBa € MOAYNHEHHBIMU
TOPU30HTAMH TMHUPOKIACTHYECKUX U TY(HOTeHHO-0CAIOYHBIX MOpOJ. ITa
tonma, Brepsbie Ha3BaHHas K.H.[Taddenrompuem (1932) «amxHel Bynka-
HOTEHHOH Tommiei», obmamaer MomHocThi0 oT 1500 mo 2500 M, mpuuem
HauOOJBIIYI0O MOIIHOCTh OHa MpuoOpeTaeT B IeHTpanbHON uacTu Lllam-
KUPCKOTO TIOAHATUS M 3amagHoil yactu JlamkecaHkoro mporuba, OJHAKO
HEMOCPEACTBEHHO Ha momaan Kenabekckoro MecTopoKIeHUsI OHa JAlIeKo
He 00Ha)KaeTCs Ha MOJHYI0 MOIIHOCTh, cocTaBiisist 10 200 M.

Pannebaiiocckue ByJIKaHUTHI B pa3HON CTENEeHN MeTaMOp(hU30BaHbl U
JIOBOJIBHO 4acTO OOHApYXHUBAIOT 3MUJ0THU3ALNIO, XJIOPUTU3ALNIO, KAJIbIIH-
THU3aLUI0, OKBaplIeBaHUE, FT€MATUTU3ALUIO, TUPUTU3ALINIO, B MEHBIIEH CTe-
neHn anpouTu3anuio. Hanbosee CHIbHO 3TH MPOLECCH B COUYETAHHUH C TPO-
KHUJIKaMH KBaplia ¥ KapOOHATOB Pa3BUTHI TaM, I/I€ PE3KO MPeoOIafaroT Jia-
BOBBIC (Daruu.

HuxHIOI0 ByTKaHOT€HHYIO TONILY ¢ HEOOJBIIUM YTJIOBBIM HECOTJIa-
CHEM NEPEKPbIBAET TOJIA KHUCIBIX BYJIKAHOT€HHBIX MOPOJ], MOTYyYUBIIMX
HA3BaHME KBapIIEBBIX MOP(GUPHUTOB MIU KBaplLEBbIX maruonopdupos. OT-
METHUM, YTO B OOJIBIIMHCTBE CIIy4aeB COCTAB KUCIBIX BYJIKAHUTOB (Tak Ha-
3BIBAEMBIX KBApIIEBBIX TUIATHONOP(HUPOB) OTBEYACT pUOIUTAM. TeM caMbIM,
0 JIUTOJIOTUYECKOMY COCTaBY 3Ta TOJIIIA CYILIECTBEHHO OTJIMYAETCs OT MOJ-
CTHJIAIOIIUX U TEPEeKPHIBAIONINX OTIOXKEHUH, Oyayduu TmpeacTaBIeHHAsS
IBYyMs (allMaJIbHBIMH Pa3HOBUIHOCTSAMU: JIAaBOBOW, Pa3BUTOM B HIDKHEN
4acTHU pa3pe3a M CI0KEHHOM NMPEUMYLIECTBEHHO NMOTOKAMHU U IOKPOBaMU
IJTATMOPUOJIUTOB M MHUPOKIACTUYECKON — BEPXHEW 4YacTh paspes3a, Ipei-
CTaBJICHHOH pPa3HOOOJIOMOYHBIMU (OT TOHKOOOJOMOYHBIX /IO TJIBIOOBBIX)
arjoMepaToBbIMU Tyamu puosuToB u puonauutos. P.H. AGaynnaes u ap.
(1988), 3Ty ocoOeHHOCTh OOBSCHSET TEM, YTO B TO3HEM 0Oaiioce MPOUcXo-
JUT U3MEHEHHE T€OTEeKTOHUYECKOTO pekuMa B JIok-Kapabaxckoii 30He U B
npeaenax [laMKUpPCKOTO MOMHSATHUS HAYMHAIOT TOCHOJICTBOBATH I'€OAHTHU-
KJIMHAJIbHBIE TEHICHIMH, MPUBEIIINX K TOJOKUTEIbHBIM BEPTUKAJIbLHBIM
JBIKEHUSM M OKa3aBIIMX BIUSHUE HA XapaKTep MPOSBICHHS BYyJIKaHU3MA,
KHUCJIOTO O cOCTaBy. M3BepkeHrne KUCIOW MarmMbl IPEACTABICHO B JJaBOBOM
(MpenuMyIIeCTBEHHO), CYOBYIKAHUYECKON M BYIKAHOKIACTUYESCKOW (parmsx
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Y BEHYAETCS BHEJIPEHHMEM IUIarMorpaHuTOBBIX MHTPY3ui (I'eomorust Azep-
Oaiimkana, 2004). st mo3qHe0alOCCKUX KUCITBIX BYJIKAaHOTEHHBIX 00pa3o-
BaHUN BeChbMa XapaKTEpPHBI MPOIECChl MeTamMopdu3Ma, MPOSBISIONINECS B
OKBaplIEBaHUM, CEPULIMTU3ALMH, KAOJUHU3ALUN, MEHEE — XJIOPUTHU3ALMUU U
T.1. Bo3pacTt ToNIM KUCIBIX BYJIKAaHOTEHHBIX MOPOJ, SIBJSIONICHCS BMECTHU-
JIMILEM TIOJABJISIONIET0 OOJIBIIMHCTBA KONYEIaHHBIX MEeCTOpOKaAeHni Ma-
noro KaBkasa, ompenensiercss kak mno3gHeOarocckuii (164+4 MiH. et u
15746 M. ner) (A6aymiaes u ap., 1979).

Tomma KUCIBIX BYJIIKAHOTEHHBIX MOPOJ TPAHCTPECCHBHO, YacTo ¢ Oa-
3albHBIMH KOHIJIOMEpAaTaMU B OCHOBaHUH, MEPEKPHIBAIOTCS 3(PPYy3UBHBIMU
U THPOKIACTUYCCKHUMH OOpPa30BAHUSIMH 0OA3A1bM-AHOE3UM-0aYUm-puoii-
mogotl opmayuu ¢ PeAKUMHU MPOCIOAMU TYPOTreHHO-OCAIOUHBIX MOPOJ,
3aBepHIaloIIMi cpeqHeropckuil BynkaHusM Manoro Kaskaza (puc.l). Bos-
pacT 3TOro KOMILIEKCa, HAa3BAaHHOTO «BEPXHEW BYJIKAHOTEHHOW TOJNILEH,
natupyercs kak Oarckuid. [lo manneim P.H.AOmynmaeBa u ap. (1988) Gat-
CKH€ OTJIOKEHUS MPUHUMAIOT y4acTHE B CTPOCHUU KPYIMHBIX CTPYKTYPHBIX
enuaul Jlok-Kapabaxckoli 30HBI M XapaKTEpHU3YIOTCS BYJIKaHOTCHHON |
BYJIKAHOT€HHO-0caqouHOM ¢arusamu. B npenenax JlamkecaHcKOro CHHKIH-
Hopus, [llamkupckon, ['eirenbekoil 1 ArIaMCKOM CTPYKTYpP B CTPOCHHH
0aTCKUX OTJIOKEHUH Pa3BUTHI MPEUMYIIECTBEHHO MOPOJbI BYJIKaHOTEHHO-
0CaJI0OYHON (aruu, IpeCTaBIEHHbIE arjoMepaToBbIMU Ty(amu, TypoOpek-
9usiMH, TY(GOKOHTIIOMepaTaMu, TyQorecyaHuKaMu U Ty(oaraeBpoIuTaMu ¢
MaJIOMOIIHBIMH TTOKpoBamu 3¢ dy3uBoB, cocrapmstommmu He Gomee 20%
o0Bema 0aTCKOM TOMIIH.

OTii0KeHUsI CpeiHEN IOpBl CO 3HAUUTEIbHBIM Pa3MbIBOM MEPEKpPbIBA-
IOTCSl BEPXHEIOPCKOM TOJIIEH, B COCTaBe KOTOPON KOHCTATHPOBAHBI TOYTH
MIOJIHOCTBIO PA3MBIThIE KEJIOBEH-0Kcpopackre Ty(OreHHO-0Ca0YHbIE OT-
ToKeHus1 (MOIIHOCTH He Oonee 20-25 M) 1 KapOOHATHBIE OTIOKEHUS TTy3U-
TaHCKOro sipyca, ciararomue «BesyBuanoByto ropky» B Kexgedekckom py -
HOM paiioHe.

llempoepaghuueckas xapaxmepucmuxa. batiocckas 6azanom-puonu-
moeas gopmayus, Kak 0OTMEYAJIOCh BBIIIE, CI0XKEHA MECTPhIM U Pa3HO00-
pa3HBIM KOMIUIEKCOM JIaBOBBIX, CYOBYJIKAHWYECKHX, MAPOKIACTUIECKUX U
BYJIKAHOTE€HHO-0CA/I0UHBIX MOPOJI, COCTaB KOTOPHIX BapbUPYET OT Oa3anbra
u 06a3a’bTOBOrO aHAE3UTa 10 JaluTa U puonuta. [IpomexxyTouHsle dieHbl
(aHIe3uThl, aHAC3UIALUTHI) UMEIOT OTPAHUYCHHOE PACIIPOCTPAHEHHUE.

[To BHewIHEMY BUIY Oa3anbmul U OA3a16MOBble anoe3umyl TPEICTaB-
JSIFOT cOOON MacCUBHBIE, PEIKO MUHAIEKaMEHHBIE TIOPO/bI TEMHO-3€JICHO-
ro, TEMHO-CEpPOro 1BeTa, ¢ MPEUMYIIECTBEHHO NOPPUPOBOM, MHOTA IJIOMe-
porophupoBoii CTPYKTYpoil. BKpamieHHHKN COCTOMT M3 IUIarHoKia3a He-
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CKOJIbKHX TeHepanuid (Anss.gs), OMMBHHA M THPOKCEHA (aBTUT, MUKOHUT-
aBruT) u coctaBisioT 10-40% ob6bema mopon. Kpome Toro, moposs! comep-
#UT 110 0,5-1% marneruta. IMEIOT MECTO 1 BTOPUUYHBIE MUHEPAJIBI — XJIOPUT,
[IOM3HT, SMUIO0T, KapOOTAThI, XaIIe0H, eoyuT u Ap. OcHoBHas Macca (60-
80%) nMeeT TMaloONIIUTOBYIO, MUJIOTAKCUTOBYIO, MUKPOJIUTOBYIO CTPYKTY-
py.

AHnoezumul u anoesudayumovl B pacCMaTpuBaeMon (GopMamuu pactpo-
CTpaHEHBI KpaifHe HE3HAUYUTEIIBHO, B YACTHOCTH B HEOOJIBIITNX CYOBYJIKAHH-
YECKHUX LITOKaX, JalKaX W PeAKO JIABOBBIX MOTOKax. OHM COCTOUT U3 ILIa-
ruokiaza (Ansps; — Ansp.32), 1 ONAIMTU3UPOBAHHBIX I[BETHBIX MHHEPAJIOB.
Bce pa3sHOBHIHOCTH ATHX MOPOJ UMEIOT aUPOBYIO U MOP(GUPOBYIO CTPYK-
TYpY € XapaKTEpHOU I'MaJIONUIUTOBOM, MHUIOTAKCUTOBOM, MUKPOJIIUTOBON U
MUKPOQEIb3UTOBOM CTPYKTypaMl OCHOBHOW MAcCCHl.

Layumol, puooayumei, puonumel SABISIIOTCS HaHOOJIEe PacIPOCTPAHEH-
HOU IpyNIoi nopo/ B npejenax BepxHe0aiioccKoi By TKaHOT€HHOM TOJIIH.

JlarmuThl COCTOST M3 TIaruokiiasza (Angp.as — Anpgsp), KBapIa, ornaiu-
TU3UPOBAHHOTO TEMHOILIBETHOTO MHHepana. Cymma (peHOKPUCTAIIIOB JOC-
turaet 20-25%. CtpykTypa nopuctas, apupoBas Win HoppupoBasi, OCHOB-
HOM Macchl - MUKPOJIUTOBAsI, MUKPO(EIb3UTOBAS.

Puogantel U pHOTUTHI MONB3YIOTCS MIMPOKUM pa3ButueM. OHU BCTpe-
YalTCs B BUJIE JTABOBBIX MOKPOBOB, PA3HOOOIOMOYHBIX TY(POB U B 00JIOMKaX
ByJnKaHW4Yeckux Opexumii. [lopoma Oemnoro, cepoBaTo-po30BaTOro WIIM CBET-
J0-ceporo 1Berta, nopdupoasi, 3epHucTass. OHa PelIKO BCTPEYarOTCs B CBe-
JKEM BHJIC M Yallle APYTUX MOPOJ MPETePIeBaACT U3MEHEHHS — MPOTIIINTH3A-
LU0 U KUCJIOTHOE BblllienaunBanue. GeHoKpUCTaIIbl IPUHAUIEKAT KBapILY,
miarnoknazy, KIII-y, pexxe 6uotuty u pynnomy muHepainy. CTpyKTypa oc-
HOBHOUM MaccChl — THAJIONMWINTOBAsA, (PeIp3uTOBast, C(HEepOIMTOBAS WU TIEPIIU-
toBast. OHa cnoxena KIIIII, 3eppamu kBapua u ruiaruokiasa. [lo komuuectBy
KIIII nmpeobnamaer Han ruiarnokinazoM. Mexay 3epHamu kBapua u KITII
4acTO Pa3BUThI TUIAPOOKUCHBI *keie3a. CTEeKI0 OCHOBHOM Macchl NMENUTH3U-
POBaHO, XJIOPUTHU3UPOBAHO, LIEOIMTU3ZUPOBAHO. AKIIECCOPHBIE MHHEPAIbI
MIPEICTaBICHBI PEIKUMH 3€pHAMU MarHeTuTa u cheHom.

Bo mHOrux pumomauurax v puoIUTax BKPAIIEHHUKH COCTOSAT TOJBKO
U3 KBapla, B JPyrux — KBapla M HojieBoro mmara. M3-3a atoro mopoaam
OBLIO JaHO Ha3BaHUE «KBAPLIEBBIE MOPPUPHDY.

Marepuanabl 1 MeToabl. OCHOBY JJaHHOW CTAaThbU COCTABJISIIOT METPO-
reOXMMHUYECKHUE aHAIM3bl TIOpoJ 0allocCKO 0a3anbT-puOIUTON (opmanun
Manoro Kaskaza. Mcnonb3zoBano 20 peHTreHOCHEKTpalibHbIX, 16 MHUKpO-
3JIEMEHTOB, 12 peiko3eMeNnbHbIX 3JIEMEHTOB. baliocckue ByJIKaHUTHI (B 0CO-
OeHHOCTH BepxHeOaillocckue 00pa3oBaHUs) MOJBEPraAIUCh THAPOTEPMAITh-
HO-METACOMAaTUYECKOMY M3MeHeHHuI0. [1loatomy uis mcmonib30BaHue ObLIH
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B3SITHI T€ 00pa3ibl, B KOTOPIX ppp <5,0%. CUIbHO W3MEHEHHBIE TOPO/IbI UC-
KITto4YeHbl. [leTporeHHbIe AJIEMEHTHI OINPEeNSINCh PETTeHO-CIEKTPATBHBIM
¢dmoopecteHTHBIM (XRF) MeTomom, sneMeHTHI-IPUMECH, PeaKo3eMeNbHbIe
AJIEMEHTHI — MACC-CIIEKTPATBHBIM METOJOM C HCIIOJIb30BAHHEM HHIYKTHBHO-
ces3anHON Tua3mbl (ICP-MS). Bce ananm3bl BBIOJHEHBI B JTAOOpaTOpUU
ACME (Vancouver, Canada) ¢ UCHIO1p30BaHHEM BHYTPEHHUX CTaHIAPTOB.

IleTporeoxumuyeckue 0co0eHHOCTH 0ailocCKOro ByJakaHusma Ma-
Jgoro Kaska3a. CocraB BYJIKaHMTOB 0allOCCKOTO ByJKaHW3Ma TPUBEICH B
tabn. 1. [na knaccudukanmy 3TUX BYJIKAHUTOB HCIOJBb30BaHA JUarpamma
TAS (Le Bas et al., 1986), a taxxke SiO, - Zr/TiO, u Zr/TiO, - Nb/Y
(Winchester & Floyd, 1977). Ilpu aTom nipeoOianaroT 6a3aabThl B 0a3aJIbTO-
BbIC aH/IC3UTHI U JAIUT-PUOIUTHI, KOTOPBIE COCTABIISIOT KOHTPACTHYIO (op-
Maruo, 4yTo orMedeHo panee P.H.AOmynnaeseim u ap. (1988, 2004). Kak
BUJIHO U3 pUC. 2 GUTYpaTUBHBIE TOYKU BCEX BYJIKAHHTOB B OCHOBHOM PacIio-
JIararoTcs B IMOJIE€ HOPMAJIbHOM IETOYHOCTH U B COCTaBE BYJIKAHUTOB BBIJE-
JISTFOTCSI 0a3aJIbThI, 0a3aTbTOBBIC aHC3UTHI, aHAC3HUTHI, JAIIUTHI, PHOIAITUTH U
puosuthl. Ha nquarpammax SiO; - Zr/TiO; u Zr/TiO; - Nb/Y (puc.3) durypa-
TUBHBIC TOYKH AHAJIM3UPOBAHHBIX IMOPOJ] HAXOIATCS B IOJIE CYOIIEIOYHOM
0a3anbT, 0a3aIbTOBBIA AHJE3UT, AHJAE3UT U OJIHA TOYKA B TOJI€ PUOMAIUTA.
Cornacyrocs P.H.A6nymnnaesem u p. (1988, 2004) B cocTraBe MOKHO BbIfIe-
JIUTH JIBa KOMIUIEKCca — HIDKHE0AHOCCKyr0 0a3albTOBYIO M BEpXHEOalOCCKYIO
JAIUAT-PUOTUTOBYIO. [Ipy 3TOM HWKHEOAMOCCKHE BYJIKAHHTHI OTHOCATCS K
TOJIEUTOBOM, a BepxHeOaioCcKhe K M3BECTKOBO-LIENIOYHOW Cepuu Ha Jua-
rpammax AFM, FeO*/MgO-SiO,, K,0/YD - Ta/Yb (puc.4).

::' e 1

C i - @i @i &5 = T T ST ih Sd fra ME A i

Puc. 2. [Toso>xeHne cocTaBoB OPO.T 0AOCCKOM BYITKaHUIECKOH (hopMarun
Mamnoro Kapka3za Ha nuarpamme TAS (Le Bas, M.J., Le Maitre, R.W., et al., 1986).
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Puc. 3. ITonoxenue cocraBoB nopos Oaitocckoii Byakanuuecko popmanuu Masoro
KaBkaza na auarpammax SiO, - Zr/TiO, u Zr/TiO, - Nb/Y (Winchester & Floyd,
1977).

AFM Diagram
g ——
i 3
it
o e = e
5 '
= 7 >
p—
' ' - ' -
tore
. v
13 - ataiom »
: ‘
§ 1 . <
» ‘e
v o P
A « .
¥ B o
: ~ve .
- .
\ « )
telm

Puc.4. [TonoxeHne GUrypaTHBHBIX TOYCK H3YUCHHBIX BYJKAaHUUECKUX MOPOJ
Ha quarpammax AFM, FeO*/MgO-Si0O,, K,O/Yb - Ta/Yb
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Tabmuua 1
Xumuyeckuii cocrtaB HukHebaiiocckux (1-13)
u BepxHebOaiiocckux (14-20) BynkanuroB MaJjioro KaBka3za

N/N 1 2 3 4 5 6 7 8 9 10

SiO, | 48,15 49,93 |51,08| 52,14 |52,85| 53,49 54,51 |55,01| 55,70 (57,35

TiO, 1,41 0,80 0,52 | 0,61 | 0,50 0,70 | 0,49 | 0,71 | 0,60 | 0,52

ALO; | 18,87 17,68 | 17,46 19,00 | 14,02 16,80 | 16,49 |16,02| 18,00 |16,00

FeO* | 14,05 10,06 |10,36| 9,28 |16,35| 9,05 | 825 |10,98| 820 | 9,26

MnO | 0,20 0,18 0,18 | 0,11 | 0,35 | 0,08 | 0,12 | 0,12 | 0,24 | 0,14

MgO | 5,28 4,71 531 4,19 12,39 4,60 | 2,04 | 427 | 4,02 | 4,30

CaO | 8,00 6,00 | 825 | 839 | 1,04 | 869 |11,04| 835 | 580 | 5,08
Na,O | 3,40 450 | 4,00 | 4,13 | 223 | 2,70 | 1,82 | 4,19 | 420 | 3,04
K,O | 0,45 1,04 | 0,09 | 0,64 | 039 018 | 043 | 0,28 | 0,20 | 0,73
P,Os | 0,09 0,18 | 0,03 | 0,09 | 0,07 | 024 | 0,05 0,09 | 0,09 | 0,08
N/N 11 12 13 14 15 16 17 18 19 20
SiO, | 60,74 | 61,58 |63,51 | 65,38 |66,14| 69,82 |75,20| 75,6 | 77,67 | 78,94
TiO, | 0,92 0,64 | 055 047 | 0,5 0,49 1022]035 03 |0,19
ALO; | 16,86 | 18,08 |14,77| 1529 |11,75| 13,92 | 11,9/10,78| 9,76 | 8,25
FeOx | 10,41 6,45 82 | 6,71 | 6,68 | 463 |1,80| 3,08 2,97 | 383
MnO | 0,29 0,13 | 0,14 | 0,09 | 0,14 | 0,05 |0,06]| 0,04 | 0,08 | 0,06
MgO | 1,79 2,64 | 138 | 2,76 | 234 | 149 [050] 0,51 | 1,36 | 1,67
CaO | 4,05 6,02 | 2,12 | 273 | 437 | 0,87 28] 1,3 2,3 | 0,67
Na,0 | 6,15 2,59 | 624 | 451 | 227 325 |1,90] 4,88 | 2,85 | 337
KO | 0,39 0,38 | 0,16 | 0,39 | 0,02 | 148 |234]|022| 0,13 | 0,13
P,Os | 0,21 0,20 | 0,15 | 0,05 | 0,07 | 0,1 |0,06| 006 | 0,07 | 0,03

Ha gmarpamme K,0O-SiO; (Pecerillo, Teylor, 1976) ¢urypatuBHbie
TOYKHM 0all0CCKUX BYJIKAHUTOB HaXOSTCS B IMOJI€ HU3KOKAJIUEBBIX MOPO/I, a
HEKOTOpPbIE COCTaBbl BEPXHEOAHOCCKUX BYJIKAHUTOB TATOTECIOT K IIOJIO
CPEeIHEKAINEBBIX MOPOJ (puc.S).

Takum o0pa3om, B cpelHEIOPCKOe BpeMs TOJEUTOBBIN HIKHeOanloc-
CKUH BYJIKaHM3M CMEHWICS BEpXHEOAHOCCKHMM H3BECTKOBO-ILEIOYHBIM
MarmMaTu3MOM, YTO SIBJISIETCS OTPaKEHHWEM HadyallbHON CTaJud pa3BUTHE
OCTPOBOJY’KHOTO BYJIKaHU3MA.

B u3y4eHHBIX BYJIKaHUTaX CyMMa PEIKO3EMENbHBIX AJIEMEHTOB pa3-
JUYAeTCsl B PA3NIMYHBIX TUMAX MopoJ. Tak, B HIXKHEOAHOCCKHX OCHOBHBIX
noponax cymma P39 cocrasnsger 12,83-51,66. MakcuManbHOE 3Ha4YeHHE
HUMEIOT aHJe3uThl, e cymma P390 noxoaut no 80,42. B puonurax 310 3Ha-
4yeHue coctasisieT 67,54. MoxxHO 3akitounTh, yTto cymma P30 yBenuuusa-
€TCsl OT OCHOBHBIX MOPOJ K KUCIBIM. [Ipu 3TOM 3TO yBenuyeHue npoucxo-
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JIAT 3a CYET YBEJIMYEHUE KOHIIEHTPALMM JIETKUX U TsoKeIbiX P30.
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Puc.S. TTonoxxeHne coctaBoB mopo| 0aiiocckor ByIKaHIHUYECKOW popmannu Maxoro
Kagkaza Ha nmuarpamme K,0-SiO, (Peccerillo A., Taylor S.R., 1976).

Kak BuaHO U3 puc.6 Ha HOPMHUPOBAHHBIX AMAarpaMMax OTHOCUTEIIBHO
XOH/IpUTA B 1iesioM Jierkue P33 crnabo mpeBaimpyroT Haj TSHKEITBIMUA U 00-
pa3yroT MOYTH IUIOCKHE JUHUM. [103TOMYy Ha HOPMHMPOBAHHBIX IpaduKax
HaOIIOMaeTCsl XOHAPUTOBBIA XapaKTep W CIEKTPHI IMapauleibHBl JTHHUU
MORB. B stux nopomax (La/Yb), u (La/Sm), oTHomenue konebnercs B
npeaenax 0,56-2,33 n 0,74-1,98 cOOTBETCTBEHHO, T.€. OHU XAPAKTEPU3YIOT-
csl cabbIM 00€THEHHEM, PEIKO 00OoTrallleHUeM JIETKUMH PEIKO3eMeTbHbIMU
aneMeHTamu (Ta0n.2). B Takux mopomax €BpOIMEBOE OTHOILIEHHE
(Ew/Eu=0,81-1,22) nmpubnuxkaercs Kk equHuile. B aHamu3upoBaHHOM €1H-
CTBEHHOM o0OO0pa3iie puosiMTa HaOIomaercss oTpunarenbHas Eu aHomamms
(Eu/Eu*=0,56). B HekoTopbhIx 00Jee OCHOBHBIX MOPOAAX YBEIUUMBACTCS
conepskanue Tsokenbix P39. [loaromy B Takux moponax HaOMroAaeTcs HU3-
kue La/Yb ortHomenuit (tabn. 2). Takoil xapaktep pacmpenenenue P30 B
M3YYEHHBIX BYJIKAHUTAX OOBIYCH JUISI OCHOBHBIX ITOPOJI TOJICUTOBOW CEpUH B
TUIMYHBIX OCTPOBHBIX nyrax (Kamuatka, Tonro-Kepmanek u np.) (®poio-
Ba, bypukosa, 1997).
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Tabnuua 2
ConepxxaHue peIKHX H peIKO3eMeJIbHbIX 3JIeMEHTOB
B HILKHeOalocckux (1-13) n BepxHedaiiocckux (14-18)
Byakanurax Masoro KaBka3a

1 2 3 4 5 6 7 8 9
Rb 9 23 3 15 1 5 12 6 4
Sr 160 90 110 253 100 210 | 120 90 175
Ba 75 240 130 200 2 30 70 60 33
Cr 190 30 40 92 580 80 40 60 27
\ 269 250 188 260 185 280 | 220 351 160
Ni 100 30 31 50 142 45 24 40 35
Co 40 23 32 16 43 28 23 27 16
Cu 28 15 44 94 220 100 90 105 82
Zn 120 113 94 230 | 134 72 70 95 78
Pb 0,72 32 2,5 2,9 0,57 2.4 2,0 3,5 19
Y 33,9 19 12,0 16 11,0 20 13,8 18,3 14,0
Zr 90,0 40 15,0 38 22,0 24 37,0 | 43,0 40
Nb 1,8 2 0,4 1,09 0,9 0,98 1,2 3,2 1,4
Ta 0,12 0,1 0,04 | 0,07 | 003 0,06 | 0,06 | 020 | 0,09
Hf 2,50 1,12 0,48 1,05 | 0,65 0,8 1,14 1,30 1,1
Th 0,4 0,40 0,3 0,60 | 0,18 030 | 030 | 0,70 0,7
§) 0,09 0,12 0,07 | 021 | 0,15 0,50 | 0,16 | 0,32 0,3
La 43 4,4 1,0 3.4 0,9 33 1,7 2,6 4,0
Ce 10,7 10,0 2,4 7,2 2,0 7,4 4,9 6,3 8,3
Pr 1,90 1,40 040 | 1,02 | 038 1,08 0,68 | 094 1,20
Nd 9,70 6,32 2,14 4,9 2,0 5.2 354 | 442 53
Sm 3,35 2,0 0,87 | 1,60 | 081 1,80 1,22 1,58 1,52
Eu 1,18 0,7 0,40 0,61 | 028 0,72 | 044 | 059 0,58
Gd 4,80 2,40 1,32 | 2,06 | 1,20 | 270 1,80 | 2,38 2,0
Tb 0,83 043 | 028 04 | 021 045 | 033 0,42 031
Dy 5,58 3,0 1,82 | 261 1,77 | 3,03 2,21 2,94 | 223
Ho 1,28 0,68 | 043 0,7 0,41 0,71 | 050 | 0,70 0,52
Er 3,52 | 2,00 1,24 1,8 1,19 | 2,03 1,52 2,0 1,50
Tm 0,54 030 | 020 025 | 020 030 | 022 | 032 0,24
Yb 3,44 2,0 128 | 1,70 1,30 1,94 1,66 | 2,14 | 1,60
Lu 0,54 031 | 020 026 | 0,18 | 031 027 | 034 0,25
Ba/Rb | 833 | 1043 | 4333 | 13,33 2 6 5,83 10
Rb/Sr | 0,056 | 0,026 | 0,027 | 0,059 | 001 | 0,024 0,1 0,067
REE 51,66 | 3594 | 13,98 | 28,51 | 12,83 | 3097 | 2099 | 27,67 | 29,55
La/Yb | 125 2,2 0,78 2 0,69 1,70 1,02 1,21
EwEu* | 0,9 0,98 1,14 | 1,03 | 087 1 0,91 0,93 1,02
(La/Sm)yy | 0,83 1,42 0,74 | 1,37 | 0,72 1,18 0,9 1,06 1,7
(La/Ybyn | 0,9 1,58 0,56 1,43 0,5 1,22 0,73 0,87 1,79
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IIpooonsicenue maon.2

10 | 11 12 13 14 15 16 17 18
Rb 17 | 6 8 10,8 21,5 44,0 61 54,7 27,7
Sr 140 | 100 | 250 | 277 90,6 84,6 | 30 49,6 92,8
Ba 124 | 80 | 160 170 130 380 | 160 80 930
Cr 30 | 53 8 2 13 8 40 24 9
\ 186 | 32 90 135 23 20 1,4 9 27
Ni 18 | 50 5 32 2,0 3,0 19 1,5 1,3
Co 23 | 10 7 15,3 2,3 1,3 1,6 0,8 4,6
Cu 190 | 18 33 72,7 2,6 6,9 18 3.8 8,3
Zn 80 | 115 | 72 62 28 8 42 4 71
Pb 2,7 1 20 | 1.8 | 299 8.8 11,1 3 12,8 4,6
Y 16,2 | 36,3 | 19,1 | 13,0 27,6 10,0 | 29 9.8 233
Zr 39,0 | 81,0 | 54,0 | 63,0 91,2 56,5 | 115 | 41,7 72,7
Nb 12 | 28 | 52 2,5 3,1 2,3 3,5 1,6 2,6
Ta | 0,09 0,14 | 033 | 0,14 0,18 0,13 0,23 0,10 0,15
Hf | 1,14 2,50 | 1,54 | 2,0 2,8 1,7 32 1,3 2,2
Th 04 | 1,50 | 0,79 1,5 2,2 1,2 2,3 1,0 1,6
U 027057 | 032 | 05 0,7 0,4 0,8 0,4 0,5
La 2,0 | 123 ] 59 4,4 8,4 28 10,6 45 7.8
Ce 50233 134 | 9,92 | 1890 6,22 | 21,4 | 1085 17,90
Pr 0,77 | 3,11 | 1,84 2,9
Nd | 3,84 |1427| 8,28 12,09
Sm | 1,39 | 4,01 | 2,32 3,29
Eu |042| 1.8 | 0,84 0,63
Gd 1,83 | 5,08 | 2,64 3,6
T 038 0,81 | 049 0,63
Dy |2,50 | 5,69 | 3,09 4,3
Ho 0,58 | 1,33 | 0,70 1,0
Er 1,67 | 3,75 | 2,04 2,9
Tm | 0,28 | 0,59 | 0,34 0,5
Yb 1,87 | 3,78 | 2,19 32
Lu 0,30 | 0,60 | 0,32 0,5
Ba/Rb | 7,29 |13,33| 20 | 15,74 | 6,05 8,64 | 2,62 146 33,57

Rb/Sr | 0,12 | 0,06 | 0,03 | 0,04 0,24 0,52 | 2,03 1,1 0,3
REE 22838042 4439 | 14,32 | 273 9,02 167,54 1535 25,7
La/Yb | 1,07 | 3,25 | 2,69 3,31

EwEu* | 0,81 | 1,22 | 1,03 0,56

(La/Sm)y | 0,93 | 1,98 | 1,64 2,08

(La/Yb)x | 0,77 | 2,33 | 1,93 2,38
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Puc.6. Pacripenenenue peaxo3eMeIbHBIX 2JIEMEHTOB B ITOPOax 0aioCCKOM
ByJIKaHUYeCKO# hopmarm Marnoro KaBkasa (naHHbIe [t XoHApHTa 10 Sun S.S.,
McDonough W.F., 1998).

Nrak, 1Mo reoXuMHU4eCKUM OCOOEHHOCTSIM COCTaBbl 0AMOCCKUX BYIIKA-
HUYECKUX MOPOJ MPUOIMKAIOTCS K OCTPOBOIYX HBIM (Ta0:1.2). Bynkanuue-
CKHE€ MOpOJbl HAa HOPMHPOBAaHHOW K NPUMUTHUBHON MaHTUM MYJIbTHIJIE-
MEHTHOM auarpaMme XapakTepHu3yroTcsi o0beaHeHHocThi0 Ta, Nb u obora-
IIEHHOCTHIO ()IIFOMIOMOOMIBHBIMA KPYITHOMOHHBIMH JTUTO(QHIBHBIMHU dJI€-
meHntamu — Rb, Ba, Pb, U, Th xapakrepHsIx 11 HaaCyOqyKIIMOHHBIX OCT-
POBOIYKHBIX 0Opa3oBanuii (puc.7). B Hux nabmrogaercs Bbicokue Ba/Rb u
Huszkue Rb/Sr otHOomenus (tadm.2). [lopoasr Takke OOEAHEHBI TUTAHOM,
kanueM, ¢pochopoM. MOKHO MPENINoNoKUTh, YTO B MpoOIiecce MarMooopa-
30BaHMs IPUHUMAIIN y4acTue HaJacyonykionHble uronasl (Pearce, 1982).

Oo6cy:kaenne pe3yabTaToB. Takum 00pa3oM, peIKre U PEAKO3EMEITb-
HBIE JIEMEHTHI, 0COOEHHO BBICOKO3apsIHBIC JIEMEHTHI UTPAIOT MHIUKATOP-
HYIO pOJIb JUISl OIIpEeIeIeHHs IEPBUYHOTO COCTaBa MOPOJ U MarMaTH4eCKOro
oyara. Pa3nuuHble KOHIEHTpALUU 3TUX 3JIEMEHTOB B BYJIKAaHHYECKUX KOM-
IJIEKCaX CBUJETENbCTBYIOT O TOM, YTO 3TH KOMIUIEKCH (POPMHUPOBAIHCH Ca-
MOCTOSITEIBHO M3 PA3JIMYHBIX pacIulaBOB. XOHAPUTOBOE pacIpeelIeHHe
P33 B oCHOBHBIX BynkaHHuTax, npubmmxenue Eu/Eu* k enunune, nedpunur
ee B CPEIHUX MOPOJaX MOKA3bIBACT, YTO MCXOJHBIN 0a3ajJbTOBBIA pacIuiaB
nMeeT MaHTUIHBIN uctounuk (bamamos,1976; Imamverdiyev, 2003), mos-
Bepraromuics ciaboil GpaklMOHHON KPHCTAIIU3AIMUA B MTPOMEKYTOUHBIX
ouyarax. A KHCIble K€ MOpOJbl BepXHE0al0CCKOro KOMILIEKca, MO-BUAM-
MOMY, UMEIOT MaJIMHI'€HHOE MPOMCXOXKACHUE, BBIMJIABUBIIUXCS U3 KBapIl-
MOJIEBOIINATOBBIX Mopona (yHaamenta. CopepxaHue JTUTOPUIBHBIX 3JIe-
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MEHTOB BO MHOIO pa3 MpeBblmatoT ux coaep:xkanuss B MORB. MoxHo
MIPEIIIOJIOKHUTD, YTO B TIPOIECCE MAarMOT€HEPAIUH CYIIECTBEHHYIO POJIb UT-
pamu dmounsl (Cagsixos, 2019). Bo3mokHo, mpu 00pa3oBaHUM 3THX BYJI-
KaHUTOB KPOME MaHTHHHBIX U KOPOBBIX KOMIIOHEHTOB OIpe/IelieHHas POJib
urpajia Takxke nenarmdeckue ocajaku. OHaKo, B CBSI3U C T€M, YTO B OCHOB-
HBIX MMOpoJax HWkHeOanocckoro komiuiekca Eu/Eu* oTHomenune npubim-
KaeTcs K eUHUIIe, BEPOSTHO KOPOBAsk KOHTAMUHAIIMS HE WUTpaia CyIIecT-
BEHHYIO POJIb NP MX oOpa3oBanuu. [1o Bcell BeposATHOCTH, Oyiarogapsi MaH-
TUHHOMY JHAMHAPY ITUX OOpa30BaHUU BBIIIABISUICS KOPOBBIM cyOcTpart,
YTO M MIPHUBEJIO K 00Pa30BaHUIO BEPXHEOANOCCKUX KUCIBIX KOMITJIEKCOB.
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Puc. 7. Pacnipenenenne peakux 3JeMEHTOB B IOpOoAax 0ailocCKoi By TKaHHUECKOH
¢dopmarn Manoro Kaskasa (aHHble Uit IPUMATHBHON MaHTHH, 10 Sun S.S.,
McDonough W.F., 1989).

MoOXHO MpeanoiaokuTh, 4yro Ha Manom KaBka3e Ha paHHeM 3Tare
pa3BUTHs OCTPOBHOHM Jyru Oylaromapsi BBIJABIMBAHUHM acTEHOC(HEpPHI Mpo-
M30ILeN JIOKAIBHBIA PpUQPTOreHe3 U MoabeM MAaHTHMHHOTO JAWANMpa Haja 30-
Hout cyonykuuu (Gill, 1981). B pannetopckom mnepuoze Omaromaps ¢uroun-
JaM B MaHTUIHOM KJIMHE TeMIIepaTypa CHUXKAEeTCs M BBIIUIABIISIIOTCS OTHO-
CUTEJIbHO HU3KOMarHe3uajibHble 0a3ajbThl, MMOJABEprarommecs ciadoi Kpu-
CTAJUIM3aLMOHHON MU depeHanuy ¢ 00pa3oBaHUEM B MaJIOM KOJINYECTBE
M3BECTKOBO-ILIEJIOYHBIX aH/I€3UTOB.

[To MHEHHMIO MHOTHX YYEHBIX, Ha T€OXUMHUYECKYI0 OCOOEHHOCTH OCT-
POBOAYKHBIX MarMaTU4eCKHUX MOPOJ BIUAIOT 00pa30BaHHbIE IPU AETHIpa-
Tanuu cia30a Guouabl B pe3yabTaTe BO3ACHCTBHE HA YIBTPAOCHOBHBIE IO-
ponsl MaHTHiiHOro kiuHa. Conepxaiuecs B OOJBIIOM KOJIMYECTBE B
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CyOMyKIIMOHHBIX (UIFOMAaX KPYMHOUMOHHBIC JTUTO(PMIBHBIE 37eMeHTHl (K,
Rb, Sr, Ba, La, Ce) MeTacoMaTu3upyrOT yabTpaba3uThl MAHTHIHOTO KJIMHA,
B pe3yJIbTaTe Yero oO0OramarT 3TUMHU 3JIEMEHTAaMH MaHTHHBIH CyOCTpaTr u
ero BeiaBku (Gill, 1981; ITupc u ap., 1987).

[TpucyTcTBUE TOJEUTOBBIX 0a3ajJbTOB, & TaKXKE TMOPOABI MapUAHHT-
OoHUHUTOBOM cepun Oarckoro Bo3pacta (OctpoymoBa, Llenrep, 1986), ot-
CYTCTBHE BBICOKOKAIHMEBBIX aHJE3UTOB, MIOMIOHUTOB, BBICOKOIIEIOUYHBIX
MarMaTU4ecKuX MOPOJI CBHIIETEIBCTBYET O TOM, YTO CPEIHEIOPCKUE Marma-
TUYECKHE TTOPOJIbI 00PA30BAIMCh B JHCUMATHYCCKIX OCTPOBHBIX JyTax, 4TO
SIBIISIJICSL HAYAJIOM Pa3BUTHS OCTPOBOYKHOM OOCTAHOBKH U MPOJIOKCHHEM
CYOIYyKIIMM YK€ B BEPXHEIOPCKOM TIEpHOJIc Ha KOHTHHEHTAJIBHOH KOpe.
3TO JOKa3bIBAeTCS C MOMOUIBIO BapuanMoHHbIX auarpamm Th/Nb - La/Yb,
Nb/La - La/Yb (puc.8) (Hollocher et al., 2012). Ha stux amarpammax co-
CTaBBbI OCHOBHBIX BYJIKAHUTOB PACIIOJIararoTCs B IOJI€ OKEAHWIESCKOU TyTH U
B noie MORB, Gonee kucibpie MOpOAbI K€ TATOTEIOT K MO0 KOHTHHEH-

TAJIBHOM JAYTH.

a §)

Puc.8. JluckpuMyuHaHTHBIE AMArpaMMbl JUI 0alOCCKHUX BYJIKaHHYECKUX TOpoJ Mamoro
KaBkaza. a — Bapuarnmu otHomenuii Th/Nb - La/Yb, 6- Bapuanuu OTHOIICHUIH
Nb/La - La/Yb.

BoiBoabl. 1. B cocraBe Gaitocckux BynkanuToB Manoro KaBkasza BbI-
NENAI0TCS HUKHEOAHOCCKUI 0a3aibTOBBIM M BEpXHEOAMOCCKUN PUOIIUTO-
BB KOMIUIEKCHI. B cocTaBe HMKHEOAMOCCKOTO KOMILIEKCAa MpeodiafaioT
MOPO/IBI BYJIKAHOKJIACTUYECKOU (halu, B COCTaBE BEpXHEOAHOCCKOro — Mo-
POJIBI JTABOBOM M CYOBYJIKAaHUYECKOH (haItnid.

2. Tlopoasr Galiocckoro ByJTKaHHW3Ma XapaKTEPU3YIOTCS MaKCHMAallb-
HBIM IIETPOT€OXUMUYECKUM CXOJCTBOM, C aCCOLMALMAMU MOPOJI, XapaKTep-
HBIMU JJISI OCTPOBHBIX AYT.

3. B ocHOBHBIX mopojaax HMkHeOalocckoro komruiekca Eu/Eu* ot-
HOIICHHE NMpUONIMKAeTCs K eAuHuIe, U HaOmonaerca Huzkue La/Yb otHo-
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IIEHUH — BEPOSATHO, KOpOBasi KOHTAMHMHAILIMA HE HUrpaja CYIIECTBEHHYIO
poibp mpu ux oOpazoBaHuH. B puonure Habmromaercs orpunarenbHas Eu
anomanusi (Eu/Eu*=0,56). Pa3Hbie KOJMYECTBO STHX 3JIEMEHTOB B BYJIKaHU-
Tax KOMIUIEKCOB CBUAETEIHCTBYET O TOM, YTO 3THU KOMILIEKCHI (hOpMUPOBa-
JIUCh CAMOCTOSITEIILHO U3 Pa3INYHbIX PACILIIaBOB.

4. BynkaHuThl popMamy XapakTepu3yrTcs o0eqHeHHOCThI0 Ta, Nb
1 000TalIeHHOCTHI0 KPYITHOUOHHBIMU JTUTOQUIBHBIMU dJIeMEeHTaMHu - Rb,
Ba, Pb, U, Th — uTo0 XapaktepHO A HaACyOIyKIIMOHHBIX OCTPOBOTYKHBIX
obpazoBanuii. [Toposl Takke 00eTHEHBI TUTAHOM, KaltueM, hochopom.

5. ITo reoxumuueckuM 0COOEHHOCTSIM CPEIHEIOPCKUE MarMaTuYecKue
MOPOJIbI 00PA30BATUCH B SHCUMATUYECKUX OCTPOBHBIX JYTaX, UTO SIBIISAETCS
HAYaJbHBIM 3TallOM Pa3BUTHs OCTPOBOAYKHOW OOCTAaHOBKH, MPOAOHKEHUE
CyOAYKIIMHM YK€ B BEPXHEIOPCKOM NEPHUOJAE MPOUCXOAMIO HAa KOHTUHEH-
TaJIbHOM KODE.
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KiCIiK QAFQAZIN BAYOS VULKANIZMININ FORMALASMASININ
PETROGEOKIMYOVi ASPEKTLORI (AZORBAYCAN)

N.9.IMAMVERDIYEV, A.i..ORUCOV, A.9.VOLIYEYV, S.S. MURSALOV
XULASO

Mogqalads Kicik Qafqazin Azorbaycan hissesindo Bayos vulkanizminin petro-
geokimyoavi xiisusiyyotlorindon bohs edilir. Lok-Qarabag zonasinda miixtolif intensivliklo
Oziinii gostoron Yura vulkanizmi miixtolif geodinamik soraitdo - ada qdvsiiniin ayrilma vo
sixilma proseslorinin bir-birini ovoz etmosi ilo davam etmisdir. Bu soraitdo Orta Yurada
Kigik Qafqazda iki vulkanik formasiya omolo golmisdir: Bayos yash bazalt-riolit vo Bat
yasli bazalt-andezit-dasit-riolit. Miioyyon edilmisdir ki, Asagr Bayos kompleksinin vulka-
nik siixurlar1 toleit, Yuxari Bayos kompleksinin siixurlari iso kalsiumlu-golovili seriyaya
aiddir. Formasiya siixurlarinda ylingiil REE agir REE-don zoif dstiinlik toskil edir vo
demoak olar ki, diiz spektrlor omalo gotirir, normallasdirilmig diagramlarda nadir torpaq ele-
mentlarinin xondrit paylanmasi ilo xarakteriza olunur va xatlor MORB-da nadir torpaq
elementlorin paylanma spektrina paraleldir. Belo siixurlarda normallasdirilmis yevropium
nisbati (Eu/Eu*=0,81-1,21) vahids yaxinlasir vo asagi La/Yb nisbatlori miisahide olunur.
Boazi daha ssas stixurlarda agir REE-nin miqdari artir. Tadqiq olunan vulkanik siixurlarda
REE paylanmasinin bu niimunesi tipik ada qovslorindoki toleit seriyasinin mafik siixurlari
ticlin iimumidir. Analiz edilon tok riolit niimunasindo monfi Eu anomaliyasi miisahido
olunur (Ew/Eux=0,56). Primitiv mantiyaya goro normallagsdirilmis g¢oxelementli spay-
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derdiagraminda vulkanik siixurlar Ta vo Nb ilo tiilkonmis vo iri ionlu litofil elementlorls -
Rb, Ba, Pb, U, Th ilo zonginlosdirilmisdir ki, bu da suprasubduksiya ada qovsii soraiti {igiin
xarakterikdir. Siixurlarda titan, kalium vo fosfor da tiikenir. Belo naticoys galmoak olar ki,
geokimyavi xtisusiyystlorine gors Orta Yuranin magmatik siixurlari ensimatik ada qdvs-
lorinde amolo galmisdir ki, bu da ada qdvsii soraitinin inkisafinin baslangicim vo artiq Ust
Yurada kontinental qabigda subduksiyanin davam etmosini gostorir.

Acar sozlor: Bayos vulkanizmi, ada qovsi, petrogeokimyavi xiisusiyyatlor, nadir
torpaq elementlorinin paylanmasi, yevropium nisboti, ¢oxelementli diaqramlar, Kigik

Qafqaz.

PETROGEOCHEMICAL ASPECTS OF THE FORMATION OF BAYOSIAN
VOLCANISM OF THE LESSER CAUCASUS (AZERBAIJAN)

N.A.IMAMVERDIYEYV, AI.ORUDZHOV, A.A.VALIYEV, S.S.MURSALOV
SUMMARY

This article discusses the petro-geochemical features of the Bajocian volcanism
in the Azerbaijan Lesser Caucasus. Jurassic volcanism, manifested with varying intensity
in the Lok-Karabakh zone, took place in various geodynamic settings, depending on the
alternation of extension and compression processes in the island arc. Under these
conditions, in the Lesser Caucasus during Middle Jurassic Epoch, two volcanic associations
were formed: the Bajocian basalt-rhyolite and the basalt-andesite-dacite-rhyolite of the
Bathonian age. It was found that the volcanic rocks of the Lower Bajocian complex belong
to the tholeiitic series, and the Upper Bajocian rocks belong to the calc-alkaline series. In
the rocks of the association, light REE slightly prevail over heavy ones and form almost flat
spectra, the normalized plots are characterized by the chondritic nature of the distribution
of rare earth elements, and the lines are parallel to the spectrum of the distribution of rare
earth elements in MORB. In such rocks particularly the europium ratio (Eu / Eu * = 0.81—
1.21) approaches 1 and low La / Yb ratios are observed. In some samples of more basic
rocks, the content of heavy REE increases. Such a distribution of REE in the studied
volcanic rocks is common for basic rocks of the tholeiitic series in typical island arcs. In the
analyzed single rhyolite sample, a negative Eu anomaly is observed (Eu/ Eu * = 0.56). The
volcanic rocks on the primitive mantle normalized multi-element plots are characterized by
depletion in Ta, Nb and enrichment in LILE (Rb, Ba, Pb, U, Th), which is characteristic of
island arc-related volcanic rocks of supra-subduction zones (SSZ). The rocks are also
depleted in titanium, potassium, and phosphorus. It was concluded that, in terms of
geochemical features, the Middle Jurassic igneous rocks were formed at the ensimatic
island arc, which was the initial stage of the development of the island arc tectonic setting,
replaced in the Upper Jurassic by ensialic subduction.

Keywords: Bajocian volcanism, island arc, REE distribution, Eu/Eu* ratio, multi-
element plots, Lesser Caucasus
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Ki¢ik Qafqazin Goyca-Qarabag qurisiqlq zonasinda genis yayilmis ultrabazitlorin
coxsayl analitik dalillarinin riyazi disulla t2dqiqi sayasinda miiayyan edilmisdir ki, serpen-
tinlogma prosesi izokimyavi yolla — hacmin geniglonmasi, elementlarin migdarca sabitliyi
soraitinds bas vermigdir.

Acar sozlar: serpentinit, izokimyovi, Saribaba, ultrabazitlor.

Kicik Qafgazin Goyco-Qarabag qirisiqliq zonasinda ultrassasi siixur-
lar genis yayilmislar. Digor regionlarda oldugu kimi, onlar da giiclii ser-
pentinlogsma prosesino moruz qalmislar ki, bu da siixurun ilkin mineraloji
torkibini miioyyon etmays ¢otinlik toradir. Bir sira geyri-filiz faydali qa-
zintilar (maqnezit, talk, asbest vo s.) genetik olaraq bu prosesloro baglidir.
Ultrabazitlorin todqiqi tarixinde hacm faktoru vo onunla six baglh olan ele-
metlorin gatirilib-¢ixarilmasi fakti xtisusi yer tutur. Bazi alimlor belo giiman
edirlor ki, serpentinlosmo prosesinin naticasinds yeni torayan siixurlarin
hacmi doyismir. Bu vaziyyst osas etibarilo onunla osaslandirilir ki, pet-
roqrafiki nazaroat zamani ilkin minerallarin sorhadlorinds heg¢ bir doyisiklik
miisahido edilmir. Digorlorinin fikrinco genis yayilmis sistlosmo prosesi
hacmin genislonmosi demokdir. Bir sira tadqiqatcilar kimyavi reaksiya bo-
rabarliyinin sag vo sol toroflorini miiqayise edorak homin fikrs golirlor.
Lakin molum oldugu kimi, bir mineralin digorinoe ¢evrilmasi reaksiyasinin
boraborliyinin qiymatini eyni, yaxud forqli qiymotdo tortib etmok miim-
kiindiir. Serpentinlogsmo prosesino hosr edilmis ¢oxsayli tadqiqat islorindo
serpentinitlorin oamologolmo reaksiyalarini miixtolif formada togdim etmok
olar — ister agiq, istorsa do bagl sistemlords. Bagli sistem soraitinde hocm
70%-a qadar boylidiiyli halda, aciq sistemda, xeyli aparict elementlorin moh-
lula kegmasi noticesinde hacm doyigsmoz qalir. Tabiotds bu reaksiyalardan
hansinin real bas vermasini miioyyon etmok miimkiin deyil. D.S.Steynberq
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(1960) cox miqdarda miixtolif doracodo serpentinlosmis siixurlarin analiz-
lorini miiqayise edorak serpentinlogmonin izokimyavi bas vermasi noticasing
golmisdir. Si-Fe-Mg bag elementlorin oks olunduglar1 (ligmineralli brusit-
magqnetit-serpentin) siixurlarin omolo golmosi do ultrabazitlorin metamor-
fizlogsmosinin izokimyaviliyini tosdiq edir. Bununla yanasi sulu mohlullarin
sirkulyasiyasi boyunca allokimyavi serpentinlosmo bas vers bilor ki, bunun
da noticosindo xeyli migdarda maddslorin ¢ixarilmasi (brusitin tamamilo)
bas verir. Serpentinlori ilkin mineral torkibino ¢evirdikdo, normativ ensta-
titin 10% artmast SiO,-nin gotirilmasinae miivafiq golir ki, bu da serpen-
tinlogmo prosesindo bag elementlorin nisbatinin doyigsmosi demakdir.

Oksor todqiqatgilar belo noticoyo goliblor ki, serpentinlosmo prosesi
iki morhoalada: regional-hacmin genislonmasi vo komponentlorin nisbatinin
sabitliyi vo lokal-hocmin sabitliyi, komponentlorin ¢ixarilmasi soraitindo bas
verir. Regional serpentinlosmoado suyun monboyi dorin sirkulyasiyada olan
yeralt1 sulari, lokal serpentinlogmada iso qranit maqmasidir.

Bozi alimlor (Zoloyev, 1976) serpentinlosmonin xarakterinin, osason
ilkin stixurun torkibinden asili oldugunu miilahizo edir. Dunitlorin vo oli-
vinla zangin olan, peridotitlorin serpentinlogsmasi zamani asas elementlorin
nisbi miinasibotindo he¢ bir doyisiklik bas vermir. Piroksenlorlo (osason
monoklinlo) zongin olan siixurlarda iso bu komiyyot xeyli doyisir. Bu zaman
manfi balans stixurun moasamaliliyi ilo kompensasiya olunur.

Ultraosasi  siixurlarin  serpentinlogmosi  zamani  serpentinin = do
MgO-28i10,-2H,0 daxil olmasi ilo sado mineral — brusit MgO-H,0, maqnetit
Fe;O4 toplumu yaranir. Digor petrogen elementlor sorbost minerallarini
yaratmirlar. Rast golon talk, xlorit vo karbonatlar iso daha asagi temperatur
soraitinds amals golirlar.

Serpentinlogms reaksiyasini 1-ci sokildo gdsterilon sistemin vasitosilo
tosvir etmok miimkiindiir. Miixtalif doracods serpentinlosmis ultrabazitlorin
torkibini oks etdiron ndqtslor qrupu, reaksiyanin xarakteri barads keyfiyyatli
tosovvir vera bilor. Tomiz serpentindon talk istigamatinds toplanmis noqto-
lor grupu SiO,-nin gatirilmosini, yaxud (Mg, Fe)O-in ¢ixarilmasini, brusit
torofs istigamotlonanlor isa SiO,-nin ¢ixarilmasini, (Mg, Fe)O-in gatiril-
masini gostarir.

Diagrama (sok.1) Kigik Qafqazin ultrabazitlorinin torkibi yerlosdiril-
migdir. Gorlindiiyli kimi, serpentin-maqnetit xotti boyu giiclii serpentinlog-
mis vo tomiz serpentin siixurlar1 yerlosir. Bu onu gostorir ki, todqiq olunan
siixurlarin serpentinlogsmasi zamani asas komponentlorin nisboti doyismoz
qalir. Ikivalentli demir oksidlosib, iigvalentliya kegorok, maqnetiti omalo
gatirir. Serpentinlogsmanin ilkin marhslasinds maqgnetitin ayrilmasi miisahida
edilmir. Yoni noqtalor forsterit serpentin xatti boyu qruplasirlar.
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Sak. 1. Kicik Qafqazin ultrabazitlarinin torkibi SiO,-(Mg,Fe)O-H,O koordinatlarinda

L.V.Dmitriyev vo A.V.Qaranin (1971) torofindon toklif edilon meto-
dun mogzi beladir. Serpentinlogmis siixurda SiO,-nin imumi miqdart onun
serpentindoki paymin doyisilmomis ilkin siixurundaki payr ilo comindon
ibarotdir. Bu iki payin nisboti yalniz suyun gotirilmasi vo petrogen ele-
mentlorin gotirilmosi-¢ixarilmasi ilo bas veroninki miixtolif olmalidir. Bu
miixtoliflik asagidaki kimi miisyyon edilir. Nozors alsaq ki, siixurda H,O-
nin (serpentinlosmo dorocasi) ¢oxalmasi ilkin minerallarda kvarsin miivafiq
miqdarinin azalmasina gotirib ¢ixarir, SiO,-nin serpentindoki migdarini asan
toyin etmok miimkiindiir. Bu miqdar1 hidrogenin atom miqdar ile ifads et-
mok olar. Si0; ii¢lin bu qiymoat 0,5H-a borabardir. Silisiumun ilkin mineral-
larla olagodar olan miqdar1 A Si=Si — 05H. Burada Si — silisiumun siixurdaki
imumi miqdari; H — slixurdaki miqdarina miivafiq golon atom miqdaridir.
Bu qayda ilo alinmig ASi-mun miqdart ordinat oxuna, H,O-nun ¢oki miq-
dar1 iso absis oxuna ¢okilir. Burada iki paralel sorhod xott (ab yuxari) vo (vq
asag1) A Si-un izokimyavi yolla serpentinlosmosi zamani nozari hesablanmis
doyismosini gostorir. Burada ab vo vq xatlori arasindaki sahads serpentin-
logsma naticasinda torkibindo asas elementlorin miqdarinda heg bir doyisiklik
bas vermoyan siixurlarin dolillori yerlosir.

Kigik Qafqazin 300-don artiq ultrassasi siixurlarinin kimyavi torkibi 2-
ci diagrama yerlosdirilmisdir. Aydin goriiniir ki, burada serpentinlosmo pro-
sesi izokimyavi yolla bas vermisdir (Abdullayev vo b. 2001).

Stixurlarin serpentinlogmasi prosesinin izokimyoviliyini riyazi osas-
landirmaq mogsadilo lazimdir ki: a) nomogramin koordinatlarinda analiz-
lorin naticalarinin paylanmasi xatti tonlikls tosvir edilsin va b) bu tenliyin
bucaqli omsal1 izokimyavi serpentinlogsmonin nozori xattinin bucaqli omsa-
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lina kifayot qodor yaxindir.

On kigik kvadratlar tisulu ilo analizlorin naticasini oks etdiron diiz
miitonasiblik tapilmigdir.

ASi+ 6348 H,0™-751,28=0 (1)

Sokil 2-do bu xott punktirlo gostorilmisdir (1-2). Oxsarligin keyfiy-
yatini qiymatlondirmok mogsadi ilo A Si vo H,O arasinda korrelyasiya om-
sal1 hesablanmigdir: R = -0,97 (n=330). Bu omsal gostorir ki, A Si-la H,O
arasindaki asililiq xattiliyo ¢ox yaxindir.

Sok. 2. Kicik Qafqazin ultrabazitlorinin kimyovi torkibi ASi-H,0O koordinatlarinda

Izokimyavi serpentinlosmo tonliyinin yuxari nozari xatti (ab) asagidaki
kimidir:

ASi+6123 HO-796=0 (2),

asagl nozori xott (vq) isa: A Si+ 65,03 H, O-676=0 (3)

(2) vo (3) tonliklorinin orta kiincomsali 63,13-diir, (1) tonliyinki iso
63,48-dir. Bu odadlor arasindaki forq cox ciizidir. Bu tadqiq olunan ultra-
bazitlerin serpentinlogmosi prosesinin, yalniz suyun gatirilmasi ilo bas ver-
mosinin riyazi siibutudur. Bas elementlorin nisbatinin daimiliyini RO:Si10,
peridotitlar ti¢lin 1,49, serpentinitlor ti¢iin 1,50 bu fikri siibut edir.

Serpentinlosmo prosesindo komponentlorin miqdarca doyismosini
gostormays bir sira alimlor cohd etmislor. Alinan naticolor miixtalifliyi ilo
forqlonir. Bunun sabobi asagidakilarla izah edilir. Birincisi, hatta on sads
torkiba malik olan (olivin + piroksen) harsburgit, massivlerinin miixtalif his-
solorindon gotiiriilon sinaglar forqli mineraloji torkibs malik olduglar1 kimi,
onlarin kimyavi torkiblori do miixtalif olur. Bu hal hec do komponentlorin
gotirilmasi-¢ixarilmas1 demok deyil. ikincisi, hesablamalar vahid hacmo goro
aparilirsa, ilkin vo sonraki hacmlor do eyni olmalidir. Bu hal serpentinlosma
prosesindo miisahido olunmur, hocmin genislonmasi bas verir.
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Serpentinlosmo prosesindo maddolorin miqdarca doyismo balansin
hesablamaq mogsadilo, biz doyismomis siixurdan serpentinitloro dogru isti-
qamoatdo profillordon niimunslor gétiirmiisiik. Bu hal 6zii do prosesin biitiin
marhalalorini oks etdirir. Bu clir hesablamalarin asasinda ilkin torkibin vo
serpentinlosmo prosesindo alinan mohsulun vahid mineraloji torkibo malik
olmas1 durur. Baxmayaraq ki, bu, tobiotdo homigo belo olmur. Biitiin niimuno-
lorin kimyavi torkiblori ilo yanasi xiisusi ¢okilori do toyin edilir. Gatirilib-¢1-
xartlma balans1 C.M.Kaskay vo B.V.Mustafazado (1972) torofindon verilmis
metodla hesablanmisdir. Metodun {istiinliiyli ondan ibaratdir ki, izokimyavi
serpentinlosmodo mdvcud olan hacm effekti nozors alinir. ©ldo edilon odoadlor
fantastik qiymotloro malik olan faizlorlo deyil, miitloq giymatlorlo toqdim
olunur. Lersolitlordo aparilmis hesablamalarin noticosi birinci codvaldo
verilmisdir. Hesablamanin noticosi gostorir ki, serpentinlogsmonin doracosi
yiiksoldikco stixurun xiisusi ¢okisi qanunauygun yondos azalir. Burada aparici
elementlords (Si, Mg, Fe) biitlin hallarda monfi balans alinir. Onun qiymati
serpentinlosmonin doracosinin artmast ilo ¢oxalir. Qalan elementlor {igiin
daimilik xas deyil. Yiiksok miisbot balans ligvalentli domir ti¢lin xarakterikdir.

Cadval 2
Serpentinloagsmonin daracasindan asili olaraq
maddonin balansinin (k) dayisilmasi
Poroda Pirolisenli dunitlor Har+sburgitlsr Lgrsolitlsr
1,0 K H,0 K H,0 K
Zoif serpentinlosonlor 3,76 -3,52 3,59 -2,61 2,66 -2,81
Serpentinlogonlor 5,90 -5,44 4,18 -3,36 3,61 -2,96
Giclii serpentinlogonlor 9,86 -8,50 10,09 | -10,07 10,26 | -11,01
Serpentinitlor 12,38 -11,57 13,27 | -12,08 | 13,78 | -13,46

Miixtolif tip siixurlarda aparilmis hesablamalar gostorir ki, mineral
torkibinin miixtalifliyi elementlorin 6ziinii aparmalarina tosir gostormir.

Suyun miqdart ilo elementlorin {imumi balansinin miiqayisesi 2-ci
codvaldo verilmisdir. Burada goriiniir ki, comi elementlorin monfi balansi
gatirilmis suyun miqdari ilo tam kompensasiya edilir. Bu hal serpentinlogsma
prosesinin gedisinde elementlarin sistemden ¢ixarilmasi deyil, miivafiq miq-
darda suyun gotirilmosi bas verir ki, bu da burada vahid hocmds kom-
ponentlorin azalmasina sabab olur.

Bir sira alimlor serpentinlosmo prosesinin gedisindo Mg — Si nisbo-
tinin sabit qalmasini miivafiq miqdarda bu elementlorin ¢ixarilmast kimi
qiymatlondirirlor. Bizim hesablamalar gostorir ki, bu kemiyyat hec do kom-
ponentlorin ¢ixarilmasini oks etdirs bilmoz.

Belaliklo, togdim edilon materiallarin hortorafli aragdirilmasi gostorir
ki, ultrassasi siixurlarin serpentinlogsma prosesi izokimyavi yolla bag verir.

Naticalor
1.Kicik Qafgazin Goyce-Qarabag qirisiqliq zonasi — Touraqagay va
Saribaba sinklinoriumlarinda genis yayilmis ultrabazitlor giiclii serpen-
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tinlogsma prosesino moruz qalmaislar.

2.Xiisusi ¢okinin nozors alinmasi sortila, istifado edilon metodla apari-
lan hesablamalarin naticosindo askar olunmusdur ki, serpentinlogsmo prosesi
izokimyovi yolla — elementlorin miqdarca doyismomasi vo hocmin genis-
lonmasi soraitindo bas vermisdir.
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DAKTOP OFBEMA B ITIPOLIECCE CEPIIEHTHUHHN3ALIUN

3.5.ABYJIJTAEB, C.®.I'YCEMHOBA,
I AMYPAJIXAHOBA, M.SL.TACAHI'YJIMEBA

PE3IOME

BeineneHo aBa aTama mporiecca CepHeHTHHM3AIWH. PernoHanbHas, Iie MCTOUHHKOM
CEpIICHTUHU3HUPYIOMINX PACTBOPOB TPEHMYIIECTBEHHO SIBISIETCS BOJa, 0OCOpOMpOBaHHAs M3
BMEIIAIOMINX TTOPOJ HEMOCPECTBEHHO MPHU CTAHOBJICHUH THUIEPOa3UTOBBIX MacCHBOB B yCJIO-
BUSX KOHTHHEHTAJIbHOM KOpbl. JIOKaibHas jke CepHEeHTHHHU3AIMS, TJIe OCHOBHYIO POJIb MIPAIIH
Guronpl GoJiee MOJIO/IBIX UHTPY3HH, COMPOBOMKIACTCS KOJIMYECTBEHHBIM U3MEHEHHEM KOMITO-
HeHTOB. Paccuetamyl JMHEHHBIX YpaBHEHMH M KOJMYECTBEHHOTO OIPEJEIICHUS MPUBHOCA-
BBIHOCA SJIEMEHTOB IIPU CEPIICHTHHHU3AIMN yCTAaHABIMBACTCSA, YTO MPOIECC MPOUCXOIANUT H30-
XMMHYECKH, C yBEIMYEHHEM 00beMa UCXOIHBIX MTOpo 0€3 M3MEHEHHS COACPIKAaHMUS JIEMEHTOB.

KaioueBble ci10Ba: ceprieHTHHUT, H30XxuMudeckn, Cappi0aba, ynpTpadasuThl.
VOLUME FACTOR IN SERPENTINIZATION PROCESS

Z.B.ABDULLAYEYV, S.F.HUSEYINOVA,
G.AAMURADKHANOVA, M.Y. HASANGULIYEVA

SUMMARY

There are two stages of serpentinization process. Regional, here water is mainly a
source of serpentized solutions which absorbed from enclosing rocks while ultrabasite
massives forming under continental crust conditions. Local serpentinization where fluids of
younger intrusive play a basic role is provided with with quantitative changes of compo-
nents. By estimations of linear equations and quantitative definition of elements addition -
subtraction while serpentinization was determined — the process occurs isochemically due
to increase of source rocks volume without unchanged content of elements.

Keywords: serpentinite, isochemically, Sarybaba, ultrabasites.

93



BAKI UNIVERSITETININ XOBORLORI
Ne3 Tabiat elmlari seriyast 2022

YK 55:502.55

HEKOTOPBIE OCOBEHHOCTHU ®OPMHUPOBAHUS 1
JJOKAJIM3AIIMU MOJINBAEH-IIOP®UPOBOT'O OPYJAEHEHUSA
TEUJATCKOI'O PYJIHOT'O IOJISA
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Oxapakmupuzo06anvl HeKOMopvie 0COOEHHOCIU HOPMUPOBAHUS U TOKANUZAYUU MO-
auboeH-nopuposozo opyoenenus Ietidaecckozo pyoHoeo nons. Hccoedosawnvl eeonozust u
cmpykmypro-mopgonozureckue ocobennocmu pyo. Pyowl nposicunxogvle, nposicuikogo-
sKkpaniennvle, npedcmasiennvie. I 1asHbILMU MUunepalamu pyo aeisiomcss 2aieHum, chaie-
pum, meHee XanrbKonupum, MOIUOOeHUm; u3 HcunbHbix-keapy. Ommeuaemcos poisb 0auKo-
6bix men. Pyovl n1okanuzyiomes 8 0aukax, 0cobeHHo ouopum-nop@upumossvix. Anaiusz co-
oepoicanuust pyOO2eHHbIX DNIEMEHNO8 NOKA3bIBAE GbICOKUE 3HAUEHUs. MeOU, KOMOopble C6si-
3ambl ¢ My@amu aHOe3umos u aHoe3UdayUmos, a MOIUOOEHA- ap2ULIUMAMU.

KuarwueBble ciaoBa: MecTopoxaeHue, pyIHOE IoJie, MOpoja, CTPYyKTypa, Jaika,
MUHEpaJl, ITOKBEPK, HHTPY3HUB.

I'eiinarckoe MeaHO-MONMOAEH TOP(GUPOBOE PYAHOE MOJE PaACIO0-
KEHO B MeXaypeube pp. AnuHakavyaidl 1 ['unsH4ail B UX CpeIHEM TEUECHUHU.
B pyanoe none, kpome 0JJHOUMEHHOTI'O MECTOPOXKAECHUS, PACIIOIATar0LIErO-
Csl B IEHTPAJIBHOM €T0 YaCTH, BXOJUT TaKXKe PsJ MEPCIEKTUBHBIX PYIOTPO-
SIBJICHUH, PAKTUYECKU HEOLIEHEHHBIX MOJHOCTHIO [2, 6].

B TexkToHMYeCKOM OTHOIIIEHWUW palilOH OXBATBHIBACT OTACIIbHBIC (par-
MeHThI 3aHre3ypckoil aHTukiauHamu U Opay0Oanckoil CMHKIMHANH, pa3ou-
THIX Pa3JIOMHBIMHU CTPYKTypaMHU CEBEpO-3alaJHOro, CyOHIMPOTHOrO, CeBe-
PO-BOCTOYHOTO M OJIM3MEPUIMOHAIBHOTO HANIPABICHUH, IPEBPATUBIINX, T10
CYUIECTBY, IJIOLIAAb PYJHOTO MOJS B OTIEIbHbIE MUKPOOJIOKU U CITY KHB-
IUX KaHalaMHu JJis BHEJIPEHUS Pa3HOBO3PACTHBIX MarMaTHYECKHUX Macc,
JIOKJIM3YIOIIHNX SHJIOT€HHOE opyaeHenue [1].

B pynHoM mosie 0OHapy>KEHBI SOIICHOBBIC BYJIKAHUYECKHUE allaparhl,
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Cpeu KOTOPBIX BBIACISIOTCS PACIONIOKEHHbIE B MEeXAypeube bamkenauai
u [lapramenuk annapathl TPELIMHHOIO TUIIA C JKEPJIOBBIMU M IIPUKEPIIOBBI-
Mu Qarusmu. OTMeuaroTcs Tak)ke MHOTOUYHCIIEHHBIE BBIXObI IITOKOOOpas-
HBIX, JalKOOOpa3HbIX aHAE3MJALUTOBBIX (pPEKE aHAE3UTOBBIX U JALUTO-
BbIX) CyOBYJIKAHMUYECKUX TEJl OJUTOLIEHOBOT'O BO3pAcTa.

B cTpykType pyaHOro nojisi HeMaJloBa)XXHOE 3HaUE€HUE MPUAAETCs rpa-
HOCHEHUTOBOMY HHTPY3UBY HIKHEOJIUTOLIEHOBOIO BO3pacTa CaTEeITUTY
Merpu-Opay6aackoro Maccupa, 3aHUMAIOLIETO IJIOMAAb OKOIO 1,0 KB.KM.
B neHTpanbHOil ero yacTu mopojia mpecTaBiIeH CPEAHEKPYITHO3EPHUCTBIMU
IPaHOCHEHUTAMH, MOCTENIEHHO CMEHSIONMMHCS K nepudepun cpemHesep-
HUCTBIMU KBaplIEBbIMU CHEHUT-IMOpUTAMU. BMeriaromue HHTPY3UB MOPO-
Ibl, a TaK)Ke aHJIe3UJAINThI, MHTEHCUBHO IepepaboTaHbl BILIOTH 0 00Opa-
30BaHHs Ha KOHTaKTOBOW moioce (mupuHa 50-250 M) OpOrOBHKOBaHHBIX,
IpEeU3EeHN3UPOBAHHBIX, SMTUJOTU3UPOBAHHBIX, OKBAPIIOBAHHBIX U MUPUTHU3HU-
poBaHHBIX 11opox [1, 6].

Brinensrorest Takke qaiikooOpasHble Tena TpaHOJUOPHT — MOp(UpoB
MO3JHEOIUT OIICH-PAaHHEMHOIIEHOBOTO Bo3pacTa. [IpoTsikeHHOCTh TalKOBBIX
ten 450-500 M, momHOCTh — OT 5 — 6 10 40 — 50Mm. Ilopona cpenne-kpyn-
HO3EpHUCTAs1, MPECTaBlIeHa AUOPUT-TIOpGUpPAMU U TPAHOAUOPUT - TTOPH-
pamu. Heob6xoauMo OTMETUTh, UTO 3TH JalilKoOOpa3Hble Tela, ¢ KOTOPhIMU
paboTarolie B 00J1aCTH I'e0JIOTH YBSA3BIBAIOT MEIHO-MOJIHOIEHOBOE OpYy/Ie-
HEHHeE, TPOCTUPAIOTCS BIOIb Oimm3mupoTHOTO ['elirens - ['elimarckoro pas-
JIOMa ILIEJIOM TOJOCOM, HaYMHAsl OT palioHa I elresbCckoro MeCTOPOKIACHHUS
no ['efigarckoro u fnanee yxomsT 3a Ipeiessl TEPPUTOPUU.

B pyanom mone, ocobeHHo B I'eiimarckoM MecTOpOXIE€HNH, 3aHMMAlO-
IIEM LEHTPAJIbHYIO €ro YacThb, JIOBOJIBHO MHTEHCHUBHO Pa3BUThI pa3pbIBHbIC
HapyeHus. [1o MHeHHIO OOJBIIMHCTBA TE0JIOTOB 3/IECh IPOCIICKUBAIOTCS Ue-
TBIPE CHCTEMBI Pa3pbIBHBIX HapYyILIEHUHA M 30H TPEIIMHOBATOCTU: 1) ceBepo-
samazasie (290-340%); 2) cyOommpoTHsie (C. B. 80°- 10.-. 110°%); 3) CeBepo-
Bocrounsie (40-70°) u 4) Gmmsmepuanonansasie (c.-3.350° — ¢.8.30°).

HanOonpmmM pa3BUTHEM TMONB3YIOTCS HApYIICHUS CEBEpO-3aIaJHOro
HarpaBJIeHUsl, HEOJTHOKPATHO OOHOBIISIOIIMECS, HaUrMHasl OT 30IIeHa JI0 Tocie-
OJIMTOIICHOBOTO BpeMeHH. Hawbonee xapakTepHbM siBisiercss [luaxuaii-
['eiinarckuii pa3noM. IPOCHESKUBAIOIINN BAOIL Yepe3 IT. ['eiimar u [ biHI-
KIOPT W BMEIIAIOIINe BYJIKaHUYeckne mocTtpoiku (lapramenuk, barmkenn-
Yaif). DTO e HapylleHHue OTOMBAaeT KOHTakKT [ eimarckoro u I'romymimapun-
CKOT'O MHTPY3MBOB. MOIIHOCTb 30HBI KOHTAaKTa, COIPOBOK/IAIOIIErOCSI OKPEM-
HEHUEM, OKEJIE3HEHUEM U XJIOpUTU3aluen nopo, cocranisier 100 — 250 m.

Cpenu cyOIIMPOTHBIX Pa3IOMOB CaMBIM MPOTSKEHHBIM sIBIIsieTCs | eii-
renb-I efigarckuii. OH IPOCIIEKUBACTCS, HAUMHAS OT 3aHTe3YPCKOTO XpedTa
(rr. JlaBaboiiny, Capsinar, Argar) Ha Boctoke uepe3 rr.leiimar, ['butbiaa-
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XKIOPT W bepaplk Ha 3amaje, nainee yxojas 3a Ipeaeiibl pyAHOro Mojs .
HMIMeHHO K y311y niepecedeHts BBIIEYIIOMAHYTOro /[naxyaii- I'eiirarckoro u
Iefirens-I'eitnarckoro pasnomoB npuypouuBaercs [eiirens — ['eiigarckoro
pasnoMoB npuypoumBaercs ['eiinarckoe mecropoxneHue. CeBepo-BOCTOU-
HbI€ JIM3bIOHKTUBHBIC HApYIIEHUs MPECTaBlIeHbl (pparmMeHTamMu bamikenn-
Yail-AHpUIarcKoro pasjaoMa, BMEIIAIOIIEro CyOBYJIKaHWYECKHUE M JailKo-
Bble 0Opa3zoBanus (XaHaramarckuii, OpTakeHACKUMA, DIIeKMEHTaHCKHH Cy0-
BYJIKaHBI aH/IE3UT-IALUTOB, JaWKOBOE MOJIE TUOPHUT-MOPPUPUTOB U aH[E-
3UT-MOpGUPHUTOB 10 p. bamkenayait u Diipuaar u 1.1.). Pa3znom uHaTEpEeceH
TEM, YTO K Y3JIy IEpECEUEHHs €ro C pa3pblBaMU JIPYrUX HamlpaBiIeHUN Mpu-
YpOUEHBI MTPOSBICHUS PA3IMYHBIX MMOJIE3HBIX UCKOMaeMbIX (XaHarauarckoe,
Oprakenackoe, [lapagamickoe, Cannapunckoe). B reonormyeckom pasBu-
TUU PYIHOTO TOJIA OMU3MEPUANOHATBHBIE PA3JIOMbl, HECOMHEHHO, UTpalli
Ooyiee BaXXHYIO pPOJIb, YEM BCE BBIIICYNOMSHYTHIE Pa3pbIBHBIE CHCTEMBI a
MIPUYOYEHHOCTh K HUM I'PAHUTO-THENCOB B palioHe ATIOpTa, TPaHUTO-THEMU-
COB U MeTaMOp(UYECKUX CIIaHILIEB B BepXOBbsX p. [laparavaii u T.1. cBue-
TeNbCTBYET 00 MX JpeBHEM Bo3pacte. C Apyroi CTOPOHBI, KOHTPOJIb UMH B
BEpPXOBBSX P. [ MiIsHYAN M Ha FO)KHOM CKJIOHE T. ['eli1ar ByJIKaHHYECKHUX I10-
CTPOEK U JaMIpPO(PHUPOBBIX J1a€K TOBOPUT 00 UX HEOJHOKPATHOM OMOJIOXKE-
Huu. brnusMmepuanoHanbHblE JU3BIOHKTUBHBIE HApYIIEHHUS OTMEYaroTCs
TaKKe B pailoHe I'.I'BUIBIHIDKIOPT, B yHIeNbiaX pyd. Mypanxanisl, ['romym-
napa u apyrux mecrtax. OgHaKo BCe OHM SIBJISIOTCS oTpe3kamu [ uisiHuai-
CKOTO pasjioma.

B I'eitnarckom pynHOM moJie HanboJiee 3HAYUTEIbHBIM 00BEKTOM SIB-
JS€TCSl OAHOUMEHHOE MECTOPOKICHUE U PsJl EPCIEKTUBHBIX, HO B HEOC-
TaTOYHOM CTENEHU OLIEHEHHBIX MposBieHui (XaHnaragarckuid, bamikenn-
qaiickuil u 11p.).

Ha MecTopoxeHnH yCTaHOBIIEHBI IITOKBEPKOBBIE pynHbIe Tena. Ta-
KHX YyTh BBITSHYTBIX MEIHO-TOP(UPOBBIX IITOKBEPKOB HA MECTOPOXKICHUN
yeTslpe — JKaKpIXTuHCKNM, J(uktopTcknii, MypanxaniauHckuid u ['romyni-
napuHckuii. Kpome Toro, ycranoiaeHo pynHoe teno ([laiikoBoe) co cBuH-
LIOBO-IIMHKOBOM MHHepanu3auueid. Bce OHM JOKann30BaHbl Cpeau UHTEH-
CHBHO NepepaboTaHHBIX aHIE3UTIALMTOBBIX MOP(HUPUTOB, KBAPLIEBBIX CHE-
HUT-IMOPUTOB, TY(POIECUaHUKOB, TY(OrpaBeIUTOB U APYrux mnopox [4, 5].

JKaOKBIXJIMHCKOE PYAHOE TEJNO PAcIONOXKEHO B CEBEPO-3alagHON
4acTH MecTOpokaeHusA. OHO M3y4YEeHO B JIBYX CEUYECHMSX: HA MOBEPXHOCTU U
Ha r1youny. [lnmna pynsoro tena — 500 m, mupuna — okoso 300 m. BepTu-
KaJIbHBIM pa3Max MeIHO-MOJHOJEHOBOIO OPYIACHEHHs, CyIs MO JaHHBIM,
nosy4yeHHbIM ckBakuHou Ne 14, coctaBnsier 500 M. B pyanom tene cpeane-
B3BeleHHoe conepkanne meau — 0,34%, momubaena — 0,011 %. Jluxropt-
CKOE PYAHOE TEJO PACIOJOXKEHO B LEHTPAIbHOM YacTU MECTOPOXKICHUS.
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OHO U3y4eHO TpeMsl CeYEHUSIMU Ha MMOBEPXHOCTU U HA rIyOouHy. B nokanu-
3alUU OpYJACHEHHs BaKHOE MECTO OTBOJAUTCS T'PaHOIUOPHUT-IOPHUPOBON
naiike, KoTopas MpUypoyeHa K JiexxaueMy ee 00ky. Pazmeps! pyaHoro Tena
no jmHe 450 M, mmpune 470M. BepTukanabHBIN pazMax MeIHO-MOJIUOIe-
HOBOTO OPYyJICHEeHHUsI, U3y4eHHOTO cKBaKnHaMu NeNe 43 u 46, 6onee 680 M.
CpenneB3BelieHHOE CoiepKaHue MeIu B pyaHOM Tene coctasisieT 0,42 %.
B neHtpanbHON 4acTH MECTOPOXKACHHS PACIONIOKEHO Takke MypaaxaH-
IuHCKOoe pyaHoe Teno miomaaso 400x 200 M. OHO U3yyeHO Ha MOBEPXHO-
CTH W Ha TNIyOUMHY B MATU ceyeHHsX. BepTukanbHbI pa3zMax opyJeHEeHus,
M0 TAaHHBIM CKBaXXUHBI Ne 48 «Oucy, coctasisier 426,0 M. CpegHeB3BeIICH-
HOe cojiepkanue Menu B pynax — 0,66%, mombaena — 0,0045%. I'omymi-
JApPUHCKOE PYAHOE TEJIO PACIOJIOKEHO B BOCTOYHOM YAaCTH MECTOPOXKIe-
Hus. [IpoTspkenHocTs ero — 390 M, mupuna — 220 M. I'mybuna panpoctpa-
HEHUSl METHO-MOJINOCHOBOTO OpPY/I€HEHUSs, M0 JaHHBIM CKBaKUHBI No 73,
cocrasisieT 400 M 1pu cpeiHEeB3BEIIEHHOM cozepskanuu menu 0,28 %.

Mo1HOCTh UHTEHCUBHO MUHEPAJIN30BAHHBIX MOPOJ], BCKPBITHIX CKBa-
kuHaMu Ne 57, 58, cocraBmser 50,5 u 26,0 M coorBeTcBeHHO. [l0 JaHHBIM
pa3BelKkH, Ha MOIIHOCTH 26 M (uHTepBai 210,0 — 226,0 M, ckB. Ne 58) cpen-
HEB3BEILLEHHOE cojiepkanue cBuHLa coctasiseT 0,345%, uunka — 1,19%.

I'eoxumuueckne 0coOEHHOCTH TOpoJ ['eiaarckoro MecTopoKIeHus
MCCJIEIOBAHbBI 1O JaHHBIM T€OXHMHYECKOr0 OMpoOOBaHMs KepHa OypOBBIX
CKBa)KMH 0 NEPBUYHBIM opeosiaM. B Tabnune 1 mpuBeneHo cpenHee co-
JepKaHUe SJIEeMEHTOB-UHAMKATOPOB METHO-MOP(GUPOBOTO OpPYACHEHHUS B
opojiax, MecTHoe (POHOBOE, a TAK)KE KJIApKOBOE COJAEpKaHHE UX B COOT-
BETCTBYIOIIMX nopoaax rno A.ITl.Bunorpanosy (1961).

Tydorennsie oOpa3zoBaHusi, IpeICTaBICHHbIE Ty(QoapruiuTaMu, Ty-
donecuannkamu, TydorpaBeauTaMu U TY(HOKOHTIOMEpaTaMH, XapaKTepH-
3YIOTCS BHIIICKIIAPKOBBIM H BBIIIE(OHOBBIM copepianneM mean (9,0'107%)
1 MoNuO/IeHa (2,7'10-4%). ConeprxaHue MeIM MOYTH B JIBa pa3a MPEBBIILIAET
ux kiapkoBoe (4,0'107) u ponosoe (5,2'107°%) coneprkarue. Boiuekiapko-
BbIM, HO Onnke K ()OHOBOMY, MHOTJA U HIKE, COJIEP)KAaHUEM XapaKTepHU3Yy-
FOTCsI CBUHEII, ITMHK, CEpedpOo 1 OJI0BO.

[lecuaHuKku M aprUJUIATHI CIAralOT HE3HAUYUTEIbHYIO 4acTh MECTO-
poxenns. Conepkanie Mean B Hux coctasisier 10,4 10°% u mouru B 100
pa3 mpeBbIIaeT UX KIapKoBoe U 3 pa3a MecTHOe (hoHOBOe conepkaHue. B
ATUX MOPOJAaX 3HAYUTENHHO MPEBBILIAIOT KIAPKOBOE COJIEpPKaHUE U Apyrue
3JIEMEHTHI — MOJIMO/IeH, CBUHell, IMHK U cepedpo. Tak, B 10-15 pa3 Boime
KJIAPKOBOE COZiepIKaHie MoIuOaeHa (3,4 *10™), IpuMepHO B CTOIBKO Xe pa3
cBuHIa. OHAKO ATO COJEpIKaHUE HAXOAUTCs ONke K (POHOBOMY U HE 00-
pa3yeT 3aMeTHbIC AHOMAJIUH.
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Tabmuma 1
PacnpenesieHue py1oreHHbIX 3JIEMEHTOB
B nopojax I'eiiiarckoro MecTopoxiaeHus

Cpe):ulee co/ieprkaHue JJIEMEHTOB

PasznoBuanocTn Cu Mo Pb Zn Ag Sn
nopoj (m. 10%) | (m. 10-*%) | (m. 10-3%) | (m. 10->%) | (m. 10-*%) | (1. 10-3%)
Tydorennsie 9,0(52)(2.7(1,9) | 7.0(7.8) | 1.1(1.0) |0.44 (0.81)| 0.21(1)
o0pasoBanus 4,0 1.1 1,2 0.8 0.07 0.02
(n = 30)
IecuaHuku, 10.4 (3) | 3.4(29) [11.0(125) | 1.2(0.9) | 0.44 (0.3) | 0.15 (0)
aAPruJLIMTHI (1=26) 0.1 0.2 0.7 0.2 m.10-6 m.10-5
Tluoput- 9.2(84) | 28(1.8) | 5.6(6.1) |0.75(0.6) | 0.33(0.3) | 0.21(0.1)
nopQupHUTHI, Tpa- 4.0 1.1 1.2 0.8 0.07 0.02
HOAMOPUT-NIOPPUPBI
(n=28)
Tyt angesutos, | 11.3 (5.4) [ 21 (15) | 7.1(74) | 1.7(04) | 0.4(04) | 0.21(0.1)
aH/1e3UIANUTOB 4.0 1.1 1.2 0.8 0.07 0.02
(m=30)
Aupesupanutossie | 8.0 (6.5) | 25(1.6) | 4.5(5.6) | 0.6 (0.35) | 0.33(0.6) | 0.18 (0.06)
noppupUTHI 4.0 1.1 1.2 0.8 0.07 0.02
(m = 30)
Kspapuesbie cuenut- | 10.1 (7.9) | 2.2 (0.8) | 5.0 (3.5) 1.0 (0.8) 0.4 (0.2) 0.3(0.2)
JIHOPHUTBI, FPano- 2.6 1.2 1.0 0.6 0.05 0.02
CHCHUTBHI, ZlI/IOpI/ITbI
(m=33)

Hpumeuanue. Cpennee conep:kanue (¢poHoBoe cogep:kanue). KimapkoBoe copepkaHne B COOTBET-
CTBYIOIIMX MOPOAAX.

Jnoput-nioppupuThl U TpaHOAMOPUT-TIOpdUpPH! B paiione [ 'eiimarcko-
ro MECTOPOXKACHHUS BCTPEYAIOTCd B BUJIE MPOTSHKEHHBIX J1a€K CEBEpO-
3amaJHOro U MIMPOTHOTO HampasieHui. ConepikaHue pyJOTCHHBIX JIEMEH-
TOB B 3THX NOpPOAAaX Majo 4eM OTJIMYaercs OoT npeasiayiiero. ConepxaHue
TJIABHBIX KOMITOHEHTOB — MEAM M MOJIMOJeHA B HUX COOTBETCTBEHHO CO-
crasmser 9,2 10°% 1 2,8 107% . Ao coJiepKaHUE B [1Ba pa3a BBILIE KJIap-
KOBOT'O M HE3HAYUTEIIHLHO MPEBBINIAET (POHOBOE.

Hecmotpst Ha BbIllle — U ONMU3KIAPKOBOE COJCPIKAHUE M OCTAIBHBIX
3JIEMEHTOB, 3HaYEHUE WX HAXOJUTCS Ha YpOBHE ()OHOBOTO, HEPEIIKO U HIKE
(cBuHer).

MakcumansHoe conepxanne meau (11,3 * 107 %), npu MectHOM (oHE
5.4 10'3%, COOTBETCTBYET COJACPKAHUIO Ty(HOB aHIE3UTOB, aHAE3UT-IAIU-
toB. CoepKaHne MOHOIeHa HecKOIbKO Hinke (2,1107%) mo cpaBHeHHMIO ¢
coJiepKaHUEM MPEbIAYIIUX MOpoJa. TeM He MeHee OHO MPEBHIIIAET Kak
KJIapKOBbIE, TaK U (poHOBBIE 3HaUeHUs. OcTanbHbIE PYAOTCHHbBIE 3JIEMEHTHI
XapaKTePU3YIOTCSI BBIIIEKIAPKOBBIM, HO OJM3()OHOBBIM COJIEPIKAHUEM.

AHE3UT-1aluTOBbIE MOPPUPUTHI, YACTO OOpa3yrolllrue I0CTATOYHO
BbIJIEp’KaHHbBIE JalKW, OTJIMYACIOTCSI HAMMEHBIIUM cojiepkanueM meau (8,0
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107%), (4,0 °10%) u B 1,5 pasa (6,5107%) MecTHOro (OTOHOTO 3HAUCHHL.
B BhImIeKkapkoBoM u (POHOBOM COJIEP’KAaHUH MPUCYTCTBYIOT TAKXKE MOJHUO-
nen (2,5 107%) u omoso (0,18 107%). OcrabHble pyJOreHHbIE HIEMEHTHI
(cBHHeI, IMHK, cepedpo) HaxoaATCs HUKe (POHOBOTO ypoBHs. B BhIIekIap-
KOBOM U (DOHOBOM COZAEp X aHUH 3JIEMEHTHI MPUCYTCTBYIOT JIMIIL B UHTPY-
3MBHBIX 00Pa30BaHUX, CIOKEHHBIX U3 KBAPIIEBBIX CUEHUT-AUOPUTOB, Tpa-
HOCHEHHUTOB U IUOPUTOB. HecMOTpsl Ha OTHOCHUTENBHO BBICOKOE 3HAUEHHE
meau (10,1 x 107 %) B HHUX, COAEp)KaHUE €€ JUIIb HE3HAUUTEIbHO MPEBbI-
maet dorosoe 3HaueHue (7 10°%). B To %e BpeMsi MOTHO/ICH IIOUYTH B TPH
pasa mpeBbIaeT cBoe GpoHoBOE 3HaYeHHE. [1JI1 OCTAaTBHBIX DJIEMEHTOB PEe3-
Koe Koyie0aHue OT (POHOBBIX 3HAYEHHH HE YCTAaHOBJICHO.

Kak moka3pIBaeT aHaIM3 CONEpKaHHUS PYIOTEHHBIX 3JIEMEHTOB, HaH-
BBICOKHE 3HAUEHUSI ME/IM CBS3aHbI C Ty(aMu aHAEe3UTOB U aHAE3UT-allUTOB,
a MONMO/IeHa- ¢ M aprIUINTaMU. B TocieHIX B MaKCUMaIIbHOM COJIepIKa-
HUU IpUCcyTCTBYeT Takxke cBuHen (11,0 107%). WuTpy3uBHBIE 00pa3oBa-
HUSl XapaKTEePHU3YIOTCS BHICOKMM MECTHBIM (DOHOM Menu W MoJMOneHa, U
MO3TOMY CpEeIHEee COJEp)KaHUE UX B ITUX MOPOJaX, B OTIWYHE OT JIPYTHX
MOPO/I, HE3HAYHUTENBHO MPEBHIIAIOT (POHOBOE.
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GOYDAG FiLiZ SAHOSINDO MOLiIBDEN-PORFIR FiLiZLOSMOSININ
FORMALASMASININ VO LOKALLASMASININ BOZi XUSUSIYYOTLORI
(Misxana-Zangazur zonasl, Kicik Qafqaz)

A.M.ISMAYILOVA
XULASO

Mogqalads Goydag filiz sahasinds molibden-porfir filizlogmosinin formalasmasinin
vo lokallagsmasinin bozi xiisusiyyetlori xarakterizo olunur. Yatagla molibden-porfir filiz
kiitlolorinin struktur-morfoloji xiisusiyyatlori aragdirilib. Miioyyon olunub ki, filiz kiitlolori
damarciq, damarcig-méhtovi tiplidir vo osas etibarilo diorit-porfirit daykasinin zalbandina
bitisib, qalenit, sfaleritlo tomsil olunub. Analizlorin naticosi misin yiiksok miqdarmin ande-
zit-tuflarla, molibdenin iso argillitlorlo bagli oldugunu gostorir.

Acar sozlar: yataq, filiz, filiz sahasi, siixur, struktura, dayka, mineral, stokverk, intruziv

SOME FEATURES OF THE FORMATION AND LOCALIZATION
OF THE GEYDAG ORE FIELD MOLYBDENUM-PORPHYRY
MINERALIZATION
(Miskhan-Zangezur zone, Lesser Caucasus)

AM.ISMAILOVA
SUMMARY

In the article, localization and formation features of molibdenum-porphyry minerali-
zation of Goydag ore field are characterized. The geology and structural-morphological
characteristics of the ores were studied. The ores are of vein and veinlet disseminated
(interspersed) type. The main ore minerals are galena, sphalerite, minor amounts of
chalcopyrite and molybdenite. Vascular minerals include quads. The role of dike-type ore
masses is noted. Ores are mainly localized in diorite-porphyrite dykes. The analysis of ore-
bearing elements shows that high amounts of copper are associated with andesite tuffs and
andesidasites, while molybdenite is associated with argillites.

Key words: ficld, ore, ore field, breed, structure, dike, mineral, stockwork, intrusive
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KiCiK QAFQAZIN MUROVDAG ANTIKLINORISININ PiKRiT
VO PIKROBAZALTLARININ FORMALASMASININ
PETROLOJI-GEOKIMYOVI XUSUSIYYOTLORI

F.H.SARIYEV
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ferrux.sariyev.2018@mail.ru

Maqalada yeni geokimyavi malumatlar asasinda Kigik Qafgazin Murovdag antikli-
norisinin pikrit va pikrobazaltlarmin amala galmasinin petroloji va geokimyavi xiisusiy-
Yotlori arasdirilmisdir. Miiayyan olunmugdur ki, pikritlor Vo pikrobazaltlar yetkin adalar
qovsii saraitinda iist mantiya biinévrasinin 25-30% arimasi naticasinda diferensiasiya olun-
mus ilkin adalar qovsii olivin-bazalt magmasinin akkumulyativiowri olub, bazalt elementlori
ila kasib olub restit tabiatlidir.

Agar sozlor: Kigik Qafqaz, Murovdag antiklinorisi, pikrit vo pikrobazaltlar, ak-
kumulyasiya, gismon arimo modeli

Pikritlor digor magmatik siixurlardan forqli olaraq, ilkin mantiya mon-
bolorinin torkibini xarakterizo edirlor. Pikritlorin omalo golmasi, 6z novbo-
sinda, mantiya maddasinin yiiksok doracods orimasini asanlasdiran xiisusi
geodinamik soraitdon asilidir. Pikritlorin petroloji farqleri, ehtimal ki, bas-
langic menbalorinin torkibindoki dayisikliklor vo bu maenbolorin gismen
orimo doracasidir.

Molumdur ki, pikritlor 6z ilkin torkiblorino goro {ist mantiya blinov-
rasinin arimasi naticasinda amolo golir (Izokh, 2010). Bununla yanasi, istor
diinya okeanlar1 soraitinda, istorsa do kontinentlords pikritlor oksor hallarda
torkibco bircins olurlar. Bozi hallarda kristallasma diferensiasiyasinin bir-
basa nozarati ilo formalasirlar.

Miixtolif petrokimyovi seriyali pikritlor Azorbaycan Respublikasinin
orazisinda Kicik Qafqazin Murovdag antiklinorisinin, Xocavend sinklino-
rilorinin vo Talis zonasiin geoloji quruluslarinda askar olunmusdur (Mame-
noB, babaesa, 2013).
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Normal galavili méhtovivari pikritlor Murovdag antiklinorisinin si-
mal-sorq yamacinda, onun Dagkoson sinklinorisi ilo qovusan hissosindo
Bayos-Bat yasl vulkanitlorin i¢orisinds yerlosir (sok. 1).

Sak.1. Qasqacay hovzasinin sxematik-geoloji xaritosi
1. Kampan-Maastrixt yasli mergeller vo 16vholi ohongdaslari; 2. Bayos vo Batin vulkanogen
¢okma siixurlart (tuflar, tuf brekgiyalar, az qalinliqli miixtalif porfirlorin ortiiklorine malik
tuflu konqlopmeratlar); 3. Pikritlor; 4. Orta Yuranin diabaz va qabbro-diabazlari; Orta
Yuranin kvarsh vo kvarssiz dioritleri; 6. Neokomun kvarsli diorit porfiritleri; 7. Téroma
kvarsitlor; 8. Bas Kicik Qafqaz listogolmosi xatti.

Murovdag antiklinorisi 9.S.Sixolibayliya (1994) goro Lok-Qarabag
struktur-formasiya zonasina daxildir. Goncogayin sorq yuxari axarinda
Murovdag silsilosinin suayrict boyunca uzanan bu struktur simal-gorqo
dogru (40-45°) zorif enma bucaqlarina malikdir. Meydangayin sorq yuxari
axarinda dayaq miistovisi tadricon diizlenir, silsilodon uzaqlasir vo conub-
sarq istigamatinds Toragacay ¢ayina dogru uzanir, burada 60°-5 yaxin enma
bucaqlarina malik olan yuxar1 yura shongdaslarini kesir (Paffenhols, 1948).

Murovdag antiklinorisinin geoloji qurulusuna Orta, Ust Yura vo
Tabasir yash komplekslor daxildir. Bu strukturda Bayos, Bat, Kimmeric vo
erkon Tabasir yash vulkano-plutonik komplekslori inkisaf etmisdir. Bimodal
formasiyanin bir hissasi olan erkon Bayosun bazalt kompleksi Murovdagin
antiklinorisinin zirvasini togkil edir. Qeyd olunan kompleksin qalinlig
1500-1700 metr olan, ndvbalogon piroklastik, lava vo vulkanogen-¢6kmo
birlogsmolorindon ibaratdir. Sahado nisbaoton piroklastik fasiyalarin siixurlar
nazaras ¢arpacaq daracadas istlinliik toskil edir (70%).

Magmatik siixurlar arasinda pikritlor vo pikrobazaltlar xiisusi olaraq
maraq dogurur. Balaca vo Boyiik Qasqacay caylarinin qovusdugu noqte-
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lordo pikritlor vo pikrobazaltlar stokvari vo daykavari cisimlor soklindo
askar olunmusgdur (Abdullayev, 1994; Babazado vo b., 2008, Maqribi, 1965,
Mustafayev, 2007, Racobov, Maqribi, 1966). Bundan olavo olaraq Murov-
dag antiklinorisinin Bayos vulkanitlori igorisindo lay formali ¢ixiglar da
meydana golir. 15-20 m galinligindaki bu ¢ixiglar simal-qorb istiqgamatindo
40-50 m-dan ¢ox uzanir.

Miioyyon edilmisdir ki, Elbokdas vo Qasqacay filiz yataqlarinin pikrit-
lori, pikrobazaltlari, Murovdag antiklinorisindo vulkanizmin inkisafinin
Kimmeric marholosine uygundur (ba6a-3ane u mp., 2008).

Bu pikritlor tiind qara rongli olub, makroskopik olaraq bircinsdir.
Pikritlordo adi gozlo yasilimtil-boz rongli olivin fenokristallar1 segilir. To-
mas zonanin vulkanitlori ilo zaif termiki hasiyo geyd olunur. Pikritlor mik-
roskop altinda xarakterik porfir strukturludurlar (sok.2). Fenokristallar ara-
sinda olivin tam {istiinliik toskil edir (25-30%). Iri saciyyovi dipiramidal
donalor amoalo gatirirlor. Serpentin ilgoklori olivini ayri-ayr1 hissolora bol-
miisdiir. {lgoklorin aralarinda olivin tomiz doyismomis qalmisdir. Torkibco
olivin fenokristali forsterit-xrizolito (Fag.14%) uygun olmagqla, oksor hallarda
xromspinello qarsiliglt bitismalor omolo gotirir. Rombik vo monoklinik
piroksenlor olivino nisboton qismon ksenomorf olub, oldugca mohdud
yayilmislar. Pikritlor tomas zonalarinda intensiv xloritlogsmislor. Murovdag
antiklinorisinin pikritlorini petroloji ndqteyi-nazordon tosvir etsok, onlarin
akkumulyasiya yolu ilo formalasmasini soylomok olar. Belo ki, mafik vo
ultramafik minerallarin akkumulyasiya olunaraq ¢dkmosini sliflorde miisa-
hido etmok miinkiindiir (sok. 2).

. y .

Sok. 2. Murovdag antiklinorisinin pikritlorinin mikroskopik tasviri (Cpl, x5)
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Pikritlot petrokimyovi noqteyi-nozordon silisium oksidi ilo kasib olub,
tosnifat diagraminda normal pikritlorin sahosinds toplanirlar (codval 1, sokil 3).

Cadval 1
Murovdag antiklinorisinin pikritlorinin
kimyavi vo normativ-mineraloji torkibi
3 5 10 72 73 74 76 79

SiO, 41,45 42,50 41,60 41,21 42,28 42,15 43,36 43,60
TiO, 0,16 0,26 0,24 0,11 0,11 0,15 0,18 0,16
Al,O4 7,12 6,70 6,23 9,56 7,46 9,12 9,11 8,78
Cr,04 0,38 0,34 0,24 0,46 0,38 0,42 0,58 0,46
Fe,04 3,42 4,56 3,64 3,92 3,75 3,89 3,42 3,95
FeO 5,53 6,14 6,04 6,49 6,79 6,40 5,60 6,51
MnO 0,18 0,19 0,22 0,17 0,18 0,16 0,20 0,16
MgO 31,78 28,80 28,81 28,85 29,36 27,42 25,20 25,70
CaO 5,53 5,66 8,26 4,23 5,28 6,20 7,30 6,40
Na,O 0,18 0,11 0,10 0,06 0,07 0,09 0,10 0,12
K,0 0,05 0,14 0,15 0,09 0,08 0,08 0,08 0,04
P,0;s 0,04 0,05 0,04 0,06 0,04 0,05 0,03 0,04
itgi 4,15 4,46 4,39 4,43 4,12 3,64 4,25 3,75
> 99,97 99,91 99,96 99,64 99,90 99,77 99,41 99,67
Ap 0,1 0,1 0,1 0,1 0,1 0,1 0,1 0,1
11 0,3 0,5 0,5 0,2 0,2 0,3 0,3 0,3
Mt 5,5 7,1 5,6 6,4 6,0 6,3 5,8 6,4
Or 0,3 0,8 0,9 0,5 0,5 0,5 0,5 0,2
Ab 1,5 0,9 0,8 0,5 0,6 0,8 0,8 1,0
An 18,5 17,4 16,1 20,6 19,8 24,2 24,2 23,3
Di 3,6 4,3 10,3 - 2,6 2,6 5,0 34
En 2.9 35 8,2 - 2,0 2,1 39 2.7
Fs 0,3 0,3 0,9 - 0,3 0,2 0,4 0,4
Fo 44,4 31,8 39,7 32,8 34,8 32,4 24,4 23,9
Fa 4,4 3,5 4,8 4,2 4,8 4,3 3,0 34
En 12,9 22,8 6,9 25,1 21,5 20,0 24,0 273
Fs 1,1 2,3 0,8 2,9 2,7 2,4 2,7 3,5
> 95,8 95,3 95,6 93,3 95,9 96,2 95,1 95,9

3, 73 — olivinli pikrit; 5, 10, 72,74, 76, 79 — olivinli-piroksenli pikrit.

Qeyd olunan tasnifat diaqraminda ndqtalarin bir yerds toplanmasi zaif
tokamiil prosesinin bas vermosi ilo izah olunur.

Aparilan petroloji, geokimyavi va mineraloji tadqiqatlarin noticasi
gostorir ki, hogigoton pikrit magmasi yer gabigi soraitindo zoif tokamiilo
ugramigdir.
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Sok.3. Kigik Qafqazin Murovdag antiklinorisinin pikritlorinin torkiblorinin TAS
diaqraminda yeri (Le Bas et al., 1986)

Geokimyavi baximdan bu siixurlar kalium-natrium miilayimqgolovi
seriyasina aid edilir (sok. 4), (Na,O/K,0=0,83-0,71), (Irvine & Baragar,
1971). Biitiin siixurlar asag titan (Ti0,=0,11-0,26%) vo yiiksok aliiminium
oksidlidir (Al,03=6,23-9,56%).

Torkibine gore bu intruziv fasiyalarin siixurlarina uygundur. Tosvir
edilon zonalarin paylanmasi daxilindo miixtalif orazi nisbotlorindo meta-
somatik formasiyalar inkigaf edir. Onlar epidotlardan, ikinci doracoli kvar-
sitlordon vo az miqdarda kaolinit va serititlordon ibaratdir. Burada pikroba-
zaltlar kimmeric vulkanitlorinin arasinda nazik subvulkanik cisimlor
soklindo yerlosir. Qeyd etmok lazimdir ki, burada kimmeric vulkanlart vo
pikrobazaltlar1 ohangli golovi seriyasi ils tomsil olunur.

Geokimyavi malumatlara goro, bu siixurlarda golovilorin migdar 7,4-
9,0% arasinda doyisir. Torkibino goro (MgO 25,20-31,78% ; K,O - 0,04-
0,15% ; Na,O 0.06-0.18 Ni — 321-597 g/t; Cr -1260-2360 g/t) bu pikrit vo
pikrobazaltlarda maqgneziumun yiiksok konsentrasiyasi ilo sociyyalonir.
Bununla barabor xromun konsentrasiyasi nikkelo nisbotds Ustiinliik togkil
edir. (cod. 1). Homg¢inin natrium vo kalium oksidlorinin miqdar kifayat
qodor azdir (cod.1).

Murovdag antiklinorisinin intruziv komplekslori R.N.Abdullayev
(1988) va bir ¢ox basqa alimlerin fikrince, Qizilagac, Qosqardag, Ocaqdag-
Qasgagay vo bagqa intruziyalarla tomsil olunur.

Ocaqdag-Qasqagay qrupunun intruziyalari orta yura dovriiniin qapal
tuf-cokmo siixurlarinin tomas1 boyunca yerlogson ii¢ kosikli aciliglarda
yerlasir. Onlarin eni 10-50 m vo 50-100 m-o ¢atan layli morfologiyalar
vardir. Boyiikk Qasqacayin sag yamacinda bu intruziyalarin ¢oxsayl nazik
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acilislart geyd olunur. Torkibino goro bu intruziyalar kvars dioritlori vo
kvars qgabbro-dioritlorinden ibaratdir. Intruziyalarin daha kigik agilislari
dioritlor, gabbroidlor vo qabbro-doleritlordon ibaratdir.

Qasqacay intruziyalari bu ¢aylarin vadisindo vo yamaclarinda yerlosir.
Burada osas kiitlo kimi bat vo bayos vulkanik slixurlar1 da lava axinlarindan
vo vulkanoklastlardan ibarotdir. Bu intruziyalarin areollarinda dayka
komplekslori genis sokildo inkisaf etmisdir. Intruziyalar homginin diorit vo
onun kvars analoglarindan ibaratdir.

oeIoy L

Calc-alkaline

/ AN

A M

Sak 4. Murovdag antiklinorisinin pikritlorinin seriya monsubiyyati
(Irvine & Baragar, 1971)

Murovdag antiklinorisinin pikritlorini petroloji-geokimyavi noqteyi-
nazardon tasvir etsak, onlar yetkin adalar qovsii soraitinds {list mantiya bii-
novrasinin 25-30% orimasi naticasinds diferensiasiya olunmus ilkin adalar
qovsii olivin-bazalt magmasinin akkumulyatlar1 hesab olunurlar (sok. 5).
Bununla barabar qeyd etmok olar ki, Murovdag antiklinorisinin pikritlori
bazalt elementlori ilo kasib olub, restit tabioatlidir.

5 saylt sokil kdmiirlii xondrito gors normallagdirilmis (La/Yb)n-Ybn
nisbatini oks etdirir. Sokildon goriindiiyii kimi orimonin miqdar1 25%-don
coxdur. Biitiin bunlarla borabar, geyd etmok olar ki, 6ziiliin torkibi spinelli
fasiyaya yaxmlagir. Oziiliin torkibi spinelli, mikali harsburgit vo lersolito
yaxindir (sok.5). Homin 6ziillords fosforun vo fliiorun dasiyicisi olan apatit
do istirak edir. Toqdim olunmus materiallarin tohlili gdstorir ki, hagigaton
orimoys moruz qalan 6ziil bir yerds rast golmoyon elementlorlo xeyli kasib-
lasmigdir. Bu proses bir cox magamlarin agiqlanmasinda mithiim oshomiyyot
kasb edir.
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Sok.5. Murovdag antiklinorisinin pikritlorinin xondrito gére normallasdirilmis
(La/Yb)n-Ybn konsentrasiyalar1 koordinatlarinda {ist mantiya 6ziiliiniin
gismon arimo modeli

Tadqiqatlar gostorir ki, pikritlorlo bir ¢ox filiz minerallagmalar1 ola-
qodardir. Xiisusi olaraq bu siixurlar mis, qizil, nikel, xromla potensial filizli
hesab olunurlar. Lakin bununla barabar, son zamanlar bu siixurlarin platine
potensial filizli olmas1 movzusu genis todqiqat obyektino ¢evrilmisdir. Apa-
rilan todqiqatlar gosterir ki, bu silixurlarin omologalme soraiti haqgigoton
onlarin platin filizlagmasinin potensial manbalari olmasina zomin yaradir.

Natico

-Yeni molumatlar asasinda miioyyon edilmisdir ki, Kigik Qafgqazin
Murovdag antiklinorisinin pikritlori yetkin adalar qovsii soraitinds iist
mantiya blindvrasinin 25-30 % orimasi naticosinde diferensiasiya olunmus
adalar qovsii ilkin olivin-bazalt magmasimin akkumulyativ omslogolmalari
hesab oluna bilar. Bu proses petroloji noqteyi-nazardon mafik vo ultramafik
minerallarin akkumulyasiyasi il tosdiglonir.

-Miioyyon olunmusdur ki, Kicik Qafqazin Murovdag antiklinorisinin
pikritlori bazalt elementlori ilo kasib olub, zoif diferensiasiyaya ugramis vo
restit tobiotlidir.

-Metallogenik cohotdon geyd olunan orinti mis, nikel, xrom vo qizil
minerallagmalar1 iizro ixtisaslagmigdir. Pikritlor vo pikrobazaltlar platin
minerallasmasinin asl manbalari hesab oluna bilar.
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HETPOJIOT'O-TEOXUMHNYECKHUE OCOBEHHOCTHU ®OPMUPOBAHUS
IUKPUTOB U IMKPOBA3AJIbTOB
MYPOBJAI'CKOI'O AHTUKJIMHOPUSA MAJIOI'O KABKA3A

®.X. CAPUEB
PE3IOME

B crathbe Ha OCHOBE HOBBIX I'€OXMMHUYECKHUX JaHHBIX PAacCMOTPCHBI HETPOJIOro-
reOXMMHUYECKHE 0COOCHHOCTH (DOPMHUPOBAHUS IIMKPUTOB U MUKpoOa3anbToB MypoBaarcko-
T'0 aHTUKJIMHOPUA Manoro KaBKa3a. YCTaHOBHeHO, YTO MUKPUTBI U HI/IKpO6a3aHBTBI SABJISA-
IOTCSl aKKyMYJIATUBHBIMH 00pa3oBaHUAMH UG GEPEHIIMPOBAHHON OCTPOBOIYKHON Tep-
BUYHOW OJTMBUH-0a3aJIbTOBOM Marmbl, KOTOpbIe 00pasytorcs mpu 25-30% TutaBieHus: 0CHO-
BaHMs BEPXHEH MAHTHH B YCIOBHSAX 3PEJbIX OCTPOBHBIX AyT. [TUKpUTHI 00eHEeHBI Oa3alib-
TOBBIMH 3JICMECHTAMHU M MOTYT CUUTATHCS PECTUTOBBIMU IO CBOCH MPHUPOJIC.

Kunrouesoe cioBo: Manbiit KaBkas, MypoBrarckuii aHTHKJIMHOPHI, MUKPUT U THK-
po06azanbThl, aKKYMYJISILHS, MOJICJIb YACTUYHOT'O TIABJICHUS
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PETROLOGICAL AND GEOCHEMICAL FEATURES OF THE FORMATION
OF PICRITE AND PIKROBASALTS IN THE MUROVDAGH ANTICLINORIUM
OF THE LESSER CAUCASUS

F.H.SARIYEV
SUMMARY

Based on new geochemical data, the article considers the petrological and geoche-
mical features of the formation of picrites and picrobasalts of the Murovdag anticlinorium
of the Lesser Caucasus. It has been established that picrites and picrobasalts are accu-
mulative formations of differentiated island-arc primary olivine-basaltic magma, which are
formed during 25-30% melting of the upper mantle base under mature island arc
conditions. Picrites are poor in basaltic elements and can be considered restite in nature.

Keywords: Lesser Caucasus, Murovdag anticlinorium, picrite and picrobasalts,
accumulation, partial melting model
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Azarbaycamin doniz yataqlari iizro toplanmis va sistemlosdirilmis geoloji-madan
materialt asasinda onlarin ehtiyatlarimin miixtalif istifado doracasinin sabablori tohlil
edilmisdir. Bu magsadla neftvermaya tasir edon, kompleks amil kimi, tabii rejimi tizra yataqg-
larin identifikasiyast aparilmigdir. Osason iki tip: qarisiq vo neftda hall olmus qaz rejim-
larinds drenaj olunan doniz yataqlart tigiin neftverma modellori alinmisdir. Bu reqressiya
tanliklarin va geoloji-madan tohlili asasinda neftvermaya tasir edon amillorin miigayisali
analizi aparimisdir. Miiayyan olunmusdur ki, neftverma amsallarmin genis dayisma dia-
pazonu yataqlarin daxili qurulusu, laylarin enerjisi va onlart doyduran fliiidlarin miixtalif
aktivlik daracasi ilo baghdwr. Malumdur ki, hor bir geoloji-texnoloji parametr bu va yaxud
digar daracada neftvermaya tasir edir. Bu tasir kompleks xarakter dasiywr vo yatagin isla-
nilma prosesinda miiayyon doyisikliya moruz qalir. Parametrlorin neftvermaya tasirinin
tadqiqi magqsadilo qarisiq vo neftdo hall olmus qaz rejimlorinds drenaj olunan doniz yataq-
larimin bir sira parametrlorinin ortalanmis giymotlovinin matrislori tortib olunmusdur.
Coxolgiilii korrelyasiya-reqressiya analizi va miivafiq proqram tominatimin tatbiqi ila
yuxarida qgeyd olunan hor bir rejim iigiin modellor alinmisdr. Bu modellarin miiqayisali
tahlili vo eloca do alinmis reqressiya tonliklarina daxil olan parametrlarin geoloji-madaon
tadqiqatlart neft hasilati prosesini vaxtinda korreksiya etmaya imkan verir va bu obyektlarin
islonilmasinin basa ¢atdirilmast layihalarin tartib edilmasi zamani istifada oluna bilor.

Acar sozlar: korrelyasiya-reqressiya analizi, neftdo hall olmus qaz rejimi, qarisiq
rejim, laylarin neftvermasi, balans vo cari ehtiyatlar.

Praktiki olaraq neft vo qaz yataqlarinin hatta on rasional tortib olun-
mus ilk islonilmo layihasi do, sonraki morhalolordo doqiglosdirma, miioyyon
korreksiyalarin daxil edilmosi vo neftgixarma prosesinin tonzimlonmaosini to-
lob edir. Bu, karbohidrogenlarin hasilatina tasir edon ¢ox amillarle, prosesin
Oziinlin dinamikasi, yataqlarin daxili qurulusunun doqiqlosdirilmasi ilo bag-
lidir. Bu amillor yataqlarin tobii soraitlori vo islonilmo sistemlori ilo miioy-
yon edilir, bununla belo onlarin shomiyyatliliyi texnoloji zamanda daim ds-
yisir (Bagirov vo b., 2007; Yefimova vo b.,2010; Muslimov, 2014).
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Islonilmo prosesino vo son noticodo laylarin neftverimino tosir gds-
toron parametrlorin todqiqini biitiin neft yataglar1 ti¢iin yox, lakin identik
tobii xassolorlo saciyyolonon obyektlor iizro hoyata kegirilmosi mogsoda
uygundur. Bu ciir qoyulus mohsuldar laylardan neftin ¢ixarilma dorocosino
amillorin tosiri moasalosinin miifassal vo adekvat halli sortlori ilo uzlasir. Bu
maqsadls, bizim ndqteyi-nozors goro, yataglari ilk ndvbads mohz tobii rejim
iizro (neftvermoyo bilavasito tosir géstoron komplek amil kimi) identifika-
siya edilmosi vacibdir. Sonra obyektlordo ehtiyatlarin miixtolif realizo doro-
cosinin sabob xarakterinin miifossol todqgiqatini hoyata kegirmok lazimdir.

Bizim todgiqat obyektlorimiz osason yataqlarin iki drenaj novii ilo
(neftdo hall olmus qaz vo qarisiq rejimlori) sociyyolonon Azorbaycanin
doniz yataqglaridir (Bagirov, 1986; Bagirov vo b., 2012).

Neftdo hall olmus qaz rejiminds layda neftin siiziilmosi lay tozyiqinin
qazin neftdo doyma tozyiqindon asagi diisdiikdo neftdon ayrilan yalniz qaz
qabarciglarinin enerjisi hesabina tomin olunur. Taobii ki, bu mexanizm eh-
tiyatlarin ugurlu realizosino gotirib ¢ixara bilmoaz vo kigik son neftvermo
omsallar1 ils saciyyslonir (Can va b., 2006; Tii vo b., 2009).

Qaris1q rejimlo sociyyslonon yataqlarda lay enerjisinin tozahiirii kon-
turarxast saholorin vo neftdo holl olmus vo yatagin mohsuldar hissosinin
masamolorinds akkumulyasiya olunmus qaz resurslarinin enerjisi hesabina
bas verir. Qeyd etmok lazimdir ki, qarisiq rejimin tozahiirii mokan vo eloco
do zaman xarakteri dasiyir. Birinci ndv obyektlor strukturlarin hiindiir his-
solorinin islonilmasi zaman ilk avvel asason qaz resurslari tosiri ilo, halbuki
strukturun konar hissolori yalniz konar sularin tozyiqi hesabina islonilir.
Ikinci ndv qarisiq rejimli yataqlarin tozahiir mexanizmi bir goder basqadir:
ilk ovval rezervuarin asas hocmi baslica olaraq gaz resurslarinin hesabina
drenaj olunur, sonra iss lay tozyiqi diisdiikco todricon kontur arxasi sahalorin
tosiri daha da aktivlogir.

Qaris1q rejimlo saciyyolonan yataqlar, dinamik sistemlor kimi, laya
vurulan suyun hocminin va istigamatinin doyisilmasi, mayenin ¢ixarilmasi
va b. yolu ils islonilmods nisboton yaxs1 tonzim olunurlar.

Neftvermoyo amillorin tosirinin vo basa catdirilmasinin rasional yol-
larinin miioyyan edilmasi magsadilo Azerbaycanin islonilmads olan doniz
yataglarindan neftdo holl olmus gaz rejimi igiin 49 istismar obyekti vo
qarisiq rejimli 75 yataq segilmisdir. Neftdo holl olmus qaz rejiming, asason,
Azorbaycanin mohsuldar qatinin (alt pliosen) qirmaki lay dostosi obyektlori,
lakin balaxani lay dostasinin V va VII horizontlar;, QUQ vo QAD lay dos-
tolari ¢ox hallarda garisiq drenaj rejimino aid edilir (codval 1). Sonra onlarin
ehtiyatlarinin miixtolif realizo daracalarinin sabab xarakterinin miifassal Oy-
ronilmosi aparilmisdir (Bagirov vo b., 2013; Disin va b., 2018).
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Cadval 1

Azarbaycanin neftds hall olmus qaz va qarisiq rejimlari ilo saciyyalonon
doniz yataqlarmin islonilma naticalori

Rejimlor % 11k ehtiyatlar, Islonilmonin Neftvermo Qaliq chtiyatlar,

z min t. ovvalindon omsallari min t.
'S | balans | ¢ixari- | toplanmus neft | cari son |balans| c¢ixari-
= labilon hasilati, labilon
2 mln t.
S

Holl olmus qaz | 49 | 260,4 | 87,1 59,9 0,23 | 0,33 |200,5 27,2

Qarisiq rejim 75 | 421,9 | 226.,7 200,6 0,48 | 0,54 [2213 26,1

Aparilan todqigatlarin elementlorindon biri miigayisoli tohlilin hoyata
kegirilmosidir. Bu da, miixtolif tobii goraitloro monsub olan doniz yatag-
larinin ehtiyatlarinin realizo xiisusiyyatlorini agkar etmays imkan verir.

Miigayisali tohlil proseduru genis aprobasiya olunan statistik miiqa-
yisali iisul asasinda yerino yetirilmigdir. Bu tisul Stiident vo Figer parametrik
meyarlarinin colb olunmasini nazards tutur.

Ayrilmis eynitipli yataqlar qruplarinin hiidiidlarinda miivafiq statistik
meyarlar osasinda doniz yataglarinin cari vo son neftvermo omsallarinin
miiqayiseli tohlili kegirilmisdir. Tohlil hor bir rejim {i¢iin ayrilmis yataqlar
qrupunda ehtiyatlarin realizosinin miixtolif xarakterliliyi vo onlarin forqli-
lik doracesinin askar edilmasi mogsadilo yerina yetirilmisdir (Bagirov vo b.,
2010; Abdullayeva, 2010; Altunina vo b., 2020).

Cadval 2

Neftds hall olmus va qarisiq rejimlarls saciyysalonan obyektlarin
neftverma amsallarinin miigayisa naticalori

Taobii drenaj rejimlori Meyarlar
Qaris1q Neftdo holl olmus qaz Stiident Fisher
orta giymot | dispersiya | orta qiymot | dispersiya | thesap. | tesdv. | Fresab, | Feadv.
Keari 0,48 0,03 0,19 0,01 9,73 1 1,97 | 2,60 | 1,56
Kon 0,50 0,03 0,28 0,02 8,50 | 1,98 | 1,62 | 1,56
Meyarlar o= 0.05 ohomiyyatlik dorocasi ilo hesablanmisdir.

Beloliklo, rejimlorin omsallarini bir-biri ilo miiqayiso edorok shomiy-
yatli forglor askar edilmisdir. Bu da onu gostarir ki, bu obyektlor lay ener-
Jjisinin tozahiirli sociyyasino gora tamamilo bir-birindon segilirlor (codval 2).
Yuxarida verilonlorden goriindiiyii kimi, drenaj rejiminin tozahiir xarak-
terino goro qruplasdirilmis hor iki ndv yataglar iizro cari neftvermo omsalla-
rin qiymatlorinin shamiyyatli deracedo dayismaesi sociyyeavidir. Belo ki,
doniz yataqlarinda neftdo hoall olmus qaz rejimi ii¢lin bu qiymot 0,10 — 0,44
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hiidudlarinda doyisir, qarisiq rejim Ug¢iin bu qiymot 0,20 — 0,60 arasinda
doyisir (sokil 1).

Tobiidir ki, digor borabor soraitlordo (o climlodon islonilmo sistem-
lorinda) hor iki rejimin yataqlari neftvermo omsallar kicik olduqda layin
passiv enerjisi, neftvermo omsallar1 yiiksok olduqda iso aktivlikdon xobor
verir. Molumdur ki, qarisiq rejim 6z tabii togkiline gore hall olmus qaz re-
jimino nisbaton daha aktiv hesab olunur. Aktivlik doracasinin paylanma sa-
hasini miioyyon etmok mogsadilo cari neftvermo omsallarinin birlosdirilmis
grafiki tortib olunmusdur (sokil 1).

4 Yataglarin say

30
25
20
15

10

0-10 0-20 0-30 0-40 0-50 0-60 Cari amsal

— — — neftds hall olmus qaz rejimi
qarisiq rejim

Sok. 1. Neftdo hall olmus gaz vo qarisiq rejimlori ilo sociyyolonon  obyektlor {igiin cari
neftverms omsalinin paylanmasinin grafiki.

Yataglarin neft hasilatinin forqlondirici osas xiisusiyyotlordon biri
odur ki, islonilma sisteminin mitkammalliyinden va onun intensiv tatbiqinin
davamliligindan asili olmayaraq bu yataqlarin ehtiyatlarini tam realizo et-
mok miimkiin olmur. Bu tozahiir, kollektorlarin 6zlorinin tobii togdim olun-
masi ilo alagoalondirilir, bu da islonilma prosesino forqli tosir edir. Bununla
belo lay parametrlori 6zlorini sorbast yox, miirokkab qarsiligl tosir soklindo
biliruzo verir. Bundan basqa onlarin iglonilmo prosesindo ohomiyyati sabit
deyil va texnoloji zamanda miioyyon dayismolora moruz qalir. Beloaliklo,
islonilmads olan lay, hidrodinamik sistem kimi, oldugca miirokkob mocmu-
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dur. Onun daxili strukturunun aydin edilmosi hom elmi vo hom do praktiki
baximdan aktualdir. Bu masalalori aragdirmadan doniz yataqlarinin neft
ehtiyatlarinin long, yaxud siiratli realizosinin sabablorini miioyyonlosdirmok
miimkiin olmur.

Qeyd olunanlar1 nozors alaraq, biz neftdo holl olmus gaz vo qarisiq
rejimlari ilo sociyyslonan doniz yataqlarinin tortib etdiyimiz neftverms mo-
dellorinin miigayisosini etmisdik. Neftvermonin modellogdirmo masalosi
kompiiter texnologiyasi colb olunmaqla ¢oxolgiilii korrelyasiya-reqressiya
tohlilinin istifadosilo hall edilmisdir. Bunun ii¢ilin, qarisiq rejimli yataglarin
matrisino 11 alamatlorin orta qiymatlori daxil edilmisdir: laylarin effektiv
galinlig1 (x;), stixurlarin masamaliyi (x,), kollektorlarin kegiriciliyi (x3), sii-
xurlarin qumlulugu (x4), neftin sixligi (xs), neftin ozliliyii (x6), ¢cokiin-
tiilorin boliinmasi (x7), sement maddosinin miqdari (xg), mohsulun sulagmasi
(X9), islonilmanin avvalinds olan neftgixarma tempi (x10), quyu sobakasinin
sixligt (xy;). Lakin neftdo hall olmus qaz rejimi ilo drenaj olunan yataqlar
iclin matriso olavo olaraq asagidaki olamotlorin orta qiymatlori daxil edil-
migdir: obyektlorin islonilmo miiddstinde tozyiqin diiskiisii (x12), doyma
tozyiqi (x13), neftin hocm omsali (x14), layin temperaturu (x15) vo qaz
amili (x16) (MareppamoB u ap., 2021).

Programin realizosi naticosindo neftvermonin asagidaki modellori vo
com korrelyasiya omsallar1 alinmisdir:

neftdo holl olmus qaz rejimi ilo saciyyoalonon obyektlor i¢iin

¥1=0,13378 + 0,05735(x1) + 0,1487 {/ (x3)+ 0,015 (x3) — 0,00706(x6) —
0,0839(x7)+ +0,0342(x11)-0,01344(x12)1/3
Reom = 0,72
qarisiq rejimlo saciyyalonon obyektlor {igiin
Y2 = 1,024 — 0,655(x) + 5,334 =+ 0,212(xg) " — 0,457 (x,) +

3,126(xg) + 1,714(x10)
Reom = 0,76

Qeyd etmok lazimdir ki, tonliklorin strukturuna yalniz o slamatlor da-
xil edilmisdir ki, onlarin neftvermoys shomiyyatli (miisbat, yaxud monfi)
tosiri geyd olunmusdur. Qalan olamatlor az shomiyyatlilor kimi tonlikds 6z
oksini tapmamuslar.

Miixtoalif rejimlor {igiin islonilmads olan yataqlarin parametrlorin tosi-
rinin (miisbat, yaxud monfi) xarakterinin oyani tosviri liglin sxem tortib
olunmusdur (sokil 2).
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qdari (x8) do hall Qart- | (x6)
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(x9) qaz 519 —————
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Islenilmanin rejimi

N, boliinmosi (x7)
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neft¢ixarma tempi

(x10)
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- Miisbat tosir edon parametrlor
- Monfi tosir edon parametrlor
- Ohomiyyatli tasir etmayan parametrlor

vvyy

Sak.2. Miixtalif rejimlords yataqlarin iglonilmosina tasir edon parametrlorin sxemi.

Yuxaridaki sokildon goriindiiyli kimi, neftds hall olmus qaz rejimli
yataglarin ehtiyatlarinin ¢ixarilmasina miisbat tosir edon parametrlor bun-
lardir: laylarin effektiv qalinligi, siixurlarin masamaliyi, kollektorlarin kegi-
riciliyi vo quyu sobokosinin sixligi. Monfi tosir edonlor iso - c¢okiintiilorin
boliinmasi, neftin 6zliililyii, obyektlorin islonilme miiddstinds tozyiqin diis-
kiistidiir. Istismar1 qarisiq rejimlo miisayiot olunan yataqlar iigiin islonilmoyo
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miisbat tosir gostoron asagidaki parametrlor olmusdur: kollektorlarin kegiri-
ciliyi, mahsulun sulagsmasi, obyektlorin islonilmasinin avvalinds neft¢ixarma
tempi. Bu yataglar ii¢iin monfi tosir edon olamotlor kimi laylarin effektiv
qalinlig, neftin ozliliiyli vo ¢okiintiilorin bdliinmosi geyd olunmusdur.
Effektiv qalinliq, shomiyyatli parametr kimi, reqressiya tonliklorinin ikisino
daxildir, baxmayaraq ki, onun neftvermays tosiri hor iki baxilan rejimlor
liclin birmonal1 deyil. ©gor onun qiymaotinin artimi neftdo hoall olmus qaz
rejimi ilo drenaj olunan yataglardan ehtiyatlarin ¢ixarilmasina miisbot tosir
etmisdirso, garisiq rejimli obyektlor {iclin bu artim 6ziinii monfi gdstarir.
Uzun miiddat islonilmads olan yataqlarin geoloji-madon tohlili gostarir ki,
neftdo holl olmus qaz rejimi zamani islonilmo prosesindo quyu debitlorin
asag1 diismasi neftdo holl olmus qaz resurslarinin azalmasi ilo baghdir vo bu
da lay tozyiqinin doyma tozyiqindon asag1 diismosi ilo alagalondirilir.

Islonilmo tocriibasi gdstorir ki, olava desiklorin agilmasi yolu ilo siiz-
gacin uzunlugunun artirilmast hor dofo miisbot naticolor vermisdir. Buna
misal kimi, Markozi Abseron yataqlarinin qirmaki lay dostosi obyektlorini
gdstormak olar, hatta iglonilmonin son morholosindo effektiv qalinligin slavo
intervalinin qosulmasi neftin orta glindslik debitini ohomiyyatli dorocado
artirmaga imkan vermisdir. Qarisiq rejimli yataqlarina goldikde iso, siiz-
gacin artirilmast burada homiss sulu layciglarin iglonilmoys daxil edilmasi
riski ilo miisayist olunur vo onlar adoton belo yataqlarda daha da aqressiv
olurlar. Bundan basqa bels yataqlarda boyiik siizgoclor ilo layin agilmasi ¢ox
vaxt tixac amoalo golmosi ilo miisayiot olunmusdur ki, bu da silizgocin biitiin
olavo perforasiya intervalinin drenajin1 ¢otinlosdirmisdir (MareppamoB u
ap., 2021; Mawnkait u np., 2021).

Stixurlarin mosamaliyi, neftvermoya miisbot tosir edon parametr kimi,
yalniz neftds hall olmus qaz rejimli yataglarin modelindo 6z oksini tap-
misdir, amma siixurlarin keciriciliyi reqressiyanin iki tonliyins daxil ol-
musgdur vo, gozlonildiyi kimi, neftvermoys miisbot tasir edir. Gliman etmok
cotin deyil ki, layin keg¢iriciliyinin artirilmast mosamoli miihitdo neftin
harokatini tomin edir, baxmayaraq ki, onun shamiyyati miixtalif rejim toza-
hiirlsrinds forqli qeyd edilmigdir.

Neftin ozliliiyli, hor bir lay soraitinde neftvermoays monfi tosir edon
amil kimi ¢ixis edir. Aydindir ki, neftin 6zliiliiyli no godor ¢ox oldugca onun
lay soraitlorinds stiziilmasi bir o qodar ¢otinlosir (Mareppamos, 2021; Bep-
muHWUHA U Ap., 2015; Kanuauna u gp., 2002).

Laylarin boliinmaosi, Ozliiliik kimi, iki modelo daxildir vo neqativ
xarakterlidir. Qeyd etmok vacibdir ki, islonilmo prosesindo obyektlorin hor
bir tobii goraitlorinds laymn bdliinmasi onun hacmi boyu enerji resurslarinin
borabor paylanmasini miirokkoblosdirir, su-neft kontaktinin frontal horoko-
tini, yaxud qaz gabarciqlarinin geniglonmasi hesabina quyu dibins fliiidlerin
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sixigdirilmasini tomin etmoyo imkan vermir. Buna gora istismar obyektinin
laylagsma tezliyinin manfi tozahiiriiniin xiisusi izah olunmasi talob olunmur.

Baxmayaraq ki, laymn sulasmasi yalniz qarisiq rejiminin tonliyindo 6z
oksini tapmisdir, ehtiyatlarin monimsonilmosino onun miisbot tosiri biitiin
tobii soraitlordo miisahido olunur, ogor sulasma miintozom vo borabar getso.
Azorbaycanin, neftdo holl olmus gaz rejimi ilo sociyyolonon yataqlarinda
islonilmo prosesindo suyun faizi ohomiyyatlidir vo bu da neftin layda
sixigdirilmasi zamani miisbot tosir edir.

Qarisiq rejimli yataglarda islonilmonin ovvalindo yiiksok neftgixarma
templori lay tozyiqinin diismasi ilo olagadar kontur arxasi sahoalorin tosirinin
aktivlogsmosino komok edir. Bu yataqlarda islonilmonin ovvolindo neftcixa-
rilma na gader ¢ox olsa, III vo IV morhalalords neft hasilati dinamikasinin
oyrisinin uzunlugu bir o qodor bdyiik olur vo belsliklo do neftvermo om-
sallar1 boyiik olur. Neftds hall olmus qaz rejiminds, islonilmonin avvelindo
cixarilma no gadar ¢ox olsa, bir o godar do neftvermo asagi olur. Bu onunla
izah olunur ki, son doraca yliksok neftgixarilma lay enerjisinin somorasiz qa-
baglayici sorfi hesabina tomin olunurdu. Islonilmonin artiq ilk morholosindo
hall olmus qazin enerjisinin tilkonmasi son morholodo masamali miihitds
neftin harokatine monfi tesir gostorir.

Quyu sabokasinin sixlig1 neftdo hall olmus qaz rejimi ilo sociyyslonon
yataglarin neftverimino miisbat tosir etmisdir, bununla belo qarisiq rejim
ticlin ohamiyyatli rol oynamamisdir. Holl olmus qaz rejimli yataqlar iizrs bu
tozyiqlor diigkiistiniin imumi qifinin islonilme prosesindo yaradilmasinin
mimkiinsiizliiyii 1lo baglidir — hor bir istismar quyusuna neft uygun radiusla
yatagin yalniz miioyyan hissesindon daxil olur. Belsliklo, layda islonilma ilo
toxunulmamis zonalar qalir, bu da saho iizro tortib olunmus neftlodoyma
xaritalorinds 6z oksini tapir. Bununla slagadar quyu sebokasinin sixligr layin
miixtolif hissasindon neftin miioyyon hocminin ¢ixarilmasina komok edir.
Geoloji-madon tohlili vo belo yataglarin islonilma tacriibesi onu tosdiq
etmoyo imkan verir ki, yeni quyularin slavo qazilmasi olmasaydi neftver-
monin cari saviyyasi xeyli asagi olardi. Lakin qarisiq rejimli yataqlarda
obyekt islonilmoys osas fondun quyular ilo daxil oldugdan sonra tozyiq
diiskiisiiniin imumi qifi amole galir, bu da qanunauygun doyisorak genislo-
nir. Burada istismardan ¢ixmis quyunun avozino qazilmis hor bir yeni quyu
neftin ilkin itkilorini yalniz kompensasiya eds bilor. Quyu sobokasinin
sonrak1 sixlig1 is9, bir qayda olaraq, biitiin quyular arasinda {imumi hasilatin
yenidon paylanmasina gotirir, ¢linki bu kimi tobii soraitlordo quyularin
arasinda garsiliqh tosir olduqca tez omalo golir.

Islonilmo miiddatindo tozyiq diiskiisii vo islonilmoenin avvalinda ¢1-
xarilma tempi faktiki olaraq qarsiligh olagoli parametrlordir vo buna gora
ehtiyatlarin monimsanilmasine onlarin tasiri eynidir. Qarigiq rejimli yataq-
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larin iglonilmosing tozyiq diiskiisii ohomiyyatli tosir etmomisdir, halbuki holl
olmus qaz rejimli yataqlara monfi tosir etmisdir. Hoqigoton, islonilmonin
ovvealindo lay enerjisindon no qodor ¢ox istifado olunmusdur (bu, lay tozyi-
qinin miqyasl diigmosing gotirib ¢ixarmigdir), bir o qodor neft ehtiyatlarinin
ilk ehtiyatlarinin iglonilmonin artiq son marhalosindos realizosi ¢otinlogmisdir
(barupos, 2003; Kanununa u ap., 2002; XKnanos, 2017).

Kollektor siixurlarin qumlulugu, sement maddssinin miqdari, doyma
tazyiqi, neftin hacm amsali, layin temperaturu kimi slamatlor iki tip obyekt-
lorin islonilmasi zamani heg bir shomiyyatli rol oynamamislar.

Baxmayaraq ki, neftin sixlig1 neftin horokot edilmasina tosir gostora
bilon parametrdir, tonliklorin strukturunda istirak etmomisdir. Bu halin sobo-
bi ondadir ki, avvala, neftin sixlig1 neftin 6zliliiyili ilo six miisbat qarsiligh
olagodadir (qeyd edildiyi kimi ozliiliik iki tonlikds do istirak edir) vo ikinci,
bu parametrin neftvermoyo tosiri digor vilaystlordo do oshomiyyotli olma-
misdir.

Onu da geyd etmok vacibdir ki, gaz amili, horgond ki, neftvermonin
hesablanmis modellorinds istirak etmir, lakin holl olmus qaz rejimli yataq-
larin islonilmo zamani qaz resurslarinin hocmlori mithiim ohomiyyat kosb
edir. Bu parametr qgarisiq rejimli yataqglar {igiin belo shoamiyyatli rol oynama-
misdir.

Naticalor

1. Qarisiq vo neftds hall olmus qaz rejimlorinds drenaj olunan Azoar-
baycanin doniz yataqlar1 lizro material toplanmis vo sistemlogdirilmigdir.

2. Stiident vo Fiser parametrik meyarlari istifado edorok miixtalif re-
jimlards istismar olunan deniz yataqlarinin cari vo son neftvermo omsal-
larinin kompleksli miiqayisali tshlili hoayata keg¢irilmisdir.

3. Ayrilmis yataq qruplart ligiin ehtiyatlarin realizosinin forqlilik
doracasi vo miixtalif xarakterliliyi agkar edilmisdir.

4. Tozahiir olunan lay enerjilorinin pasivliyi vo aktivliyi deracelorinin
hiidud qiymatlori miisyyan edilmisdir.

5. Qaris1q rejim va eloca do neftdo hall olmus qaz rejimlori iiclin doniz
yataglarinin obyektlori iiglin neftvermo modellori alinmisdir ki, bu da on-
larin neft vermasini daha obyektiv proqnozlasdirmaga imkan vermisdir.

6. Doniz yataglarinin onlarin tozahiir edon rejimlorinin tipino goro
obyektlorinin neftverimine lay parametrlorinin tosirinin miiqayisali tohlili
hoyata ke¢irilmisdir. Bu neft¢ixarilma prosesinin vaxtinda korreksiya edil-
mosing imkan verir vo bu obyektlorin iglonilmosi vo basa ¢atdirilmasi la-
yihalorin tortib olunmasinda istifads oluna bilor.
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K OHEHKE PABHOXAPAKTEPHOCTHU KOO®OUIIUEHTOB
HE®TEOTAAYU PABPABATBIBAEMbBIX OBBEKTOB

O. . MAT'EPPAMOB, . A.ITAPU®OB
PE3IOME

Ha ocHOBaHMM COOpPaHHOTO U CHCTEMAaTH3MPOBAHHOTO I'€OJIOTO-TIPOMBICIIOBOTO Ma-
Tepuaga Mo MOPCKUM MECTOPOKACHHUSIM A3zepOaiikaHa pacCMOTPEHBI MPUYMHBI Pa3IHy-
HOHM CTETEeHH HCIOJIb30BaHUs X 3amacoB. C 3TOH HeNbIo NMpoBeJeHA UACHTU(PHUKALMS 3a-
JIeKeH TI0 TPUPOTHOMY PEXKHUMY, KaK KOMIUIEKCHOMY (hakToOpy, BIUSIOMIEMY Ha He(TeoT-
naday. [Tomydensl Moaenn He(hTEOTAAYHN AT MOPCKUX 3alIeKeH, APCHUPYIOUTUXCS B OCHOB-
HOM Ha JBYX THUIaX PEKUMOB: CMEIIAHHOM M PAaCTBOPEHHOTO B He(TH raza. Ha ocHOBaHNH
TIOJYYCHHBIX YPaBHEHUH PErpeccHr M Te0JIOTO-IIPOMBICIIOBOTO aHAIN3a MPOBEACH COIOC-
TaBUTEJILHBIN aHAN3 (aKTOPOB, BIUSIONMX Ha HedTeoTnauy. C MPUMEHEHHEM MHOTOMED-
HOTO KOPPETSAIMOHHO-PETPECCHOHHOTO aHajdM3a M COOTBETCTBYIOUIETO IPOTPAMMHOTO
oOecrieueHnst ObUTH TOTYYSHBI MOJICIH JUTSI KasKA0TO M3 BBIIICYKa3aHHBIX TUIIOB PEXHMOB.
CpaBHUTENBHBIH aHANINU3 3TUX MOJAENEH, a TakXKe Ie0JO0ro-IPOMBICIOBBIE HCCIEI0OBAHUSL
apaMeTpPOB, BXOAAIINX B IOIyUYEHHBIE YPaBHEHUs PErPECCHil, IO3BOISIOT CBOEBPEMEHHO
KOPPEKTHPOBATh MpoIecc He(hTeJOOBIUH, @ TAK)KE MOTYT OBITh HCHOJIB30BAHBI IIPHU COCTAB-
JICHUH MIPOEKTOB 10Pa3pabOTKH ATUX 0OBEKTOB.

KiroueBble cj10Ba: KOPPEISIMOHHO-PETPECCHOHHBIN aHAN3, PEXKUM PACTBOPEHHOIO B
He(TH ra3a, CMEIaHHbIA peknM, HeTeoTnaua m1acToB, OaJaHCOBBIC M TEKYIIIUE 3aIachl.
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TO ASSESS THE DIVERSITY OF THE CURRENT OIL RECOVERY
FACTORS OF THE DEVELOPED OBJECTS

F.F.MAHARRAMOYV, J.J.SHERIFOV
SUMMARY

Based on the geological and commercial material collected and systematized by the
offshore fields of Azerbaijan, the article discusses the reasons for the varying degrees of use
of their reserves. For this purpose, the identification of deposits was carried out according
to the natural regime, as a complex factor affecting oil recovery. Oil recovery models have
been obtained for offshore reservoirs, draining mainly in two types of regimes: mixed gas
and gas dissolved in oil. Using multivariate correlation-regression analysis and appropriate
software, models were obtained for each of the above types of modes. A comparative
analysis of these models, as well as geological and field studies of the parameters included
in the obtained regression equations, make it possible to correct the oil production process
in a timely manner, and can also be used in drawing up projects for the additional
development of these objects.

Keywords: correlation-regression analysis, mode of gas dissolved in oil, mixed
mode, oil recovery, balance and current reserves.
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The water resources of the Republic of Azerbaijan and the current state of their use,
impact of anthropogenic factors and climate change on the annual river runoff, water
legislation, water policy and institutional structure of water sector have been analyzed in
the article. It shows, that the water resources of the country are limited and distributed
unevenly both by area and by season. Transboundary rivers account for 70% of the river’s
water resources and these rivers enter the country in a contaminated condition. Over the
last 20 years the amount of water withdrawn from the natural water sources are at the level
of the water resources of local rivers. The existing water resources of the country are on
the decrease in the face of climate change. It is noted that after the collapse of the former
USSR, a separate political document encompasses the water sector of Azerbaijan, aimed at
the implementation of state policy in the field of water resources - a national program or
strategy has not been adopted. The water policy in the country is being implemented
through the Water Code of the Republic of Azerbaijan, as well as National and State
Programs and Action Plans in this field. Azerbaijan builds its transboundary water policy
on the basis of the Helsinki Convention and bilateral agreements with neighboring
countries. Due to inefficient water management the water resourses are used irrationally
and poor attention is paid to their protection. There are multiple gaps in each of the
technical, legislation and institutional issues necessary for effective water resourses
management. These shortcomings have been analyzed and recommendations for improving
water management in Azerbaijan have been developed.

Keywords: water resourses, transboundary rivers, river flow, anthropogenic factors,
climate change, water legislation, water policy, institutional structure

Introduction

One of the global problems of the XXI century is water supply to
population and various sectors of economy. Due to the population growth
and economic development, the use of water resources around the world is
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growing rapidly, and water supply is deteriorating in most regions and
countries. There is a tendency to the reduction of available water resources
as a result of global warming. Exacerbation of water problem has a direct
impact on food security of population and environmental security in the
regions. At present, water has become one of the decisive factors of the
sustainable development of countries. In order to improve water supply in
the future, research and practical work should be speeded up to reduce the
use of water, to apply technologies that allow its prudent use paying more
attention to the use of non-traditional water sources. In this way, the main
goal of Azerbaijan's water policy - to provide the population and all sectors
of economy with the required amount and quality of water in line with
international standards, and at the same time to achieve a good environ-
mental status in rivers, lakes and reservoirs.

The Republic of Azerbaijan is among the countries with limited water
resources with its rapid development and these resources are unevenly
distributed both by area and by season. Formation of 70% of surface water
resources outside the country, inefficient use of water resources, their re-
duction in the context of climate change, the drought that country faced
during 2013-2020 have exacerbated this problem.

Effective approaches to water resources management must be applied
with the aim to ensure sustainable development of countries and regions. One
of the key elements of such water management is technical issues (assessment
of existing water resources, identification of demand and supply, infrastruc-
ture needs), strategies, legislative framework and institutional structure that
are closely related to each other. Water resources management is a dynamic
process. Starting from the 50s of the XX century, the impact of human
economic activity (human activity), and from the 70s and 80s, the impact of
climate change on water resources has become an integral part of this process.

The development of water resources management plays a leading role
in ensuring water security in developing countries (Araral & Ratra, 2016).
The World Bank defines Water Resources Management (WRM) as the
“process of planning, developing and managing water resources in terms of
both water quantity and quality, across all water uses”.

Currently, the concept of Integrated Water Resources Management
(IWRM) is proving to be more effective practice in Water Resources Mana-
gement. According to the GWP “Integrated water resources management is
based on the equitable and efficient management and sustainable use of
water and recognizes that water is an integral part of the ecosystem, natural
resource, and social and economic good, quantity and quality of which
determine the nature of its utilization.” (GWP, 2009).

There are known numerous IWRM tools (UNCCD, 2016), but the key
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management tool in the XXI century is the River Basin Management Plan
(River basin management plan, RBMP). The main elements of the RBMP
are the water resources of the basin under consideration and the Water
Allocation Plan (WAP) (WFD, 2000). As a result of the analysis of 23
RBMPs, it was determined that the structure of all of them was developed in
accordance with the guidelines reflecting the best practices. The main diffe-
rence between these plans is that in developed countries the focus is on wat-
er quality and fish management, and in developing countries on hydropo-
wer, navigation and overcoming uncertainties (Kazbekov and et al., 2015).

Information on the quantity of available water resources, as well as
current and future demand for these resources can be summarized by de-
veloping a WAP for river basins. The main purpose of WAP development is
to distribute available water resources fairly among users, protect rivers and
ensure sustainable use of these resources. Such plans are developed for re-
gions and river basins. WAP is a very effective tool, especially in areas with
limited water resources, conflicts between water users and unsatisfactory en-
vironmental status of rivers. (Speed and et al., 2013). Along with the experts
of the organizations responsible and interested in the process of WAP
development, representatives of local population should also be engaged.

There is a lack of experience in developing RBMP and WAP in
Azerbaijan. Thus, the country does not yet have a legislative act reflecting
the mechanism of application of the principle of basin management. Ne-
vertheless, Azerbaijan seeks to bring its national water legislation in line
with the relevant EU directives. EU-supported regional projects in South
Caucasus have recently developed RBMPs and WAPs for a number of pilot
river basins in accordance with EU WFD (WFD, 2000) requirements (EU,
2016; EUWI+, 2018; EUWI+, 2020). The water resources of local and
transboundary rivers, as well as groundwater formed in local river basins are
considered in these plans. However, the joint use of transboundary surface
and groundwater must be taken into account in preparation of plans that
reflect reality (Lautze and et al., 2018).

“National Action Plan of the Republic of Azerbaijan on Integrated
Water Resources Management (IWRM) was developed within the frame-
work of the project “Reduction of transboundary degradation in the Kura-
Araz river basin” (UNDP/GEF, 2014). In Phase II of this project (2016-
2020), the National Action Plan was updated and the document included
water use and distribution activities (UNDP/GEF, 2020).

Unfortunately, Azerbaijan's water management cannot be considered
effective at present. For example, both surface and groundwater resources
were last assessed in the 70s and 80s of the XX century, water resources are
not managed in integrated manner, water resources distribution plans are not
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developed, environmental flow of rivers is not provided, water losses in
irrigation systems are large, water legislation does not meet modern requi-
rements, water management is carried out at the sector level, etc. As a result
of all this, there is water stress in various sectors of the economy and aquatic
ecosystems are degraded.

In response to the global water challenges of the XXI century, water
resources must be thoroughly explored, new technological, cost-effective,
political and social action plans must be developed and implemented with
the help of science and technology, and thus a more sustainable and secure
future must be ensured (Cosgrove & Loucks, 2015).

The main objective of this article is to develop proposals for
improving water management based on the analysis of the current state of
water resources, water legislation, water policy and institutional structure of
Azerbaijan.

1. Geographical position and natural conditions

The Republic of Azerbaijan is located in the south-east of the Cau-
casus, in the contact zone of the European and Asian continents. Its geog-
raphical location is very advantageous, both in terms of natural conditions
and geopolitical position. The Republic of Azerbaijan borders with the
Russian Federation in the north, the Republic of Georgia in the northwest,
the Republic of Armenia and the Republic of Turkey in the west, and the
Islamic Republic of Iran in the south (figure 1).

Fig.1.Geographical position of Azerbaijan
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First of all, Azerbaijan's favorable position from the natural-geogra-
phical point of view is determined by its location in subtropical zone (tran-
sition zone of this zone to temperate zone), large plains with abundant heat
reserves, fertile lands, wide foothills and mountain systems with rich natural
conditions and resources, and finally, existence of Caspian Sea, as the most
productive and largest lake in the world. The length of the Azerbaijani coast
of the Caspian Sea is more than 800 km.

The area of the Republic of Azerbaijan is 86,600 km?. 58% of which
is mountainous and 42% is plain (Museibov, 1998).

2. Water resources of Azerbaijan and their use

Arid climatic conditions are typical for about half of the country's
territory, which is reflected in the water balance of Azerbaijan: the average
long-term precipitation is 427 mm, evaporation is 308 mm and river runoff
is 119 mm (Rustamov & Gashgai, 1978).

The country's surface water resources had been calculated last time
based on the data from 1989 to 1975. The total surface water resources are
30.9 km’, the main part of which (66.7% or 20.6 km") falls on transboun-
dary rivers, and the rest (33.3% or 10.3 km?) on local rivers. (Rustamov &
Gashgai, 1989). As it can be seen from the figures presented, the structure of
Azerbaijan's surface water resources is unfavorable.

The total area of glaciers in Azerbaijan is 5.64 km® and their water
reserves are 0.08 km®. The water resources of freshwater lakes are less and
amount to only 0.03-0.05 km® (Rustamov & Gashgai, 1989).

The country's renewable groundwater resources are 4.38 km® (Imanov
& Alakbarov, 2017).

Thus, the country's surface and groundwater resources together
amount to 35.28 km’.

If we take into account that the total population of Azerbaijan is 10
million people (April 1, 2019) (National Statistical Committee of the Azer-
baijan Republic, 2019), then the total amount of water resources per capita
in the country is 3528 m’/year and local water resources is 1468 m’/year.

The largest water consumer in the country is agriculture, and in 2017
its share in total water use was 70.7% and for industry it was 24.7%.
Agriculture is the area with the highest loss of non-returnable water users
and irrigation systems. Analysis of water use data in the country shows that
the total volume of water withdrawn from natural water sources in the last
20 years (1998-2017) ranged between 10.2-12.8 km®, including the amount
of groundwater in the range of 0.51-1.54 km® (National Statistical Com-
mittee of the Azerbaijan Republic, 2019). The amount of water loss during
water transportation is large and on average it is 28-30 % of the total
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volume of water withdrawn from water sources (figure 2). The main water
losses occur in main irrigation canals.
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Fig. 2. Water abstraction from natural sources, their use by sectors
and the dynamics of losses

3. Impact of anthropogenic factors on water resources

One of the main priority areas of Azerbaijan's non-oil sector is
agriculture. However, irrigation is required due to the semi-desert climate in
the areas where the country's main arable lands are located. At present, the
total area of irrigated lands is 1.43 million hectares, and this figure may
reach 1.60-1.65 million hectares if the relevant infrastructure is established
(Ahmedzadeh & Hashimov, 2016). Due to this, reservoirs have been built
in the country and a network of irrigation canals has been established.

As in the rest of the world, large reservoirs were built in Azerbaijan
after 1950. The largest one among them is the Mingachevir reservoir with a
total volume of 16 km’. In 2013 and 2014, Takhtakorpu (268 million m°)
and Shamkirchay (164 million m’) reservoirs were put into operation,
respectively. At present, the total volume of 142 reservoirs in the country is
22.05 km’, and the efficient volume is about 10 km® (Imanov, 2016).

Studies are showing that the annual river runoff of both transboundary
and local rivers of Azerbaijan is declining. Until 2010, the annual runoft at
the largest transboundary river not only in Azerbaijan but also in the entire
South Caucasus region - Kura River, in Closing Station (Salyan), decreased
by 425 m®/s or 49.8% compared to conditional-natural flow (figure 3). A
decrease of 325 m*/s was recorded directly in the Kura basin, and a decrease
of 100 m*/s was recorded in the transboundary Araz River basin, the main
tributary of the Kura River. A comparison of the average annual water
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discharge of rivers for the period up to 1972 and covering the years 1973-
2010/2011 has shown that as a result of human activity, the annual runoff of
local rivers in Azerbaijan decreased by 1.64 km® (15.9%) (Imanov, 2016).
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Fig. 3. Dynamics of average annual discharge of the Kura river (Salyan station)

Meteorological and hydrological drought has been observed in Azer-
baijan since 2013. It was found that during the period covering 2013-2019,
the annual runoff of major transboundary rivers decreased both at the border
and within the country. During this period, the annual runoff of the Kura
River on the Georgian-Azerbaijani border decreased by an average of 24.9
%, and at the mouth of the river (where it falls into the Caspian Sea) dec-
reased by 58.3 %. This figure is 60.9 % for the Araz River and 24.1 % for
the Ganikh (Alazani) River, which enters Azerbaijan from Georgia.

These figures, which show a decrease in the annual runoff of Azer-
baijani rivers, in fact reflect the combined effects of both anthrogenic factors
and climate change. It is estimated that the share of anthrogenic factors in
this decrease is 85-95 %, and the share of the impact of climate change is 5-
15 % (Taghiyeva & Verdiyev, 2020).

4. Impact of climate change on water resources

Climate indicators have been changing in Azerbaijan since 1970s and
1980s (MENR, 2010). Compared to 1961-1990, the average annual air
temperature in 1991-2015 increased by 0.7° C, and this increase occurred in
all altitude zones of the area. There are different data on the change in the
amount of annual precipitation during the period under review. According
to R.M. Mahmudov (2018), precipitation increased by an average of 11.0
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mm. However, a number of reports indicate a 9.9 % decrease in precipi-
tation (MENR, 2010; UNDP / GEF, 2013; ENVSEC, 2016). In 1986-2013,
the area of glaciers had been reduced from 0.04 to 0.17 km? (Mahmudov,
2018).

It should be noted that the temperature in the territories of neighboring
Georgia and Armenia located in the basins of the main transboundary rivers
of Azerbaijan also increases (0.5-1.03°C) and precipitation decreases (8-10
%) (IPCC, 2014).

According to calculations made with the MAGICC / SCENGEN and
PRECIS models the air temperature in all three South Caucasus regions
(Azerbaijan, Georgia and Armenia) will increase by 1-2°C in 2030-2050
compared to 1980-1999. In 2050-2100, this increase will be 3-5°C and
precipitation in Azerbaijan will decrease by 5-23 % (UNDP/GEF, 2011).

The UN report "Water and Climate Change" also predicts a decrease
in precipitation in the South Caucasus region, citing the IPCC for drinking
water, irrigation, hydropower etc. It is emphasized that the water problem is
going to be worsen in these sectors (UNESCO, UN-Water, 2020).

The methods used to assess the impact of climate change on water re-
sources are splitted into two major groups. The first group of methods is
empirical and is based on the analysis of hydrometeorological data perfor-
med in river basins. The second group of methods uses a combination of
hydrological cycle models and global climate models (Gelfan and et al.,
2018).

The first group of methods (linear trend analysis, comparison method)
is mainly used to assess the impact of climate change on runoff charac-
teristics of rivers in Azerbaijan. It was found that the annual and maximum
runoff of rivers decreases mainly, while the minimum winter runoff
increases (Verdiyev, 2002; Imanov et al.,2018; Mahmudov, 2018). This is
in line with the patterns observed in the rivers of other Caspian countries
and 1s explained by melting of snow cover as a result of rising temperatures
in winter and a decrease in precipitation in spring, summer and autumn.

It seems that such a sharp manifestation of water shortages in Azer-
baijan in recent years (2013-2019) is a significant reduction in atmospheric
precipitation, primarily in the form of snow, in the context of climate
change. One of the driest years of recent times was 2014. In the summer of
that year, some of the natural springs of medium and large runoff, which
had never dried up before, dried up in all regions of the country.

The main principles of management in the field of use and protection
of water resources of the country, as well as the main directions of water
policy are defined in the Water Code of the Republic of Azerbaijan.
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5. Water legislation of Azerbaijan

The country's water issues are reflected in the Constitution of Azerbai-
jan with several articles and provisions. Article 14 of the Constitution states
that natural resources, including water resources, belong to the Republic of
Azerbaijan and their protection is ensured by the state (Article 16).

The main document of the country's water legislation is the Water
Code of the Republic of Azerbaijan (1997). The Code states that the water
legislation of the Republic of Azerbaijan consists of the Code, laws related
to water and other normative legal acts adopted by these laws. If the rules
established by international conventions to which the Republic of Azer-
baijan is a party regarding the use and protection of water bodies do not
comply with the rules provided for in this Code, the provisions of interna-
tional conventions to which Azerbaijan is a party shall be applied (Articles 2
and 3).

The document states that the inland waters of the Republic of
Azerbaijan (surface and groundwater) and the section of the Caspian Sea
belonging to the Republic of Azerbaijan constitute the country's water fund
(Articles 6-9).

The section of the Water Code on forms of ownership over water
bodies states that there are three forms of ownership over water bodies:
state, municipal and private property (Articles 12-15).

The Code defines the key principles of management in the field of use
and protection of water bodies (Article 16):

® economic growth and environmental protection;

¢ high quality water supply to the population;

® coordination of basin principle with the principle of administra-
tive - territorial structure in management of water resources;

® use of water bodies and separation of water economy functions with
management functions on protection of water bodies.

The Code provides separate articles on state water cadastre, state
registration and monitoring of water resources (Articles 21-29).

The Code stipulates that the use of water bodies is allowed on the
basis of special permits for use, where water use is granted on the basis of
contracts. Surface water bodies are allowed for use on condition of allo-
cating areas for water, water intake and wastewater discharge. Groundwater
use shall be carried out in accordance with this Code and the Law on the
Earth Core. The Water Code also contains provisions restricting, suspending
and prohibiting the use of water bodies (Article 42).

Chapter 7 of the Water Code is devoted to the issues of legal regu-
lation of use of water bodies by population for drinking and Chapter 8 for
agricultural purposes. These issues are not covered in detail on the Water
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Code. This is due to the existence of separate legal acts arising from the
provisions of this Code - the Laws of the Republic of Azerbaijan on"Water
Supply and Wastewater" (1999) and "Amelioration and Irrigation" (1996).

The Articles 59-63 of the Code stipulate that those who use water
bodies for industrial purposes must take appropriate measures to reduce
water consumption and prevent wastewater discharge by setting limits on
water use, technological norms and improving water supply systems.

Chapter 11 of the Code consists of 8 articles, each of which defines the
legal regulations on the use of water bodies for fishing and hunting. It is
noted that the rights of water users in reservoirs or their separate parts,
which are important forprotection and reproduction of valuable fish species,
aquatic animals and plants, may be restricted in favor of fisheries.

One chapter of the Water Code covers the protection of water bodies
(Articles 81-93). Here, the basic principles of water protection, water pro-
tection zones, sanitary protection zones, water protection forest strips, pro-
tection of water bodies from pollution, protection of surface and ground-
water are reflected in specific framework provisions. One of these articles
states that in order to maintain water bodies in accordance with the relevant
environmental requirements, environmental water is released from reser-
voirs and the volume of water withdrawn without recovery is determined.
One article is devoted to basin agreements in the field of rehabilitation and
protection of water bodies.

The Cabinet of Ministers of the Republic of Azerbaijan has adopted
numerous secondary normative-legal acts (regulations, rules, instructions,
conditions, norms, etc.) that are considered in the implementation mecha-
nism of the Code. All these normative acts are an integral part of the Water
Code.

Despite the adoption of numerous amendments to the Water Code,
there are still many gaps in this legal document. For example, the Code
states that water balance sheets (a document similar to the WAP) must be
compiled for the country, water basins and administrative-territorial units. In
reality, water use plans are made not for the river basin, but only for the
district (administrative territory) and irrigation systems of national im-
portance. This approach is based on irrigation, not complex water use.

The article entitled “Environmental water discharge” stipulates that
water is discharged from reservoirs in order to keep water bodies in line
with the relevant environmental requirements. It is not allowed to meet the
water needs of water users at the expense of ecological water supply. Ho-
wever, general rules for determining the volume of environmental water
discharges and possible water intakes from water bodies, including rivers,
have not yet been adopted. In the projects implemented by the Amelioration
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and Water Economy OJSC, the environmental flow is still calculated by the
method proposed in the former USSR (Fashevskiy, 1989) and is accepted as
75% of the minimum water consumption with 95 % of the local river. This
is about 20 % of the average annual flow of the river. However, in reality,
the amount of environmental flow in the rivers is not provided, and during
irrigation, all the water in the rivers is taken away and the river turns into a
dry ravine. The only exceptions are the transboundary Samur river. The
amount of ecological flow was agreed at the level 30.5% of the annual flow,
respectively in inter-governmental agreements regulating the joint use of
water resources of Samur river.

The “Rules for compiling water balances for the republic, water basins
and administrative territorial units” were approved with the Decision of the
Cabinet of Ministers of the Republic of Azerbaijan dated to May 3, 2019. In
accordance with these Rules, the water balance of the transboundary Ganikh
river basin for 2018 was compiled and submitted to the State Statistics
Committee. Unfortunately, it should be noted that there is no "environ-
mental flow" paragraph in the structure of this water balance. However, this
balance includes the paragraphs "Water discharged from reservoirs" and "
Obligatory water discharge". However, the first paragraph applies only to
rivers on which reservoirs are built. The meaning of the second paragraph is
not fully clear and the balance sheet is preceded by zero. Thus, these Rules
do not refer to the rivers, that make up the vast majority, on which no
reservoirs are constructed.

Another gap is the imperfect legal framework for the use of non-tra-
ditional water sources - wastewater and collector-drainage water for agricul-
tural needs. In order to eliminate this shortcoming of the legal framework, it is
very important to develop and adopt a separate secondary normative legal act.

At the same time, the use of joint management institutions is not
considered when using surface and groundwater.

The analysis of the Code shows that the integrated water resources
management approach is not reflected in this basic legal document. It would
be expedient to add a relevant provision to Article 16 of the Code, entitled
“Basic Principles of Water Management” in order to eliminate this short-
coming.

Azerbaijan Amelioration and Water Management OJSC has prepared a
new version of the current law on Amelioration and Irrigation at the mo-
ment and it is proposed to eliminate many gaps in this document. Examples
include the use of collector-drainage water for irrigation purposes (after
treatment), the mandatory and mass application of water-saving irrigation
technologies, the application of basin management in water management,
and others.

132



A number of other laws related to the water sector have been adopted
in Azerbaijan: “On the Earth Core” (1998), “On hydrometeorological activi-
ties” (1998), “On safety of hydraulic structures” (2002), Land Code (1999),
Forest Code (1997), “On Environmental Protection” (1999), “On Environ-
mental Security” (1999), “On Specially Protected Natural Areas and Ob-
jects” (2000), etc.

Azerbaijan has also joined to numerous international conventions on
environmental protection, including protection and use of water resources:
the Helsinki Convention for Protection of Transboundary Watercourses and
International Lakes (2000), its Protocol on Water and Health (2002), and
amendments to the Convention (2013), the Framework Convention on Cli-
mate Change (1995) and its Kyoto Protocol (2000), the Paris Agreement
(2016), the Convention to Combat Desertification (1998), the Aarhus
Convention (1999) and others.

The Action Plan of the State Commission for Cooperation of Azer-
baijan with the European Union envisages harmonization of Azerbaijan's
water legislation with the EU directives in the field of water. However, this
action plan has not been fully implemented.

6. Water policy of Azerbaijan

Over the past 30 years since the restoration of Azerbaijan's state
independence, a separate political document covering the country's water
sector, aimed at implementing the state policy in the field of water resources
- the state, national program or strategy has not been adopted. The problems
of the water sector and its solutions are reflected as a section in political
documents adopted in the economic, social and environmental spheres, and
in some cases as a secondary issue.

In 2011-2019, for the first time, international and national experts
developed the National Water Strategy (NWS) of the Republic of Azerbai-
jan in order to ensure sustainable socio-economic development of the coun-
try, as well as water security. The main trends of the development of water
management complex, protection of water bodies, protection of population
and territories from the hazardous effects of water, as well as the formation
and implementation of the country's priorities in the field of water resources
have been identified on the NWS. Currently, this document is being impro-
ved for submission to the Cabinet of Ministers of the Republic of Azer-
baijan.

Protection of water resources of transboundary river basins from
contamination and depletion, continuous water use and development of the
country's economy depend on the level and effectiveness of regional
cooperation of the basin states. The aligning of interests of states should be
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based on common international legal documents on the joint use of trans-
boundary river waters and a coordinated regional water policy. The most
important document among these documents is the UN Convention onPro-
tection and Use of Transboundary Watercourses and International Lakes.
Azerbaijan ratified the Convention in 2000 and joined its Water and Health
Protocol in 2002. More than 20 projects related to the implementation of
this Convention have been implemented in the Kura-Aras basin, including
Azerbaijan, with the support of international organizations (UNDP / GEF,
European Union, OSCE, etc.). Unfortunately, Azerbaijan is the only country
in the Kura-Aras basin that has joined the Helsinki Convention.

Azerbaijan builds its transboundary water policy on the basis of this
Convention and bilateral agreements with neighboring countries.

In 1963, an agreement on "Technical and Economic Cooperation" had
been signed between the former USSR and the State of Iran. This agreement
regulated the management and operation of the Aras and Mil-Mughan Water
Reservoirs, which were commissioned in 1971 and 1972, respectively. At
present, there is an Iran-Azerbaijan commission on joint use of water and
energy resources of transboundary River Aras.

Earlier, the water resources of the transboundary River Samur were
distributed between Azerbaijan and Russia in accordance with the protocol
of 1967. However, in 2010 the two presidents signed a new agreement in
accordance with the principles of the Helsinki Convention.

The use of water resources of transboundary rivers between Azer-
baijan and Georgia is regulated on the basis of bilateral negotiations and
agreements between the government agencies responsible for this issue. The
agreement between the governments of Azerbaijan and Georgia on the use
and protection of water resources of transboundary rivers is being finalized
with support of the UN Economic Commission for Europe and the OSCE at
the moment. The UN Development Program (UNDP) and the Global
Environmental Facilities (GEF) Kura II project (2017-2021) implemented in
Azerbaijan and Georgia supports this agreement. It should be noted that in
2011-2014, in the first phase of this project ("Reduction of transboundary
degradation in the Kura-Aras river basin"), National and Strategic Action
Plans for IWRM were developed for both countries.

At present, the Republic of Azerbaijan is not able to carry out cross-
border cooperation with only one neighboring country, which is the
Republic of Armenia and this is due to the known Nagorno-Karabakh
problem. Most likely, bilateral cooperation with Armenia will be possible
only after the conflict is solved.

11 transboundary rivers enter Azerbaijan from Armenia. The total
water resources of these rivers are 2.54 km3, and the rivers enter Azerbaijan
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in a polluted condition. Razdan (Zangi) River which is the left tributary of
the Aras, is much polluted due to untreated wastewater from Yerevan
(UNDP / GEF, 2013). Today, Azerbaijan faces water shortages from the
water resources of Karabakh rivers, including Sarsang water reservoir with a
total capacity of 560 mln. m® from where we cannot use as much water as
required. In order to improve the water supply of arable lands, 586
additional subartesian wells were drilled in the areas covered by the Sarsang
reservoir. Over the past 20-25 years, the irrigation capacity of these wells
has significantly decreased: previously the flow rate of wells was 20-30
liters per second, now this figure is 6-8 liters. Due to very little water
released from the reservoir into the Tartar River, groundwater levels have
fallen and ecosystems along the river have been degraded. (Ahmedzadeh &
Hashimov, 2016).

7. Institutional structure of the water sector in Azerbaijan

There are several governmental and non-governmental organizations
in the water sector of Azerbaijan (Ministry of Ecology and Natural
Resources, Ministry of Emergency Situations, Azerbaijan Amelioration and
Water Economy OJSC, Azersu OJSC, etc.).

Although the Ministry of Ecology and Natural Resources (MENR) is
the central executive body implementing the state policy and regulation in
water sector, these powers and functions are not fully and clearly reflected
in the Regulations governing its activities. The Ministry pays little attention
to misappropriation of its water sector powers by other governmental and
non-governmental agencies (MES, AAWM OJSC). Only in 2020, the De-
partment of Water Resources Management was established within the Mi-
nistry. The Ministry is the national authority of the Helsinki Convention on
Transboundary Waters.

The institutional structure of the Azerbaijan Amelioration and Water
Economy Open Joint-Stock Company (AAWM OJSC), which manages sta-
te-owned land reclamation, surface water management and irrigation facili-
ties and systems, does not meet modern requirements at the moment and the
principle of management on the administrative territory prevails in the
activity of this OJSC. The integrated management and the principles of river
basin management as the key principles of the European Water Law are not
used in activities of the AAWE OJSC and international water institutes
mark this as a negative situation for Azerbaijan's water sector.

Azersu OJSC is the only operator in the country in the field of
drinking water supply and sewerage services and implements water manage-
ment on the basis of centralized principles. Azersu OJSC is preparing an
action plan to transfer a number of its authorities to regional offices.

The State Agency for Water Resources (SAWR) under the Ministry of
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Emergency Situations (MES) is responsible for the safety of the country's
water bodies and resources.

Azerenergy OJSC determines the water demand of hydropower plants
for electricity generation.

The Ministry of Health (MoH) controls the quality of drinking water
in the country in accordance with the relevant legislation. The Ministry is
also the national authority of the Helsinki Convention's Water and Health
Protocol for the country. In this regard, the lack of an appropriate structural
unit for water quality in the Hygiene and Epidemiology Center of the
Ministry should be considered as an institutional shortcoming.

Thus, at present, water resources in Azerbaijan are managed at the
sector level, not integrated. On the other hand, there is a duplication of
powers of the relevant agencies in the management of water resources and
facilities, and the coordination between these agencies is not at the required
level. As a result, limited water resources are used inefficiently and river
ecosystems are degraded. The main shortcomings remain to be the lack of
integrated water resources management and the weak application of the
principles of river basin management in the legal and practical spheres, as
well as the lack of involvement of all stakeholders in the water sector in
water management.

It is proposed to carry out relevant institutional reforms in water sector
of Azerbaijan in order to ensure better implementation of public policy and
management in accordance with national legislation, international water
law, the EU Water Framework Directive. It would be expedient to establish
the State Agency for Water Affairs (SAWA) under the Ministry of Ecology
and Natural Resources for this purpose. In such case, the status and scope of
SAWR, which operates within the Ministry of Emergency Situations, will
be further clarified, and it may become the Water Safety Control Agency.

If the proposed institutional reform is adopted, it is proposed to
establish an inter-sectoral institution chaired by the Minister of Ecology and
Natural Resources with a high representation of the water sector to coor-
dinate and direct the activities of governmental and non-governmental
bodies on water issues. It can be established in the form of the National
Water Coordinating Council (National Water Council). In this case, the
organization of the work of the Council (the status of the Secretariat of the
Council) should be entrusted to the newly established SAWA of the MENR.

In case of amendments to the water legislation of Azerbaijan and the
introduction of integrated water resources management, it is proposed to
establish an appropriate structural unit (IWRM department or sector) within
the SAWA. The establishment of such structural units (for example, the
IWRM sector) in the central office of AAWE OJSC and Azersu OJSC

136



would serve to boost the institutional capacity in this field.

It would also be expedient to establish a structural unit namely "Water
and Health" at the Republican Center for Hygiene and Epidemiology under
the Ministry of Health.

Another institutional proposal could be related to the establishment of
river basin councils. This may occur after appropriate changes are made to
water legislation.

On April 15, 2020, the Order by the President of the Republic of Azer-
baijan “On measures to ensure the efficient use of water resources” was
adopted. The Commission has been established by the Order to ensure the
efficient use of water resources in the country, improve management of
water resources and coordinate activities in this field. This institution can
also be considered a Government Commission. The members of the
commission are the heads of state and non-state agencies of the water sector
of Azerbaijan. A working group with representatives of stakeholders has
been established under the commission.

It would be appropriate for the above-mentioned Government Com-
mission and its Working Group to consider the abovementioned proposals
to improve national water legislation and the institutional framework in this
field.

Conclusion

The water resources of Azerbaijan are declining due to anthropogenic
factors, primarily water abstraction for irrigation purposes. The air tempera-
ture is rising throughout the country, and the amount of precipitation is
decreasing. This has a negative impact on the country's water resources. The
annual flow of major transboundary rivers decreased sharply both at the
border and within the country during the drought of 2013-2019. The annual
flow of the largest river in the country - Kura River in this period, on the
Georgian-Azerbaijani border had been decreased by 24.9 % and by 58.3 %
in the mouth of the river compared to the norm. The annual flow of the
transboundary Aras River has been decreased by 60.9 %, and that of the
Ganikh (Alazani) River by 24.1 %. The share of climate change in reducing
the annual flow of rivers is 5-15 %.

The amount of water withdrawn from natural water sources for use
purposes in 1998-2017 is approximately equal to the water resources of
local rivers. The accuracy of registration of water resources and their use is
very low. Large water losses occur during water use.

In order to boost the efficient use of water resources, it is proposed to
amend the Water Code of the Republic of Azerbaijan in accordance with
best practices and to include integrated water resources management, basin
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principle, joint use of surface and groundwater, ensuring environmental
flow of rivers and other issues into the Code.

There is a great need for the National Water Strategy document to be

approved by the Cabinet of Ministers of the Republic of Azerbaijan and
gain legal status.

As the activities of governmental and non-governmental agencies

involved in water management in the country are not sufficiently
coordinated, it would be appropriate to establish the State Agency for Water
Affairs under the Ministry of Ecology and Natural Resources.
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AZORBAYCANIN SU EHTiYATLARI VO ONLARIN iDARO EDILMOSIi
F.9.IMANOV, S.B.HUSEYNOV
XULASO

Magqalads Azarbaycan Respublikasinin su ehtiyatlar va onlardan istifadonin mévcud
vaziyyati, antropogen amillorin vo iglim doyismolorinin ¢aylarin illik aximina tosiri, su
qanunvericiliyi, su siyasati vo su sektorunun institusional strukturu tshlil olunmusdur.
Gostarilir ki, 6lkonin su ehiyatlart mohduddur ve bu ehtiyatlar hom orazi, hom do movsiim-
lor tizra geyri-berabar paylanir. Caylarin su ehtiyatlarinin 70%-i transserhad ¢aylarin payi-
na diisiir vo bu caylar 6lko orazisine ¢irklonmis voziyyotds daxil olur. Son 20 ilds tobii su
monbolorindon istifado mogsadilo gotiiriilon suyun miqdart yerli ¢aylarin su ehtiyatlari
saviyyasindadir. Iqlim doyismolori soraitinda 6lkenin mévcud su ehtiyatlar1 azalir. Qeyd
olunur ki, kecmis SSRI dagildiqdan sonra Azorbaycanin su sektorunu ohato edon, su
ehtiyatlar1 sahosinds dovlot siyasatinin icrasina yonoldilmis ayrica bir siyasi sonad — milli
proqram vo ya strategiya qobul edilmomisdir. Olkada su siyaseti Azorbaycan Respubli-
kasinin Su Macallasi, ham¢inin Milli vo Dovlet Proqramlari vo saho foaliyyst Planlar
vasitosilo hoyata kegirilir. Azorbaycan transsorhad su siyasatini Helsinki Konvensiyasina vo
qonsu Olkalarlo ikitorafli miigavilolor asasinda qurur. Su idaragiliyi effektiv olmadigina
goro moveud su chtiyatlarindan qeyri-somorali istifado olunur vo onlarin miihafizosine
kifayat qodar diqqget yetirilmir. Su ehtiyatlarinin effektiv idars edilmasi {igiin zaruri olan
texniki, qanunvericilik vo institusional masalolorin har birinde ¢oxsayli bosluglar vardir. Bu
catismazliglar tohlil olunmus vo Azorbaycanda su idaragiliyinin tokmillosdirilmasi {izro
tovsiyyoalor hazirlanmisdir.

Acar sozlor: su chtiyatlari, transsorhad caylar, ¢cay aximi, antropogen amillar, iqlim
doyismolori, su ganunvericiliyi, su siyasati, institusional struktur

BOJIHBIE PECYPCBI ABEPBAMI’KAHA U UX YPABJIEHUE
®.A.MMAHOB, II.L5.T'YCEMHOB
PE3IOME

B crarbe nmpoaHanu3upoBaHbl BOAHBIC pecypchl AzepOaimkanckoi PecryOnmku u
COBPEMEHHOE COCTOSIHUE MX HCIIOJIB30BAHUSI, BIMSIHAE aHTPOIIOTEHHBIX (DPaKTOPOB U M3Me-
HEHMs KIMMaTa Ha TOJ0BOM CTOK PEK, BOJHOE 3aKOHOAATENbCTBO, BOJHAS MOJUTHKA U UH-
CTUTYILIMOHAJIbHAS CTPYKTypa BOAHOTO X034HcTBa. [loka3aHo, 4TO BOJHBIE PECYPChI CTPAHBI
OTpaHUYCHBI U pacIpeieieHbl HEPAaBHOMEPHO KaK I10 IUIOIIAH, TaK M MO ce30HaMm rofa. Ha
TpaHCTpaHW4HbIE peku nmpuxonurcsi 70% MOBEPXHOCTHBIX BOIHBIX PECYPCOB, M 3THU PEKU
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MOCTYNAIOT B CTPaHy B 3arpsi3HEHHOM COCTOSIHUH. 3a mociennue 20 ner o0beMbl 3a0opa
BOJIbI U3 NPUPOJAHBIX BOJOUCTOYHHUKOB HAXOJATCA Ha YPOBHE BOAHBIX PECYPCOB MCCTHBIX
pex. Nmeronuecss BoAHbIE pECYpPChl CTpaHbl YMEHBIIAIOTCS B CBSI3M C U3MEHEHUEM KIMMa-
ta. Ormeuaercs, yto nocie pacnazaa ObiBiiero CCCP He NpuHST OTAENBHBIH JIOKYMEHT,
HAarpaBJIeHHbII Ha PeaM3alMI0 TOCYIapCTBEHHOM ITOJIMTHKY B 00JIACTH BOJHBIX PECYPCOB.
Bognas monuTuka ocyliecTBIsIETCS MOCpencTBOM BojHoro koaekca AszepOaiiixaHCKOM
PecnyOnuku, a TakKe HAIIMOHATBHBIX M TOCYNAPCTBEHHBIX MPOTPaMM M TUIAHOB JCHCTBHA
B 3TOH obmacTu. A3epOaiipkaH CTPOUT CBOIO TPAHCTPAaHUYHYIO BOJHYIO TTOJIUTHKY Ha OC-
HOBe XEIbCHHKCKOW KOHBEHIIMHM M JBYCTOPOHHUX COTJAIICHUI C COCETHHUMH CTpaHAMU.
W3-3a HEAIHEKTUBHOTO YIPABICHUS BOJHBIC PECYPCHI HCIOIB3YIOTCSA HEPAMOHAIBHO, UX
OXpaHe He yIeIIeTCs JOIDKHOTO BHUMaHUs. B KaKI0OM M3 TEXHHYECKIX, 3aKOHOIATSITEHBIX
1 WHCTHTYIHOHAJIHHBIX BOIIPOCOB, HEOOXOAUMBIX Ui 3(h(hEKTUBHOTO YIPABICHUS BOIHBI-
MU pecypcamMy, UMEeTCsi MHOKECTBO POOEIIOB. DTH HEAOCTATKH OBUTH ITPOaHAIN3UPOBAHBI
1 pa3paboTaHbl PEKOMEHAALMH 110 YIIyUIISHNIO YIIPaBJICHUs BOAHBIMU pecypcamu B Azep-
Oaiiokane.

KiroueBble c10Ba: BOIHbBIC PECYPChI, TPAHCTPAHUUHBIC PEKH, PEYHOH CTOK, aHTPO-

MOTeHHbIe (aKTOPbI, U3MEHEHUE KJIMMara, BOJHOE 3aKOHOJATEIbCTBO, BOJHASI MOJUTHKA,
MHCTUTYLIMOHAJIbHAS CTPYKTYpA.
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LONKORAN-ASTARA IQTiSADIi RAYONUNDA URBANIZASIiYA
PROSESLORI VO DEMOQRAFIK INKiSAF PROBLEMLORI
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Todgqiqat isindo Lankoran-Astara iqtisadi rayonunda sahar maskunlasmasimin for-
malasmast va inkisafi inzibati rayonlar iizro urbanizasiya saviyyasinin dinamikast tohlil
edilmisdir. Regionun sahar mantagalarinda demoqrafik proseslorin todqigi gostorir ki, son
illor ahali arasinda tobii artim, dogum va nikahlarn dinamikasinda azalma, éliim, kérpa
oliimii vo bosanma proseslarinda artim miisahida edilmisdir. Regionda gaharlarin demog-
rafik inkisaf problemlaori va onlarin halli istiqamati tizra toklif va tovsiyalor verilimigdir.

Acar sozlor: sohor moskunlagmasi, urbanizasiya, demoqrafik proses, tobii artim,
dogum, 6liim, nikah

Giris. Lonkoran-Astara iqtisadi rayonunda sohor moskunlagmasinin
geodemogqrafik soraiti vo inkisafinin nizamlanmasi 6lkods aparilan dayaniql
sosial-iqtisadi siyasotin miioyyon hissasini toskil edir [1]. Regionda istehsa-
lin vo ohalinin daha somorali orazi togkili {iglin sohorlorin demoqrafik so-
raitinin Oyronilmosi zoruriliyi ortaya cixir. Geodemogqrafik sorait ohalinin
tobii harokati, onun strukturu vo yerlosdirilmosi gqanunauygunluqlarint oks
etdirir. Hazirda Lonkoran-Astara iqtisadi rayonunda ohalinin 23.2%-1, so-
naye vo sosial-igtisadi potensialinin bdyiik hissasi soher montogelorinds
comlosir. 2021-ci ildo regionda asas sahalor iizro mohsulun timumi hacmin-
do sonayenin payi artaraq 13% toskil etmisdir. Olko igtisadiyyatinin forma-
lasmasinda regionun Lonkoran, Astara, Calilabad vo Masalli ssharlori miite-
raqqi rol oynasalar da, urbanizasiyanin inkisafinda, xtisusilo Astara sohori-
nin movgeyi hiss edilmisdir. Bu region 1999-2021-ci illor orzinds tabii arti-
min inkisafina goro 6lko soviyyosindon xeyli yiiksok olmusdur, ancaq son
illordo azalma miisahido olunur. Bu region sohor ohalisinin xiisusi ¢okisino
gora 6lko lizro 4-cii yer tutsa da, son 20 ildo 6lkonin gohor ohalisi lizro pay1
az olmusdur. Bunun sobabi artimin asason kond yerlorinds olmasidir. Sohor
mantogalorinin  demoqrafik inkisafinda qarsiya ¢ixan problemlorin halli
ticlin elmi tohlillorin aparilmasi vo onlarin naticolorine goro dovlot soviy-
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yasinda todbirlor planinin hazirlanmasi olduqca zoruridir.

Tahlil vo miizakira. Lonkoran-Astara igtisadi rayonu timumi ohalisi-
nin sayma gora respublikada Baki iqtisadi rayonundan sonra 2-ci, homg¢inin
sohar yasayis montoqolorinin sayina goro 4-cii yeri tutur. 2021-ci ildo Azor-
baycan Respublikasinda iqtisadi rayonun iimumi ohaliyo goro xiisusi ¢okisi
9.4% va gohor ohalisi tizro 4.2% olmusdur. Regionda 8 sohor vo 13 gosobo
vardir, lakin buna baxmayaraq Olkonin sohor ohalisi {izro paymin 27.7%
(codval 1), yoni asag1 olmasi ilo forglonir. Regionda soharlor yaxin kegmisdo
yaranmigdir. Lonkoran vo Astara orta osr sohorlori olub xanliglar dovriinds
formalasaraq boyiik ochomiyyat kosb edirlor. Ayri-ayr1 dovrlodo Talis xan-
liginin paytaxti olmalar1 onlarin inkisafini siirotlondirmisdir. XX asrin ov-
vallori kapitalist miinasibotlorinin inkisafi ilo bagli formalasan vo nagliyyat
yollar1 iizorindo yerloson Astara, Lonkeran vo Masalli soharlor sirasina qo-
suldu. Sovet dovriinds sonayelosma ilo alagodar 1 yanvar 1930-cu ildo Yar-
dimli rayonu; 8 avqust 1930-cu ildo iso Astara, Lonkoran, Lerik, Masalli,
Colilabad rayonlari toskil edilmisdir [5]. Qalan biitiin gohorlor kondlorin osa-
sinda formalasan qosaboalordon yaranmisdi. Bunlara bariz niimuns olaraq
Lerik vo Yardimli gohorlorini misal gdstormok olar. Ovvollor qosoba statusu-
na aid olan bu orazi vahidlori 2008-ci ilin iyunundan soher statusuna ma-
likdir. Bu sohorlorin yaranmasinda sohoryaradict amillor arasinda aparict
yeri aqrar-sonayenin vo turizmin perspektivli olmasi amili tutmusdur. Re-
gionun moarkaz goharlari olan Lonkoran, Masalli vo Calilabadda oshali 1979-
cu ilds 110.4 min, 2020-ci ilds iso 201.9 min nofor olmusdur. Regionun so-
har ohalisine gora pay gostaricilori bu illor orzinde 25.9%-don, 26.7 %-dok
artmigdir. Regionda sohor ohalisi saymin artimi sovet dovriinde 1979-1989-
cu illordo 17.4% oldugu halda, miistoqillik dovriiniin 1999-2009-cu illor
orzinds artim 22.8% olmagqla ovvalki gdstaricini qabaqlamig, 2009-2021-ci
illorda 159 21.7% olmusdur. Hazirda regionun sohar ohalisinin 6lko {izro xii-
susi ¢okisi 1999-cu illo miigayisado qismon artmisdir (codval 1).

Cadval 1
Regionun sahar shalisinin artim dinamikasi va xiisusi ¢akisi
Igtisadi rayon ohalisi Ohalinin 6lks tizra pay1 (%)
[llor (min noforlo) Urbanizasiya
Umumi Sohor Umumi ohali {izro | Sohor ohalisi iizro | soviyyasi %
1989 |613,2 155,5 8,6 4.0 25,4
1999 [738.,4 169,7 9,2 4.1 23,0
2009 [832,3 207,3 9,3 4.3 25,0
2021 |953.6 254.3 9,4 4.8 27,7

Manba:Azarbaycanin demogqrafik gostaricilari, Baki: DSK 2021

Regionda goharlor iizra ohalinin xiisusi ¢okisinin agagi oldugu inzibati
rayonlardan Lerik vo Yardimlida kondlorin sayinin ¢ox, gosobaslorin iso ol-
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mamasi urbanizasiya soviyyasinin azalmasina sorait yaradan osas amildir.
IR-3 boyiik sohar (Lonkoran, ohalisi 52,6 min nofor, Colilabad chalisi 46,7
min nofor vo Masall1 ohalisi 26,7 min nafor) vardir (codval 2.) Regionda on
yiiksok urbanizasiya soviyyasi Lonkoran gohorindo, on asagi iso Lerik rayo-
nunda miisahido edilmisdir [4].

Cadval 2

Saharlards shali sayinin dayisilmasi va rayonlarda urbanizasiya
saviyyasi (min nafar)

Sohar shalisinin pay1 % Rayonlar tizra
No | Soharlor [1989(1999|2009 (2021 urbanizasiya soviyyasi %
Umumi ohali {izra Sohor ohalisi iizro
1. |Astara [16,3 |18,8 | 22,3]33,9 |3,6 13,3 30,8
2. |Lonkoran |72,3 |77,5 | 83,3 (89,3 [35,2 38,7 38,7
3. |Lerik 59 168 | 73 |82 |34 10,0 10,0
4. |Yardimh (3,5 (4,0 | 6,7 |7,7 |3,0 11,2 11,2
5. |Masalli |20,3 (14,4 |31,4|51,8 [20,3 22,6 22,6
6. |Calilabad |37,2 (48,2 | 56,3 |62.9 |24,7 27,8 27,8
7. |Liman |8,6 [9,6 11,6 {100 - 33,7
8. |Goytopa |10,1 12,7 15,5 100 - 51,4

Moanba: Azarbaycanin demoqrafik gostoricilori, Baki: DSK, 2021

Lonkoran-Astara iqtisadi rayonunda urbanizasiya soviyyasi inzibati
rayonlar iizro miixtolifliyi ilo segilir, belo ki, 40-50% olanlara he¢ bir sohari
aid deyil, 30-40% arasinda olanlara Lonkoran vo Astara aid olmusdur. Zaif
urbanizasiya saviyyaesi ilo Lerik vo Yardimli rayonlar forqlonmislor. 1989-
2021-ci illor regionda sohar ohalisinin dinamikasinda daim artim miisahido
olunub, sohar shalisinin xiisusi ¢okisinin gostaricisi 1990-2000-ci illordos ar-
tim, lakin 2010-cu illords azalma miisahido olunmusdur. Bu prosesds azal-
ma tabii artimda kond ohalisinin daha stiratli artim1 ilo bagli olmus vo kond-
lordon region gohorlorine miqrasiya axini zaif olmusdur. Regionda 2000-ci
illorin sonunda gohar ohalisindo artim prosesi otraf kondlorin, gasebalorin
sohor yardilarkon ona birlogdirilmasi hesabina bas vermisdir. 1999-2021-ci
illor orzinds regionun saharlorinds ohali sayinin artim tempi 6lko gostorici-
sindon yliksok oldugu halda, gosobalar iizra iso Respublika gostoricisi had-
dindo olmusdur. Bunun noaticasindo bu ddévrde sohor ohalisi daim artib.
1989-2021-ci illordo gohoarlords shalinin artim tempi Sovet dovriiniin 1970-
1989-cu illari ilo miiqayisads yiiksok olmus, son dovrds yiiksok artim Astara
sohari i¢lin saciyyavi olmus, asagi artim tempi Yardimli vo Lerik rayonlari
iiciin qeydo alinmusdir. Iqgtisadi rayonda sohorlor iizra ohalinin xiisusi ¢oki-
sinin asag1 oldugu inzibati rayonlardan Lerik vo Yardimlida gosobablorin
olmamasi urbanizasiya soviyyasinin azalmasina gorait yaradan osas sobob-
dir. Son illor regionda aparilan dayanigli sosial-igtisadi siyasotin noticosi
olaraq yeni miisssisolor yaradilmis vo masgullugun artmina tokan verilmis,

144



bu sobabdon sohorlors kond yerlorindon miqrasiya siirotlonmis vo onlarda
demogqrafik sorait xeyli yaxsilasmisdir. Tohlilloro goro, region sohorlorini
ohali sayina vo iqtisadi potensialina gora qruplasdirsaq, Lonkoran 6lko oho-
miyyatli, Colilabad, Masall1, Astara regional morkoz, Lerik vo Yardimlinin
159 inzibati-rayon morkozlori kimi formalagsmasini gororik. Regional morkoz
soharlorin yerlosdiyi inzibati rayonlarda sohar ohalisinin xiisusi ¢oki goste-
ricisi yiiksok olmasi ilo forqlondiyi halda, digor rayon morkozlorinds bu gos-
torici asagidir. Regionda goharlorin ohali sayina gore ieraxiya qruplasmasi-
nin tohlili gostorir ki, 1970-ci illords kicik sohorlor sayina va ohalisino goro
iistiin olsalar da, miistoqillik dovriindo onlarin say1 azalmis, orta soharlorin
say1 siirotlo artmigdir.

Cadval 3
Sohar shalisinin tabii artim dinamikasi (har 1000 nafars gor?)
Inzibati torkibi Tobii artim Dogum Oliim
2005 [2010 [2015 [2020 [2005 [2010 [2015 2021 [2005 [2010 [2015 [2021
Olko 8,7 [112 [10,1 [7.4 151 [172 [16,0 [135 [64 6,0 [59 6.1
Lonkoran-Astara |16,3 |14,9 [14,8 [11,4 [21,8 [20,2 [16,7 [16,9 |5,5 5,2 5,1 5,3
Astara 153 [12,9 [132 [10,4 [212 [183 [19,0 [16,0 [59 [54 [58 [56
Lonkoran 11,7 11,9 105 [72 [179 [184 [162 [135 [62 |65 6.4 [63
Lerik 194 (16,8 [14,8 [122 [25.1 [21,5 [192 [173 [57 [47 |44 [5.1
Yardimli 21,4 18,7 [17.8 [14,9 [26,1 [23,7 [22.4 [200 [47 [50 [46 [5.1
Masalli 154 [152 [142 [10,0 [20.8 [20,8 [19,5 155 [54 [56 |51 [55
Colilabad 150 (14,1 [183 [143 [19.8 [188 [22.8 [18,9 [48 [47 [45 [46

Moanba: Azarbaycanin demoqrafik gostoricilori Baki: DSK, 2021.

Tohlillor gostarir ki, iqtisadi rayonda 2005-2021-ci iller arzinds sohor
ohalisi saymnin arttminda on miihiim rol oynayan amil tobii artim olmus,
imumi artimin 89.3%-1 onun payina diismiisdiir. 1999-2004-cii illords kond-
lora yeni qosaba statusu verilmasi ilo bu amilin rolu artmisdir. Bu sabobdon
tabii artim imumi artimin yaridan ¢oxunu, qalan 2005-2010-cu illards 90%-
o yaxin, 2011- 2021-ci illords iss tobii artim timumi artimi Gistolomisdir . Bu
dovrlords sohorlords soharyaradict tosorriifat sahoalorinin long inkisaf etmosi
ilo alagodar ohali say1 zoif artmis, bu sohorlorden miqrasiya edonlorin say1
coxalmigdir. Iqtisadi rayonda demogqrafik proseslorin tohlili gostorir ki, 61k
soviyyasi ilo miiqayisade burada gohor ohalisinin pay1 asagi oldugu iigiin,
demogqrafik inkisaf 6ziinamoxsus spesifik xiisusiyyoto malik olmusdur. Bels
ki, kond yerlorindoki yiiksok tabii artim prosesi, sohor yerlorina nisbaton
siiratli vo amsal gostaricisino géra boyiik olmasi ilo forqlonirdi. Miistoqillik
dovriindo sohor montogoalorinds ohali saymin inkisafinda tobii artimin rolu
cox boyiik olmusdur. Lakin son illor tobii artim prosesinin zoiflomasi sohor
yerlorinda sosial-iqtisadi inkisafin vaziyyeti vo 1990-c1 illards olan demoqg-
rafik proseslorlo bagh idi. Comiyystds sosial qruplar arasinda hoyat goraiti
va torzinin, milli-madeni doyarlorin, xiisusilo gonc ailslorin dvlada miina-

145




sibat baxisinin doyigsmosi tobii artim prosesinin gedigine tosir edir. Regionun
sohor maskonlorindo geodemogqrafik soraitin formalasmasinda ohalinin tobii
harakatinin rolu bdyiikdiir. 2005-2021-ci illorde sohar ohalisinin tobii artim
va dogum tempi Respublika gostaricisini qabaqglasa da 2018-2021-ci illordo
Respublika gdstoricisine yaxin olmusdur. Oton dévr orzindo Astara rayonu
sohor ohalisinin daim artimi ilo sesilmisdir. Bu rayonlar 6lkodo on yiiksok
tobii artim omsallari ila se¢ilmislor. Son illords an yiiksok tobii artim gosto-
ricilori Yardimli, Lerik vo Colilabad rayonlarinda geydo alinmisdir. Lonko-
ran iso asagi gostarici ilo secilmisdir [3].

Cadval 4

Sahar yerlorindas dogulan usaqlarin umumi sayinda rasmi geydo
alinmams nikahdan dogulan usaqlarin artim dinamikasi

Inzibati rayonlar Diri dogulan usaqlarin sayma nisboton nigahdan

konar olanlar %-lo

1990 2000 2010 2021
Astara 2,3 2,6 27,2 31,1
Lonkoran 2,0 5,6 30,0 21,4
Lerik 2,6 1,7 12,1 18,4
Yardimli 4,1 8,4 11,3 18,0
Masalli 1,7 13,7 23,5 24,2
Colilabad 1,4 10,2 40,0 35,2
Olko iizra 3,6 7,7 14,1 11,3

Moanba: Azarbaycanin demoqgrafik gostaricilori Baki: DSK, 2021

Iqtisadi rayon yaxin dovrdo Respublikada on yiiksok tobii artim vo
dogum gostaricilorine malik olsa da, hazirda tobii artim vo Sliim omsalina
gora respublika gostoricilorine yaxinligi ilo forqlonmisdir. Oliim omsalinin
yiiksok oldugu rayonlar Lonkoran vo Astara olmusdur (codval 3).

Demogqrafik proseslords bas veran moanfi hal, son illar 6lkads, xiisusilo
Lonkaran-Astara iqtisadi rayonunda dogulan usaqlarin imumi saymda rosmi
geydo alimmamis nikahdan dogulan usaqlarin xiisusi ¢okisinin artiminin
¢oxalmasidir. Igtisadi rayonunda 1990-c1 illordo rosmi qeydo alinmamis ni-
kahdan dogulan usaqlarin xiisusi ¢okisinin ¢ox asagi olmasi sociyyavi olur-
du. iqtisadi rayonda son illordo bu géstarici xeyli artmigdir. XXI osrin avval-
loarindon boyiik is¢i qlivvesinin, xiisusilo gonclorin Rusiya vo Tiirkiys 6lko-
lorina i§ dalinca miqrasiya etmasi rosmi nikah baglanmasina monfi tosir et-
migdir. 2005-2020-ci illordo bu pay gostoricisi vo rosmi geyds alinmamis
nikahdan dogulan usaqlarin xiisusi ¢okisinin 6lko lizra payi siiratlo artmisdir.
Inzibati rayonlar arasinda bu gostariciya gore artim, xiisusilo, Astara vo Co-
lilabadda qeyde alinmisdir. Lerik vo Yardimli rayonlarinda on asag1 gostori-
ci olmusdur. 2020-cu ildo Lonkoran-Astara regionunda oksor rayonlarda bu
gostaricilor 6lkonin sohor ohalisinin (11,8%) omsal godstoricisino nisbaton
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daha yiiksok olmuslar (codval 7). Comiyyatdo yaranan bu monfi tendensiya-
nin qarsisinin alinmasi ii¢lin tadbirlor programinin hazirlanmasi vacibdir.
Maraqli cohotdir ki, Azorbaycanda rosmi dovlot nikahlar1 olmadan kosilon
dini nikahlarin baglanmasina 2002-ci ildon qadagan qoyulmus, lakin bu islor
ganunsuz olaraq icra edilso do, digor torofdon comiyyotdo oxlagsiz yasam
torzi genislonir.

Cadval 5
Rayonlar iizrs usaq oliimiiniin dinamikasi

Inzibati rayonlar Hor 1000 diri dogulana diison 1 yasadok 6lon usaqglarin say1

Sohar Kond

2010 2021 2010 2021
Astara 17,5 14,8 9,3 5,9
Lonkoran 7,3 11,8 8,3 3,1
Lerik 47,8 90,5 12,7 4,8
Yardiml 36,6 57,4 8,6 4,1
Masalli 7.8 27,1 4.4 3,5
Colilabad 9,9 20,5 7,5 3.9

Moanba: Azarbaycanin demografik gostaricilari, Baki: DSK, 2021.

Olkonin sohor ohalisinin on bdyiik demografik problemlorindon biri
korpe Oliimiidiir. Bu problem Lonkoran-Astara iqtisadi rayonunda da son
illor boytik artimla yiiksolorak, 6lko soviyyesini ke¢gmisdir. Usaq 6liimiiniin
dinamikasinin tohlili gostorir ki, 1990-c1 ildo 6liim omsal1 rayonlarin sohor
ohalisi lizro asag1 olsa da sonraki dovrdas siiratlo artmis, 6lko lizro orta gostoe-
ricini tstolomigdir. 2010-2021-ci illor orzinds 1 yasadok 6liimiin miitloq say1
va nisbi amsal gostaricisi Lonkoran-Astara iqtisadi rayonunda vo 6lkenin so-
hor yerlori iizra 2 dofodon ¢ox artmisdir. Biitlin rayonlarda bu monfi proses
bas vermisdir. 2021-ci ilds 1 yasadok oliimiin nisbi omsalin on yuxari gos-
torici ilo, xiisusilo Lerik, Yardimli vo on asagi gostoricisi isa Lonkoran,
Astara li¢lin sociyyavi olmusdur. Miiqayise li¢lin deyak ki, eyni rayonlarin
kond ohalisi ti¢lin bu gostarici 8-10 dofodon do asagi olmusdur (codval 5).

Sohor yerlori {izro ohalinin tabii artiminda korpe Oliimiiniin yiiksok
olmas1 gidanin keyfiyystinin asag1 olmasi, qadinlarin saglam hoyat torzi ke-
¢irmomasi, tibbi sigortanin olmamasi vo digar amillorls baglidir. Koérpa 6lii-
miino gors regionun 4 rayonunda sshar shalisi izre hor min nofors gore om-
sal gostaricisi 6lks soviyyasindon ¢ox olmusdur. Biitiin rayonlarda son illor
dovlat programlarina uygun goriilon todbirlor sohiyys sahasini do ohato et-
mis, ¢ox sayda yeni dogum evlari agilmig, lakin goriintir kadrlarin soviy-
yoasinin asagi olmasi bu problemin ¢6ziilmasino manfi tosir gostorir. Belo ki,
yaxs1 hokimlor daha ¢ox maas almaq ti¢lin 6zal klinikalara iiz tutur.

Ohalinin tobii artimina tosir edon on mithiim amillorden biri nikah vo
bosanmadir. Bu proseslarin dinamikasinin tohlili gdstarir ki, 2005-ci ilde hor
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1000 nofarino goro nikah gostoricisi iqtisadi rayonda vo ohalinin torkibindo
olan rayonlarda 6lko gostoricisindon yiiksok, bosanma iso asagt olmusdur.
2010-2011-ci illordo rayonlar iizro nikah gostaricisi yiiksok soviyyoyo cat-
mig, 2015-2021-ci illorde yenidon azalma prosesi ilo sociyalonmisdir. 2021-
ci ildo nikahin yiiksok gdstarici ilo Yardimli, Astara vo Lerik, asag1 gostorici
iso Masall1 vo Calilabad rayonlar: iigiin saciyyovi olmusdur. Bosanmanin
yiiksok gostoricisi Astara, Masalli rayonlarinda vo Lonkoran sohorindo, asagi
gostorici Lerik, Yardimli vo Colilabad rayonlarinda miisahido edilmisdir.
Bosanmanin yiiksok gostoricisi olan rayonlarda tobii artimin asag diis-
maosinin 9sas soboblorindon biri do bu proses olmusdur. Bogsanma prosesinin
garsisini almagq tiglin gonc ailolora dovlot gaygisi giiclonmali, onlarin hayat vo
yasayls soraitinin yaxsilasdirilmasi vo sonsuzluga qarst tibb elminin nailiy-
yatlorindon istifads {iglin davamli proqramlar hazirlanmali vo hoyata kegiril-
molidir. Ailolords biitiin usaqlara 18 yasina kimi usaq pulu verilmosi biitiin
sivil 6lkalorde oldugu kimi bizim 6lkodo do hayata kegirilmalidir. Bu tadbirler
saglam ailolorin yaranmasina vo formalagmasi {igiin sorait yaradar.
Cadval 6
Sahar yerlari iizrs shalinin nikah va bosanma dinamikasi
(har 1000 nafarina gors)

Inzibati rayonlar Nikah Bosanma
2005 | 2010 | 2015 | 2021 |2005 | 2010 |2015 | 2021
Astara 8,4 8,2 6,6 6,5 0,4 04 0,6 0,9
Lankaran 8,1 10,0 6,3 5,1 0,4 04 0,7 1,0
Lerik 11,4 9,1 6,9 6,2 0,2 0,2 0.4 0,6
Yardimh 11,7 9,5 7,5 7,3 0 0,2 0,3 0,5
Masalli 7,6 8,0 6,2 4,7 0,3 0.4 0,7 0,9
Coalilabad 5,4 7,2 8,2 4,6 0,2 0,1 0,3 0,5

Moanba: Azarbaycanin demoqrafik gostoricilori, Baki: DSK 2021

Natica va tokliflor

Lonkaran-Astara iqtisadi rayonunda sohor maskunlagmasi vo soharlorin
demogqrafik inkisaf proseslorindo miisahido olunan meyillori todqiq ederken
goldiyimiz naticalar, verilon tokliflor agsagidaki kimi timumilagdirils bilor:

- Igtisadi rayonda 1999-2021-ci illor orzindo sohor ohalisi sayinin arti-
minda an mithiim rol oynayan amil tobii artim (89. 3%) olmusdur. Bu dovr
sohorlor iiglin monfi miqrasiya saldosu sociyyavi idi. Bu dovrdo yeni goso-
balorin yaranmasi ilo bagli onlarda shali sayinin artimi 3 dafo olmus ve bu
sohor montogolori lizro artimin boylikqismini togkil etmis, sohorlords ohali
saymin artim tempi iso 6lka gostaricisi saviyyasinde qalmigdir.

- Miistoqillik dovriindo soharlor arasinda on yiiksok ohali saymnin ar-
tim1 Lerik, Yardimli vo Masallida olmusdur. 2010-2021-ci illords regionun
sohor ohalisinin orta illik artimi1 zoiflomisdir (12-13 mindon 10 minadak).
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- Regionun sohor montogolorinds son illor demoqrafik proseslorin tod-
qiqi gostorir ki, ohalinin tabii arttim vo nikah dinamikasinda azalma, kdrpa
oliimii, dogumda rosmi qeydo alinmamis nikahdan dogulan usaqlarin xiisusi
¢okisindo vo bosanmalarda artim miisahido edilmisdir. Korpo 6liimii rayon-
larin sohar ohalisi nisbi omsal gostoricisi (hor min nofora) kond ohalisino go-
ra va 6lko saviyyoesinden ¢ox olmusdur. Olkads ¢ox asagi tobii artim omsal-
lar1 ilo Calilabad, Lerik vo Yardimli rayonlar1 segilirlor.

- Regionun goharlorinde demoqrafik inkisaf problemlarinin nizamlan-
masl1 {i¢iin, onlarda mosgulluq, sosial miidafia, tibb vo digor saholordo da-
vamli tadbirlori hoyata kecirmok.

- Lonkoran-Astara iqtisadi rayonunun iran islam Respublikasi ilo ora-
zilorin qonsulugunda yerlogsmasi vo 6lkonin mithiim strateji ohomiyyatli re-
gionlarindan olmasi ilo bagli, sohorsalma vo sohorlorin inkisafi dovlotin asas
prioritet istigamati kimi miithiim shomiyyot dagimalidir.

- Perspektiv demogqrafik proseslorin tohlili gosterir ki, yaxin 10 ilds
regionun sohar ohalisinin tobii artim vo dogum tempinin amsal gostoricisinin
azalmasi, xiisusilo orta illik artimin daha asag1 soviyyoyos diigmosi ehtimal
edilir, bu iso gohoarlordo demografik inkigafin longimosino sorait yaradacaq
vo Olko liglin strateji ohomiyystli problemlori dorinlogdiracokdir. Bu isti-
qamotdo asagidak tokliflori tovsiyo edirik.

- Olko ohomiyyatli Lonkaoran sohorindo yeni sonaye parklarmin agil-
masi, gohor orazilorinin yeni gohorsalma infrastrukturuna uygun genislon-
dirilmasi yaxs1 olardi.

- Regionun morkoz gohorlori olan Masalli, Calilabad, homginin Asta-
rada sanaye moahallalorinin yaradilmasi, movcud olan orazilords iss bu me-
hallolorin daha da inkisaf etdirilmasi vo onlara yaxin kondlorin birlagdirils-
rok sohar infrastrukturuna uygun yenilonmasi vacib masaladir.

- Iqtisadi rayonda bdyiik kandlora gosoba, bdyiik qosabolors iso sohar
statusunun verilmasi mogsadsuygundur.
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INPOLECCHI YPBAHU3ALIUH B IEHKOPAHB-ACTAPUHCKOM
3KOHOMHUYECKOM PAUOHE U ITPOBJIEMbI
JEMOI'PA®UYECKOI'O PA3BBUTUA

C.K.HATUEB
PE3IOME

B nccnenoBarenbckoil paboTe MpoaHalu3upOBaHbl (POPMUPOBAHKUE U Pa3BUTHE T'O-
pozackoro moceneHuss B JIeHKOpaHb-ACTAPUHCKOM SKOHOMHYECKOM paioHe, JUHAMHKa
YPOBHSI ypOaHHM3alMM 1O aJMUHHCTPAaTHBHBIM paiioHaM. M3yuennme aemorpaduyecknx
IIPOLIECCOB B FOPOJICKUX MOCEJICHNSIX PErHOHA TIOKa3bIBAET, YTO B TIOCIIEIHIE T0/1bI HaOII0-
JTaeTcsl CHMKGHHE TUHAMUKH €CTECTBEHHOTO NMPHUPOCTA HACENICHHs, PO’KAAEMOCTH U Opa-
KOB, POCT CMEPTHOCTH, MIIQJICHYECKON CMEPTHOCTH U OpPaKOpa3BOAHBIX IMPOILECCOB CPEIU
HaceneHus. J[aHbl IpeUIoKeHHs] U PEKOMEH IAIMK 110 IpodJieMaM aeMorpaduieckoro pas-
BUTHSI TOPOJIOB PETHOHA U MX PEIICHHIO.

KiroueBble ¢JI0Ba: ropojCKOe MOCEIeHUe, ypOaHu3alus, 1eMOrpaQuUIeCcKHii mpo-
1IECC, €CTECTBEHHBIN MPUPOCT, POKIAAEMOCTH, CMEPTHOCTH, Opak

THE PROCESSES OF URBANIZATION IN THE LANKARAN-ASTARA
ECONOMIC REGION AND THE PROBLEMS
OF DEMOGRAPHIC DEVELOPMENT

S.Q.NAGIYEV

SUMMARY

The research paper analyzes the formation and development of an urban settlement
in the Lankaran-Astara Economic Region, the dynamics of the level of urbanization by
administrative districts. The study of demographic processes in urban settlements of the
region shows that in recent years there has been a decrease in the dynamics of natural
growth, natality and marriages, an increase in mortality, infant mortality, and divorce
processes among the population. Suggestions and recommendations on the problems of
demographic development of cities in the region and their solution are given.

Keywords: urban settlement, urbanization, demographic process, natural growth,
natality, mortality, marriage
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Landsaftlarin morfoloji elementlarinin kosmik sakillar va Cografi Informasiva Sis-
temlari asasinda tohlili fiziki-cografi tadgiqatlarda oz aktualligy ilo seg¢ilir. Tadgiqat isinda
Landsat peyk verilanlari va Cografi Informasiya Sistemlorinin (CIS) tatbiqi asasinda rel-
yefin mezo vo mikroformalarimin landsaftin morfoloji qurulusuna tasiri, landsaft diferen-
siasiyasimin relyefin morfometrik gostaricilorindan asililigi vo s. masalalara toxunulur.
Landsaftlarin  morfoloji elementlorinin formalasmasi vo diferensiasiyasinda relyef, onun
morfoloji vo morfometrik Xiisusiyyatlori miistasna rola malikdir. Ona géra do Landsat peyk
verilanlari asasinda desifra edilon nival-buzlaq, qravitasiya, eol, fliivial va s. morfosklup-
turlarn, timumilikda relyefin morfometrik géstoricilorinin landsaftlarin dinamikasina tasiri
Cografi Informasiya Sistemlari (CIS) asasinda tahlil edilarak xoritolosdirilmisdir.

Acar sozlar: relyefin morfometrik gostoricilori, Cografi Informasiya Sistemlori
(CIS), kosmik sokillar, landsaftlarm morfoloji elementlori, landsaft diferensiasiyast

Azorbaycan Respublikasinin hiidudlar1 daxilinde Boyiikk Qafqazin
simal-gorq yamaci simaldan Sudur silsilosi vo Samur ¢ay1, gorb vo conub-
gorbdon Bas Suayricr silsilo, conub-sorqdon Bogaz diizii, sorqdon iso Xozor
danizi ilo ohatslonmis tobii-cografi orazidir (sokil 1).

Boyiik Qafqazin simal-sorq yamacinin landsaft komplekslori, landsaftla-
rin morfoloji elementlari, onlarin dinamikas1 XX asrin 70-80-c1 illarindon 6y-
ronilmoys baglanmigdir. Bu sahodo A.A.Mikayilov (1986), B.O.Budaqov
(1988), M.C.Ismayilov (2000), M.A . Miiseyibov (2003), Y.9.Qaribov (2000-
2009), I.Kuginskaya (2005), N.S. Ismayilova (2008), R.R.Sadullayev (2020) vo
s. mialliflorin bdyiik omoyi olmusdur. Regionun relyefi vo geomorfoloji xiisu-
siyyatlori B.9.Budaqov (1973, 1976, 1985), N.S.Sirinov (1991, 1998), A.A.Mi-
kayilov (1985) va s. miitoxassislar tarafindon dyronilmisdir [7].

Isin magsadi. Boyiik Qafqazin simal-sorq yamaci landsaftlarinin mor-
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foloji elementlorinin kosmik sokillor vo Cografi Informasiya Sistemlori
(CIS) asasinda todqiqi.

Tadqiqat metodologiyasi. Todqiqat zaman1 Landsat 8 peyk verilonlo-
rinin vo Cografi informasiya Sistemlori (CIS) asasinda desifro edilmosi ilo
landsaftlarinin morfoloji elementlorinin diferensiasiya xiisusiyyatlori tohlil
edilmisdir. Rogomli Yiiksoklik Modellorinin (RYM) ArcGiS program tomi-
natinda emali asasinda BOyiik Qafqazin simal-sorq yamaci landsaftlarinin
relyefin morfometrik gdstaricilorindon asililig1 xiisusiyyatlori toyin edilmis-
dir. Miiasir metodlar vasitosilo aparilmis tohlillor noticosindo Boyiik Qafqa-
zin gimal-gorq yamacinin landsaftlarinin morfoloji elementlorinin son illor
orzindoki dinamikas1 CIS esasinda xoritolosdirimisdir.

Isin mozmunu. Hor bir cografi landsaft yalniz ona moxsus olan tobii
orazi komplekslorine, daha dogrusu morfoloji hissalora malikdir vo homin
hissalor landsaft daxilindo 6zlorino moxsus miioyyon qanunauygunlugla yer-
logirlor. Bu ndqteyi-nozordon cografi landsaft daha kigik tobii orazi komp-
lekslorinin ganunauygun diizlilmiis sistemidir. Onlarin diizliliisiic vo comi
miioyyon struktur (hissalorin yerlogmaosi) yaradir ki, bu da elmds landsaftin
morfoloji strukturu adlanir. Landsaftlarin morfoloji strukturunun Syronil-
masile, landsaftsiinasligin xiisusi sobasi moasgul olur ki, bu da cografiyada
landsaftin morfologiyas: adlanir. Landsaftin morfologiyasi, daha dogrusu
landsaft daxili miixtslifliklor barodo molumatlar Q.F.Morozovun, L.S.Ber-
qin, L.Q.Ramenskinin, S.V.Kalesnikin islorindo verilmisdir. Lakin bu mo-
saloya dair N.A.Solnsev daha tam vo har torofli molumat verir. Landsaft-
siinaslig elmindo morfoloji landsaft bolmosinin yaranmasi onun adi ilo
baglidir. Dagliq 6lks landsaftlarinin morfologiyasinin dyranilma metodikasi
159 bu vaxta qodor zoif islonmisdir [5].

»
Sok. 1. Boyiik Qafqazin simal-sorq yamacinin cografi mévqeyi [9]

Bu baximdan Boylik Qafgazin simal-sorq yamacinin landsaftlarinin
morfoloji elementlorinin dinamikas1 vo diferensiasiyasinin Cografi Infor-
masiya Sistemlori (CIS) vo peyk verilonlori (hom miixtolif mozmunlu kos-
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mik sokillor, hom do Rogomli Yiiksoklik Modellori osasinda) vasitasilo toh-
lili mithiim ohomiyyato malikdir. Boyiik Qafqazin simal-sorq yamaci relye-
finin hipsometriyasi, yamaclar, onlarin meyillik, ekzpozisiya, sothi parca-
lanma xiisusiyyotlorinin Cografi informasiya Sistemlorinin (CIS) asasinda
tohlili, ham¢inin bu informasiyalar osasinda dagliq landsaftlarin  miiasir
diferensiasiya istiqgamaotlori son illor torofimizdon todqiq edilmisdir [4].

Boyiik Qafgazin simal-sorq yamacinin Cografi Informasiya Sistem-
lorinin (CIS) osasinda aparilmis digor morfometrik tohlili naticesindo toyin
etmisik ki, regionun fiziki sothinin sahasi 12 296 km?-dir ki, bu da arazinin
poligonal sahasindon (7 min kmz) toxminon 5 min km? daha coxdur. Fiziki
sathin bu komiyyati Boyiik Qafqazin simal-sorq yamacinda relyefin kifayot
qodor kontrastligint vo geoloji-geomorfoloji soraitin landsaft diferensiasi-
yasina ohomiyyetli doracado tosirini gostarir.

Cografi Informasiya Sistemlorinin (CIS) vo Rogomli Yiiksoklik Mo-
deli (RYM) osasinda tortib etdiyimiz meyillik xoritosinin morfometrik toh-
lili gostorir ki, Boylik Qafqazin simal-sorq yamaci relyefinin tosorriifat co-
hatdon monimsanilmaosi xeyli olveriglidr (sokil 2).

Sak. 2. Boyiik Qafqazin simal-sorq yamacinin
CIS osasinda qurulmus miiasir meyilliklor xoritosi [Sodullayev, 2021]

Belo ki, regionun iimumi sahosinin 62,6 %-o qoderi meyilliyi 10°-yo go-
dor olan yamaclardan ibarotdir. Simal-sorq yamac sahosinin 25,7 %-ni me-
yilliyi 10° -20° arasinda doyisen yamaclar, 10,8 %-ni iso 20°-35"- arasi me-
yilliyo malik yamaclar toskil edir. Meyilliyi 35°-don yuxar dik-sildirim
(qravitasion) yamaclar iso regionun ¢ox kigik bir hissasini (0,8 %) ohato edir.

Landsaftlarin morfoloji elementlorinin formalagmasi vo diferensia-
siyasinda relyef, onun morfoloji vo morfometrik xiisusiyyatlori miistasna
rola malikdir. Dagliq arazilords hadsiz sayli mezo, mikrorelyef formalarinin
movcudlugu vo onlarin miixtolif litoloji torkibs malik siixurlardan togkil
olmasi landsaftdaxili diferensiasiyanin asas sobablorindon biridir [3].

Boyiik Qafqazin simal-gsorq yamacinin yiiksokdagliq qursaginda land-
saft diferensiasiyasina tosir gostoron miithiim amillordon biri glyasial vo ni-
val-buzlaq proseslaridir. Regionun miiasir nival-buzlaq sahalori 3900 m-don
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yuxarida olduqca kigik saholordo yerlosmoklo hom dagidici (ekzarasiya),
hom do qurucu (akkumlyasiya) isi goriir. Yiiksokdagligda ekzogen morfo-
sklupturun asas tipini togkil edon buzlaq morfosklupturu Bazardiizii, Sahdag
vo Tufan zirvolorindo sahasi comi 6,4 km*-o catan miiasir buzlaglardan mii-
qayisa edilmoz doracodo boyiik saha tutur. Boyiik Qafqaz daglarinin 3000-
3200 m-don yuxarida yerloson suayrict zonalart vo yamaclarinda hakim
morfoskluptur godim buzlaq sirklori, karlari, karoidlori vo troq dorsloridir.
Karlar ¢ox halda pillolor omolo gatirir vo bir-birinin i¢inds yerlosir. Bir ¢ox
hallarda troq doralori 3000 m-don asagida (2600-2800 m yiiksokliklordo)
qurtarir [ 1, 3]. Boyilik Qafqazin simal-sorq yamacinin aprel-may dovriine aid
kosmik sokillori torofimizden CIS osasinda desifro edilmis vo {imumi sahosi
18 km*-o ¢atan qar-buzlaq értiiyii miioyyen edilmisdir (sokil 3).

R

CIS osasinda desifra edilmis miiasir nival-buzlaq sahalori [9]

Yiiksokdagliq zona dordiincti dovrde dafalorlo dag-dare buzlasmala-
rina maruz qalmisdir. Lakin yiiksokdagliq qursagin miiasir relyefinde asason
sonuncu buzlagmaya aid relyef formalar1 galmaqdadir. Yiiksokdagliq zonada
relyefin gostarilon ekzarasiya formalar ilo yanas1 buzlag-akkumlyasiya for-
malarina da rast golinir. Lakin 6z hacmlorino goro bunlar ekzarasiya forma-
larindan ¢ox kicik olmagqla, ham do az yayilmisdir. Osasen doraslords topla-
nan moren ¢okiintiilori vo onlara uygun golon relyef formalar1 (moren tirs-
lori, topalar) caylarin erozion foaliyyati ilo yuyulub dagilmisdir. Lakin Qu-
sarcaym yuxarilarinda (Yatiqderads, Sahnabadcayda, Sahdiiziiniin conub
konarlarinda) moren tiralori vo moren ¢okiintiilori yaxsi1 saxlanmisdir. Qar
ucqunlart qar ¢ixintilart (yamaclarin yuxari hissalorindo, qar yigintilari),
novlar daralorde yataqlarin talveqlorinds aciq rongli diizlondirmis zolaqlar,
nival tax¢alar (yamaclarin yuxari hissalorindo garanliq lokslor yamac vo ya
slirlisma arasinda uzanir), konuslar (genis derslorin agzinda vo yamaclarin
otoyinda) vo s. indiqator formalari ilo saciyyalonir [6, 7, 8].

Miiasir buzlaqglar geri ¢okildiyine gora relyef amologalmasinds o qodor
do foal istirak etmir. Yiiksok dagliqda coxillik, yaxud “yaylayan qarlar”
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(yayda oriyib qurtarmayan) zoif do olsa morfogenezds istirak edir. Bu za-
man yamaclarda miixtolif formali, on ¢ox oval, yaxud qdvsvari (aypara
sokilli) ¢okoklor omolo golmisdir (Miiseyibov M.A, 1998, 2013).

Yiiksokdagligda, gismen ortagliq qursagin yuxar1 zonasinda kriogen
relyef formalar da inkisaf etmisdir. Bas Qafqaz silsilosinin yiiksokdagliq
zonasinda solifliiksiya terraslart sanki pillovari yerlosorak yiliz metrlorlo uza-
nir. Lakin bunlarin eni 3-5 m-don artiq deyil. Solifliiksiya relyef formalari
az-¢ox torpaq Ortiiyli, yaxud yumsaq asinma qabigi inkisaf etmis saholordo
osas etibarilo sistlor, argillitlordo, mergellordo miisahido edilir. Kosmik tos-
virlords band, terraslar vo qabarmalar soklindo yamaclarin asag hissalorindo
enino zolaqliliq vo lokovari formalarla desifro edilir. Qayali siixurlarin ¢i-
xislarinda iso kriogen proseslorin tosiri altinda yaranan kiinclii-bucaqli das
yiginlari, axinlar1 vo s. mikrorelyef formalari inkisaf etmisdir [3, 6].

Relyefin gravitasiya formalari. ©lverisli geoloji-geomorfoloji soraitdo
gravitasion tosir altinda yaranan relyef formalarina siiriismalor, ugqunlar,
ufanti konuslar1 vo sleyflori, dag siixurlarinin kiitlovi horokati naticosindo
omolo golon formalar aiddir (sokil 4).

Sok. 4. Yiiksokdagliq zonanin nival-qlyasial va qravitasion relyef formalari [10]

Stirtigmolorin omala golmasi li¢iin Boyiik Qafqazda sorait daha olve-
riglidir. Burada daglar six dik yamacl derin ¢ay doralori, tektonik qirilma vo
catlarla par¢alanmigdir. Bununla yanasi, Boyiik Qafqazda siiriismo prosesino
asan moruz galan stixur komplekslori-tabagir vo paleogenin qalin gil qatlar
va onlarla ndvboloson qumdasi, shongdasi laylar1 genis yayilmisdir. Slve-
rigli geoloji vo geomorfolji sorait, gil vo qumdas1 gatlarinin tektonik struk-
turlarin qanadlarinda yatimi, srazinin dik yamaclt darin ¢ay daraleri ilo keo-
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silmasi vo az-¢ox riitubatli iqlim siirlismo prosesinin genis yayilmasina so-
bab olmusdur [1, 8].

Boylik Qafqazda bu prosesin vo onunla olagodar yaranan siirlismo
relyefinin on tipik yayildigi sahalor simal yamacda Valvalagay, Gilgilgay vo
Atagay hovzosidir. Burada yayilmasina goro sahovi, xotti, frontal siirlis-
molor, siiriismo kiitlosinin horokot mexanizmino goro delyapsiv vo detruziv
siirlismolor inkisaf etmisdir. Daha genis yayilmis siiriismolor dorslorin dibi
ilo horokot edon siirismo axinlaridir. Bunlar asas ¢ay dorasindo miixtolif
Olciilii siirlismo konuslar1 yaradir. Siirlismolor harada inkisaf etmosindon
asilt olmayaraq yamaclarin evolyusiyasinda miioyyan rol oynayir. Bir sira
regionlarda yamac proseslori i¢orisindo siirlismolor xiisusi yer tutmaqla in-
sanlarin tosorriifat foaliyyotini mohdudlasdirir. Quba, Dovagi, X1z1 vo s. ra-
yonlarda siirlismalorin okin, meso, otlaq sahoslorini korlamasi, yollari, yasa-
yis mantaogolorini dagitmasi ¢oxdan moalumdur. Siirlismoalorin foallagmasina
cox vaxt seysmik proseslor, leysan yagislar, tektonik qirilmalarin foallag-
mast, tosorriifat iglori va s. tosir gostorir 3, 8].

Ucgqunlar. Dagliq vilayatlords u¢qunlar dik yamaclarda daha ¢ox tok-
rarlanmaqala, biitlin cay hovzalorindo miisahidos edilir. Xondoklor vo ya ug-
qun sahalori, ugqun yigintilar ilo xarakterizo olunur. Dagatoyi vo diizon-
liklordo iso ugqunlar ¢ay dorslorinin vo yarganlarin dik yamaclarinda bas
verir. Ugqunlarin yayilmasimin miiqayisali xarakteristikast gostorir ki, bu
hadisoys goro Boyiik Qafgaz vilayati digor dagliq vilayatlordon iroalidodir.
Boyiik Qafgazin sinal-sorq yamacinda an foal u¢qun saholori Sahdag, Qizil-
gaya massivlori vo siixurlarin yatimi asili voziyyatds olan dag yamaclari, da-
bani c¢ay sulart ilo yuyulan yamaclardir. Sahdag vo Qizilgaya massivinin
konarlarinda mezozoyun qalin shongdasi qatlarinin nshang kosaklori tekto-
nik catlar tizro qopub dik yamacin atayinds, xiisusilo Qusarcayin kdndslon
kanyonvari derssinde qalaglanir. Bu ugqunlar oksor hallarda seysmik ho-
rokatlorin tosiri altinda bas verir [1, 3, 8].

Oz omologolmo mexanizmina géra ugqunlardan ciddi farqlonmoyon
ufanti mohsullar dik yamaclarin stoyinds toplanaraq xtisusi relyef formalari
yaradir. Bu formalardan dik yamaclar1 stoyinds inkisaf etmis ufanti konus-
lar1 xiisusi yer tutur. Bitki ortiiyli inkisaf etmis dik yamaclarin atoyindo, bir
qayda olaraq, ufanti konuslaria rast golinmir. Cilpaq yamaclarin stoyinds
sopinti (tokiintli) sleyflori sobokoli sorhodlorlo ¢ox vaxt deltavari formaya
malik olur, vaxt kecdikco rong tonu tiindlogir. Asagi sorhadlor yuxari sorhad-
lordon kaskin olur, mikrolokali struktura malikdir. Talveq sopintilori xatva-
11, ¢ox vaxt agacvari, asag1 vadilor boyu daralmasi ilo sociyyelonir, sorhadls-
ri aydin miisahido olunmur, mikrodonavari qurulusla desifrs edilir [3, 6].

Ufant1 konus va sleyflorinin tipik yayildig orazilor Boyiik Qafqazin
yiiksokdagliq zonasidir. Yan silsilonin Sahdag vo Qizilgaya massivlori otok-

156



lorinds ufant1 konuslari iri kosokli vo xirda qirintili chongdasi pargalarindan
ibarat oldugu halda, suayrict zonanin sist zonasinda daha kigik qirintilardan
toskil olunmusdur. Ufant1 konuslar1 yasina goéro kéhno vo yeni olmagla iki
qrupa ayrilir. Kohno konuslarin sothi ot bitkilori ilo miixtolif dorocods Ortiil-
diiyili halda, yeni ufant1 konuslariin sothi ¢ilpaqdir. Selli ¢caylarin hovzasin-
ds ufant1 konuslarinin ¢ox yayilmasi sel yaranmasi ehtimalini artirir 3, 8].

Karst (qiflar, quyular, kor doralor vo s.) Boylik Qafqazda Yan silsi-
lonin karbonat siixurlar zonasinda inkisaf etmisdir. Kosmik sokillords lokali
strukturla, hidrografik sobokodo, qismon tiindlosmis, seyrok gollor soklindo
desifro edilir. Cilpaq vo ya moaskunlasmamis saholordo daha asan miioyyon
edilir. Termokarst iso quyular, dayaz dorslor, gollor vo s.-nin zoncirvari
xotti diiziiliisti ilo sociyyalonir. Yiiksokdagliq qursaqda yamaclarin dik-sil-
dirnmlig1, yagintilarin osason siilb halinda diismosi vo uzunmiiddotli saxta
soraiti karst proseslorinin intensiv inkisafina maneo torodir [1, 6].

Yargan eroziyasi ki¢ik yarganlar, yargan oyuqlar1 vo s. ilo tomsil olu-
naraq konturlarin koskin diferensiasiyasi, doqiq serhadlori, girintili-¢ixintili,
agacsokilli formasi ilo desifro olunur. Sel hadisalorinin tosiri ilo formalasan
sel konuslari, terras, moren vo konuslarda pillovari vo yargan soklindo yu-
yulmalar kosmik sokillordo kontrastli xatlor vo ya parlaq zolaglarla aydin
desifro edilir. Kurumlar kosmik sokillordo izometrik agiq areallar vo dartil-
mis formalidir. Yamaclarda vo talveqin halqovi zonalarinda genis doralords
yerlogir. Kurumlar asinmaya davamli siixurlarda: kvarsitlordo, kristallik
sistlords inkisaf edir (Anuzane 3.K., Tapuxazep C.A, 2010).

Akkumlyativ doniz diizonliklorinin landsaftlar1 Boyiik Qafqazin si-
mal-sorqinin 1,8%-ni togkil edir (12 min ha). Xozorsahili zonada landsaft-
larin morfoloji elementlorinin diferensiasiyasinda pilloli doniz terraslari vo
sahil tiralori miihiim rol oynayir. Sahil zonasindaki bu alamat 6ziinii Davagi,
Siyazon sahillorindo, xiisusilo aydin gostorir. Coxsayli doniz terraslar1 Do-
vaci vo Siyazon yaxinliginda (15 doniz terrasi), daha azsayl terraslar iso Sa-
mur-Davaci ovaliginda miisahids edilir. Cavan daniz terraslar1 ekzogen pro-
seslorin dagidici tosiring az moruz qaldigindan relyefde xeyli genis mosafs-
lordo “taxcalar” omolo gotirir (Miiseyibov, 1998). Homginin eol relyef for-
malar1 (Xagmaz vo Sabran rayonlarinin doniz sahillorinds) giiclii xozri vo
gilavar kiiloklorinin ¢imorlik zonas1 vo akkumlyativ sahil tiralori qumlarin
sovurmasi naticasinds yaranir. Bu formalar deflyasiya ¢okoklorindon, miix-
tolif formal1 vo hocmli eol akkumlyasiyasi (oval formali, oraqsokilli topalor,
barxan vo dyunlar) formalarindan ibarotdir. Samur-Dovagi ovaligi sahil-
larinds dyunlar hiindiirliiyii 10-12 m-o ¢atan iki-li¢ corgo amolo gotirir. Bo-
zon bu tiralori kasib keco bilmayan caylarin sulart hamin tirslorin arxasinda
g0l, gol-bataqliq, ¢ala-comon komplekslori omolo gotirmisdir [3, 6] (sokil 5).

157



Sok. 5. Xozarsahili zonada doniz terraslari, eol relyef formalari,
gol-bataqliq, ¢ala-gomon komplekslari [10]

Boyiik Qafqazin simal-sorqinin Qusar maili diizonliyi rayonuna xas
olan miithiim xtiisusiyyot monoklinal strukturlu flylivioqlyasial vo alliivial-
prolliivial par¢alanmis relyefin iistiinliik togkil etmasidir. Samurcay ilo Qud-
yalgay arasinda yerlogon orazilordo sothin ¢ay doralori vo qobularla
parcalanmasi 2,5 km/km?-o catir. Belo orazilordo agrolandsaftlar daha kicik
areall1 vo sopalonmis strukturu ilo secilir [2, 3, 8] (sokil 6).

Sok. 6. Qusar maili diizonliyindo ¢ay dorolori ilo diferensiasiyaya moruz qalmis
meso vo meso-¢ol landsaftlar [9, 10]

Qusar maili diizonliyinin conub-qorb hissasi 1500-1900 m-o godor
yiiksoldiyi halda, onun simal-gorq hissasi 100-200 m-o godor algalir vo daha
sonra doniz sahili ovaliga qovusur. Qusar maili diizonliyinds sorqdon gorba
dogru getdikco sothin meyilliyi vo par¢alanmasi artir. Ona gora do bu isti-
gqamatde antropogen landsaftlarin strukturu doyisilir. Maili diizenliyin ce-
nub-sorq hissosi {ist pliosen yagh siixurlarla ortiilmiis, sothi hamarlanmis to-
poalordon, algaq tiralordon toskil olunmugdur. Bu orazido quru ¢ay dorolori,
gobu sobokosi iistlinliik togkil etdiyi iigiin aqrolandsaftlarin mohdudlugu vo
sapalonon areallar1 digqoti calb edir [2].
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. Landsaft 8 peyk verilonlori Cografi informasiya Sistemlori (CIS) osasin-

da desifro edilmis, BOyiik Qafgazin simal-sorq yamaci landsaftlarinin
morfoloji elementlarinin diferensiasiya xiisusiyyatlori tohlil edilmisdir.

. Relyefin CIS proqram tominatlar1 asasinda morfometrik tohlili osasinda

miioyyon etmisik ki, regionun fiziki sothinin sahasi 12 296 km?-dir ki, bu
da orazinin poliqonal sahssindon (7 min km?) texminon 5 min km? daha
coxdur. Fiziki sathin bu kemiyyati Boyiik Qafqazin simal-sorq yamacin-
da geomorfoloji soraitin landsaft diferensasiyasina ohomiyyatli doracoado
tosirini gostarir.

. Rogomli Yiiksoklik Modellorinin (RYM) CIS proqram tominatlarinda

emal1 osasinda Boyiik Qafqazin simal-sorq yamact landsaftlarinin relye-
fin morfometrik gostaricilorindon asililigr xiisusiyyatlori toyin edilmisdir.

. Cografi Informasiya Sistemlori vo RYM osasinda tartib etdiyimiz meyil-

lik xaritosinin morfometrik tohlili gostorir ki, regionun timumi sahasinin
62,6 %-o qodori meyilliyi 10°-ya goder olan yamaclardan ibaratdir. Bu
da Boyiik Qafqazin simal-sorq yamaci relyefinin tosorriifat cohotdon moe-
nimsanilmasinin xeyli slverisli oldugunu gostarir.
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HUCCJIEJOBAHUE MOP®OJJIOI'NMYECKUX QJJEMEHTOB JIAHAIIA®TOB
HA OCHOBE KOCMHNYECKUX CHUMKOBHU 'EOTPA®UYECKHUX
HUHOPOPMAIIMOHHBIX CUCTEM (I'C)

(Ha mpuMepe ceBepo-BOCTOYHOr0 cKiI0HA boubmoro Kapkasa)

P.P.CAAYJIJIAEB
PE3IOME

AHanu3 Mop(OJIOTHUECKUX JIEMEHTOB JaHAIAa()TOB HA OCHOBE HAa OCHOBE KOCMH-
YECKUX CHMUMKOB M I'€OMH(OPMALMOHHBIX CHUCTEM HMEET OOJIbIIYIO0 aKTyaJbHOCTh B (H-
3MKO-TeorpaMueckux HccieoBaHusX. Ha OCHOBe NMpUMEHEHHS! CIYTHHKOBBIX JaHHBIX
Landsat u reorpaduueckux uH(popmanuoHHbX cucteM [MIC B craThe OBLIH 3aTPOHYTHI
BOIIPOCHI BIMSHHS ME€30- U MUKPO(OpPM pernbeda Ha MOP(POIOTHUECKYIO CTPYKTYPY JaH-
madra, 3aBUCUMOCTh AuddepeHranii JanamapTa oT MOPHOMETPHUECKIX MapaMeTpPOB
penseda. Penbed, ero Mmopdonorndeckre # MOpPOMETPHIECKHE 0COOCHHOCTH UTPAIOT HC-
KIIFOUUTENBHYIO pOJib B JOPMHUpPOBaHUHK U Ju(hepeHnnanny MoppoIorHIeCcKUX HIEMEHTOB
nanamadros. Ha ocHOBaHMM 3TOr0 HHMBAJIBHO-JICJHUKOBBIC, TPABUTAIIMOHHBIC, J0JIOBBIC,
peuHbie MOP(OCTPYKTYpBI paciindpoBbIBAINCH 110 CHYTHUKOBBIM AaHHbIM Landsat. Tak-
xe ¢ nomotupto ['eorpapuueckux Mudopmannonusix Cucrem (I'MC) npoananu3npoBaHo
M HAHECEHO Ha KapTy BJHMsSHHE MOPQPOCKYJIBNTYp M MOp(OMETpHUUECKHX MOKa3aTesiel
penbeda Ha IUHAMUKY JTaHAIIadTOB.

KaroueBble ciaoBa: MoppoMeTpHUYecKHe IOKa3aTeln peibeda, reorpadudeckue
nHpopmannonnsie cucteMsl (I'MC), kocMuYecKre CHUMKH, MOP(OIOTHYIECKHE IIIEMEHTHI
nanaadTos, tanamadTaas guddepeHuanms.

RESEARCH OF MORPHOLOGICAL ELEMENTS OF LANDSCAPES
ON THE BASIS OF SATELLITE IMAGES
AND GEOGRAPHICAL INFORMATION SYSTEMS (GIS)
(on the example of the north-eastern slope of the Great Caucasus)

R.R.SADULLAYEV
SUMMARY

The analysis of morphological elements of landscapes on the basis of satellite
images and Geographic Information Systems is distinguished by its relevance in physical-
geographical research. The effect of meso and microforms of relief on the morphological
structure of the landscape, the dependence of landscape differentiation on the morphometric
parameters of the relief, etc., based on the application of Landsat satellite data and Geogra-
phic Information Systems (GIS) issues are touched upon. Relief, its morphological and
morphometric features have an exceptional role in the formation and differentiation of
morphological elements of landscapes. Therefore, nival-glacier, gravitational, eolian,
fluvial, etc. decoded on the basis of Landsat satellite data. The influence of morphosculp-
tures, in general, morphometric indicators of relief on the dynamics of landscapes was
analyzed and mapped on the basis of Geographic Information Systems (GIS).

Keywords: morphometric indicators of relief, Geographic Information Systems
(GIS), satellite images, morphological elements of landscapes, landscape differentiation
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Tadgiqatlar naticasinda miiayyon olunub ki, lipofil anionlar nagletma prosesindo
boyiik ahomiyyato malikdirlor. Bu ionlar maye membran sistema daxil edilmadikds ion-
nagletma prosesi ¢ox zaif va ya praktiki olaraq getmir. Bizim yuxarida geyd etdiyimiz ion
naqletma prosesinda lipofil anion olaraq pikrat va tetrafenilborat istifada edilmisdjir.

Miiayyon etmisik ki, maye membranin torkibinda halledici kimi alifatik aminlardan
istifado etdikda yaxs: naticalar alda olunur. Bels ki, dietilamin va etilendiamindan halledici
kimi istifada etdikdo lay suyu niimunasinin agir metal ionlarindan tamizlonmasi 100 %
toskil edir.

Acar sozlar: ion, membran, hoalledici, agir metal, kompleks, mohlul, efir

Giicli ¢irklonma, xiisusilo tohliikali ekoloji vaziyyst yaradir. Todqi-
qatlar gostorir ki, [1-3] neft-qaz yataqlari mohlullarla, lay sulari, iri miqdar-
da neft mohsullarinin islonmis suyu ilo, agir metallarla, 12 kilometro qodor
radiusda tosir gostare bilon radionuklidlarle ¢irklondiyinden ¢oxkomponent-
li ¢cirklonma manbayina ¢evrilir.

Lokal soraitde doniz quyularimin lay sularinin yiiksok tomizlonme de-
racasini tomin etmok iiglin yeni effektiv texnologiyalarin yaradilmasi aktual
elmi problemdir. Neftin kosfiyyatindan hasilatina qodor neft mohsullarindan
istifade olunmasi otraf miihitin ¢ox ¢irklonmasing va insanlarin saglamligina
manfi tosir gdstora bilor. Qazma iglori apararkon doniz suyunun zohorli agir
elementlorlo vo radionuklidlorls ¢irklonmasinin qarsisini almaq tigiin effek-
tiv texnologiyalar yaradilmasini talob edir [4-6].

Tacribi hissa
Isdo istifado olunan “kimyavi tomiz” markali reagentlor: NH4SCN,

FeCl,, xloroform, polipropilen (kristallik), C39 —C3s karbohidrogenlorindon
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ibarot yag, diazakraun efiri vo kraun birlogsmolori. Dietilftalat vo digor fta-
latlar ftal anhidridinin qat1 sulfat tursusunun (H,SOs-lin) katalitik miqdar1
istirakinda uygun spirtlorlo islonmosindon hazirlanmigdir. Ftalatlar1 almaq
liclin imumi gobul olunmus metodika ilo qurudulmus spirtlordon istifado
olnumsdur. (98,5-92%) ftalatlarin tomiz niimunslori vakuum qovma natice-
sindo alinmigdir. fon noqlinds istifado olunan distillo suyu olava olaraq
deionlagdirilmigdir. Kraun birlogsmolorin paylanma omsalini toyin etmok
liclin maye membran vo su faza arasinda elektron spektroskopiya metodu
totbiq olunmusdur. Domirin gatilig1 atom-absorbsion spektroskopiya metodu
ilo Perkin Elmer 603 spektrofotometrinds toyin olunmusdur. Domir tetraro-
danid kompleks anionun gatiligt UB spektroskopiya metodu ilo Bekman
Acta II spektrofotometrindan istifads etmakls tayin olunur.

Naticalor vo miizakird

[Fe(SCN)4]* anion kompleksinin A=462 nm-ds sulu mohlullarin diiz
doracolonmasi ilo toyin olunan paylanma omsal 1,42-10*%sm™'m™-dir. Kom-
pleks anionun dietilftalatda vo XIV kraun efirindo paylanma omsali 1,8-10"
sm™'m'-dir. Bu giymati tapmagq ti¢iin su mohlulundan dietilftalat mohlulu ilo
I kraun efirin kompleks birlosmosi ekstraksiya olunur. Dietilftalat fazasinda
onun qatilig ultra spektrofotometrik metodla A = 487 nm-da toyin olunur.

Domir(I) duzunu ammonium rodanid ilo islodikdo II kompleks bir-
losmo omolo golir ki, bu da I kraun efirin bosluguna daxil olur vo maye
membran fazadan otriiliir.

CH,
o O 0
O
AN
I (KE)
(NHa4)2[Fe(SCN)4] (KE - NHa), [Fe(SCN)4]
II 111

Miioyyon olunmusdur ki, kraun efiri xloroformda suya nisbaton 3700
vo daha ¢ox dofs paylanir. Belo soraitdo miimkiindiir ki, kraun efir tamamilo
xloroform fazaya kegir vo ekvivalent miqdarda domir ammonium tetraro-
danid birlogsmosi ilo “qonag-sahib” tipli birlosmo omoalo gatirir. Ona gora do
har iki fazada domir-tetrarodanid kompleksi anionunun sarbast kraun efiri-
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nin qatihgin tapmaga imkan verir. Maye membran faza 15 doqiqo orzindo
uygun olaraq xloroform, dietilftalat vo kraun efirinin qarigdirilmasi yolu ilo
hazirlanir. Hazirlanmis maye membran U sokilli reaktora yerlosdirilir.

Nefti agir metallardan tomizlomok {i¢iin U-gokilli reaktorda (sokil 1)
tocriibalor qoyulmusdur.
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Sok.1. Maye membrandan istifado etmoaklo ion naqli prosesini

Oyronmoak ti¢iin laboratoriya qurgusu:

1 — maye membran U-gokilli reaktora daxil etmak iigiin boru;

2 — 2’ maye membran; 3 — su; 4 — ammonyakli su; 5 — magqnit qarigdiric; 6 vo 6
— mexaniki qarigdirici; 7 — neft; 8 — reaktordan keg¢id metallarinin ammonyakli
komplekslori ilo doymus suyu ¢ixarmaq tigiin boru; 9 — agir metallardan tomiz-
lonmis nefti reaktotrdan ¢ixarmagq ti¢iin boru.

Bu mogsadlo U-sokilli reaktor avvalco durulasdiricida (xloroformda)
tam holl edilmis maye membranla doldurulur vo onu qarigdirmaq iigiin
magqnit qarigdirict daxil edilir. U-sokilli sliso reaktorun sag qoluna 12 %-li
ammonyak mohlulu doldurulur, sol qoluna isa su ils qarigdirilmis vo pH = 2
— 3 godor HCI ilo tursulagdirilmis neft doldurulur. Har iki qolda olan maye
tobagesi mexaniki qarigdirilir. Sol qolda olan neft tobogesindon (60 ml)
niimuna gotiriilorok onda metallarin migdar1 atom-absorber spektrometrindo
toyin olunur. Alinan naticaler codval 1-da verilmisdir. lon-nogletma prosesi
basa ¢atdigdan sonra agir metallardan tomizlonmis neft 9 —borusu ilo reak-
tordan konar edilir. fon-nogletmo basa ¢atdiqdan sonra sag qolda ammon-
yakli su tobogosindo ammonyak komplekslori soklindo toplanmis agir
metallar 8-borusu vasitosilo reaktordan ¢ixarilir. Sonra yenidon tomizloma
prosesi ardicil olaraq davam etdirilir. Yaradilmis maye membran sistemin
komayile 20 dofadan ¢ox eksperiment aparilmasina baxmayaraq maye mem-
bran sistem 6z foalligini saxlayir. Neftin niimunosinin no doracodo agir
metallardan tomizlonmasi cadval 1-do verilmisdir.
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Cadval 1

Neft niimunalarinin agir metallardan tomizlonmasinin naticolori
(Maye membranin torkibi: makrotsiklik birlosmo (ionofor) — 6 %, alifatik yag — 83,5 %,
dietiftalat — 10 %, durulasdirici-xloroform. Maye membranin kompozisiyast tam hoall oluna-
na godor xloroformla durulagdirilir. Pikrat anionu — 0,5%).

Neft nlimunasindo Tomizlonmomis neft Ion-noqletmadan sonra
olan metal ionlar1 niimunasinds agir neft nimunasinda Tomizlonma
metallarin miqdart, metallarin miqdart, doracasi, %
mq/kq mq/kq
Fe(1I) 43 3,7 91,4
Co(II) 22,5 7,1 68,5
Ni(II) 9,8 3,1 68,4
Cd(II) 3,2 1,2 62,5
VO' 51,1 8,9 82,6
Zn(I1) 4,4 yOX 100
Mn(II) 2,8 yOX 100
Cr(I1I) 1,7 yOX 100

Cadval 1-do verilmis neft nlimunalorinds olan agir metallar miqdari
tomizlonmomisdon qabaq vo tomizlonmadon sonra atom-absorber spektro-
metrindo toyin edilmisdir. Bu codvaldon goriiniir ki, torkibinds dasiyict kimi
istifado olunan makroheterotsiklik birlosmo kraun efirin osasinda hazirlan-
mis maye membran nefti yliksok doracade agir metallardan tomizloya bilir.
Neftin reaktorda tomizlonmo miiddoti 5 saat olur. Proses 5 saatdan artiq
miiddotds aparildiqda tomizlonma doracasinin yiliksalmesina nail olmaq
miimkiin olmur.

Sonraki morholods hazirlanmis membranda neftin agir metallardan to-
mizlonma prosesino miihitin pH-1n qiymatinin tasiri dyronilmisdir. Miioyyan
edilmisdir ki, miihitde pH-1n qiymeti 2 — 3 arasinda dayisir. pH-1n bels qiy-
motlorindo neftdo olan biitiin kompleks, metal {izvii birlosmolor tursunun
tosirindon parcalanaraq yaxsi dissosiasiya edon mineral duzlara cevrilirlor
ki, onlar da asanligla su tobagosine kegirlor. Oradan da dastyicinin kémaoyi-
lo membran fazaya kegirlor. Oradan ise nogletma yolu ilo ammonyakli su to-
bagasing kegorok ammonium komplekslarina ¢evrilirlor. Ammonium komp-
lekslari oks istigamatds naql oluna bilmadiklerindon bu toboqade mohlulda
hall olmus sokilds y1gilaraq toplanirlar.

Lipofil anionlar nagletmo prosesinde boyiik shomiyyoto malikdirlor.
Bu ionlar maye membran sistemo daxil edilmodikdo ion-nogletma prosesi
cox zoif va ya praktiki olaraq getmir. Bizim yuxarida qeyd etdiyimiz ion
nogletmoa prosesindo lipofil anion olaraq pikrat vo tetrafenilborat istifado
edilmigdir.

Tetrafenilborat anionu yiiksok lipofildir, ancaq bahal1 reagentdir. Pik-
rat anionu lipofilliyine gore tetrafenilboratdan geri qalsa da ondan ¢ox ucuz-
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dur. Har iki anion ion-nogletmods boyiik iistiinliikloro malikdirlor.
Eyni iisulla neft emalindan alinan agir qaliglar da agir metallardan
tomizlonir. Bu magsadlos neft qalig1 gabaqcadan kerosindos hoall edilmalidir.

Naticd

1. Doniz yataglarinin lay sularinin vo neftin agir metal ionlarindan lokal
tomizlonmasi iigiin islonmis ion-naqli prosesi ¢oxkomponentli vo ¢oxfa-
zali maye membran sistem toklif olunmusdur.

2. Miioyyanlosdirilmisdir ki, makrotsiklik birlosmolor anion vo kation sok-
lindo maye membran kimi agir metal ionlarini nogl edon effektiv dasiy1-
cilardir

3.Islonmis maye membranla lay sularmin vo neftin agir metal ionlarindan
tomizlonmosi liclin laborator qurgu hazirlanmis vo ion noqli tisulunun
texnologiyada totbiq olunmasinin perspektivlori gostorilmisdir.
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OYUCTKA HE®TEN 1 IJIOCTOBBIX BOJ OT TAXKEJBIX METAJIJIOB
IPHU MOMOIIHA ’KNJAKUX MEMBPAH

C.P.TAI/XKHUEBA, 3.A.ABAYJIJIAEBA, E.I'T'YJIMEBA
PE3IOME
B pesyneraTe mccienoBaHU YCTAHOBICHO, YTO OONBIIOE 3HAYCHHE B TPAHCIIOPT-

HOM TIpOIlecce UMEIOT JUMO(HUIbHbIE aHWOHBI. ECIM 3TH MOHBI HE BKIIIOYEHBI B JKHUAKYIO
MEMOpaHHYIO CHCTEMY, TO TIPOIIECC TIEPEHOCA HOHOB CHIIBHO OCJIa0eBaeT MU MPAKTHICCKU
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orcytcTByeT. [Inkpar u TerpadeHnIO0paT UCIONb30BaAIM B KaUeCTBE JIMNOPHILHBIX aHHO-
HOB B BBIIICYIIOMSHYTOM IIPOLIECCE IIEPEHOCA HOHOB.

br1io YCTAHOBJICHO, YTO XOPOWIME PE3YyJbTAaThl IMOJYYAIOTCA MPHU HCIOJb30BaHUN
anupaTuuecKuxX aMHHOB B KayecTBE PAacTBOpUTE]EH B COCTaBax JKUIKUX MeMmOpaH. Tak,
IIpU UCIIOJIb30BAHNU B KAYE€CTBE paCTBOpHTeﬂeﬁ JUDTUWIAMKHA U STWICHIWaMHa YaJICHUEC
MOHOB TSDKEJIBIX METAJUIOB U3 IPOOBI IIacTOBOM BoJibl cocTaniseT 100 %.

KaroueBble cioBa: noH, MeMOpaHa, pacTBOPUTEIIb, TSHKENBIH MeTalll, KOMIUICKC,
pactBop, 3up.

PURIFICATION OF OILS AND FORMATION WATERS
FROM HEAVY METALS USING LIQUID MEMBRANES

S.R.GADZHIEVA, E.A.ABDULLAEVA, E.G.GULIYEVA
SUMMARY

As a result of the research, it was found that lipophilic anions are of great impor-
tance in the transport process. If these ions are not included in the liquid membrane system,
the ion transport process is very weak or practically absent. Picrate and tetraphenylborate
were used as lipophilic anions in the above ion transfer process.

It have been found that good results are obtained using aliphatic amines as solvents
in liquid membrane formulations. Thus, when diethylamine and ethylenediamine are used
as solvents, the removal of heavy metal ions from the formation water sample is 100%.

Key words: ion, membrane, solvent, heavy metal, complex, solution, ether.
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Olka ahalisini kand tasarriifat: mohsullar: ilo tamin etmak, suvarilan va meliorasiya
olunmusg torpaqlarin har hektarmun mohsuldarligimi daha da artirmaq, iizvi Vo mineral
giibralordan diizgiin istifado etmok kimi miihiim moasSalolari hall etmak diciin torpaqlarn
miinbitliyina, Kond taSarriifati bitkilorinin mohsuldarligina vo mahsul keyfiyyatino miihiim
tasir gostaran aqrokimyavi, bioloji va biokimyavi amillordon daha diizgiin va samoarali
istifado etmak lazimdir. Bitkilorin mahsuldariigi torpaq miinbitliyinin asas gostaricisi olan
humusun migdarmmdan va Keyfiyyatindan aslidir. Mahz buna gora da ayri-ayri torpaq iglim
soraitinda vao miixtolif kand tosarriifati bitkilori altinda onun miqdarimin saxlanmasi va
barpa olunmasi miihiim ahamiyyat kasb ertmaklo aqrotorpagsiinasiig elminin an aktual
problemlarindan biridir.

Acar sozlor: humus, humin, fulvo, humat, kompost, miinbitlik, giibra, sum qati, becorma.

Humus Yerin cografi tobagesinin narin torpaq qatinda geokimyovi,
biokimyavi vo mikrobioloji kimi tobii amillorin qarsiligh tesiri ilo yaran-
magqla kompleks aqronomik xassalors malik olub, torpaq Ortiiylinde miistas-
na ohamiyyat kasb edir. Torpaq miinbitliyinin bu gostaricisi torpaqla bitki-
lorin kok sistemi arasinda soziin osl monasinda “konveyr” rolunu oynayair.
Biitiin makro vo mikro qida elementlorinin humusun istiraki ilo bitkilorin
kok sistemina daxil olmast bas verir. Humus tursulari (humin, fulvo) torpa-
gin bark fazasindaki mineral komponentlords birlogdikds biokimyavi asin-
ma bas verir vo naticods torpagomologolmodo miihiim rol oynayan mineral
qida elementlori meydana golir [M.B.I'ynkun, 1949, M.M.Konoga, 1951,
1963. [lanomapeBay, 1964, JI.H.Anekcanaposua, 1960, S.0O.Oliyev, 1978,
S.9.0liyev, 1966, 1967]. Bununla belo humus tursular1 torpaqda potensial
ehtiyat yaratsalar da okinalti torpaqlarda iizvi vo mineral giibrolordon isti-
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fado etmodikdo humusun ehtiyati azalir noticodo humuslasmis torpaq gatin-
da deqradasiya prosesi bas verir vo becorilon bitkilorin mohsuldarligi asagi
diistr.

Odur ki, humus tursularinin potensial ehtiyatinin azalmasinin qarsisi-
nin alimmas1 magsadi ilo torpaqlara, xiisuson intensiv istifado olunan torpaq-
lara tizvi-mineral (peyin, kompost, yarim ¢lirlimiis bitki qaliglar) giibrolorin
sum qabagi verilmasi vacib hesab olunur. Tosadiifi deyil ki, 30 dekabr 1999-
cu ilds “Torpaglarin miinbitliyi haqqinda” Azarbaycan Respublikasinin qa-
nununda torpaqlarin miinbitliyinin baorpasi, artirilmasi, miihavizosi saho-
sindo dovlat va bolgo proqramlari, asasinda hoyata kegirilon lahiys vo axta-
rig elmi-tadqiqat vo totbiq islorinin dovlot hesabina maliyyolosdirilmasino
xiisusi ohomiyyot verilmigdir.

Yuxarida gostorilmis miilahizalor vo “Torpaqglarin miinbitliyi haqqin-
da” ganundaki miiddoalara osason torpaqlarda humusun azalmasina garsi
tadbirlorlo bagl todqiqat islori asagidaki metodika osasinda aparilmigdir: lk
ndvbada ¢0l tocriibalorinin aparilmasi ii¢lin iiziimalti dag boz-gohvayi, qoh-
voyi vo subasar comon torpaglarm har birindo 200 m* &lgiiyo malik “stasio-
nar dayaq” montagoalori sec¢ilmisdir. Homin montogoalords 3 il miiddstinds
¢Ol tacriibasinin aparilmasi mogsadi ilo miisahidslor aparilmis, humus, onun
fraksiya torkibinin vo iimumi azotun torpaqglarin kokiiyayillan gidalanma
qatinda (100 sm) ehtiyatinin dyronilmasi moagsadi ilo kesimlor qoyulmus,
genetik qatlar lizro torpaq niimunalori gotiiriilmiigdiir. Torpaq niimunslorin-
do asagidaki torkibdo laborator analizlori aparilmisdir: humus-1.V.Tyurino
goro, imumi azot-hesablama tisulu ilo, hiqroskopik nomlik-¢oki metoduna
gdra, pH-lonometra gora. Ug il miiddotinde “Agadayr” iiziim sortu altinda
becorilon torpaqlarda miixtslif dozada (10, 20, 30 t/ha) iizvi (peyin) giib-
ralorin Oyronilmasi mogsadile verilmisdir.

Biitiin variantlarda becorilon iiziim tonoklorindo marfometrik 6l¢iilo-
rindon tumurcuglarin sayinda nazors alinmigdir. Tonoklorin okin vaxtimi 1,5
x 3m, onlarin yasi iso 10 il gobul edilmisdir. Col tocriibalori ti¢ il miiddatine
[1983, 1984, 1985 illor iizra] aparilmigdir. Tacriibalorin sonunda yekun ola-
aq humus maddasinin torkib hissasi olan humin va fulvo tursularin xasss vo
miqdarina tosirin dyranimasi maqgsadi ils analitik tohlillor aparilmigdir.

Tahlil va naticalor
Tadgigat obyektindo yayilmis dag boz gohvoyi, boz-gqohvayi vo su-
basar-comon torpaqlarinda torpaqomalagalme prosesi Kigik Qafqazin algaq
dagliq dagotoyi vo conub, conub-sorq istiqamoti axan c¢aylarin, xlisuson Araz
caymin gotirlmo ¢okiintiilori (alliivial) tizorinds formalagdigi bir sira todqi-
qatlar [S.G.Hosonov, 1965, 1969, 1978, M.E.Salayev, 1966, H.O.Oliyev,
S.1.Mirzoyev, 1979] naticesindo molum olmusdur. Orazinin iglimi yayr qu-
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ru, qis1 miillayim isti kegon yarimsohra, quru bozqir iglim tiplidir [14]. Rel-
yefi orazinin simal vo simal-qorbindo doniz soviyyasindon hiindiirliiyii 500-
600 m-o godor olan sothlori hamarlanmis algaq daglar, conub-sorq torofdo
dagotayi topali diizonlik vo ¢aykonari subasarlarin akkulyativ diizonliklordon
ibarotdir. Bitki oOrtiiyiindo relyefin yiiksok iinsiirlorindo algagboylu palid,
yemisan, qaratikan, otmiixtolifliyi, subasarlarin akkumulyativ diizonliklo-
rindo yovsanli-taxilli vo efemer xarakterli bitki qruplasmalar1 yayilmisdir.
Caylarin macrayani subasarlarinda tok-tok ¢inar vo agyarpaq qovaq veo yul-
gun kollar1 yayilmisdir.

Orazinin su tominatinda osas yeri atmosfer ¢okiintiilori, Araz ¢ay1 vo
onun axari ilo qovusan kicik caylar tutur. Suvarilan tosorriifat yerlorindo
suya olan tolabat Araz ¢ayinin suyu hesabina yaradilan Mil-Mugan su anbar1
hesabina 6donilir [17, 8, 10, 13, 19, 20].

Todqiq olunan orazido ii¢ osas torpaq tipi yayilsa da, boz-qohvoyi
torpaglar hom genis yayilma arealina vo hom do iiziim bitkisi altinda daha
cox becordiklorina goro ¢ol vo kameral tocriibs islori homin torpaglar izs-
rindo aparilmigdir. Bu torpaqlarin {iziim altinda giibrolonmao sistemi totbiq
olunmagqla becorilmasi bir sira aqrotorpaqsiinaslar torofindon miisbat qiy-
motlondirilmisdir [O.G.Penkov1968, M.E.Salayev 1966, S.G.Hasonov 1978,
H.O.Oliyev, S.I.Mirzoyev 1979, E.F.Sarifov 1984]. Adi boz-qohvayi yarim
tipi osas ehtibari ilo Fizuli rayonunun dagotoyi hissasini ohato etmoklo, rel-
yefi nalbokivari ¢okokliklordon vo kigik ¢ay vo quru vadilords pargalanmis
topaliklorden ibaratdir [11]. Bu torpaqlarin olverisli relyef soraitino malik
hissasinds iizlim plantasiyalar1 genis yayilma arealina malikdir.

Aparilmis analtik tohlillorin naticolorinde malum edilmisdir ki, torpa-
gin iist gatinda humusun miqdar1 3,85%, timumi azotun 0,22%, onlarin ho-
min qatda ehtiyati iso miivafiq olaraq 134,9 va 7,1 ton/ha toskil etmisdir.
Humusun vo azotun miqdar torpaq profilindo genetik gatlar iizro todricon
azalir vo bu da torpaqlarin daxili alamot vo xassalari ilo olagodardir. Asagi
qatda C:N nisbi daha genis diapazonda olmusdur ki, bu da iizvi maddolorin
torkibinds azotun miqdarinin azalmasi ilo slagadardir. Tacriibe apardigimiz
birinci ili miixtolif miqdarda giibralorin verilmasi ilo torpaqgda humusun
miqdarinin sabit voziyyatds saxlanmasina, nozarot variantina nisbaton miis-
bat tosiri miioyyon edilmisdir (cadval 1). Bununla slagadar humus birlogsmo-
larinin ¢oxalmasi onun iimumi humusun ¢oxalmasina sabab olmusdur.

Ikinci ildo bir qoder nozarat variantina nisboton humusun vo azotun
artmasi xam vo sumalti qatda miisahids edilir ki, bu da homin torpaqglara xas
olan xtisusiyyotlordondir [4, 5, 6].

Aparilan togriibalora gors tiglincili ildo humusun miqdart nozarst va-
riant ilo miiqayisoado ikinci ildoki kimi olmusdur. Noticado giibronin verilon
dozasimin miqdarindan bir godar istifade olunmasi lazim golmisdir [3]. Apa-
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rilmis todgigatlarda molum edilmisdir ki, humusun asagi miqdarda sabitlog-
masi vo onun torkibinin vo imumi ehtiyatinin doyismasi {iglin 5-10 il vaxt
lazim golir [1, 19, 2, 21, 22, 23].

Azalmanin on az bag vermosi torpaqlarin sum qatinda miisahido olun-
sa da bu olamot torpaq profilinin 80 cm qatina qodor davam edir. Sumalti
torpaqlarda humusun miqdarinin azalmasi miisahido olunur ki, bu da onun
bitkilor torafindon monimsonilmasi ilo izah olunur. Torpaq profilinin 30-80
cm qatinda suvarma ilo oalagodar humusun asagi gatlara dogru miqrasiyast
noaticosindo miioyyon doracodo miixtalif elementlorlo birlosmoklo suda asan
hall olunan humat formast meydana golir ki, bununla da humusun yuyulub
aradan ¢ixmasinin qarsist alinir [10, 11, 12]. Uzvi giibrolorin torpaga veril-
masi imumi humusun tutumu vo onun fraksiya qruplarinin torkibindo tosir
edir. Bununla da humusun komiyyat vo keyfiyyat doyisilmasi bas verir. Bu
maqsadlo humusun fraksiya torkibi toyin edilmisdir (codval 2).

Tacriibo gostoriri ki, li¢ il miiddatinds har il {iziimalt1 torpaqglarda hu-
musun fraksiya torkibinin doyisilmosi bas verir ki, bununla da humin tur-
susunun (fraksiya 1) giibralorin verilma dozalarinin artirilmasi istiqgamotinda
horokati ¢oxalir. Bu artim miixtolif dozalarda miixtolifdir. Bir sira todqiqat-
lara gora fulvo tursusu torpaqlarda struktur yaradici amil kimi ¢ixis etmoklo
iri toromoa aqreqatlarini yaramasinin mithlim amili kimi ¢ixis edir [2, 4].
Fulvo tursular1 golovi miihiito malik (soranli, soranvari, yliksok doracado
sorakotlogmis, boz, boz-qonur) torpaqlarda humin tursulara nisboton iistiin-
liik toskil edir.

1967-ci ilda L.N.Aleksandrova torafindon humus tursusunun torpagin
mineral komponentlori arasinda slagenin 3 formada: ionn (heteropolyar),
koordinasiya (donorlu-akseptorlu) vo malekul arasi (polyarlasma vo hidro-
genli) halinda oldugu miiayyan edilmigdir [1].

Onlarin igarisindo asas diqqgat birinci formada iona verilmisdir. Bu for-
mada giiclii asasli kationlarla (C,, Mg, N,, K) qarsiligh tosirlor yaranir. Bu
qarsiligli olago asagidaki gqayda ilo bas verir.

R.......(COO'H)n +Me —R (COO'Me )n

Kalsiumun humus tursularinda barkimasindo miisbst rol oynamasi o
halda bas verir ki, humusun kalsiumla yaratdig1 duz suda hsll olunmasin.
Beloalikla, malum olur ki, kalsium kationu ilo humus tursusunun o hissasi
birlogor ki, bu zaman kalsium humat duzu meydana golir. Homin duzlar tor-
pagin mineral hissalarinin sathinds 6rtiikk amalo gatirir [1, 4, 5].

Kalium, natrium vo amonium humat suda yaxs1 hoall olunur vo yaranan
mohlul profilds asagiya dogru asanliqla miqrasiya olunmurlar. Humatlar pH
asag1 soviyyali oldugda kationlarla miibadilo 200-300 mg/ekv 100 qr tor-
paqda, goalavilik ¢oxaldiqda (pH>8) humatlarin uduculuq qabiliyyati ¢oxa-
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laraq 600-700 mg/ekv toskil edir.

Fulvo tursu daha yiiksok miqgdarda miibadiloli uduculuguna malikdir,
o halda ki, torpaq miihitindo pH-1n boyiikliiyli 9-10 olsun. Bu halda fulvo
tursusunun miibadilali kation uduculugu 800-850 mq/ekv-o qador olur [4, 6,
22].

Al vo Fe fulvotursu duzlar1 maksimal miqrasiya olunma xiisusiyyot-
lorino malik olduglar1 {Gigiin riitubotli iqlim soraitindo inkisaf tapmis tor-
paqlarda homin duzlarin miqrasiyasi yiiksok soviyyodo olur. Yarimsohra
quru bozqir soraitdo inkisaf tapmis torpaqlarda iso humatlarin miqrasiya
proseslori zoif miisahido olunur.

Yarim metrdon sonra humin tursusunun horokot edon formasi (nozarot
variant1 miistosna olmagqla) az dozasinda (10t/ha) zoaifloso do nisboton yiik-
sok dozada (20; 30 t/ha) golovi alminosilikat kationlari ilo humusun dinamik
horakatlorindo 1,02-1,17% artim miisahido olunur. ©On ¢ox artim profilin
asag1 qatlarinda miisahido olunur ki, bu da iiziimalt1 plantasiyada bas verir.
Humus maddasinin torkibindo humin tursu kimi qiymatlondirilon 2 sayl
fraksiyast C-la birlogdikdos, humin tursusunun biitlin fraksiyalari onun 60%-
ni togkil edir. Sumaltina (20; 30 t/ha) iizvi giibro verildikds fraksiya 3-do
humin tursusunda 21,1-29,2%-o qodor artim hiss olunur (codvad 2).

Fraksiya la variantinda fulvo tursusuna verilon giibrolorin tosiri olub
vo bununla olaqodar olaraq tizvi gilibralorin verilmasi ilo fraksiya 2-doki
fulvo-tursusunun komiyyati bir godor azaldigi miisahido edilmisdir. Fraksiya
3 fulvotursular 1a vo 1 fraksiyalar iizorindo iistiinliik toskil edir.

Cadval 2-don goriindiiyli kimi humin tursusu asagi qatda H-lo zongin,
C ilo zaif, yuxar1 qatda ise oksino C:H olan nisbati bir qodar yiiksokdir. C:N
olan nisboti 14,1-29,5 arasinda doyisir. Bu xasso humin tursusunun monbo-
yini tagkil edon lizvi maddalarin torkibinde azotlu birlosmalorin zenginliyi
ilo izah olunur. Uzumalt1 boz-gohvayi torpaqlarda iiziim tonoyinin inksa-
finda {izvi maddelorin torkibindoki birlosmalor xam torpaqlarda karbonun
artmasina, hidrogenin iso azalmasina sobab olur. Bununla olagadar N:C nis-
bati vahidden azdir. Bu da {iziimalti torpaqlarda humin tursusunun qatili-
gindan irali golir (18, 12, 16).

171



0‘¢ U'LL | L1 | 800 | +0C 0¢ €9L | 9%1 | €00 | TOT| ¥€ L'8L | 0°€l 60°0 €0°CT | 001-09
LS| Lstr| 811 | s10 | 90°¢ €S| ¥OIT | LTI | vI'0 | 80°€ | 89| 9FIT | 0TI 91°0 Y0'¢ 09-0€ ey O]
68 | 0161 86 | ST0 | €Ty 6'8 | Tovl L'6 | ST0 | 81V | 68| tovl $‘6 ST0 01y 0€-0 Lepbrur urueIqns ueioA
v'e T°LL | T°€T | 60°0 0T 8°¢ SYL | ¥IT | 01°0 | L6T | ¥'€ 8pL | 8Tl 60°0 86°T | 001-09
09 | TSIt | 111 | 91°0 9'¢ 09 | TPIT | OTI | 91°0 | To'€ | LS| O€IT | STI SI°0 66C 09-0¢ eyA 0l
68 | Torl L'6 | S€0| 81V | 001 | 8LPI 98 | 870 | vIV | 8L | 8Tl | SOI (440 00 0€-0 uepbrw urueIqns uejtoA
97 8L | vor | Loo | 661 0°¢ Sy | Trr | 800 | L6T | o€ YL | I 80°0 66T | 001-09
6y | ST | T°¢€1 | €10 | soT €s | €T | vTr | vr'o | LeT | €5 | TTIT | 1T ¥1°0 6+'C 09-0€ ey O]
98 | Sepl L'6 | ¥T0 | T0Y 68 | 1Tl T6 | STO | 86°¢ | T8 | T6el 86 €0 06°¢ 0€-0 uepbrw urueIqns uejoA
€T T69 | LLT | 900 | €871 97 oL | ¥ST | Loo| 98T | 9% 6TL | 091 L0°0 €6'T | 001-09
8¢ | T00I | O%I | 110 | S9C Sy | 8TOI | TEI | TI'0| TLT| €% | T60l | 6°¢€l 710 68°C 09-0¢
I'L | 9%l | 601 | 0T0 | LL€E 1L | 6vel | 601 | 0T0 | 8L¢ | 8L | ¥Lel | T°01 (440 S8°¢ 0€-0 npuoj jerezeN
o . = as) . an = )
S| | B 5| B Bl |BF| 5| B| 5|l BF| JF| oF iy
S =] : IS = 2 =] HD S = =4 = HO = X B ERS =&
» S s g S s @ x B g = 3 2
N ° & N (= o = w O
ey/) 1eAnyg ° ey 1eAnyg < | eup rednyg ~ s ®
[110-6861 [1 00-$861 [1 10-€861 ©

[ [€APED

vuneAnyd [unwn unjoze ea snwny epaeibedioy nrewnz)

LIIse) uLiejeaqns vurrepbru ea

172



Anhete9 88T | S¥9 | L9 | Yewny-oAIyI’| 9Ll 9yl 110 v'9L 20T 001-09 BUA 0€
879 v9T | 0°09 | I'pI TeA[ny-rewnyy‘ | €0 811 9°0v€ €SI S0°€ 09-0¢ Lepbiu
169 0°€T | 609 | 191 1pewnye’| 9cC L6 - 6°8yl LYy 0€-0 urueIqns uejLoA
6'89 veT | SY9 | 179 | Fewny-oAIyz’ L91 (44 - S'L 0T 001-09 U/ 0T
T'89 96T | 879 | 9¢I 1pewny9| 961 601 8'see (a2l e 09-0¢ Lepbru
899 TE€T | TLY | 96T 1pewny(‘g 01T $6 - ol 0I'v 0¢-0 uiueiqns uejLoA
1°0L 19T | 6°¢L - TeA[ny-jewuny(’ | 061 01 €0 SvL 0T 001-09 BYA 0l
969 L9T | LY9 | 98 Tewny-1eAny ¢’ TLl [ara v'Lee ST S6'C 09-0¢ Lepbru
8°L9 6'€T | TT9 | 6°€1 ewnygey L0z 96 - {44! 96°¢ 0¢-0 uiueiqns uejLoA
€99 89T | T'IL - jewny-jeA[nyQ° | €61 vSl - LOL L9°] 001-09
999 TLT | TY9 | 6L Yewny-1eA[yz’ | 1°L1 el - 0°€0l vLT 09-0¢ npuoj 1eIezeN
999 16T | ¥'€9 | s'el jewny-JeA[ny ¢ | L6l Ss01 0°01€ Sel 08°¢ 0¢-0
cl I 0l 6 8 L 9 S 14 € 4 I
it~y elzn
€[-%, bipeuoquey [ e I o) D ND 001-0 Aued % v T
rwnuwmn uepbedioy e[-% Ee) 1severep 1seweuiduez snwny wl g
SnwmnInpod 1qyj1€) BAISYRIY 1dy snwuny ruwISE[SNWUNE] B[10ZY 17eA1Yo unsnwng wnuw) o = TJUBLIBA €QIIOE],
€[ N[OA ZI[OIPIH ununsnsing urngy ) :

LIe[ID11€)$03 utunedA1zeA unsnuwiny ISEW[LIdA urueaqns epezop jieixnu epbed.io) nrewnz))
C 1€ApPED

173




C:N olan nisbotinin xam torpaqlarda becorilon torpaqlara nisboton
azalmasi miisahido olunmusdur. Humin maddosinin oksidlosmo doracasi
(O:C) ¢oki fazizi ilo toyin edilir. ©dobiyyat materiallarindan molum oldugu
kimi (L.H.Aleksandrova 1970; 1980). humus maddslorin genezisindon asili
oldugu miioyyon edilmisdir.

Naticalor

1. Torofimizdon ilk dofs Kigik Qafqazin algaq daghiginin otoklorindo yayil-
mis boz-qahvayi torpaqglarin {iziim bitkisi altinda becarilon hissasinds va
onun otrafinda yayilmis tobii yem sahasi alt1 torpaqlarda torpaqdaxili aq-
rokimyovi xassolorinin gostoricilorini nozoro almaqla miixtolif dozada
(10, 20, 30 t/ha) tizvi giibrolorin humus tursusunun vaziyyating tasiri 0y-
ronilmisdir.

2. Humusun miqdarinin {iziimalti torpaqlarda iizvi (peyin) glibralorin miix-
tolif dozalarda verilmosi ilo azlib-goxalmasi ti¢ il miiddotindo nozaratdo
olmusdur. Uzvi giibralorin verilmasi humus tursusunun voziyyatin tosiri
asas etibari ila ikinci va ligiincii illords verilon giibro dozasinin 30 t/ha ol-
dugda bas verilmosi molum edilmisdir. Ug il aparilmis tocriibolor notico-
sinds torpaglarda humuslagma doracasi, humin vo fulfo tursularinin miq-
dar gostaricilorinin verilma sopkisindo ¢oxalmasi (xam torpaqlarda) mii-
sahido olunmusdur. Verilmis giibralor sopkisindo humus tursusunun frak-
siya torkibi dyronilmis vo molum edilmisdir ki, humus tursusunun frak-
siya torkibino tesiri bir o qodor bdyiik olmamisdir. Bu da vaxt ¢atig-
mazlig1 ils izah oldugu gonastino golinmisdir.

3. Nohayat, onu geyd etmok lazimdir ki, todqiq olunan orazide yayilmis
iizlimalt1 torpaqlarda miixtolif dozada iizvi giibralorin verilmasinin humus
tursusunun vaziyyetine miisbat tasiri oldugu dyronilmisdir ki, bunun da
torpaglarda miinbitliyin artirilmasinda xiisusi ochomiyyati vardir.
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BJAUSHUE YIOBPEHUI HA COCTOSIHUE I'YMYCA
CEPO-KOPUYHEBBIX ITOYB 11O BUHOI'PAJHUKAMMU
B I0’)KHOM YACTH MAJIOI'O KABKA3A

. m.ArysoB, J1.P. KAPUMOBA
PE3IOME

O0ecrednTh HaCeICHUE CTPAHBI CEIbCKOXO03HCTBCHHOW MIPOAYKIHCH, IS PEIICHUS
TAKUX BKHBIX BOIMPOCOB, KaK MOBBIMICHUE MPOTYKTUBHOCTH KaXKIOTO FeKTapa OpoIiaeMbIX
U MEIHOPUPYEMBIX 3€Mellb, MPABHJIbHOE MPUMEHEHHE OPraHHYeCKHX W MHHEpallbHBIX
yano0peHuii, HeooXxoauMo OoJiee MpaBUIbLHO U 3(H(HEKTHBHO UCTIOIH30BATH arpOXHMMHIEC-
Kue, OMOJIOrHYecKre U OMOXUMHUUEcKHe (haKTOPbl, OKA3bIBAIOIINE B)KHOE BIMSHUE HA ILI0-
JIOPO/INE MOYBBI, IPOJYKTHBHOCTh CEJIbCKOXO3SHCTBEHHBIX PACTCHHUI M Ka4eCTBO MPOIYK-
ud. [IpoyKTHBHOCT pacTEHHUH 3aBUCUT OT KOJIMYECTBA U KauecTBa I'yMyca, KOTOPBbIii sB-
JISIETCSI OCHOBHBIM TIOKa3aTelieM ILI0I0pO/iHs MOYBbl. [103TOMY cOoXpaHeHHE U BOCCTAHOB-
JICHHE €T0 KOJMYECTBA B PA3IMYHBIX TTOYBCHHO-KIIMMATUYCCKUX YCIOBUSAX U IOJ PAa3HBIMU
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CENIbCKOXO03SCTBEHHBIMU KYyJbTYpaMu SBJISICTCA O[[HOﬁ us3 aKTyaHLHeﬁmHX np06neM ar-
PONOYBOBEACHU .

KiroueBble cioBa: rymyc, ryMuH, QyiabpBo, I'yMar, KOMIIOCT, IJIOJ0POAKE, yao0pe-
HHUE, NAXOTHBIN CJIOU, KyJIbTUBALUS.

INFLUENCE OF FERTILIZERS ON THE STATE OF HUMUS
IN GRAY-BROWN SOILS UNDER VINEYARDS IN THE SOUTHERN PART
OF THE LESSER CAUCASUS

G.Sh.YAGUBOYV, L. R.KARIMOVA
SUMMARY

To provide the population of the country with agricultural products, in order to solve
such important issues as increasing the productivity of each hectare of irrigated and
reclaimed lands, the correct use of organic and mineral fertilizers, it is necessary to more
correctly and efficiently use agrochemical, biological and biochemical factors that have an
important impact on soil fertility, productivity agricultural plants and product quality. Plant
productivity depends on the quantity and quality of humus, which is the main indicator of
soil fertility. Therefore, the preservation and restoration of its quantity in various soil and
climatic conditions and under various crops is one of the most urgent problems of ag-
ricultural soil science.

Keywords: humus, humin, fulvo, humate, compost, fertility, fertilizer, arable layer,
cultivation.
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DETERMINATION OF HEAVY METALS
IN THE WESTERN LANDS OF AZERBAIJAN

H.L.RAFIYEVA
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From the ecological point of view, the study of the soil layer is of great importance.
For this environmental research were conducted in the western region where industrial
areas are located. Because the migration of chemical pollutant in soil is difficult and takes
a long time, there is a need to study this area. The finding of excessive concentrations of
some heavy metals in the research was an important factor in the environmental
assessment.

Keywords: soil, heavy metal, ecology, element analyzer, copper, lead, manganese,
vanadium, cadmium, nickel, zinc.

Introduction

Contamination of the soil with heavy metals has recently become very
relevant. Heavy metals are non-ferrous metals with a higher density than
iron (except zinc). These include lead, copper, nickel, cadmium, cobalt,
chromium, mercury, etc. The most important feature of heavy metals is that
a small amount of all of them has a great importance for living organisms
and plants. Heavy metals are involved in biochemical processes in the
human body that are important for life. However, their excess can cause
serious diseases in the human body. Heavy metals accumulate in the soil
and the chemical composition of the soil changes approximately. This
affects the vital activity of plants and living organisms. Heavy metals pass
from the soil into the body of animals and humans, leading to undesirable
conditions. The sources of soil contamination with heavy metals are
different: 1) Waste from metal processing industries; 2) Industrial waste; 3)
Fuel combustion products; 4) Exhaust emissions from the car; 5) Chemicali-
zation of agriculture.

Every year, more than 150,000 tons of Cu, 120,000 tons of Zn, 90,000
tons of Pb, 12,000 tons of Ni, 1.5 tons of Mo, 800 tons of Co, and 30 tons of
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Hg are discharged from metallurgical enterprises. In the copper smelting
industry, 1 g of blackened copper contains 2.09 g of powder, of which 15%
is Cu, 60% is Fe and 4% is Al, Hg, Zn, Pb. Mechanical and chemical wastes
contain 1000 mg / kg Pb, 3000 mg / kg Cu, 10000 rng / kg Cr and Fe, 100 g
/ kg P, 10 g/ kg Mn and Ni. Exhaust gases pass 250,000 tons of Pb per year
to the earth's surface. Heavy metals fall into the soil with fertilizers and
biocides that are added to the soil. L.G. Bondarev (1976) identified heavy
metals that could pass to the surface during the complete depletion of ore
reserves as a result of human activity, burning of coal and peat, and
compared them with metal reserves accumulated in the humospehere. These
results show the extent to which the environment affects human life and the
earth's surface. Man-made penetration of metals into the soil, their
accumulation in the humus layer is generally not legal. Its inequality and
contrast is primarily due to population density. The distribution of heavy
metals on the earth's surface is determined by many factors. It depends on
the source of pollution, the meteorological characteristics of the region,
geochemical factors and the landscape in general. In general, the source of
pollution determines the quantity and quality of the product. The zone of
maximum pollution is considered to be the place of hot waste discharged
from high altitudes. The length of time that waste particles remain in the
atmosphere depends on their mass and physical and chemical properties.
The heavier the particles, the faster they collapse. The uneven man-made
distribution of metals is due to the heterogeneity of the natural landscape. In
this regard, it is necessary to know the laws of geochemistry, the migration
of chemical elements to different natural landscapes in order to predict the
conditions of pollution of technogenesis and to prevent undesirable
consequences of human activity. Chemical elements and their compounds
undergo direct changes as they fall to the ground, either scattering or
accumulating, depending on the geochemical barrier.

Increasing attention to environmental protection has been of particular
interest to the impact of heavy metals on the soil. From a historical point of
view, interest in this problem arose during the study of soil fertility.
Elements such as Fe, Mn, Cu, Zn, Mo and Co are very important for the life
of plants, and therefore for humans and animals. They are sometimes called
microelements because plants need very little. Microelements also include
metals that are common in the soil, such as O (46.6%), Si (27.71%) and Fe
(8.1%), which ranks 4th after Fe. All microelements have a negative effect
on plants if they exceed the specified concentration, and Hg, Pb and Cd,
which are not important for plants and animals, are harmful to humans even
at very low concentrations [3, 5].

Exhaust gases from vehicles, discharge of wastewater to fields or
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treatment plants, wastes from the development of mines and industries, the
introduction of phosphorus and organic fertilizers, the application of
pesticides lead to an increase in the concentration of heavy metals in the
soil.

As long as heavy metals are associated with the main components of
the soil, their negative impact on the soil and the environment is negligible.
However, if heavy metals enter the soil solution, it poses a great danger, as
they can pass on to plants and the animals and humans that receive them. In
addition, heavy metals can pollute plants and water bodies. The danger of soil
and plant pollution depends on the type of plants, the form of chemical
compounds in the soil, the presence of elements that adversely affect their
work by creating complexes with heavy metals and substances. Therefore, the
negative effect of heavy metals depends on their mobility, i.e. solubility [4,
8].

Heavy metals are characterized by valence, difficult solubility of
hydroxides, high complexity, cationic ability. The migration of heavy metals
in the soil occurs in the liquid phase with the help of plant roots and soil
microorganisms. The migration of soluble compounds occurs through the soil
solution (diffusion) or the displacement of the liquid itself. Leaching of clay
and organic matter leads to the migration of all metals associated with them.
The migration of volatile compounds in the gaseous state (for example,
dimethyl-mercury) is random, and this type of displacement is not significant.
Heavy metals can be adsorbed or incorporated by microorganisms involved in
the migration of relevant metals. Heavy metals pass through the trophic chain
in the soil to plants and are then processed by humans and animals [7-8].

Various biological barriers are involved in the circulation of heavy
metals, resulting in selective bio gathering, which protects living things
from excess elements. However, the activity of biological barriers is limited
and heavy metals often accumulate in the soil.

Soils with high adsorption capacity, containing large amounts of
organic matter and clay, can store these elements mainly in the upper layers.
This is typical for carbonate and neutral soils. These soils have less toxic
substances that can be absorbed by plants by washing with groundwater
than sandy soils. However, the concentration of elements can reach toxic
levels, which disturbs the balance of physical, biological and chemical
processes in the soil. Heavy metals stored in organic and colloidal parts of
the soil limit their biological activity.

Heavy metals are toxic to plants, animals and humans by passing from
the soil to plants and along the food chain.

Like acid soils, sandy soils with low permeability are less heavy, with
the exception of Mo and Se. Therefore, they are easily adsorbed by plants,
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and some have such a toxic effect, even in small concentrations.

Lead can also be accumulated in plants, animals and humans by being
transmitted along the food chain. Feed containing 100 mg / kg dry weight
Pb is lethal to animals. Pb dust settles on the soil surface, is adsorbed by
organic matter, moves with the soil solution, but is excreted in small
amounts.

Due to migration in an acidic environment, Pb forms man-made
anomalies in the soil at a distance of 100 m. Pb passes from the soil to the
plants. Its content in wheat and barley is 5-8 times more than the main
ingredient, and in potatoes - 20 times more. The amount of lead in the soil is
usually between 0.1-20 mg / kg. Lead has a negative impact on soil
biological activity.

Like V and Zn, it accumulates in the humus layer of the soil in Cd. Its
distribution in the soil is the same as in other metals, mainly Pb. Cd is
maximally absorbed in neutral and alkaline soils. Its content in golden soils
is 1 mg/ kg, in black soils - 15-30, and in red soils - up to 60 mg / kg.

Zn and Cu are less toxic than the above-mentioned metals, but their
excess in metallurgical wastes pollutes the soil and adversely affects the
growth of microorganisms, reduces the enzymatic activity of the soil,
reduces plant productivity.

The amount of zinc in the soil is between 10-80 mg / kg, and more
often 30-50 mg / kg. Excess zinc has a negative impact on many soil
processes: it leads to changes in the physical and physicochemical
properties of the soil, reduces biological activity. Zn impairs the vital
activity of microorganisms, as a result of which the process of formation of
organic matter in the soil is impaired. In the soil crust excess Zn weakens
the breakdown fermentation of cellulose. When heavy metals are combined,
their damage to the soil increases even more. The combined activity of Zn
and Cu has many times more effect on microorganisms than on their own
[8].

Because heavy metals are found in varying proportions in combustion
products and metallurgical wastes, their harmful effects on the environment
are stronger than the effects of individual elements. According to the degree
of toxicity, heavy metals are arranged in the following order: Zn <Ni <Cu
<Cr <Co <Cd <Pb <Hg. Excessive amounts of these metals in the soil
reduce crop growth and reduce agricultural productivity. For this purpose,
soil samples were taken and analyzed from several points to determine the
contamination of the soil with heavy metals (Figure 1).
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Methodology

Preparation of samples in the laboratory. Samples are taken by
different methods for different arable lands. For gardens, the sample should
be taken from three depths by the envelope method. It is taken from the
depth of 0-30 cm, 30-60 cm and 60-90 cm. By envelope method, the garden
is divided into 5 points, such as the corners and the middle of the envelope,
and a sample is taken from these points from three depths. The sample taken
from each point is mixed separately for depths, a common sample is
prepared and sent to the laboratory for analysis. When mixing samples,
special care must be taken to ensure that the soil samples are at the same
depth and that they are not mixed at different depths. For monoecious field
crops, samples are taken from 0-30 cm in several places by zigzag method
for every 5 hectares. The samples are mixed and a common sample is
prepared and submitted to the laboratory for analysis. If our area is 10
hectares, 1 common sample should be taken for every 5 hectares [1, 3].

Fresh soil samples are dried in the laboratory in special places in the
open air, in the shade or in drying cabinets at 30-40 ° C. Dry samples are
poured on parchment or parchment, the roots and the crumbs are removed,
and the roots are shaken to remove dirt. Large soils are crushed in the
mortar to the size of 5-10 mm. The sample is mixed and spread in a square
shape on the shield. The average sample (approximately 200 g) by double
squaring is emptied into a numbered box or jar for storage (pre-filled with a
label filled with sample data) and recorded in the laboratory journal with the
serial number [2, 9].
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Soil analysis

The main purpose of chemical analysis of soil is to solve theoretical
and practical problems of agriculture. The study of the chemical charac-
teristics of the soil is of great importance in the development of agrotech-
nical measures.

Radionuclides, pesticides, herbicides, etc. in the soil. Detection of
toxic substances is also of great importance from the point of view of
environmental protection.

Extraction of the studied compounds from the soil for analysis is
carried out by extraction with various solvents, solutions (water, salt, acid or
alkali). In some cases, the soil is broken down by dissolving carbonates with
a small sample weight and working with fluoric acid or a mixture of acids
(HCl + HNOs;; H,SO4 + HNO;3). Most analyzes use air-dried, mortar-
crushed, 1-mm-diameter sieved soil.

When extracted with water, alkalis in the soil, chlorides of alkaline
earth metals and easily soluble organic substances in water pass into the
solution. Water-soluble salts can also be harmful. According to the degree
of damage, they can be listed in the following order:

Na,CO3;> NaHCO3> NaCl> Na,SO4> MgC12> MgSO4

Destroys plants when there is a small amount of Na,COj; in saline
soils. In acidic wetlands and peat bogs, water-soluble compounds of iron
(IT), manganese and aluminum are very harmful to plants. The cause of soil
salinization can also be determined by analyzing groundwater.
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AZORBAYCANIN QORB ORAZISININ TORPAQLARINDA
AGIR METALLARIN TODQIQi

H.L.ROFIYEVA
XULASO
Ekoloji ndqteyi-nozordon torpaq qatinin dyronilmosi bdyiik ohomiyyot kosb edir.
Bunun ii¢iin sonaye saholorinin yerlosdiyi qorb bdlgesindon ekoloji todqiqatlar aparilib.
Kimyovi ¢irklondiricilorin torpaqda miqrasiyasi ¢atin vo uzun miiddat tolob etdiyindon bu
sahonin Oyronilmasine ehtiyac var. Todqiqatda bozi agir metallarin qatiliglarinin haddindon

artiq askarlanmasi otraf mihitin qiymotlondirmosinds mithiim amil olmusdur.

Acar sozlor: torpaq, agir metallar, ekologiya, element analizatoru, mis, qurgusun,
maqnezium, vanadium, kadmium, nikel, sink
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HCCJEAOBAHUE TAXKEJIbIX METAJIJIOB
B IIOYBE 3AMNAJIHBIX TEPPUTOPUI ABEPBAMIKAHA

X.JI.PA®GUEBA
PE3IOME
C 570l 1enbio ObUIM TIPOBE/IEHBI YKOJOTHIECKUE MCCIICOBAHUS 3aIMaHOTO pe-
THOHA, T'JIe PACIOJI0KEHBI MPOMBIIUICHHbIE paioHbl. [T0CKOIBKY MHrpanns XUMHYECKUX
3arpsiIsHUTENICH B MOYBE 3aTpy/IHEHA U TPeOyeT MHOTO BPEMEHH, 3Ta 00JIacTh HYX/IAeTCs B

n3ydeHun. UYpe3MepHble YpOBHH HEKOTOPBIX TSHKENBIX METAaJUIOB CTallM BaXKHBIM (haKTOPOM
B OLICHUBaHNH COCTOSTHUS OKPYKaIOIIeil Cpepl.

KurwueBble cjioBa: T0UYBa, TSHKEIIBIE METAJUIbI, SKOJIOTHS, 3JICMEHTHBIN aHaIM3a-
TOp, ME/lb, CBUHEL, MapraHell, BaHaAui, KaAMui, HUKEJIb, IUHK.
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GOYGOL, DASKOSON VO GODIOBIY RAYONLARININ
ATMOSFER HAVASININ AGIR METALLARLA
CIRKLONMOSININ BIOMONITORINQI

S.S.NUHUYEVA
Azarbaycan Dovlat Aqrar Universiteti
nuhuyeva83@mail.ru

Azorbaycanmin Goygol, Dagskason Vo Gadabay rayonlarinin atmosfer havasinn tarki-
binda olan agir metallar manmur bioindikatorlar: vasitasila element analiz metodu olan niiva
fiziki analiz metodlarmdan istifada etmoklo dyronilmisdir.

Yiiksok doracada inkisaf etmis kond tosorriifati sektoru olan Goygol, Gadabay va
DaskaSon rayonlarinda elementlorin atmosfer ¢okiintiisiinii 2ks etdiran paylanma xoritalari
Va atmosfer havasimin ¢irklanma daraCasi gostarilmigdir.

Tadgiqat isinda taqdim olunan naticalar digar tadgigatgilarin malum eksperimental
Malumatlari ilo tohlil edilmis va miiqayisasi aparilmigdir.

Agwr metallarin atmosfer ¢okiintiilarinda manbalori miiayyan edilmisdir va hamin
arazilorda ¢irklonma saviyyalori taqdim edilmigdir.

Agar sozlar: biomonitor, neytron aktivasiya, agir metal

Giris

Son bir ne¢s onillikdo otraf miihitin agir metallarla ¢irklonmasi bir cox
todqiqatc¢ilarin diggotini calb etmisdir.

Otraf miihitin ¢irklonmosinin toyin edilmosinde indikator kimi bioloji
materiallardan istifado etmok ucuz vo etibarli tisuldur. Metal ¢irklonmasinin
¢cokmasi, yigilmasi vo yayilmasini askar etmok {i¢iin liken, mamar, ali bitki-
lorin gabiq vo yarpaqlari kimi miixtolif ndv bioindikatorlardan istifads edi-
lir. Bitkilor otraf miihitin fiziki vo kimyovi parametrlorinin doayismasine tez
reaksiya verirlor. Ekoloji sorait doyisorkon bitkilor bu doyisikliklori doqiq
sokilda oks etdirirlor (Nash, 1988).

Son iki onillikds “agir metallar”la ¢irklonmo nozarocarpacaq doracodo
artmigdir. Agir metallarin toksikliyi onlarm kimyavi formasindan, konsen-
trasiyasindan, galma miiddstindon vo s.-don ¢ox asilidir (Mielke & Reagan,
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1988). Bu elementlor zaman kecdikco pargalanmadigi {iclin onlarin otraf
miihito atilmasi ciddi problemlor yaradir.

XX osrdo Skandinaviya todqiqatgilart odobiyyatlarda agir metallarin
atmosfer ¢okiintiisiinii 6yronmok ti¢clin mamir biomonitoring texnikast kimi
tosbit edilmis bir metod hazirladilar vo elmi cohotdon osaslandirdilar [1, 2,
3]. Bu metod mamuirlarin bioloji xiisusiyyatlorine osaslanir. Mamurlar, xii-
suson do quruda yasayan ndvlor, asas qida maddolorinin ¢coxunu birbasa yas
vo quru atmosfer ¢okiintiilorindon oldo edirlor. Belo ki, mamirlarin yarpaq-
lar1 tok gat hiiceyro qalinligina malik oldugundan atmosferlo six tomasi to-
min edirlor. Bundan slava, Hylocomium splendens va Pleurozium schreberi
kimi novlorin bir-birino yaxin mosafali yarpaglart mamirlara havadan his-
saciklari effektiv gokilda siizmays imkan verir. Oksor quru mamirlari ii¢lin
kok sisteminin olmamasi torpaqla tomaslart vo substratdan metallarin udma
riskini azaldir [5, 6, 7].

Biomonitoring

Sok. 1. Miixtolif materiallardan vo niimuna gotiirmo texnikasindan
istifado etmoklo agir metallarin biomonitoringinin imumi sxemi
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Materiallar vo metodlar
Azorbaycanin Qarb regionunda asas vo iz elementlorinin atmosferdo
¢okiintiisiinii 6yronmoak ti¢lin iki név Pleurozium schreberi vo Hylocomium
splendens mamir noévlari gotiirilmisdiir.

Pleurozium schreberi Hylocomium splendens

Sak. 2. Mamir novlari

Mamir niimunolorinin neytron aktivlosdirilmosi tohlili Frank adina
Neytron Fizikas1 Laboratoriyasinda (FLNP, JINR, Dubna) IBR — 2 impulslu
siirotli reaktorda aparilmisdir [4-5]. IBR-2 reaktoru siialanma kanallar ilo,
pnevmotik vo spektrometrik qurgu ilo tochiz edilib, imumilikdo REQATA
analitik kompleksini amoalo gotirir. IBR-2 reaktorunun siiallanma kanalla-
rinda neytronlarin energetik spektri istilik, rezonans vo siiratli neytronlarla
gostorilmigdir [8].

Niimuna gotiirma

Niimuno hazirlig

Stialanma I

Qablasdirma

Olgmo -1
|

Olgmo niimunasinin hazirlanmast

Olgmonin giymatlondirilmasi

Noticolorin hesablanmasi

Noticalorin kritik giymoatlondirilmasi

Saok. 4. NAA figiin prosedur sxemi
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Hor bir niimuno torpaq hissociklori, quru yarpaqlar, iynalor, ¢ubuglar
vo s. kimi xarici maddalordon tomizlonmis vo 30-40 °C temperaturda 48 saat
qurudulmusdur. Biitiin niimuns emali zaman1 materialin ¢irklonmosinin gar-
sisin1 almagq ti¢iin birdofalik polietilen olcoklordon istifads edilmisdir. Analiz
ticlin yalniz son ii¢ illik boyiimonin yasil vo yasil-gohvoyi tumurcuqlart go-
tiriilmiisdiir. Stialanmaya niimunaleri hazirlamaq uciin politilen vo aliimi-
niumdan hazirlanmis konteynerlordon, xususi hallarda iso ftoroplast vo ya
tomiz karbondan isdifado olunur. Eyni vaxtda hor bir alt kanala siialandir-
magq ligiin yeddi niimiino yerlogdirmok miimkiindiir. Modenirizasiyadan son-
ra blitun mexaniki omoliyyatlar avtomatlagdirilaraq niimunolorlo heg bir to-
mas olmadan 1.5 saniys miiddstindo tocriibo zamani lazim olan oamoliyyatla-
r1 aparmaq olur. REGATA kanali effektivliyi 30% olan dérd tomiz yarim-
kecirici Ge vo Nal tipli gamma detektorlar sistemi ilo tochiz olunmusdur.
Chl alt kanali uzun omiirlii izotoplari, Ch2 alt kanali iso yasama miiddati
kicik olan izotoplar1 toyin etmak ti¢lindiir [9,10].

Notica

Tadqigat isindo mamir biomonitorlarinin miiasir element analiz iisul-
larinin kompleks todbiqi asasinda, molumatlarin interpretasiyasinin sitatistik
tisullarmin (faktor analizinin) vo GIS texnologiyalarinin kompleks totbiqi
osasinda, GOygol, Daskoson vo Godabay bolgalarinin atmosfer ¢okiintiilorin-
do agir metallarin paylanmasinin ganunauygunlugu miisyyon edilmisdir (so-
kil 5). Todqiq edilon orazilords aparilan todqiqatin naticalori imkan verir ki,
bu bolgalorin timsalinda atmosfer ¢irkliliyinin qiymatlondirilmasinds tatbiq
olunan bu yanasma otraf miihit problemlarini hall etmak ii¢iin Azarbaycanin
digor sanaye cohotdon inkisaf etmis va ohalisi six olan bolgalarina ds totbiq
edilo biler.

MURG v p,g

Sok. 5. Skandiumun yayilma xaritasi
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BUOMOHUTOPHUHI 3AT'PA3BHEHUA ATMOC®EPHOT'O BO31YXA
TAXKEJIBIMUA METAJIJIAMHU B TEUT'EJIBCKOM,
JAINKECAHCKOM U KEJABEKCKOM PANMOHAX
HI.C.HYXYEBA
PE3IOME

B TIéiirénpckom, [lamkecanckoM u ['emaOekckoM palioHAX 3amajHOTO PErHOHA
AzepbaiikaHa TsDKEMbIe METaUTbl M3ydaluch METOAAMH SIepHO-(QDH3UYECKOrO aHaju3a,

KOTOpBIE MPEJICTABISIIOT COOOH METOJbI ANIEMEHTHOTO aHallM3a ¢ MOXOBBIMH OMOWHIMKA-
TOpamu.
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OTH palloHBI XapaKTepU3yIOTCsI BBICOKUM Pa3BUTHEM OTPACIIEH CEILCKOTO XO3SIHCT-
Ba, U B CBS3M C OTHM IIOKa3aHbl KapThl PaclpeJielieHNs] JIEMEHTOB, OTPaXKalolue aTMO-
cepHOE OCaXK/CHUE U CTEIICHb 3arpsiI3HEHNsI aTMOC(EPHOT0 BO3/1yXa.

Pe3yﬂbTaTI>I, MpCACTaBJICHHLIE B HCCIICJOBAHUMU, OBLITH MpoaHaJIM3UPOBAHBI U CO-
TOCTAaBJICHBI ¢ U3BECTHBIMU SKCIIEPUMCHTAJIbHBIMU JJAHHBIMU JPYTUX HCCHeﬂOBaTCHeﬁ.

BrIsiBjIeHBI MCTOYHMKH TSXKEIBIX METaJIJIOB B aTMOC(l)eprlX OTJIOKCHUAX U NPEa-
CTaBJICHBI YPOBHH 3arpsi3HEHHS B 9THX paiiOHaX.

KiroueBble cjioBa: OMOMOHHUTOP, HEHTPOHHAS aKTUBAIHS, TSDKEIBIH MeTall.

BIOMONITORING OF HEAVY METAL POLLUTION OF ATMOSPHERIC
AIR IN GOYGOL, DASHKASAN AND GADABAY REGIONS

S.S.NUHUYEVA
SUMMARY

In the Goygol, Dashkasan and Gadabay regions of the Western region of Azerbaijan,
heavy metals were studied using nuclear physical analysis methods, which are elemental
analysis methods with moss bioindicators.

In Goygol, Gadabay and Dashkasan districts, which are highly developed agricul-
tural sectors, distribution maps of the elements depicting atmospheric sedimentation and the
degree of air pollution are shown.

The results presented in the study were analyzed and compared with known ex-
perimental data from other researchers.

Sources of heavy metals in atmospheric sediments have been identified and pollu-
tion levels in those areas have been presented.

Keywords: biomonitor, neutron activation, heavy metal
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