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AASI ABTOPOB

Kypnaa «Scientific Petroleum» npuHmMaeT K paccMOTPeHMIO 1 ITyOAMKYeT HayuHBIe CTaThl, paHee HUTAe He
MyOAMKOBaBIIMECH, OT aBTOPOB U TBOPYECKUX KOAAEKTHUBOB T10 CACAYIOIMM HallpaBAeHIsIM:

« Teoaormua, reoduslKa, IONCKN U pa3Beaka MECTOPOXKAEHNUI MOAE3HBIX HCKOIaeMBIX
PaspaboTka HePTAHBIX 11 Ta30BEIX MECTOPOKAEHUI
bypenue ckpakun
A%Gm% nedT 1 raza
Tpancriopr  u xpanenue HedyTu 1 rasa
INepepadorka nedpru 1 rasa. Hedprexmnmns
HEE)T@F&SOHPOMHCAOBI:IE COOPY:KeHUA (B T.4. MOPCKIE TUAPOTEXHITYECKIe COOPY KeHIs, 3alIiTa OT
KOPPO3UIU 1 T.A.)

«  lVndopmaritoHHEIE TEXHOAOTHUI
*  DKOHOMMKa He(DTAHOIT 1 Ta30BOII IPOMBIITLAEHHOCTHU
+  Oxpara okpy>Karoreri cpeAbl B HepTera30BOM KOMILIEKCe
+  ®dynjaMeHTaAbHbIE HayUHBIE MICCAEAOBAHIL, UMEIOIIIIIE IPHUKAaAHOe 3HaueHe AA1 He(pTAHOI 11 Ta30BoIl
MTPOMBITIAEHHOCTH

Hayuno-Teximyeckme 1 MpousBOACTBEHHbIe CTaThH, TLAaHUpPpYyeMble K OIyOAMKOBaHUIO B HAIIeM M3AaHNII,
ITPOXOAAT TIPOIEAYPHI PEITeH3MPOBAHI U YTBEPK AN Ha peAaKITMOHHON KOAATHH.

Crarby IPUHUMAIOTCS Ha TPeX A3bIKaX — asep0ail1sKaHCKOM, aHTAUIICKOM 1 PYCCKOM.

B neasx ymporeHns mpolie Ay phl B3alMOAEICTBI MeXKAY aBTOPOM (coaBTOpaMIf) I U3JaTeleM CTaTbM IIpH-
HIMaITCA B 91eKTPOHHOM gopMarte depes OKHO «[losaun pyKommcu B 5KypHaA» Ha caliTe JKypHaAaa.

CraTpa A0A3KHa coAeprKaTh CAeAYIOIIHe cBeleHNA 00 apTopax: (paMIANS, MM, OTIECTBO, yieHas CTeleHb,
MeCTO pabOTH MOAHOCTLIO, 3aHIIMaeMas1 A0AKHOCTE, e-mail, MoYTOBEII ag%)ec u TEAE?OH.

DAeKTpoHHas BepCHs CTaThy AOAXKHa coAepKaTh caeayomue daiiast: 1) daiia (*.doc, *docx), coaepkarmmin
TEKCT CTaThM, KPaTKyIo aHHoTaruio (He boaee 100 cA10B), KAIOUeBbIe CA0Ba, TADAUITH, CIIMCOK AMTEPaTYPhI 1 ITOA-
PUCYHOUHBIE rToAINCH; 2) ailabl, cojepaKariue sce naarcrpanun. Kaxapi pucynok u ¢gpororpaduro nHeodxo-
AMMO TIPeACTaBUTh OTAeARHEI (aitioM B popmare *.jpg, *.tiff, *.psd, *cdr. I'padpukn 1 AarpaMMer AOAKHBI OBITH
peactaBaensl dpariaom B popmate *.xls, * xlsx.

Bce daitant 4043KITBI OBITH 3aapPXMBIPOBAIBL B 0AMII (aita popmara *.rar.

GUIDE FOR AUTHORS

«Scientific Petroleum» is intended for oil and gas industry specialists, post-graduate (students) and scientific
workers. Journal covers the fields of petroleum (and natural gas) exploration, production and flow in its broadest
possible sense. Topics include:

Oil and gas fields geology, geophysics and exploration

Well drilling

Reservoir and petroleum engineering

Qil and gas transportation and storage

Qil and gas refining. Petrochemist

Qil and gas field structures (including sea structures, corrosion protection and so on)
Oil and gas industry economics

Environment protection in oil and gas industry

+ Fundamental scientific investigations having applied sense for oil and gas industry

Articles are published on three languages: Azeri, English and Russian.

To simplify procedure of interaction between author (co-authors) and gublisher we encourage you to send us
your article in electronic form so it can refereed without postal delays and be published more quickly.

When submitting a manuscript, authors need to provide following information about them: surname, first
name, academic degree, affiliation, position, e-mail address, full postal address and phone number.

The electronic version of article must include the following fil%s: 1) File (*.doc, *.docx) containing the text of
article, short abstract (no longer than 100 words), keywords, tables, references and captions of figures; 2) Files
containing all illustrations. Every figure and photograph should be given by separate file in the following format:
*jpg, *.tiff, *.psd, *.cdr). Graphs and diagrams should be presented as *.xls, *.xIsx.

end you article’s single compressed archive (*.rar) through the manuscript submission window «Submit your
Paper».
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YALAMA-XUDAT QALXIMLAR ZONASINDA
MEZOZOY COKUNTULORININ TOPLANMASININ _
PALEOTEKTONIK XUSUSIYYOTLORI VO NEFT-QAZLILIGI

O. V. Racabli
Azarbaycan Dovlat Neft va Sanaye Universiteti, Baki, Azarbaycan

Paleotectonic characteristics and oil-gas content of Mesozoic sediment accumulation

in the Yalama-Khudat uplift zone
O.V.Rajabli
Azerbaijan State Oil and Industry Universit, Baku, Azerbaijan

ABSTRACT

In order to evaluate the paleotectonics of the Mesozoic sediments in the Yalama-Khudat uplift
zone, lithofacies and tectonic activity index were used. Representation of lithofacies with
more accurate data and digital values of thickness data help to obtain realistic results about
paleotectonic development. In the study, the tectonic development of the Yalama area was
evaluated based on geological data. Although the decrease of tectonic activity continued towards

KEYWORDS:
Paleotectonic analysis;
Lithofacies features;
Sediment
accumulation rate;
Tectonic activity.

the end of the Cretaceous, the repetition of lithofacies can be explained by the repetition of

marine transgression and regression processes in the same area. The paleotectonic accumulation

conditions of the Cretaceous sediments had their influence on the oil-gas generation and collector

characteristics of the sediments.
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Giris
Qlobal miqyasda bas veran geodinamiki proseslar
Ozlorini regional tektonik hoaroketlorde oks etdirir.
Neft-qazin omologalmosi vo telolorde toplanmasin
aragdirmaq tiglin regionun geoloji inkisafini izlamak
lazimdir. Neftqazomologalma prosesine tosir eden
paleotektonik amil hovzenin inkisafinin hansi templos
vo hansi ardicilligla bas verdiyini oks etdirir.
Qusar-Dovagi toroma ¢okokliyinds 1865-ci ilda
G.V.Abix torafindon aparilmis todqiqat islori il
¢Okakliyin qurulusu haqqinda ilk malumatlar alda
edilir. V.Y.Xain Qusar-Dovagi toromoe ¢okokliyinin
Boyiik Qafqazla birlikde inkisaf etdiyini asas
gotiirarak onun plits biindvrasi iizerinds yerlasmadiyi
fikrini taklif edir. Cokekliyin tektonik xiisusiystinin
arasdirilmasinda Kangorlinin tedqiqatlar1 xiisusile
geyd olunur [2]. Qusar-Davogi térame ¢okokliyi 6z
dayiskan paleotektonik xiisusiyystine gors forglenir.
Torems ¢okakliyin markazi hissesinde moveud olmusg
Qusar-Xa¢maz qalximi Mezozoy erasinda 6z inkisafini
davam etmisdir. Kaynozoyun avvsllarinden baslayaraq
hovzade qalxma prosesi enma ilo ovaz olunur ve Pliosen
doévriinde 6z kluminasiya haddins catir. Hovzenin
paleotektonikas: Qusar-Xa¢gmaz qalximmin simal ve
conub istiqamatlorinds ¢okiintiilorde miixtelif formada
geyd olunmusdur. Bunun sebebi simalda yerloson
Zeyxur ¢Okokliyinin ve Yalama-Xudat qalximlar
zonasinin Skif-Turan plitesi ilo alagasinin olmasidir.

1960-1961-ci  illoarde  Qusar-Doavagi  torema
¢okokliyinde daqiq qravimetrik islor naticode Yalama,
Sirvanovka, Qaynarca, Xudat veo Qusar qalximlari
askar edilmisdir.

Yalama-Xudat qalximlar zonasi Qusar-Davaci tore-
ma ¢bkakliyinin simal hissesinda yerlasir. Onun canub-
gorbi Zeyxur ¢okakliyi ila sarhadlenir. Yalama-Xudat
galximlar zonasinda Yalama, Xudat ve Sirvanovka
strukturlar ayrilir. Tektonik cahatden Yalama strukturu
dik yatimh simal-gorq ve az maili cenub-qarb qanada
malik, iri vo yasti tagh asimmetrik qalximdir. Mezozoy
¢okiintiileri tizra Yalama sahasinda bir-birinden kigik
vo dayaz yohorlorle ayrilan, conub-sorq istiqametinda
uzanan subplatforma tipli, kicik Olgiilii, yasti tagh $i-
mali Yalama, Conubi Yalama ve Serqi Yalama qalxim-
lar1 miisyyen edilib. Xudat qalximi Yalama qalximin-
dan forqli olaraq tektonik pozulmaya meruz qalmisdir.
Daha bir forqli xiisusiyyast ise laylarin pazlagsmasmin
oziinii daha qabariq gostormasidir. Bu qalximmin fay
tipli tektonik qirilma ilo pozulmasi ve qirilmanin geoloji
zaman boyu inkisafin1 gosterir. Bazi malumatlara gora
iso bu qurilma qalximin simal-sorq kenaridir (sok. 1, 2).

Qirilma simal-gerq istiqamatinds davam edarak
Sirvanovka strukturunun qurulusunda da o6ziinii
gostorir. Yalama-Xudat qalxamlar zonasi tadqiq
olunanda Qafqaz istiqamotli biinévre qalximlarinin
olmast vo onlarin strukturlar1 formalasdirmasmni aciq
sokilde goritiriik.
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Yalama istiqamatinda geoloji profil; b) II-II xatti {izra
Qusar-Xudat istiqamatinda geoloji profil

Tadqiqat metodu

Hovzonin neft-qazliliq potensialin1 giymoatlondir-
moak magsadile ¢okma Ortliyiinds istirak eden stra-
tigrafik vahidlorin derine gomiilmasini, yatim xiisu-
siyyotlorini vo daxilinde yaranmis struktur forma-
lar tahlil edilir. HOovzenin paleotektonik inkisafini
todqgiq etmok moagsadilo ¢okiintiilorin litoloji-fasial

xtisusiyyoati vo qalinliqlar farqi birge tohlil edilir.
Noticods miixtalif stratiqrafik obyektlsr arasinda
nisbi qiymatlondirilmis paleotektonik prosesler hag-
qinda moalumat alds edilir. Usulun totbiqi {ilin tek-
tonik qalximin miixtalif hisselorinden oldo edilmis
qalinliq moalumatlar1 arasindaki forq tapilmalidir
(cadv.).

Cadval
Yalama sahasinda yerlason quyularda ¢okiintiilorin yatma darinliyi vo qalinlig:
Stratiqrafik Quyu 2 Quyu 14 Qalinhiqlar Qalinliqlar
komplekslor Darinlik Qalinliq Darinlik Qalinliq forqi forqinin comi
Dordiincti dovr 225 225 243 243 -18 562
Abseron 775 550 765 523 27 580
Agcagil 974 199 955 190 9 553
Mbohsuldar Qat 1338 364 1233 277 87 544
Sarmat 1625 287 1465 233 54 457
Karagan 1895 270 1713 248 23 403
Cokrak 2020 125 2023 310 -185 380
Maykop 2245 225 2147 124 101 565
Qovundag 2299 53 2242 95 -41 464
Sumgqayit 2347 48 - 0 48 505
Danimarka 2437 90 2345 103 -13 457
Maastrixt 2587 150 2535 190 -40 470
Kampan+Santon 2757 170 2675 141 30 510
Konyak+Turon 2904 147 2840 164 -17 480
Senoman 2966 61 - 0 61 497
Alb 3032 66 2886 46 20 436
Apt 3188 155 2921 36 120 416
Barrem 3576 389 3014 93 296 296
© 2023 «Scientific Petroleum». All rights reserved. 7
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Sak. 3. Yalama strukturunun inkisaf vo
tektonik aktivlik qrafiki

Yalama vo Xudat strukturlarinin formalasmasini
izlomak ticlin qalinliq forqleri comlonarak strukturun
inkisaf grafiki qurulmusdur (sek. 3). Sahanin morkazi
hissasinds qalinligin qanadlara nisbaton azalmasi
strukturun konsedimentasion inkisafda oldugunu gos-
torir. Nisbi olaraq qalinligin azalma ve artmas: zona-
da bas veran tektonik hoarokatlori oks etdirir. Qalinlig-
lar forqinin sifirdan uzaqlasmasi zonanin tektonik
aktivliyinin miitomadi olmasini ifads edir [3].

Litofasial xiisusiyyatlar

Todqgiqat aparilan zonamin ¢okiintii Ortiyt
hovzenin inkisaf xiisusiyyatlorini arasdirmaga komak
edir. Xazaryani-Quba vilaystinde Yuranin sonu pale-
otektonik seraitds ciddi dayisiklikler bas verdiyi ve
onun Tsbagir dovriiniin baglangicinda davam etdiyi
miisahide edilir. Simali Qafqazda denizin reqressiya
vo qalximlarin formalasmas: ¢okiintiilorin moahdud
saholords, hovzenin qalximlararas1 g¢okekliklorinda
toplanmasina sebab olmusdur [4].

Qusar-Xagmaz gomiilmiis qalximlar zonasindan
simalda Zeyxur ¢okokliyi vo ondan simal-sarqdoe yer-
loson Yalama-Xudat zonasinda Aalen vo Bayos mor-
tebasinin  ¢okiintiileri daha ¢ox qumluluglar ils
forqlenirler ki, bu da onlarin Xozer denizi arazisindes
yerloson yuyulma zonalarma yaxin yerlosmolori ilo
izah olunur.

Xazaryani-Quba neftli-qazli rayonunda Yura
yaslt c¢okiintiilor ayri-ayr1 ¢okiintii hovzealerine aid
olduglar1 ti¢lin mixtelif deraceds perspektivliys
malikdirlor. Yuxarida qeyd etdiyimiz kimi, Simali
Qafqaz ¢Okekliyinin cenub-gerq hissesi orta Yura
zamani Qusar-Xa¢maz vo Yalama-Xudat qalximlar
zonasl arasinda yerlosmisdir. Orta Yura ¢okiintiilori-
nin paleotektonik qurulusu ve elaco do toplanmis
¢Okiintiilorin litofasial xiisusiyyatloeri, Yalama-Xudat
zonasinin hovzenin platforma bortunda yerlasdiyini
vo burada toplanan qumlu-gilli ¢okiintiilorin Orta
Xazer yuyulma zonasindan gatirildiyini gostarir.

Yalama-Xudat zonasinda ve eloco do hdvzenin
conub-garb bortunda yerloson Qusar-Xa¢gmaz qalxim-
lar zonasinda orta Yura c¢okiintiilorinin neft-qazlili-
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gina monfi tesir eden osas amillorden biri gostorilon
rayonlarda orta Yura ¢okiintiilorinin uzun miiddatli
yuyulma prosesine moruz qalmasi olmusdur. Malum
oldugu kimi, bu proses Yalama-Xudat zonasinda son
Barrema qader davam etmisdir.

Yalama-Xudat qalximlar zonasinda Tobasir sis-
teminin kosilisindo {ist Barremdoan qadim ¢okiintiilor
istirak etmirlor. Yalama-Xudat sahasinda {ist Barrem
moartebasi qalinligi 186 m-a catan gilli-qumlu
¢okiintiilorden ibarstdir. Burada Apt c¢okiintiilari
boz, tiind-boz rengli nazik qumdasi ve shangdas:
araqatlarina malik olan qumlu gillarlo temsil olun-
muslar. Qumdasilarinin ¢opaki laylasmasi onlarin
dayaz deniz seraitinde ¢okdiiklerini gosterir. Apt
¢okiintiilori qalinliglarinin Cenubi Dagistanin $Sarq
antiklinal zonasinda oldugu kimi 50-130 m arasinda
doyismosi, Yalama qalximinin gostorilon zonanin
conub-sarq davaminda yerlasdiyini gosterir. Alb
¢Okiintiilori Xudat sahasinde tam yuyulmus, Yalama
sahasindoe ise onlar qalinliglar1 75 m-o ¢atan tiind-boz
rongli, narindensli qumdasilarindan, nadir mergel vo
gil araqatlarindan ibaratdirlar.

Apt asrinde Orta Xezerden c¢oOkiintiilerin getiril-
moasi ilo boyiik qalinhiqli ¢okiintii qat1 emoalo golmis-
dir. Analoji vaziyyst Conubi Dagistanda da miisahida
olunmaqdadir. Imamqulukend istigamatinda ¢okiin-
tiniin qalnhigmin ve gilliliyinin artmas: bu sahole-
rin hovzanin markazi hissasinds yerlasdiyini gostarir.
Apt asrinin sonlarinda iridenali ¢okiintiilorin miqda-
riin azalmasi, ¢okiintiilorin qumdasi, gil ve alevritlor-
lo avezlonmasi bas verir. Alb asrinds ¢okiintiitoplan-
ma doniz soviyyesinin keskin doyismoleri fonunda
bas vermisdir. Bunu ¢okiintiilorin qranulometrik xiisu-
siyyetinin dayiskenliyi ilo do miisahide etmak olar.

Qusar-Davagi  torema  ¢okakliyinin  miixtalif
sahalorinde axtaris quyular1 ve geofiziki iglarla
iist Tebasir c¢okiintiilorinin Oyrenilmesine cohd
edilmisdir. indiyadak Qusar-Dovagi  ¢okokliyinda
38 dorin kesfiyyat quyusu qazilmisdir. Onlardan
layiho dorinliyi 3500 m olan 1 sayli quyu (istinad
quyusu) 01.03.1949-cu ilds Yalama qalximinin giiman
olunan tag hissesinde Mezozoy c¢okiintiilerinin stra-
tigrafiya, litologiya ve neft-qazliligini Oyranmeak
ticlin qoyulub. Bu quyu Antropogen vo {ist Maykop
¢okuntiilorindon alt Tebasirin Barrem martobasine
godar olan biitiin kesilisi agmisdir. Yalama, Xudat,
Sirvanovka ve imamqulukand saholorindo qazilan
quyularla tist Tebasir ¢okiintiilari 6yranilse da, Qusar-
Xagmaz qalximlar zonasinda bu ¢okiintiilorin kasilisda
istirak etmomosi askar olunmusdur. Ust Tobasir ¢o-
kiintiilorinin litofasial xiisusiyystlorini arasdirarken
Qusar-Xagmaz qalximlar zonasindan simalda olan
hisseni Cenubi Dagistanla birlikds inkisafda oldugu
moalum olur. Goriintir, Dagistanin Rubas cayindan
Zeyxur ¢Okokliyinadak vahid ¢okeklik moveud olmus
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va ¢okiintiitoplanma eyni hovzadas getmisdir.

Senoman asrinds Qusar-Xa¢gmaz qalximlar zonasi
¢okoklik daxilinde 0z inkisafin1 davam etmisdir.
Yalama-Xudat sahasi de bu asrde boyiik ol¢iilil
ada soklinde moévcud olmusdur. Onun simalinda
Imamqulukend ve Coenubi Dagistanda mergelli
shangdaslarmin movcudlugu miisyysn edilmisdir.

Alt Turon mortoboasi list Tebasirin karbonatl
¢Okiintiilerin toplanmasinin baslangici sayilir. Bu
asrdon sonra kosilisde karbonat ¢okiintiilorinin mig-
dar1 artir. Turon asrinin sonunda bas veran denizin
transqressiyasi inkisafini davam etdiron qalximlarda
konqlomerat ve ¢aqil ¢Okiintiilorinin toplanmasina
sobab olur. Bu transqressiya noaticesinde qanadlarda
va sinklinal hissalorde ag rongli shongdasi vo mergel
¢Okiintiilarinin toplanmasi bag verir.

Konyak va Santon martebesi ¢okiintiilori kesilisda
qumizi gillerin olmasi ile segilirlor. Konyak asri
¢Okiintiilerinin litofasial xiisusiyyetlori Turon ¢okiin-
tilorine uygun oldugu ticlin paleocografiyada bir o
godar forq miisahide edilmir. Santon osrinde Yalama-
Xudat qalxim zonasinda denizin transqressiyasi bas
verir. Toplanan ¢okiintiilorde ag rengli shangdaslar:
noazara ¢arpir. Dagistan orazinde Mugqrin qalximinin
inkisafi zaif siiratla getdiyi ti¢lin terrigen ¢Okiintiilarin
miqdar1t azalir. Hemginin, Zeyxur ¢Okokliyinda
do terrigen c¢Okiintiilorin az olmasi Qusar-Xa¢maz
qalximmin simalinda yuyulmanin zsif oldugunu
gostorir.

Kampan asrinin avvelinds baslayan denizin trans-
qressiyasi artiq osrin ikinci yarisinda maksimuma
catir. Bu zaman Dagistanin Mugqrin rayonunda qalx-
ma prosesi siiratlonir. Noaticede shangdaglarinda
qumlu tebagplarin da istiraki mévcud olur. Muqrin ra-
yonundan garqds ise deniz saraitinds ag rengli shang-
daslarmin toplanmasi bas verir. Turon asrinde baslayan
deniz transqressiyast Maastrixt osrinde maksimal
hadde catir. Cokiintiilorin qalinligt Conubi Dagistan
¢okokliyinde 800-1000 m, Yalama-Xudat qalximlar
zonasinda iss 250-500 m-o c¢atir. Litoloji terkibda
qumdas1 ve gil araqatlarinin istirak etdiyi karbonath
¢okiintiilor secilir.

Belalikls, Tabasir ¢Okiintiilorinin litofasial xiisu-
siyyotlorinin miixtolifliyi bas vermis transqressiya vo
reqressiya proseslori ilo izah edilir. Bu proseslorin
bas vermos sobobi hom quruda bas veran tektonik
aktivlik, hoam do deniz seviyyesinin doyismosinin
gostardiyi tesirdir (sok. 4). $akilden goriindiiyii kimi,
Yalama sahosine gora geyd olunmus qalinhglar farqi
Tebasirin sonuna dogru azalmisdir. Santon asrindsn
sonra bu qalximin 6z inkisafin1 dayandirdig: qrafikdes
oks olunmusdur. Xudat sahasinde qalinhqlar farqin-
den istifads edersk qurulan qrafik onun Tabasirin
sonunda sabit tektonik aktivlikde oldugunu aks et-
dirir. Hor iki sahaye gors qalinliqlar forqi tektonik
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aktivliyi asrlor boyu nisbi giymetlondirmays komak
edir. Cokiintii toplanma siirati ve global deniz saviy-
yosinin doyismoesi qrafiki ilo litofasial miixtaliflik
arasinda miisyyen slags izlenilir.

Xazaryani-Quba NQR orazisinde Mezozoy ¢okiin-
tii kompleksi tizro ayrilan lokal strukturlar ve bir sira
saholarda geyri-antiklinal telalor askar edilmisdir. Bu
qabxamlar ve telelar karbohidrogenlarin toplanmasi
ti¢lin olverisli soraitin olmasi ilo forglenir vo axtaris
obyektlori kimi praktiki shomiyyot kosb edir.

Neft-qazliliq

Yalama-Xudat sahasinde Aalen ve Bayos ¢Okiin-
tilorinin ytiksak bitumlasma (0.07%) daracesi vo
bitumlarin neft xarakterli olmasi Yura sisteminin
neftqaztoradici ana siixurlara aid oldugunun gos-
torir. Tobasir ¢okiintiilorinden Apt (0.004%) vo Alb
(0.004-0.007 %) az miqdarda yagh bitumlara malik-
dirlor. Apt c¢okiintiilori neytral, Alb mortabosinin
Killilii qumdasgilart iss reduksiyaedici geokimyavi
soraitlorde ¢okmitglor. Bu ¢Okiintiilorin masamoliklori
8-20 %, kegciriciliklori iso 7-8 mD teskil edir ki, bu
da Cenubi Dagistanin Xosmenzil, Duzlaq ve Berikey
neft vo qaz yataqglarinda oldugundan bir qadear azdir.
Qeyd etmoak lazimdir ki, gosterilon yataqlarda alt
Tobasir ¢okiintiilorinin kollektorluq xassalori vo neft-
qazliliglar1 simal-qarbden cenub-serqe dogru azalir-
lar. Bels ki, Berikey yataginda Apt ¢okiintiilarinden
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ilk neft hasilati bezi quyularda 250 t/giin-o catdig:
halda, Duzlaq yataginda 44 t/giin-den artiq olmayib.
Xosmenzilde ise yalmiz kigik qaz yataqlar1 askar
edilmisdir.

Berikey ve Duzlaq neft yataqlar1 alt Tebagir
¢Okiintiilorinin daha boyiik qalinliglara malik oldugu
va sonraki geoloji dovrlerde daha intensiv ¢okmasi
ilo forqlonen Sulak ¢okokliyinde generasiya olunan
maye karbohidrogenlsrin canub-garq istiqgamatinda
miqrasiya naticesinds formalagdigi halda, Xosmanzil
qaz yatag1 iso morkozi hissesi Rubas ve Ciraq caylari
arasinda yerloson, nisbaton kicik Ol¢iilii Conubi
Dagistan ¢okekliyinde generasiya olunan daha gox
qaz terkibli karbohidrogenlorin, simal-sorq istiqgame-
tinde miqrasiyas1 naticesinde amoals galmislor. Bu
¢Okokliyin conub-sorq istiqgamotinde yerloson Yalama
va Xudat sahalorinds do Xosmoanzilds oldugu kimi, ist
Tebasir ¢okiintiilorinds senaye shamiyystli neft-qaz
yataqlar1 askar edilmomisdir.

Tobasirin kesilisinde Santon-Kampan ve Maastrixt
¢Okiintiilori yiiksok bitumluluglari, Maastrixt martebaesi
¢okiintiilori ise lizvi maddslarin yiiksok doaracoda
(0.61-1.07 %) olmalari ilo farglonirlor. Yalama sahasin-
ds qazilmis 1 sayh istinad quyusunda qazima zamani
qaz tozahiirlerinin, 12 sayli quyuda ise gilli mahlul
tizorinds neft pordslorinin olmasi gosterir ki, {iist
Tobasir ¢okiintiilorini do Apt vo Alb ¢okiintiilori kimi
neftqaztoradici ¢okiintiilors aid etmak olar. Buna $arq
antiklinal zonasinin simal-qarb batiminda yerlasen
Acisu yataginda Maastrixt-Danimarka mortabolori-
nin cath shangdasilarindan 0.7 mln.m’/giin hasilatla
qaz-kondensatin alinmasi bir siibutdur.

Zeyxur ¢Okakliyinin morkszi hissesinda karbo-
hidrogenlorin generasiya morkozinden miqrasiya
olunan karbohidrogenlsrin yolunda ilk struktur tels
olan Sirvanovka qalximinin neft-qazliliq perspektiv-
liyi Yalama qalximindan yiiksek hesab olunur. Bu
struktur talonin yeri elektrik vo seysmik kosfiyyat mo-
lumatlarma gore {ist-listo diismiir. Strukturun simal-
sorq hissesinden kecon qurilmadan serqdes qazilmus
Yalama-2 quyusu ile $irvanovka gqalximinin neft-
qazliliq perspektivliyini giymetlondirmek miimkiin
olmamuisdir.

Yalama qalximinin giiman olunan tag hissasinda
Mezozoy c¢Okiintiilorinin stratiqrafiya, litologiya vo
neft-qazliligini dyranmak ti¢lin qazilmus 1 sayli quyuda
kasilisin 2504 m-don 2993 m-o gadar olan darinliyinds
qazima zamani gliclii neft-qaz tezahiirleri miisahids
olunub. Sinaq zamani Tabasir ¢okiintiilarinin ayri-ayri
intervallarindan axin almaq miimkiin olmayib.

Yalama-1 dayaq quyusundan alinmig naticelara
osaslanaraq, Tobasir ¢Okiintiilorinds senaye ohamiy-
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yotli neft-qaz kesfiyyat: islori aparilmaga baslanilib.
Yalama qgabaminin giiman olunan tag hissasinde
Tobasir ¢okiintiilorini Oyrenmoak {i¢lin layiho
dorinliklori 3200 m olan 2, 3 va 14 sayli quyular qazilib.
Gostorilon quyular miivafiq olaraq 3100 m, 3049 m vo
3205 m dorinliklers gadar qaziliblar. Onlardan 2 vo 14
sayli quyular alt Tebasir (Barrem martobesi), 3 sayl
quyu ist Tebasir c¢okiintiilorini agiblar. 3 vo 14 sayh
quyularda sinaq islori aparilib ve miisbat noaticalor
alinmayib. Gostarilon quyular texniki sebeblars gora
logv ediliblar. Yalama sahasinde 9 sayli quyu 3460 m
dorinliye qoder qaziib ve orta Yura ¢okiintiilarini
agib. Sinaq zamani 2925-2930 m (Apt) ve 3275-3280 m
(alt Tobasir) derinliklorden az miqdarda qaz ve
kondensatla birlikde su alinib. Quyu texniki seboablars
gora logv olunub.

Yalama sahasinda Tobasir vo Yura ¢okiintiilarinin
alt kasilisini, litologiyasini, neft-qazliligin1 dyronmok
vo tektonikani miisyyan etmok ii¢lin layihe derinlik-
lori 4300 m vo 4200 m olan 12 va 13 sayl quyular
qazilib. Bu quyular 3845 m ve 4205 m darinliklore
godar qaziliblar vo Yura c¢okiintiilorini agiblar. Hoar
iki quyu texniki sebeblara gora lagv edilib. Gostarilen
sahadoa sonraki illards (1963-1973 illor) 2950-4265 m
dorinliklors qoder qazilmis 8, 15, 16, 17, 18 vo 22
sayli kasfiyyat quyular tiglincii dovr, Tebasir ve Yura
cokiintiilorini acibdir. Umumi qazima hocmi 40455
m olan 12 quyunun heg birinde Mezozoy kompleksi
¢okiintiilorindon neft-qaz axin1 alinmamisdir. Onlar-
dan 6 quyu istehsalat magsadini yerins yetirib, qalan-
lar1 isa texniki sebablara gora lagv olunub.

Xudat sahassinda strukturun tag hissssinda qazil-
mis 6 sayli dorin quyu ile kesfiyyat islori baslanmuis-
dir. Quyunun layihe darinliyi 3200 m, qazilmasmin
mogqsadi ise Tebasir ve Yura c¢Okiintiilarinin litos-
tratiqrafiya ve neft-qazliligini dyronmoek olmusdur.
Onun kasilisinde Uclincii dévr, Tebasir ve gismean
Yura c¢okiintiilori agilmisdir. Quyu geoloji sebablora
goro logv edilmisdir. Xudat sahasinde comi 16305 m
dorinlikle 6 dearin keasfiyyat quyusu (5, 6, 7, 10, 11 vo
20) qazilmisdir. Onlardan Mezozoy c¢Okiintiilerini 5
sayli quyu 2180 m, 6-2040 m, 10-1994 m, 11-2030 m
galinligla a¢muislar. Gosterilon quyulardan birinci 3
quyunun layiha darinliyi 3200 m, 11 sayli quyunun ise
4500 m olmusdur. Bu sahade Mezozoy c¢okiintiileri-
nin ac¢ilmis maksimal qalinligr 1675 m-a catir. 5 sayh
quyu texniki, 6 sayli quyu iso geoloji sabobloro gore
logv olunmusdur. Qazilmis 10 ve 11 sayl kesfiyyat
quyularinda Yura ve alt Tabasir ¢okiintiilorinde qaz
tozahiirleri geyde alinmisdir. Yura c¢okiintiilorinden
qaldirilmis siixur niimunalarinds neft iyi olub. Har
iki quyu texniki sabablara gors lagv edilib.
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Noatica
1. Yalama qalximi Tebasir dovriiniin avvalinde maksimal qalxmaya moeruz qalmis ve dov-
riin sonuna dogru tektonik aktivliyi zeiflomisdir.
2. Cokiintiilerin litologiyasinda qeyd olunmus doyisikliklor yalniz tektonik proseslorlo deyil,
ham da regional ve global deaniz saviyyasinin dayismasi ils izah olunur.
3. Yalama sahosinin kosilisinde miixtalif paleocografi seraitlorin periodik tekrarlanmasi
kollektor va ortiiklarin formalagsmasina miisbat tasir etmisdir.

4. Qusar-Doavaci

¢okokliyinin simalinda karbohidrogenlorin generasiya morkezi Zeyxur

¢Okakliyinda yerlosmisdir. Zeyxur c¢Okekliyinden generasiya olunan karbohidrogenlar
Yalama-Xudat qalximina dogru miqrasiya etmisdir.
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IlaaeoTekTOHMYECKasI XapaKTepUCTHKa ¥ HedpTera3oHOCHOCTb Me3030MCKIX
OTAO0KeHMI HaKonaeHus Slaama-XyaaTcKOv 30HBI IIOAHATIS

O. B. Padxabau
AszepbaiiaKaHCKUI TOCyAapCTBEHHBIN YHUBepCUTET HepTU U
npomeIniaeHHOCTH, baky, Asep0aiiaskaH

Pedepar

AAsl OLIeHKM I1aA1€0TeKTOHMKM Me3030MCKUX OTAOXKeHMI Slaamo-XyAaTcKoil 30HBI HOAH:-
TIS UCIIOAB30BaHbl AUTO(AIalbHbIe TOKa3aTeAn ¥ MHAMKATOPEl TeKTOHMYECKO aKTUMBHOCTI.
IIpeacraBaenne amrodanuit ¢ 601ee TOUHBIMU AAHHBIMM UM LM(QPOBLIE 3HAYEHUA AAHHBIX O
MOIITHOCTY ITOMOTIalOT HOAYYUTDh peaauCTUYHbIe Pe3yAbTaThl O 11a1€0TeKTOHNYEeCKOM Pa3BUTUM.
B xo4e mccaesoBaHMA TEKTOHMUECKOE Pa3BUTHE I110mIasu Slaama OBLA0 OIl€eHEHO Ha OCHOBE Ieo-
AOTUYECKUX AAHHBIX. XOTs CHVJKeHMEe TeKTOHMYeCKOW aKTUBHOCTU IIPOA0AXKaAO0Ch UM K KOHILY
Me/a, IIOBTOpeHre AUTO(anNii MOXKHO OOBACHUTH IOBTOPEHMEM MOPCKUX TPaHCIPEeCCHOHHBIX
U PerpecCMOHHBIX IIPOIIeCcOB Ha OAHOM U TOM Ke ydacTtke. [laseoTekToHmMyeckme ycAoBus HaKoO-
II/IeHIIS Me/OBBIX OTAOXKEeHNII OKa3aAy BAMAHME Ha HepTera3obas TeHepaljlIOHHEIE 1 cOOMpaTeAb-
HbIE OCOOEHHOCTU 0CaAKOB.

Katouegvie caosa: 1aseoTeKTOHKUII aHaAN3; AUTO(anaibHble OCOOEHHOCTI; CKOPOCT CeAM-
MEeHTAaIlM; TEKTOHNMYeCcKasl aKTUBHOCTD.

Yalama-Xudat qalximlar zonasinda Mezozoy ¢dkiintiilorinin toplanmasinin
paleotektonik xiisusiyyatlari va neft-qazlilig:

O. V. Racabli
Azarbaycan Dovlat Neft vo Senaye Universiteti, Baki, Azarbaycan

Xiilaso

Yalama-Xudat qalxamlar zonasinda Mezozoy ¢Okiintiilerinin paleotektonikasini
giymotlondirmak magqsadils litofasial ve tektonik aktivlik gostericilorinden istifade edilmisdir.
Litofasial xarakteristikanin daha daqiq melumatlarla ifade olunmasi, qalinliq melumatlarinin
iso rogemsal giymatlori paleotektonik inkisaf haqqinda realliga yaxin naticalor olde etmoaya
komak edir. Tadgiqat isinde Yalama sahasinin tektonik inkisafi geoloji malumatlar ssasinda
giymotlondirilmisdir. Tebasirin sonuna dogru tektonik aktivliyin azalmasi davam etso ds,
litofasial xiisusiyyatlarin tekrarlanmasi denizin transqressiya ve reqressiya proseslarinin eyni
sahada tekrarlanmasi ils izah oluna bilar. Tebasir ¢okiintiilorinin paleotektonik toplanma saraiti
¢okiintiilorin neft-qaz generasiya vo kollektorluq xtisusiyystine 6z miisbaet tosirini gostormisdir.

Acgar sozlar: paleotektonik analiz; litofasial xiisusiyyoetlor; ¢okiintiitoplanma siirati; tektonik
aktivlik.
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KICIK QAFQAZIN MORKOZIi HiSSOSININ UST PLIOSEN-DORDUNCU
DOVR VULKANIK KOMPLEKSININ iLKIN MAQMASININ MONBOYi

N. ©. Imamverdiyev*!, M. Y. Hasanquliyeva? A. O. Valiyev?, R. E. Riistamova'’
'Baki Dovlat Universiteti, Baki, Azarbaycan
2ARETN Geologiya va Geofizika Institutu, Baki, Azarbaycan
3Azerbaijan International Mining Company, Baki, Azarbaycan

The source of the primary magma of the Upper Pliocene-Quaternary volcanic complex of the central part

of the Lesser Caucasus

N. A. Imamverdiyev™, M. Y. Hasanguliyeva®, A. A. Valiyev®, R. E. Rustamova’

'Baku State University, Baku, Azerbaijan

Institute of Geology and Geophysics of the Ministry of Science and Education Republic of Azerbaijan, Baku, Azerbaijan

3Azerbaijan International Mining Company, Baku, Azerbaijan

ABSTRACT

The source of the primary magmatic magma of the Upper Pliocene-Quaternary trachybasalt-
trachyandesite volcanic complex of the central part of the Lesser Caucasus is investigated in the
article. The distribution of rare earth elements in the rocks of the trachybasalt-trachyandesite
complex indicates that the source of the vulcanite’s was a metasomatically altered garnet-
bearing mantle substrate. Based on the geochemical characteristics of moderately alkaline olivine
basalts, it was determined that the source of the magma is a lithospheric mantle containing

metasomatized phlogopite-garnet-rutile.

*e-mail: inazim17@yahoo.com
https://doi.org/10.53404/Sci.Petro.20230200043

KEYWORDS:
Lesser Caucasus;
Upper Pliocene-
Quaternary
volcanism; Primary
magma; Lithospheric
mantle hosting
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phlogopite-garnet-
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Kicik Qafqazin moarkszi hissasinde zaman ve
mokanca assosiasiya toskil edon traxibazalt-bazaltik
traxiandezit-traxiandezit vo salik riolit terkibli
vulkanitlorden ibarat olan Ust Pliosen-Dérdiincii
dovr yash bimodal assosiasiya inkisaf etmisdir [1].
ovvolki ¢ap olunmus oserlorde bu assosiasyanin
petrogeokimyovi xiisusiyyoatlori kifayat qodar
isiglandirilmisdir [1-7]. Bu maqalade ise asasen Kicik
Qafqazin morkoazi hissesinin Ust Pliosen-Dérdiincii
dovr traxibazalt-traxiandezit vulkanik kompleksinin
ilkin magmatik magmasinin meanboyi arasdirilacaqdir.

Moalumdur ki, ilkin izotop qiymotlori ve bozi
uyusmayan elementlarin (yaxin paylanma amsali olan)
nisbotlori kimi maddi xarakteristikalar fraksionlasma
prosesinds praktiki olraq sabit qalir ve diferensiasiyaya
ugramis maqmanin maqgmatik menbayinin terkibini
giymeatlondirmeys imkan verir.

Yiingtl lantanoidlsrin traxibazalt-traxiandezit
vulkanik kompleksinin asasi vulkanitlorinde ve iriionlu
elementlori miisahide edilon yiiksok konsentrasiyasi
gostorir ki, kompleksin siixurlarini amoals gotiron
orinti zenginlosmis mantiya menbayinin arimasi
zamani formalasa biler. Bu zaman miilayim goalovili
olivinli bazaltlar OIB tipli tipik plitedaxili bazaltlardan
(zonginlosmis moenbo) Nb-Ta minimumunun, Ba
maksimumunun olmasi ils farglenir.

HFSE elementlarinin az qgiymoti kontinentlarin
foal kenarinin, ada qovslerinin, kolliziya zonalarinn,
kontinentdaxili maqmatik qursaqlarin bir ¢cox bazaltlar1
ti¢lin saciyyovidir. Plitadaxili ve plitedaxili kolliziya
zonalarinin bazaltlarinin Nb v Ta-la kasiblasmas: ya
astenosfer maqmasinin kontinental qabiq materiali ila
kontaminasiyasi [8; 9], ya da subduksiya maddsasi ila
metasomatitlosmis {ist (litosfer) mantiyanin arimesi
naticesinds bazalt maqmasinin amols galmasi ils izah
edilir [4; 10-14].

Qeyd etmok lazimdir ki, Kicik Qafqazin
diger sahslerinde aparilmis izotop tadqiqatlar,
bizim Oyrendiyimiz siixurlardaki geokimyavi
molumatlar litosfer mantiyasinin qabiq materiali ila
kontaminasiyasini tekzib etmir.

Kicik Qafqazin morkezi hissesinin traxibazalt-
traxiandezit kompleksi siixurlarinin yuxarida qeyd
edilen ilkin miilayim golovili maqmasinin menbayinin
xarakteristikasin1 vermak ti¢tin La/Sm-La, Sm/Yb-Sm,
Sm/Yb-La/Yb diaqramlarindan istifade edilmisdir
(sak. 1).

Sekil la-c-de biz nadir torpaq elementlarinin
miqdarindan ve onlarin nisbatlerinden istifada
edarak miilayim goalovili magmani téroden menbanin
mineralogiyasin1 ve onun qismen oarime payini
modellosmoaya calb etmisik.
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Sak. 1. D. M. Sounun [15] geyri-modal tam arims tonliyine asasen La/Sm, Sm-Sm/Yb vo Sm/Yb-La/Sm qrafiklsrinda
arimani gostaran ayrilar. Orima ayrilari spinelli lersolitlara (Oloss+OpXo.2+CpXo17+SPooss Vo Olyos+OpXo2s+CpXosr+SpPoas,
R.J. Kinzlera [19] gora) va qranatli lersolitlara (Olys+Opxo+Cpxor+Gtos Vo Olyos+OpXo16+CpXosstGtogs, M. J. Waltera
gora [20]) uygun golir. Mineral/asas kiitls arasinda paylanma amsali vo DMM H. Rollinson [16] ve D. P. Makkenzi va
R. K. O’Nionsdan [17] gétiiriilmiisdiir. PM, N-MORB, E-MORB tarkibi S. S. Sun vo W. F. Makdonousa [15] gora. LSM -
Kicik Qafqazin miilayim gsalavili siixurlarinin arima traektoriyasinin ekstrapolyasiyasi yolu ils alinmisdir. Qalin xatt
DMM va PM tarkibli mantiya arintisinin trendini, nazik biitév ve qiriq-qiriq xatlar Kicik Qafqazin vo DMM-in arima

trendlarini gostorir. Oyrilar iizerindaki raqamlar manbanin qisman arims payina uygun golir
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Modellasms {i¢iin D. M. Sounun [15] geyri-modal
tam arimo tonliyinden ve H.Rollinsona gore [16] Nadir
Torpaq Elementlorin (NTE) paylanma omsalindan
istifade edilmisdir. Mantiya menbayini teiyn edon iki
miixtelif torkibden istifads edilmisdir: 1 — depletlosmis
MORB mantiya (DMM). Bu tip maqma D. P. Makkenzi
va R. K. O’Nionsun [17] toklif etdiyi depletlosmis
MORB moanbayinin terkibine yaxindir ve astenosfer
mantiyasinin konveksiyasi naticosinde amalo galir. 2 —
Primitiv mantiya (PM - S. S. Sun ve W. F. Makdonousa
gora [18] mantiyanin ilkin terkibine cavab verir. ©n
avveal yiiksak uyusmayan La ve az uyusmayan Sm
elementlorinin konsentrasiyalarina baxilmisdir. Bun-
dan basqa nazers almaq lazimdir ki, hoam La, ham da
Sm moenbanin mineralogiyasinin (qranat ve ya spinel)
doayismesine kifayat qodar hassasdir ve belslikls, moan-
benin tam kimyavi torkibi haqqinda informasiya vera
bilor. Sokil la-dan goriindiiyli kimi okser miilayim
golovili siixurlarda La-nin yiiksek miqdar: miisahidas
edilir vo La/Sm nisbati DMM-o nisboton hatta ¢ox az
arima payinda bels (0.1%) yiiksek qiymate malikdir.
Traxibazalt-traxiandezit kompleks siixurlarinin qis-
man arims oyrisini ekstropolyasiya etsok, onlarin 1-5 %
arimo payinda amolo golmasini gororik ve mantiya
moanboayinin (mantiya xottinde LSM kimi gostorilmis-
dir) DMM vo PM-a nisbaton yiiksok La ve La/Sm
nisbatine malik olmasi aydin goriiniir. Buradan aydin
goriiniir ki, DMM va ya PM-in bir marhsloda arimasi
miilayim golovili silixurlardaki kimi qeyri-kogerent
elementloro malik olan magmani vers bilmaz. Belo-
likls, belo naticoys golmok olar ki, mantiya menbayi
LREE ils zengin olmusdur. Bels bir manbs ise yuxari-
da geyd etdiyimiz kimi baxilan regionda gec kayno-
zoydan ovvellor bas vermis subduksiya marhalosin-
de onun komponentlerinin hesabina mantiya meta-
somatozu noaticasinde amolo golo bilor. Sokil 1b-da
Sm/Yb nisbatinin Sm-dan asililig1 gosterilmisdir. Bu
onunla izah olunur ki, qranata gore (klinopiroksena
goro deyil) Yb uyusan elementdir vo  Sm/Yb
nisboti miilayim goalovili magmanin moanbayinin
mineralogiyasin1 aydinlagdirmaq {igiin istifads edila
bilar. Sekilden goriindiiyii kimi kompleksin siixurlar:
mantiya xatti iizerinds yerlasir (=gpinelli lersolit +
arimoa trendi) vo yiiksok Sm/Yb nisbatine malik ol-
magqla qranat ve qranat+spinelli lersolit ayrileri ara-
sinda yerloasir.

Qeyd olunanlar onu gosterir ki, regionun
stixurlarinin meanboayinds qranat restitde qalmisdir.
Sakil 1a va b-nin birlosmis — MREE/HREE ve LREE/
MREE nisbatlori, yoni Sm/Yb vo La/ Sm nisbatlorinin
asililiq diaqramlar: sokil lc-do gostorilmisdir. Bu
sokilde deo qranat vo spinelli lersolit manbalarinin
arasinda qeyri asilihq goriiniir. Spinelli lersolit gis-
mon oridiyi halda arinti asag1 Sm/Yb nisbatine malik
olacaqdir ve aydindir ki, La/Sm nisbati gismen orims
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pay1 artdiqda azalmaga baslayacaqdir. Spinelli ler-
solit manbayindon arime horizontal erime trendine
uygun golacokdir vo DMM ve PM terkibli mantiya
xatti ile Ortiilacakdir. Diger terafdan iss qranath lerso-
lit manbayinden qranat restitdadir) gismen erimenin
az payinda orinti mohsullar1 mantiya menbayins
nisbaten yiiksak Sm/Yb nisbatine malik olacaqdur.

Beloliklo, qranatli lersolit arintisinin trendi diger
diaqramlarda oldugu kimi Sm/Yb-La/Sm diaqraminda
da Sm/Yb yiiksak nisbatine gora mantiya xatti tizerin-
do yerlogsocokdir.

Sekil lc-den goriindiiyli kimi spinelli lersolit
monboyinin miixtaliy eorime payr traxibazalt-
traxiandezit kompleksin siixurlarinin terkibini izah
eds bilmir ve bu onunla izah olunur ki, fiqurativ nog-
tolor spinelli lersolit arima trendinden ve mantiya
xattinden yuxarida yerlasir. Digar torafden, fiqurativ
noqtalor qranath lersolitin arime trendins yaxin
yerlosorok zanginlosmis mantiya trendini emoalo goti-
rir. Bu terkib yuxarida qeyd edilon LSM tarkibina
cavab verir. Belo bir torkibin hipotetik qranath
lersolitden bir qadar forqli trend amolo gatirmasi NTE
paylanma omsalinin nozeri olaraq gotiiriilmesi vo
belsliklo paylanma emsalinin alinmis qiymoetindaki
sehvlarle izah edils biler. Yuxarida qeyd olunanlar-
dan bels noatica ¢ixarmaq olar ki, traxibazalt-traxian-
dezit kompleksinin siixurlarinin alinmas: ti¢iin men-
bos qranat + spinel mineral torkibli mantiya ola biler
(albatta qranat spinelo nisbaton daha ¢oxdur). Basqa
sozlo desok, yuxaridaki modellosdirmos gostorir ki,
miilayim qolovili siixurlarin menbayi DMM (va
PM)-o nisboaton yiingiil NTE ilo zengin olmusdur.
Agir nadir torpaq elementlarine (HREE) nisbaten
stixurlarin ytlingiil nadir torpaq elementlari ilo (LREE)
zonginlosmoasi (bu zenginlosmenin oadadi giymaoti
miilayim geloavili olivinli bazaltlarda 15-30 teskil edon
(La/YDb), nisbatidir) mafik magmanin qranat saxlayan
mantiya protolitinden erimesine dslalat edir [21] va
yuxarida qeyd etdiyimiz fikirlorini tesdiqloyir.

Kigik Qafgazin Cavaxet yaylasinda analoji bazalt-
larda V. A. Lebedev va b. [22] goro Nd-un izotop nis-
bati sng=3.4-5.1; ¥Sr/*Sr=0.7039 - 0.7042 miiayyen edil-
misdir vo muolliflorin fikrinco bu bazaltlar kontami-
nasiya ilo fasiloli vo fasilesiz olaraq miirokkeblosmis
asasi torkibli mantiya srintisinin fraksion kristallas-
mas1 naticesinda plitedaxili seraitde amola gelmisdir.
3n¢ ifadesinin miisbat giymati menbenin yer qabigi-
na nisbaton kifayst goder, N-MORB-a nisbaton isa
az miqdarda kasiblasmasini gostarir. Bu tip mantiya
moanboyi DMM (N-MORB-a) nisbaton LREE ilo zan-
ginlagsmis miisbat 3yq qiymsatine malik olaraq okean
vo kontinental qolovi ve miilayim qolovili bazalt-
larin ilkin maqgmasi hesab edilir. Bir ¢ox okeanik va
kontinental plitodaxili miilayim goalovili ve golovili
bazaltlarin menbayinin zanginlosmoasi adston asagi
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mantiyadan gstirilon komponentlarin hesabina basg
verir [21, 23, 24].

Belo bir fikir Kicik Qafqazin gec kaynozoy
vulkanitlari {iciin de gebul edils bilar.

Yuxarida gostordiyimiz kimi, Kigik Qafqazin al-
tinda litosfer mantiyast Nb ve Ta minimumu ils saciy-
yalonan subduksiya komponenti dasiyir. Bundan
basqa Ust Pliosen-Dérdiincii dévr yash miilayim qolo-
vili stixurlar onlardan avval formalasmis (miosen-alt
pliosen) litosfer mantiyasindan amolo galmis kalsium-
lu golovili siixurlarin moenbayindon do amolo goala
bilmaz (onlar 6z geokimyovi xiisusiyystine goro ¢ox
daqiq forqglenirlar).

DMMe-in torkibine banzer astenosfer mantiya
moanboayi (vo ya he¢ olmasa bir dofs arimaye maruz
gqalmis astenosfer mantiyasi) geyri-kogerent element-
lorlo zongin olan ve yuxarida qeyd edilon izotop
torkibine malik olan miilayim golavili siixurlarin
torkibini izah ede bilmez. Bu tip miilayim galovili
stixurlarin mantiya menbayinin xarakteristikast ancaq
astenosferds zonginlosma prosesi ilo bas vere bilor.
Cox gliman ki, H. Zou va A. Zindlerin [25] geyd etdi-yi
kimi, zonginlosma miilayim goalovili magmanin arime-
y® gadar peridotit menbayinin metasomatik proseslara
moruz qalmasimin hesabina bas vers bilor. Sulii mine-
ral fazalarimin (moaselon, floqopit ve/ve ya amfibol)
miilayim qolovili bazaltlarda derinlik slaveleri kimi
istirak etmasi belo metasomatizmin nisanasi ola bilar.

Eksperimental islorden [26, 27] malumdur ki, flo-
qopit saxlayan mantiya siixurlarinda floqopit-qra-
nat-orinti faza tarazligi 25 kbar-dan ytiksok tozyiqde
ve 1000 °C-den yuxar1 temperaturda miivazinatda
olur. Bununla yanasi, X.I. Xionq ve b. gora [28] bu
soraite (25 kbardan yiiksok tozyiqds, 1000 °C-den
yuxari temperaturda) su getirilmis seraitde rutilin da
dayaniqliq sahoesi diisiir. K;O-nun bazalt magmasin-
da yiiksek miqdari arime sahasinda flogopitin olma-
sma dalalat edir [27, 29, 30]. Flogopitin miilayim
golovili olvinli bazalt erintisinin menbayinde istirak
etmosi La/K-La diaqramindaki fiqurativ noqtelorin
yerlosmosi ilo tesdiq olunur (sok. 2).

Moalumdur ki, lantan ve kalium olivin, piroksen,
Fe-Ti oksidlor, qranat kimi minerallarda yaxin pay-
lanma amsalina malikdirlar. Bu minerallar isa bazalt
orintisinin kristallasma differensiasiyasinin erken
moarhalasinds fraksionlasma fazalarini vo moanbada
restit assosiasiyalarini tegkil edirlor. Burada floqopit
istisnaliq teskil edir, ¢ilinki onun {ic¢lin lantana nis-
baton kalium yiiksok paylanma omsalina malikdir.
Floqopitin arimasi bazalt arintisinden La/K nisbatinin
kifayst goader azalmasma sebsb olur ve bu zaman
La-nin konsentrasiyasi da eyni zamanda azalir. Lakin
ﬂoqopitsiz mantiyanin orime paymin artmasi La/K
nisbati sabit qalmaqla La-nin azalmasma sabsb olur
[27]. Seokil 2-don goriindiiyii kimi, siixurlarda La-nin
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miqdar1 azaldiqda La/K nisbeti do kifayst qodor azalir
ve mantiya magqmasinda kaliumun baslica manboyi
olan floqopitin arimasine dslalat edir.

Bizim fikrimizco miilayim golavili olivinli bazalt-
larin geokimyeavi xiisusiyyatlori magmanin menbayi-
nin metasomatitlosmis floqopit-qranat-rutil saxlayan
litosfer mantiyasinin olmasina doalalst eda bilar. Cox
gliman ki, belo bir menbenin orimeasi zamani rutil
restitdo qalmisdir ve ilkin magmanin Nb ve Ta-la
kasiblasmasmna sebab olmugdur. Dediklarimiz yuxa-
rida geyd olunanlari bir daha tesdiq edir.

Beloliklo, orimenin ilkin moarhalesinde maqma
metasomatizminin hesabina LREE ils zenginlose
bilor vo bu tip maqma formasiya siixurlarmin ilkin
maqmasi ola bilar. Aydindir ki, metasomatoz prose-
sino gadar olan manbs DMM-in (ve ya PM) analoqu
ola biler. Kicik Qafqazin markazi hissssinde mantiya
monbayinin kolliziya seraitinde orime mexanizmi
asagidaki proseslarlo izah edils bilor.

1. Litosferden ayrilma ve ya qalxma (uplift) man-
tiya litosferinin adiabatik dekompressiyasi naticasin-
do bas verir;

2. Orime mantiya plyliminin istiliyinin ve ya
astenosfer mantiyasimnin qalxmast hesabina (ve ya
litosferin laylanmast ya da subduksiya olunmus
«slebin» qirilib diismasi hesabina) bas verir.

Birinci hali nezari olaraq izah etmok ¢otindir.
Bu onunla izah edilir ki, quru seraitde (mantiya-
nin potensial temperaturu 1280 °C) peridotit torkibli
mantiya litosferi ariye bilmaz, ciinki quru solidus
ayrisi geotermi kasmayacakdir [31]. Ona gors ds ancaq
metasomatizm noaticesinde mantiya litosferinin az
arimo payinda peridotitin solidus temperaturu asag:
diisorok ilkin orintini ugucu komponentlorlo (H,O,
CO;) zonginlasdiracokdir.

Aparilan tadgiqatlar naticesinds biz ancaq o fikri
doaqiq soOylaye bilerik ki, arimenin baslanmasi tigiin
lazim olan istilik mantiyanin metasomatitlosmis qay-

OcHOBHOI

A
Floqopitsiz mantiyanin Al
arimo paymdan asili
olaraq arintinin torkibinin
dayisma trendi

OcHOBHOII

N4 OcHoBHOI 2 ‘A
=~
S
= Ocrosroii 1 Floqopit saxlayan mantiyanin
arimo payimndan asili olaraq
arintinin tarkibinin dayismoa
trendi

OcHoBHOTI

OcHOBHOTI

Ocnoprott ~ OcHopHOM ~ OcHoBHoi ~ OcHoBHOT  OcHoBHOIT ~ OCHOBHOII

La

Puc. 2. Miilayim qalavili olivinli bazaltlarin va
traxibazaltlarin terkibinin fiqurativ néqtalarinin
La-La/K diaqraminda vaziyyati. Orima payindan

asil1 olaraq arintinin tarkibinin dayismasi vek-

torlar1 N. Vigouroux va b. [27] gora verilmisdir
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nar astenosfer hissasi ola bilar. Bu prosesin amals gal-
mosi {iglin ise goadim subduksiya prosesi natice-
sinde ayrilan fliiid komponentlarinin mantiya
litosferini metasomatik doyisdirmesi aparici rol
oynayir. Bu fikir yuxarida qeyd olunmus geokimyoavi
molumatlarla (Nb-Ta, Zr-P-Ti minimumu, qeyri-
kogerent elementlarls zanginlesmasi ve s.) 0z tos-
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geokimyovi xarakteristikaya malik olan litosfer
mantiyasinin qismen orimasi bas vermisdir. Alinan
orinti ise fraksionlasmaya moruz qalaraq ilkin
torkibi miilayim qolovili bazalt magmasma uygun
golmisdir. Bu arinti yer qabigi seraitinde novbeti
fraksionlasmaya maruz qalmis ve iist qabiq materiali
ila qarsiigh slagads olmugdur. Sonuncu ise onun

diqgini tapir. Basqa sozle desok, gec kolliziya zamam
darinlik plytimlarinin tssirinden subduksiya {istii

LILE va LREE ilo zenginlasmasins, HFSE ilo kasib-
lagsmasina sabab olmusdur.

Notica

1. Nadir torpaq elementlarinin traxibazalt-traxiandezit kompleksinin siixuralarinda pay-
lanmasi gostorir ki, vulkanitlorin menbayi metasomatik dayismis qranat saxlayan mantiya
substrati olmugdur. Oyranilon vulkanitlords (Tb/Yb)y=1.7 - 3.0 olmasi kompleksin siixur-
larinin ilkin magmasinin menbayinds qranatin istirak etmasine dslalat edir.

2. Traxibazalt-traxiandezit kompleksinin siixurlarinin mikroelement torkibi vo onlarin nisbeti
mantiya tobistli ilkin erintinin kristallasma diferensiasiya modelini miirakkeblosdirir vo
ana maqmanin kontinental gabigin kenar siixurlari ile assimilyasiyasi naticesinde mantiya
maqgmasinin Yer qabigl substrati ilo qarsiliqh tesiri ilo tayin olunur. Belo bir Yer qabig:
substrat1 izotop ve geokimyavi terkibi yer gqabigna yaxin olan traxibazalt-traxiandezit
formasiyasi ilo makan ve vaxtca bimodal-kontrast assosiasiya tagkil edan riolitler ola bilar.

3. Miilayim gplovili olivinli bazaltlarin geokimyoavi xiisusiyyatlori magmanin moenbayinin
metasomatitlosmis floqopit-qranat-rutil saxlayan litosfer mantiyasinin olmasina dslalat
edir. Cox giiman ki, belo bir manbanin orimasi zamani rutil restitde qalmisdir ve ilkin
maqgmanin Nb vo Ta-la kasiblasmasina sebab olmusdur.
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VcTouHuk HQpBI/I‘IHOf/I MarMbl BepXHEIIANOLIeH-9€eTBePTUIHOTIO
BYAKaHIYeCKOTO KOMILAeKca IeHTpaabHOM YacTu Maaoro Kaskasa

N. A. Umameepdues’, M. 4. I'acanzyruesa®, A. A. Beaues®, P. 9. Pycmamosa’
'bakmMHCKMIT TOCyAapCcTBeHHBIN YHUBepcuTeT, baky, AszepOariaxan
‘Muctutyt reoaorun u reopusuku MHOAP, baxy, AszepbaiiaxaH
*Azerbaijan International Mining Company, baky, Asep0aiia>kaH

Pedepar

B crartse ccaea0BaH MICTOYHMK HepBI/I‘{HOIZ MarmMaTu4ecKoi MarMbl BepXHEIIANOLIeH-4eTBep-
TUYHOTO TanI/I6a3a/le-TanI/IaH,ZI,€3]/ITOBOI‘O BYAKaHNYECKOTO KOMIIJAEKCa I_[eHTpa/lI)HOIZ qJacTu
Maaoro Kaska3za. PaCHpe,Zl,eAEHI/Ie peaKo3eMeAbHbIX DA€MEHTOB B ITOpOJax TanI/I6a3a/lLT-Tpa-
XINaHAE3MTOBOTO KOMIIJAEKCa CBIUAETEABCTBYET O TOM, YTO MCTOYHUKOM BYAKaHUTOB Obla MeTa-
COMaTUYeCKN W3MeHEHHBIN I'paHaTCOAep)KaH_U/HZ MaHTUIIHBIN Cy6CTpaT. Ha ocHoBanum reo-
XMMUNYECKNX XapaKTepUCTUK YMEPEeHHO-IIEeA0YHbIX OAVBUHOBBIX 0a3aabTOB YCTaHOBA€HO, 4TO
JICTOYHIIKOM MarMbl SBASIETCS AI/ITOCCl)epHa}I MaHTI:, cogeprKaliasl MeTaCOMaTI/ISI/IpOBaHHbIIV/I
(l)AOI'OHI/IT-I'paHaT-pyTI/IA.

Karouesvte caosa: Maaniit Kapkas; BepXHENAMOLEH-4eTBePTUYHEIN BYAKAaHU3M; IepPBUYHASIL
Marma; AutocpepHasi MaHTHUs, COAepKalas MeTacOMaTU3UPOBAHHEIN (AOTONNUT-TPaHAT-PYTUA.

Kicik Qafqazin markazi hissasinin Ust Pliosen-Dérdiincii dovr
. vulkanik kompleksinin ilkin maqmasinin manbayi
N. O. Imamverdiyev', M. Y. Hasanquliyeva®, A. ©. Valiyev’, R. E. Riistamova’
'Baki1 Dovlat Universiteti, Baki, Azarbaycan
ARETN-nin Geologiya va Geofizika Institutu, Baki, Azarbaycan
*Azerbaijan International Mining Company, Baki, Azarbaycan

Xiilaso

Mogqalade  Kicik Qafqazin moarkezi hissesinin Ust Pliosen-Dérdiincii dovr traxibazalt-
traxiandezit vulkanik kompleksinin ilkin magmatik magmasinin manbayi arasdirilmisdir. Nadir
torpaq elementlorinin traxibazalt-traxiandezit kompleksinin siixuralarinda paylanmas1 gostarir
ki, vulkanitlorin menbayi metasomatik deyismis qranat saxlayan mantiya substrat: olmusdur.
Miilayim galavili olivinli bazaltlarin geokimyevi xiisusiyyatleri asasinda magmanin manbayi-
nin metasomatitlosmis floqopit-qranat-rutil saxlayan litosfer mantiyasinin olmasi miioyyon
edilmisdir.

Ac¢ar sozlar: Kicik Qafqaz; Ust Pliosen-Dordiincii dévr vulkanizmi; ilkin maqma;
metasomatitlosmis floqopit-qranat-rutil saxlayan litosfer mantiyasi.
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ITMAPOT'EOAOIMYECKME U TMAPOXVIMMYECKUE NCCAEAOBAHNS
ITPOIIECCA COAEOTAOXKEHNUN B ITAACTOBBIX BOAAX
HE®TSIHBIX MECTOPOXAEHUAX

I'. A. A6Gacos, H. H. Xaanaos*, 1. M. Taani03age, 1. b. I'ypOban3saae
HUIIM«He¢mezas», SOCAR, baxy, Asepbatidxan

Hydrogeological and hydrochemical studies of the process of salt deposition in reservoir waters of oil fields
G. A. Abbasov, N. N. Khalilov*, L. M. Talibzade, L. B. Gurbanzade
«QOilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

ABSTRACT

As a result of analyzing solutions and dry residues obtained during the study of the interaction of
core samples with various types of water, it was found that the interaction of the core with distilled
water resulted in the dissolution of Na*+K*, Ca*, Cl, HCOs ions and other components, leading to a
decrease in the mass of the core dry residue by more than 2.0%. Interaction of the core with technical
water led to an increase in mass by approximately 1.0%. In the case of seawater, the mass of the core
dry residue decreased by more than 1.0%. The conducted research proves that the interaction of the
core with different types of water causes certain physico-chemical processes, as a result of which the

KEYWORDS:
Core;

Technical water;
Seawater;

Distilled water;
Soluble salts;
Precipitated salts;
Sulfate-sodium type

dissolution and precipitation of various salts occur. These results can have significant practical value

in conducting analysis and determining the composition of various solutions.

*e-mail: nurlan.xalilovl@gmail.com
https://doi.org/10.53404/Sci.Petro.20230200044

OgHMM 13 Ba’KHENIINX DTAIIOB M3ydeHUs HedTe-
rasoBOIo IIOTeHIIMaJa MeCTOPOXKAEeHMI, OIleHKM Kaue-
CTBa M OOBEMa 3aIlacoB YyI1eBOAOPOAOB, ILAaHMpPOBa-
HISL JaAbHEMIINX IeoA0TOopa3BesOdHbIX paboT sIBAs-
eTCs Ka4eCTBEHHBINT OTOOp U aHaAM3 KePHOBOTO MarTe-
pMaja c 11eAbI0 HOAYyYeHIsI MaKCMMaAbHO BO3MOKHOM
nHpopManMy O CTPYKTYPHO-TEKCTYPHBIX OCOOEHHO-
CTAX He(TerasoHOCHBIX OTAOKEHMI, IeTpodusamde-
CKIX XapaKTepMCTUKax KOAAeKTOPOB, a Takxke HedTe-
HaCBIIIeHHBIX V/MAVM TIePCHEeKTVBHBIX AAS pPa3BejKN
3aaexell yraesolopoaos [1].

Kepn - »T10 mopoga, moaHATas C IpOOYPEHHBIX
CKBa>KVHBI U SIBASIETCS OY€Hb 3HAYMMBIM MCTOYHVIKOM
reoaorndeckori nHpopmarun. KoMIiekcHsIi aHaAn3
KepHa — sIBAAeTCsl OAHUM U3 IPSIMBIX METOAOB, IT03BO-
ASIOMUX TTOAYYUTHh HamboJee AOCTOBEPHYIO MHQOP-
MallMIO O CBOVICTBaX M COCTaBe IOPOJ, U HaCBIIAIOIINX
daonaos [2].

Aas1 M3ydeHMs1 Ipolecca COA€0TAOXKEHUN B Aa0o-
paTopun ObLAM IIPOBEAEHHI IMAPOXUMIIECKIE VICCae-
AOBaHIs 0OPa3LIOB, ITOAYIEHHBIX ITyTEM CMEINVBaHILI
KepHa C pa3AMYHBIMU TUIaMU BOAbl. IlepsoHauaabHO
Ob1AM M3ydeHBI (PUBVMKO-XMMMYECKNE CBOMCTBA BOABI
Kacrimiickoro Mopsi 1 TeXHUYeCKO BOADI, ITI0Ay4eHHO
B pe3yAbTaTe CMeIllMBaHUs B Pa3AMYHBIX COOTHOIIIEHN-
sx [3]. B AaapHerimem oOpasiisl KepHa M3MeAbIaANCh
U CMEIINBAAVCh C Pa3AMYHBIMU TUIIaMU BOABI (BOAO
Kacrimiickoro Mops, TeXHMYecKou U AMCTUAAUPOBAH-
HOIT). /labopaTOpHble aHaAM3bl IIPOBOAMANCH Yepes3

pasHble ITpoMexXyTku Bpemenmu (3, 10 m 28 anein)
(taba. 1).

IIposeaennsiit aabopaTopueil (U3NKO-XMMITIe-
CKIIT aHaAM3 MOPCKOI BOABI ITOKa3a, 9YTO ILAOTHOCTb
Boapl cocraBaser 1.0087 r/cm?, a ee MmHepaamsarus
— 14650 mr/a. CoraacHo kaaccudukanuu B. A. Cyanna
BOJa OTHOCUTCH K cyabgaTHO-HaTpuesoMy Turry (CH).
3nauennsa rNa/rCl xosddummenta cocrasaser 1.03.
Cogaep>kanne noHos cocrasaset (Mr/a) Na+K* —3962.55;
Ca®-322.78; Mg* -588.07; ClI'—5901.9; SO,* —3065.44;
HCO; -110.96; RCOO--282.44; HB,O, —415.58.
Mon CO;* He Op121 obHapyxeH. Ilo kaaccuduxarym
[TaabMepa, mepBast COAEHOCTb BOABI (S;) COCTaBAseT
72.76 %-DKB, BTOpasi COAeHOCTb (S,) — 24.5 %-9Ks, a
BTOpas IeA0YHOCTh BOABI (Ar) — 2.7 %-5kB. OOmast
JKEeCTKOCTh cocTaBaseT 64.50 Mr-»ks/a, KapOoHaTHas
JKECTKOCTh — 6.45 MI-DKB/A, a ITOCTOSIHHAST JKeCTKOCTD —
58.05 Mr-3KB/A.

PesyabTaThl aHaAM3a TeXHUYECKOI BOALI [4] cBue-
TeABCTBYIOT O TOM, UTO €€ I1A0THOCTh cocTaBaseT 1.0130
r/cM®, a MuHepaansanus - 21436 mr/a. CoraacHo Kaac-
cupukauym B. A. Cyanna soga orHocutcs k CH tumy.
3nauennsa rNa/rCl xosddummenta cocrasaser 1.15.
Cogaep>kanne noHos cocrasaset (Mr/a) Na+K*" —7018.29;
Ca® - 64.83; Mg?* — 329.23; Cl' -9413.81; SO,* —2056.39;
HCO; -1035.29; RCOO -683.78;, HB,O, —834.71.
Mon CO;* He Op121 obHapyxeH. Ilo kaaccuduxarum
[Taabmepa 1epBast COAEHOCTb BOABI (S;) cocTaBAseT
90.96 %-9kB, BTOpast coaeHOCTh (S;) — 0.96 %-9KkB, a
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BTOpas IeA0YHOCTh BOABI (Ay) — 8.1 %-vkB. OOmas
>KecTKocTh cocraBasger 30.33 Mr-sks/4, kapOoHaTHas
JKeCTKOCTh — 27.10 Mr-9KkB/4, a IIOCTOSIHHAS K€CTKOCTH
— 3.23 MI-9KB/A.

PesyapTaTsl IpOBeAEHHBIX VMCIIBITAaHUI CBUAETEAB-
CTBYIOT O TOM, YTO IpU (PUUKO-XMMIIECKOM aHaAU-
3¢ AUCTUAAMPOBAHHOIN BOABI U €€ CMecCU C KEepHOM,
koanmuectso moHos Na™+K*, Ca?* u HCO; B cMmecu
yseanunaocs.Koanuecrso nmonos Na+K* B cmecn —
104.34 mMr/a mocae 3-x aHeymt cMmemmBaHus, rocae 10
aueit — 118.22 mr/a u nocae 28 auenn — 127.37 wmr/a.
IIpn amaamse cmecnu, xoamdectso moHa Ca?* mocae
3-x aHelm cMemmBaHus cocrasuao 11.98 mr/a, mocae
10 aneit — 15.98 mr/a, a mocae 28 AHelt OHO yBeANIU-
20¢b 20 31.95 mr/a. Koanuecrso nona HCO; B cmecn
— 194.67 mr/a nmocae 3-x AHeyt cMmelnnBanus, rmocae 10
auent 243.63 mr/a u nocae 28 anen — 316.52 mr/a.

Koanuecrso nona Cl- B ecmecu — 68.88 mr/a mmocae
3-x auen cmemmmBanms, mocae 10 aueir — 68.90 mr/a n
rocae 28 AHeit He M3MeHMA0CH (68.90 mr/a). [TaoTHOCTH
auctuaanposanHon soanr 0.9981 r/cm®, B cmecnm —
0.9983 r/cm® mmocae 3-x gHent cMernmpaHus, rmocae 10
auent 0.9985 r/cMm®u 1mmocae 28 AHel — He M3MeEHMAACh
(0.9985 r/cm?®). Monos Mg*, CO;*, RCOO" n HB,O; ne
6p1a11 0OHapy>KeHbl, noHa SO, He oIpeAeAsACs.

IIpn PusMKO-XMMIMIECKOM aHaAM3e TeXHUYECKOI
BOJOI 1 e€ cMecH € KepHOM, KoandecTBo noHoB Na™+K?,
Ca*, SO 1 HCO; B cMecH yBeAN41A0CH, a KOAMIECTBO
nonos Mg*, ClI, RCOO n HB,O; ymensmmaocs 1o
CpaBHEHMIO C TEXHYECKOM BOAOIL. B TexHmueckoii soge
koanmuectso 1oHOB Na™+K* cocrasasao 7018.29 mr/a,
a B cMecu — 7403.66 mr/a mocae 3-x aAHey cMeIlmBa-
Hust, mocae 10 anenn — 7412.52 mr/a u mocae 28 aHein
— 7613.88 mr/a. Koanuecrso mona Ca?' B TeXHMYECKOI
BOAe cocTraBuao 64.83 mr/a, a B cmecn — 64.86 mr/a riocae
3-x auenn cmemusanms, rocae 10 aueir — 64.85 mr/a u
nocae 28 auent — 81.07 mr/a. Koanuecrso nona SO,* B
TeXHIYeCcKOI Boge cocraBuao 2056.39 Mr/a, a B cmecu
—2128.00 mr/a mocae 3-x aHeyt cMemuBaHms, mocae 10
aueint — 2089.42 mr/a u nocae 28 aueir — 2111.93 mr/a.
Koanuecrso mona HCO; B TexHmueckoir Boge cocTa-
Buao 1035.29 mr/a, a 8 emecu — 1021.51 mr/a mmocae 3-x
AHerl cMmemmpanms, mocae 10 aweir — 1145.03 mr/a un
riocae 28 aueri — 1708.59 mr/a. Koanuecrtso nona Mg*
B TeXHUMYECKOII BoAe cocTaBnao 329.23 Mr/a, a B cMecu
— 177.35 Mmr/a nocae 3-x AHeyt cMmelnmBanus, rmocae 10
aueit — 177.33 mr/a u nocae 28 auenn — 167.21 mr/a.
Koanuecrso nona Cl' B TexHmaeckom BoAe COCTABIAO
9413.81 Mmr/a, a B cmecu — 9591.83 mr/a mocae 3-x gHein
cMmernmBanust, mocae 10 aueir — 9590.88 mr/a u mmocae
28 aueir — 9591.83 mr/a. Koamgecrso nona HB,O, B
TEXHIYECKOI BOAe cocTtaBuao 834.71 mr/a, koTopoe
CHU3MAOCH 40 695.12 Mr/a rtocae 10 aHert cMeInBaHLs
n 727.62 mr/a nocae 28 anen. Koanuecrso nona RCOO
B TeXHUMYECKOII Boje cocTaBnao 683.78 Mr/a, a B cMecu
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— 405.36 Mr/a 1ocae 3-x aHen cMmernuBaHusl, mocae 10
aueit — 405.32 mr/a u rtocae 28 auent — 232.07 mr/a. Vion
CO4* 6b11 0OHapy>KeH B CMeCU TOABKO ITocae 3-X AHeil
CMEeIIMBAHMS I €T0 KOAMYECTBO COCTaBnAo 24.32 mr/a.
Coraacno xaaccudmkanvm Ilaapmepa, mepsas cose-
HOCTH (S1) TexH4IecKo Boasl cocrapaseT 90.96%. Ilpnu
aHaAmM3e cMecu IIocle 3-X AHel CMeNIuBaHUs COCTa-
Buaa 92.69%, xoropas cumsuaack 40 90.17% mocae
28 auernt. Bropas cozaenocts (S,) cocrasaser 0.96%.
Ileppaa mieaounocts (A;) cmecu depes 3 AHs coCTa-
Buaa 2.06%, xoropas depes 28 gHell yBeANIMAACh A0
4.73%. BropmuaHasi 1meA09HOCTD (A>) TEXHIUECKOI BOABI
cocrasasiaa 8.08%, HO yepes 28 AHell OHa CHM31AACh 40
5.1%. Ecau coornonrenne rNa/rCl B TexHmaeckoi1 soe
cocrasasao 1.15, To yepes 28 aHeil OHO yBeANINAOCH
a0 1.22. Texumueckas Boga otHocutca Kk CH tumy, a
CMelllaHHas — K TMAPOKapOOHATHO-HATPUEBOMY TUITY
(I'KH). IlaoTHOCTb TeXHMYECKOM BOABL COCTaBMAA
1.0130 r/cm?®, xoTopast yseananaacs 40 1.0134 r/cm® ipu
aHaam3e cMecu 1ocae 28 aneit. Munepaansanms tex-
HITYECKOI BOABI cocTaBAsida 21436 mr/a. Ilpu anaamse
cMecu Tocae 3-X JAHell MUHepaaAmu3alus CocCTaBuAa
21512 mr/a, mocae 10 aueit — 21580 mr/a, rmocae 28 axeit
OHa yBeAn4NnAach 40 22234 Mr/a.

IIpn  PuU3UKO-XMMMUYIECKOM aHaAMU3e BOABI
Kacniniickoro mops n eé cMecu ¢ KepHOM, KOAMY€eCTBO
nonos Na'+K*, Ca*, SO,* n HCO;s B cMecu yseandn-
210¢b, a Koandectso nonos Mg*, Cl;, RCOO™ n HB,O7
YMEHBIINAOCh IO CPaBHEHUIO C MOPCKON BOJAOIL.
Koanuecrso nonos Na*+K* B Mopckoil Boge cocTas-
as110 3962.55 mr/a, a B cmecn — 4552.26 Mr/a 1ocae
3-x aHen cMemmsaHms, rocae 10 auen — 4532.02 mr/a
u mocae 28 aneit — 4641.16 mr/a. B mMopckoit Boge
koangectso moHa Ca? cocrasasiao 322.78 mr/a, a B
cvec — 339.02 Mr/a mocae 3-x AHeN CMeIVBaHIAS,
nocae 10 aueit — 363.24 Mr/a u rocae 28 AHer He u3Me-
H1A0CH (363.24 mr/a). Koanyectso nona SO,* B Mop-
CKOI1 BoJe cocTaBAs1a0 3065.44 Mr/a, B TO BpeMs Kak
mmocae 3-X AHel CMeIIMBaHUs B CMeCU OHO COCTaBUAO
3142.03 mr/a, mocae 10 aueinn — 3135.97 mr/a, a mmocae
28 auenn — 3159.18 mr/a. Koamuecrso nmona HCO; B
MOpPCKOIT Boge cocraBasao 110.96 mr/a, a B cMecn —
226.02 Mr/a mocae 3-x aAHeill cMemmBaHus, 1mocae 10
AHEN — He U3MeHNA0ChH (226.02 mr/a) u iocae 28 AHen
—413.69 mr/a. Koanuecrso nona Mg* B MOpcKoIt Boge
cocraBasiao 588.07 mr/a, a B cmecu — 210.88 Mmr/a mocae
3-x auen cMemnsaHus, nocae 10 aguen — 207.85 mr/a u
nocae 28 auen — 183.64 mr/a. Koanuecrso nona Cl B
MOpPCKOIT Boge cocraBasao 5901.9 mr/a, a B cMecu —
5730.11 mr/a mocae 3-x AHel1 cMeInuBaHus, mocae 10 u
28 aneit — He u3MeHnAaocs (5730.11 mr/a). Koanuectso
nona RCOO" B Mopckoli BoAe cocTaBas40 282.44 mr/ 4,
TOTAa Kak I1ocae 3-X AHell CMeNIMBaHUS B CMeCU OHO
cocTaBmnao 74.67 mr/a, mocae 10 aueitr — 138.23 mr/a, a
nocae 28 aueit — 51.46 mr/a. Koanuecrso nona HB,O,
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B MOPCKOJI BoJde cocraBasiao 415.58 mr/a, a B cmecu
— 138.23 Mmr/a mocae 3-x aHell CMeIMBAHNS, IIOCAE
10 auernt — 100.90 mr/a u ocae 28 aueit — 69.62 mr/a.
Mon CO;* ne 6512 obHapykeH. Ilo xaaccupukarym
ITaabMepa, rtepBast coA€HOCTS (S;) coctaBuaa 72.76% B
MOPCKOI BOAe, B cMecH 1ocae 3-X AHell cMeIlMBaHusA
— 85.24%, ntocae 10 auent — 84.83% u 11ocae 28 auerni-
85.86%. Coraacuo kaaccudukanuu Ilaabmepa, BTO-
past coaeHOCTs (S,) cocrasuaa 24.51% B MOPCKOII BOAE,
B cMecu IIocae 3-x gHen cMmemmsaHusa 12.56%, mocae
10 gueit — 12.88% m mocae 28 aneit — 10.91%. Bropas
mea09HocTs (A,) mo kaaccumpukaumm Ilaasmepa
cocraBuda 2.73% B MOPCKOI BoAe, 2.2% IIpU aHaAU3e
cMecHu mocae 3-X gHel cMmemuBaHus, rmocae 10 axeri-
2.29% u mocae 28 aneit — 3.23%. XOTsI COOTHOIIIEHIE
rNa/rCl 8 Mmopckoit Bode cocrasasao 1.03, mpu aHaan-
3e cMecu Imocae 28 aHeyl cMeIIMBaHIsI COOTHOIIIEHIE
rNa/rCl ysBeamanaocs 4o 1.25. DTu BOABI OTHOCATCS
K CH tumny. I110THOCTH MOPCKOI1 BOABI COCTaBAsAa
1.0087 r/cm?, mpu aHaam3e cMecn depes 28 AHell OHa
yseanunaacs 4o 1.0090 r/cm®. Munepaansanus Mop-
CKOMl BOABI cocraBasida 14650 wmr/a. Ilpu anaamse
cMecu 1mocae 3-X AHell CMeIllMBaHNUs MUHepaAu3alus
cocraBuaa 14413 mr/a, mocae 10 awueir — 14434 mr/a,
roc/e 28 gHell oHa yBeAndnAach 40 14612 mr/a.

PesyapTaThl PpU3MKO-XMMIYECKUX aHAAU3OB, IIPO-
BeAEHHBIX B Aaboparopun B pasHere cpoku (3, 10 u 28
AHel1), IToKa3aAy, 4ToO IIpM aHaAu3e CMecu AUCTUAAN-
POBaHHOI BOABI U KepHa, IIOCTEIIeHHO YBeANIMBaeTCs
koamdectso monos Na'+K*, Ca* m HCO;. Haauuue
nonHos CI' B cMecn s1BAsIeTCsI TOKa3aTeAeM pacTBOPUMO-
CTU KepHa B AUCTUAANPOBAHHOIN BOJE.

IIpu anaamse cMecu TeXHUYECKON BOABI M KepHa,
Ha01104a410Ch yBeAndeHne Koamdectsa noHoB Na™+K-,
Ca*, HCOy m SO,*, a xoamyectso monos Mg*, CI,
HB,O; u RCOO" ymeHnbpmmaoch. DTO MOATBEpPKAaeT,
YTO B pe3y/AbTaTe CMeIIMBaHMs KepHa C TeXHUYeCKOl
BOAOI IIPOMCXOAST OIIpeAeAEéHHbIe (I)I/ISI/IKO-XI/IMI/I‘IQ—
CKI1€ ITPOIIecCHl.

AHaJA0TMYHO, IIpU aHaAM3e CMeCU MOPCKOI BOABI
U KepHa KOAMYECTBO OAHMX KOMIIOHEHTOB yBeAN4lBa-
A0Ch, a APYTUX YMEHBIIIaA0Ch.

IIpoBesenHsle mccaeAOBaHMS BKAIOYAAM B cebs
IIOCTpOEeHNME TUCTOTPaMM, M300pa’kaloIuX N3MeHe-
HIe KOAMYecTBa MOHOB, MPUCYTCTBYIOIIMX B pacTBO-
pax, IOAy4eHHBIX IPY CMeIIVBaHNM O0pa3loB KepHa
C AUCTUAAMPOBAHHON, TEXHUYECKOU U Kacnmnickon
Mopckoit Bogamu (puc. 1-3).

ITocae ucnprtanmii B aabopaTtopmy OCTaBIIMECS
00pas1ipl KepHa OBIAM OT(QUABTPOBAHBI M BBICYIIIEHBI,
IT0AyJ€eHHbIe pe3yAbTaThl IIpeACTaBAeHbl B TabAMIIe 2.

VccaepoBanus 1mokasaau, 4TO HPU CMeIIVBaHUU
KepHa C AUCTUAAUPOBAHHOV BOAON B HEN pacTBOPsI-
1orca Na'+K*, Ca*, CI, HCO; n apyrie KOMIIOHEHTEI
(traba. 2). B pesyapraTe Macca KepHa B KOHIIE HCIIBI-
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Puc. 1. AvaraMuka n3MeHeHNsI KOANYIeCTBAa IOHOB
pacTBOpa B pe3yabTaTe pacTBOpPeHIsI KepHa
B AVICTMAAVIPOBAHHO BOAe, MI/2
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Puc. 2. AuramMuka M3MeHEeHMsI KOAMYECTBAa MIOHOB
pacTBopa B pe3yabTaTe pacTBOpEeHMs KepHa
B Boge Kacmmiickoro mopsi, Mr/a
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Puc. 3. AuHamMuka M3MeHeHMsI KOAMIeCTBa IOHOB
pacTBOpa B pesyabTaTe pacCTBOpeHIsI KepHa
B TeXHITYECKOM BOAe, MI/a

TaHIsA yMeHbIInAach 6oaee yeM Ha 2.0%. Hamporus,
KOTJa KepH OBlA CMeIllaH C TeXHIYECKOI BOJOM, €ero
Bec yseanmanacs npumepno Ha 1.0% 3a cuér pacmajga
HECKOABKIX KOMIIOHEHTOB B pe3y/bTaTe B3alMOJEli-
cTBMs1. B KOHIle aHaAM3a Bec KepHa B CMeCH C MOPCKOI
BOJOI yMeHbImAcsa 0oaee yeM Ha 1.0%.

ITocae PUBNMKO-XMMUIECKOTO aHaAM3a CMecen
KepHa C AUCTUAAMPOBAHHON, TEXHNYECKOM ¥ MOp-
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CKOJI BOJaMm, ObIA0 paccunTaHoO MX COAecoAep>KaHue. IOAYYEHHBIX IIPU CMeIIMBaHUI KepHa C AUCTUAAUPO-
Koanuecrsa PacTBOPEHHBIX U OCA’KAEHHBIX COAENI IIPY-  BaHHON, TEXHMYECKON U KaCIUIICKOMI MOPCKOI BOJa-

BeACHBI B TaDANIIe HIIKE (Ta6/1. 3-5). MIL. PeSyALTaTLI peACTaBA€HbI B BIIA€ ITMCTOrpamMM Ha
Vsmenenne coaecojep>KaHUSI OIpeAeAsloCh C  PUCYHKax 4-6.
IIOMOIIBIO Cl)I/ISI/IKO-XI/IMI/I‘{eCKOFO aHa/aun3a pacTBOpPOB, Ha ocuoBannu Cl)I/IBI/IKO-XI/IMI/I‘IeCKOFO aHaAl3a pac-
Tabauma 2

PesyabTaThbl 2a00paTOPHBIX MICCAEAO0BAHNMI CMeceVl 00pasIoB KepHa
C AVICTMAAVIPOBAHHOM, TexHn4ecKoi 1 Kacrmiickoit MOpcKoii BOg0

Cymka KepHa 1iocae
No I'IpmrlgToszleHMe pacTBOpa, JICIIBITaTeAbHBIX paboT Macca BHICYIIeHHOTO KepHa, T
€pH + XNUAKOCThb
Temnepatypa, °C Cpoxk, gyac
1 2 auctna. Boga +75 r kepHa 150 16 72.8712
2 1 2 Texnmyeckas Boga +75 r kepHa 100 8 75.657
1 2 mopckast Boga + 75 1 kepHa 100 8 74.845
Tab0ana 3
KoangecTBO pacTBOpEHHEBIX ¥ BHINABIINX B OCaAOK COAeM
B cMecH 00pasloB KepHa ¢ AMCTUAAMPOBAHHOM BOAOW
Coaep:xaHne coau (mr/a)
PacTBopumble coan
Ob6pasen;
NaCl NaHCO; Ca(HCO:), OGmast cymma
1 2 auctna. Boasl + 75 1 KepHa -113.568 -301.98 -258.228 - 673.776 (0.671/2)
TaGawnma 4
KoandecTBo pacTBOpEHHBIX 11 BBIIIABIINMX B OCaA0K COAeT
B cMecr 00pasoB KepHa C TeXHUYIEeCKO¥ BOAOM
Coaepxanmne coan (mr/a)
PacTrBOopumble coan OcaxxaeHHbIe cOAN
. - - o Pasnnna B
O6pasery . o = = o) = KOAMYeCTBe
— o S o Q
g 8 O g, Obmas | o 8 & | O6mas | PacTBOpenHbIX (-)
Z & ;‘ T cymma ) jon] g T | cymma | Y BHINABIIIXB
Z Z 1 = ) O ) 0caaox (+) coaein
O = p p=
Larexmaeckan | g3 5| ¢ g3 |_1385.76 | -287.3 | -2589.37 |388.34 |797.53 | 980.14 [ 504.13 | 2670 |80.77 mir/a (0.08 t/a)
BOJa + 75 I kepHa

TabOaniia 5
KoandecTBO pacTBOPEHHBIX U BBIIIABIINX B OCAAOK COAEN
B cMecH 00pasIoB KepHa ¢ MOPCKOJ BOAOI
Coaepxxanne coan (mr/a)
PacTtBOpumEbIe coan OcaxaeHHbIE COAN
o Pa3uwuiia B
Obpasern - . - - o) ~ KOAMYeCTBe
20 g joma g § | 5| 2 oomas| PTopemmnl
s < cymMMa cyMMa
p4 o = y z = % ‘E y ocaaok (+) coaeit
o @) 9]
“i‘“;’spf’;‘g;;’m" -4880.10 | -126.6 | -803.52 | -5810.2 | 282.9 |4007.45w | 528.25 | 781.62 | 5600.22 |- 210.02 mr/a (0.21 r/a)
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TBOPOB, IIOAYYEHHBIX U3 CMecell OOpa3LioB KepHa C
AVUCTUAAVIPOBAHHON BOJOM, OBIAM pacCUMTaHBI pac-
TBOPUMBbIE COAM M UX KOAUYECTBO, MCXOASl U3 coaep-
>kaHus 1noHos. Cogep>KaHMe coAell PacCuMThIBaA0Ch
B COOTBETCTBUM C HOPSAAKOM aKTUBHOCTM MOHOB —
npasuaoMm Ppesennyca (5). Kak Bumano ms tabam-
1Bl, B AUCTUAAUPOBAHHON BOAE PacTBOPAAUCH COAU
NaCl, NaHCO; u Ca(HCOs3),. Ob1ee xoamaecTso pac-
TBOPEHHBIX COJeil coctaBuao 673.776 mr/a (0.67 r/a).
CaeaoBareabHO, Macca KepHa AOAXHa Oblda yMeHbB-
mMuThcsl Ha 673.776 wmr/a. Tlocae wmcripiTaHmii Macca
BBICYIIIEHHOTO KepHa cocrasmaa 72.8712 r/a, ymeHb-
mmaace Ha 2.1288 r/a (2128.8 Mr/a), 9TO 3HAYUTEABHO
6oapire (1.4588 r/a) paccaMTaHHOTO YMEHBIIEHNS Ha
0.67 r/a. DTO CHUXKEHME MO>KHO OOBSICHUTH HaANIMEM
IIPOYHOCBSI3aHHOM BOABI, KOTOpas OcCTalach B aKTUB-
HOI1 30HE U3-3a TOIO, YTO OHA He Oblda II0AHOCTHIO
BBLICYIIIeHa Iepe/ IpoBeJeHIeM TecTa.

PactsopénHble 1 BhIIIABIINE B OCasOK COAU B pac-
TBOpPaX, MOAYYEeHHBIX U3 CMecell TeXHMYEeCKON BOABI C
KEPHOM U UX KOAMYECTBO OBIAM pacCUMTAHBI U IIpea-
craBaeHsl B Tabanne. VI3 Toi TabANIIE BUAHO, 4TO B
TexHM4IecKoit Bode pacrsopsancy coan NaCl, Na,SO,,
NaHCO; n Ca(HB4O7),, a ocaxgaaucy coan MgSQO,,
Mg(HCOs3),, Mg(RCOO), u Mg(HB40O;),. Ob1iee xoan-
9ecTBO PacTBOPEHHBIX coAell cocTaBnao 2589.37 mr/a, a
o0111ee KOAMYEeCTBO BBIIIABINNX B 0cagoK — 2670.14 mr/a,
TO eCThb BeC KepHa JOJXeH OblA yBeAMYUTHCSI Ha
80.77 wmr/a. Ilocae mpoBeAeHMsI MCHIBITAaHMII Macca
BBLICYIIIEHHOI'O KepHa cocTaBmuaa 75.657 I/, 9TO SIBASICT-
cs1 HeboabmuM yseandenneM (0.657 r/a nan 657 mr/a),
3HaunTeAbHO mpespimaomuM (0.577 1/a) pacdeTHOe
yseandenne (0.08 r/a). Takoe yBeanueHne MOXHO 00Bb-
SICHUTh HaA4MeM POYHOCBA3aHHON BOABI, OCTaBIIIeli-
Cs1 113-3a HEIIOAHOTO BBICBIXaHMSI KepHa.

Mcxoas n3 peobaasaloniero cogepskaHns Heopra-
HIYECKUX COJAeM B OTAOXKEHUAX, BBIAEASIOT ABe IPYII-
Bl co/eil: KapOoHaTHBIe 1M cyabdarHere. HambGoaee
pacIpocTpaHEéHHBIM TUIIOM HEOPraHMYEeCKUX COAEBBIX
OTAOKEeHMI SABASIOTCA OCaAKH, coJep Kalljiie B OCHOB-
HOM cyabdaTsl M KapOOHATBl KaAbI[Us M MarHus. B
OTAOKEHMSX TakXKe IIPUCYTCTBYIOT Takue IIpuMecH,
KaK OKCH/ABI KeAe3a U AMOKCUA KpeMHus [6].

PacTsopénHble 1 BhlITaBIIMe B 0OCa40K COAM, a TaKXKe
X KOAMYECTBO B pacTBOpaxX, ITIOAYYeHHBIX U3 CMeceil
00pa3IioB KepHa C MOPCKOI BOAO, OBLAN pacCIMTAHEI
U IpejcTaBAeHsl B Tabanme. V13 9Toi TaOANMIIEI BUAHO,
yTO Takue coan, Kak NaSO;, CaSO; n Ca(HCO:s), pac-
TBOPIAVICH B MOPCKOII BOZe, a Takme coan, Kak NaCl,
MgSO,, Ca(RCOO), n Ca(HB4Oy), BrIITagaam B 0cajox.
Ob11ee KOAMYIECTBO PacTBOPEHHEIX COAEI COCTaBIAO
5810.2 mr/a, a obIllee KOAMYECTBO BBHIMIABIINMX B OCa-
20K 5600.22 Mr/21, TO ecTh Macca KepHa A0A>KHa Obl1a
yMmensmmmThest Ha 210.02 mr/a. OgHako Macca BBICYIIIEH-
HOTO KepHa II0C/€e TeCTUPOBaHMs cocTaBuaa 74845 1/,
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Puc. 4. AlmHaMMKa M3MeHeHMsI COAePKaHWsI COAe
pacTBOpa KepHa B pe3yabTaTe ero pacTBOpPEeHWsI
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Puc. 5. /uiraminka nsMeHeHMsI COAep KaHIs coaein
pacTBOpa KepHa B pe3yabTaTe pacTBOPEHIs
B TeXHITYECKOI BOJe, MI-9KB/a
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Puc. 6. AnHaMMKa M3MeHEHNsI COAeCOAe P KaHMsI
pacTBOpa KepHa B pe3yabTaTe ero pacTBOpeHIsI
B Boge Kacmiickoro mopsi, Mr-sks/a

YTO SIBASIETCS He3HaunTeAbHbIM cHUKeHueMm (0.155 r/a
vau 155 Mr/1), MeHBIINM, YeM pacuyeTHOe CHIDKEHIE
(0.21 r/a). Takoe cHIDKEHUE MOXKHO OOBSICHUTH HaAU-
yyeM IIA0THOCBSI3aHHOM BOABI, KOTOpasl OcTalach B
aKTUBHOJ 30HE I13-3a TOrO, YTO OHA He Oblla IT0AHO-
CTBIO BBICYIIIEHA.
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BriBoabI

WccaeaoBanus, IpoBeAeHHBIE C pa3ANYHBIMI BUAaMU BOA, TIO3BOAUAN CAeAaTh HECKOABKO BaK-
HBIX BBIBOOB O (PU3MKO-XMMUYECKIUX ITpOIeccaX, IIPOMCXOASIINX IIPY VX CMEIIMBaHUIL.

ITepBoe, uTO OBIAO BBIABAEHO, DTO TO, UTO B CMECU AVICTUAAUPOBAHHON BOABI I KEpHa IIPOMCXO-
AuTt ypeandenne xoandecrsa nonos Na+K*, Ca* u HCOs, a naanune nonos Cl siBAsteTcst HoKasaTe-
€M pacTBOPUMOCTH KepHa B Boe. IIpu cMecn ¢ TexHM4IecKoil BOAO Tak>Ke BEI3bIBAaeT yBeANdeHe
koandectsa nonos Na+K", Ca*, HCO; u SO,*, HO B TO Xe BpeM:I Ha0AI0AaeTCsI YMeHbIIIeHe KOAN-
gectBa nonos Mg*, CI, HB,O; u RCOO. ITpu cMemmBannm ¢ MOPCKOJ BOAON TaKXKe ITPOMCXOAUT
yBeAMdeHye KOANJeCcTBa HeKOTOPBIX KOMIIOHEHTOB I YMEHBIIIeHe APYIUX.

ITpu aabopaTOopHBIX aHaAM3axX ObLA0 BBLIBAEHO, YTO CMeIlMBaHIe C AVCTUAAUPOBAHHOI BOAOI
IpuBOANUT K pactBopeHnio noHos Na+K*, Ca*, Cl, HCO; n a4pyrux KOMIIOHEHTOB, YTO IIPUBO-
AUT K YMEHBIIIEHNIO Macchl KepHa 6ozee ueM Ha 2.0%. C TeXHMYIeCcKOil BOAON yBeAdeHe MacChl
cyxoro ocraTka InpumepHo Ha 1.0%. B caydae ¢ Mopckoit BO40T1 Macca KepHa YMeHBIINAach 0oaee
yeM Ha 1.0%.

IIposeseHHBINT (PUMKO-XMMUYECKUII aHAANM3 PacTBOPOB II03BOANA OIIPeAE€AUTDh pacdeTHEIe
3HAYeHIT pacTBOPUMBIX COAEN U VX KOAMYECTBO, MICXOAS U3 COAep>KaHNA MOHOB. B guctnaanpo-
BaHHOI BoJe pactsopsrorcs Takme coan, kKak NaCl, NaHCO; u Ca(HCO:s),. B rexmmueckoir oge
pactsopstiorcs Takue coan, kak NaCl, Na,SO,, NaHCO; n Ca(HB4Oy),, a Takme coan, kak MgSOs,
Mg(HCOs3),, Mg(RCOO), n Mg(HB4O7), Brimagator B ocagok. B Mopckoit Boge pacTBOPIOTCs TaKue
coan, kak Na,SO4, CaSO, n Ca(HCO3),, a ocaxkaarorcs Takue coan, kKak NaCl, MgSO,, Ca(RCOO),
n Ca(HB407)2.

Taxum ob6pasom, mpoBeieHHBIE MCCAEAOBAHII AOKa3bIBalOT, YTO CMeINNBaHNe KepHa C pas-
AVYHBIMY BUAAMI BOABI BBI3HIBAeT OIIpejeleHHble (PU3MKO-XMMUYeCKUe IIPOIIecCh, B pe3yabTare
KOTOPBIX IIPOMCXOANUT PacTBOPEHNe I OCa’KAeHe pa3ANIHBIX COAell. DTU pe3yAbTaThl MOTYT IMETh
3Ha4YMTe/AbHOE IIpaKTUYeCcKoe IIpMMeHeHe IIPpU IPOoBeAeHNN aHaAM3a U OIlpeAeAeHIN COCTaBa pas-

JANYHBIX PaCTBOPOB.
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FI/IAPOTEOZIOTI/I‘IQCKI/IG N ITMApOXMMUYIEeCKMe nccaed40BaHMsI ITpo1xecca
CO0A4e0TAOXEeHNMN B I14aCTOBBIX BOJaX HE(I)TSIHI)IX MECTOPOXKACHMIAX

I'. A. A66acos, H. H. Xaauaos, A. M. Tarvi63ade, 1. b. I'yp6ansade
HUIIN «Hedrerasz», SOCAR, baky, AzepOariaxan

Pedepar

B pesyabrare aHaamsa pacTBOPOB M ITOAYYEHHBIX CYXMX OCTaTKOB IIPU MCCAeAOBAHUAX B3all-
MOJEVICTBISI KepHa C pa3ANIHBIMU BMJaMM BOJ, OBLI0 OOHapy>KeHO: B3aMIMOAEVICTBUA KepHa C
AVCTUAAVPOBAHHOI BOAOI ITpoucxoauT pactsopenne nonos Na'+K*, Ca*, CI, HCOs- n apyrux
KOMIIOHEHTOB, YTO IIPMBOANT K YMEHBIIIEHMIO MacChl CyXOro OocTaTKa KepHa 6oaee uem Ha 2.0%.
BsanMogericTBusl KepHa C TEXHMYECKON BOAON HPUBOAUT K YBEAMYEHMIO MAaccChl IIPMMEPHO Ha
1.0%. B caygae ¢ MOpCcKOII BOAOI, Macca CyXOTO OCTaTKa KepHa yMeHbItadach 6oaee gyem Ha 1.0%.
ITIpoBesennsle MccaeAOBaHNS AOKa3bIBAIOT, UYTO B3aMOJEVICTBUI KE€pPHA C pa3AMYHBIMU BUJaMI
BOABI BBI3BIBAeT OIIpeje/leHHble (PU3UKO-XMMIUIECKIe IIPOIIeCCH, B pe3yaAbTaTe KOTOPBIX ITPOMC-
XOAUT pacTBOpPEHIIe I OCaKAeHNUe Pa3ANIHBIX COAeil. DTN pe3yAbTaThl MOTYT UMETh 3HAUYNTeAbHOE
IIpaKTIIecKoe 3Ha4eHle IIpY ITpOoBeJeHNN aHaAu3a U OoIlpeAeAeHNI COCTaBa pa3ANIHBIX pacTBOPOB.

Katouegvte cro6a: KepH; TexHMIeCKasl BOAa; MOPCKas BOJa; AVCTUAAVPOBAHHAs BOAA; pacTBO-
pUMEIe COAM; OCa’KAE€HHbIe COAM; CyAb(aTHO-HATPUEBBI THIIL.

Neft yataqlarinin lay sularinda duz¢ékmsa prosesinin
hidrogeoloji va hidrokimyavi tadqiqatlar1

Q. A. Abbasov, N. N. Xalilov, L. M. Talibzado, L. B. Qurbanzada
«Neftqazelmitadigiatlayiho» Institutu SOCAR, Baki, Azarbaycan

Xiilasa

Kernin miixtolif nov sular ilo qarisiqlarindan hazirlanmis mohlular analiz olunmus ve
miivafiq quru qaliq ntimunslari alinmisdir. Miisyyen olunmusdur ki, kernin distillo edilmis su
ilo qarigsmasi naticesinde Na'+K*, Ca*, CI;, HCOs- vo diger komponentlorin hoall olmas: bas verir.
Bu ise kernin quru qaliginin ¢okisinin 2%-den artiq azalmasina gotirib ¢ixarir. Kernin texniki
su ilo garigsmasi naticesinde kernin quru qaliginin ¢ekisi texminan 1% artmisdir. Bu deniz suyu
ilo bas verdikds iss kernin quru qaliginin ¢akisi 1%-dan ¢ox azalmisdir. Aparilmis tadqiqatlar
gostarir ki, kernin miixtslif ndv sular iloe qarismasi fiziki-kimyavi proseslore sobab olur. Bu zaman
iso miixtalif duzlarin hall olmast ve ¢okmasi bag verir. Alinmis naticalor miixtslif mahlullarin
torkibinin teyininds ve analiz olunmasinda praktiki shamiyyete sahib ola bilor.

Agar sézlar: kern; texniki su; deniz suyu; distillo edilmis su; hall olan duzlar; ¢oken duzlar;
natrium-sulfat tipli.
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PA3PABOTKA IIEHHOV KOMITIO3ULIU AAS IPUMEHEHUS .
B CKBAJKMHAX C ITOTEHIIMAABHBIMU PUCKAMMU ITECKOIIPOSIBAEHUN

9. C. AGayaanaesa
HUIIV«He¢mezas», SOCAR, baxy, Asepbatidxan

Development of a foam composition for use in wells with potential risks of sanding

E. S. Abdullaeva

«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

ABSTRACT

Considerable petroleum reserves of Azerbaijan are confined to fields, the layers of which are mainly
structured of incompetent rocks. Well operation is accompanied by the destruction of the bottom-hole
formation zone, and, as a consequence, sand production, which leads to a drop in oil production. Sand
production leads to the formation of sand plugs in wells, which makes it difficult for fluid to flow from
the formation to the well. In this regard, new foam and foam-polymer compositions for washing sand
plugs in sand-producing wells have been developed and studied. The advantage of the developed
foam systems as flushing liquids in order to ensure optimal consumption of surfactants and aluminum
nanoparticles is considered. Considering that the problem of sanding in the fields of Azerbaijan is very

relevant, the developed foam compositions are widely used.

e-mail: elmiraabdullayeva20l6mailru.abd@mail.ru
https://doi.org/10.53404/Sci.Petro.20230200045

KEYWORDS:
QOil well;

Bottom — hole;
Appearance;

Sand plug;
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3HauMTeAbHAs 9acThb 3arracos HepTHU
AszepOalijxaHa HOpuypodeHa K MeCTOPOXAEHISIM,
I11aCTHl KOTOPBIX CAOXKEHBI CAabOCLieMeHTHPOBaH-
HBIMM IIOpOJ4aMU. DKCIIAyaTalusl CKBa>KUH, BCKPBI-
BaIOIUX OOBEKTBl DTUX MECTOPOXKAEHUII, COIIPOBO-
JKAAeTCsl paspylleHneM Ipu3aboiHON 30HBI I1lacTa
VI MHTEHCUBHBIM II€CKOIIPOSIBACHUEM, YTO IIPUBOAUT
K CHYDKeHUIO 400brau Heptu. Ilpn paspymenun mmpu-
3a00TTHO 30HBI B CKBAa>KIHY COBMECTHO C JKIAKOCTBIO
rocrynaer 004bIIOe KOAMYECTBO Iecka. B Tom cay-
4ae, ecAy CKOPOCTh ABVKEHI I1€CYaHO->KMAKOCTHOM
CMeC! HeaoCTaTO4yHa A4s IOoAbeMa 4YacTULl I1ecKa,
OHM 0CejaloT M CKAaIlAMBAIOTCA Ha 3a00e CKBa>KMHEL
B pesyanrare cosaaercst mecyaHas mpoOKa, BLICOTA
KOTOPOU B HEKOTOPBIX CAyYasX MOXKeT AOCTUIaTh
HECKOABKUX coTeH MeTpos. OcegaHme 4acTul mecka
U3 KUAKOCTU U MX CKOILACHUSI BO3MOJKHEI He TOABKO
Ha 3a00e, HO 11 B 11000M MHTepBale CTBOAa CKBa>KIHEI
110 IIyTU ABVKEHMsS IIeCYaHO-XKMUAKOCTHONM CMEeCU OT
320051 40 ycThs. HeBsupas Ha TO, 4TO IPOHUIIA@MOCTD
IecyaHol IPOOKM B HECKOALKO pa3 0oabIle IIpo-
HUITAeMOCTH I11aCTa, ee oOpa3oBaHUe CyIIeCTBeHHO
yXyAlllaeT HPUTOK XKUAKOCTU U3 IldacTa, a B psge
CAydaeB M BOBCE MOXKET IIPUBECTM K IIPEKpallleHM’IO
pabotsl ckBakmuHBL. [lpy Haanunm 00ABIIOrO KOAU-
4eCTBa BOABI B IPOAYKIIMIU CKBAa>KMHBI YBEAMIMBACTCS
IrpaguieHT AaBAE€HUs, 9YTO HPUBOAUT K AaabHENIIeMy
paspyLIeHMIO CKeJeTa IllacTa. B pesyapraTe HaumHa-
€T IIPOMCXOAUTH MPOLECC KOAryAsUuM U OCeJaHusI
MEeAKIX YaCTUIL] I1eCKa U IAMHBL, 4TO COIIPOBOXKAAETCsI

JacTEIM 0Opa3oBaHMEM IIeCYaHBIX ITPOOOK.

B 1measx BoccTaHOBAEHUs TUAPOAMHAMUYECKON
CBSI3U B CHICTeMe «CKBa)KMHa-I11acT» HeoOX0AMMO IIpo-
BeJeHle PeMOHTHO-BOCCTAHOBUTEABHBIX MepOIpus-
THII IO OYMCTKe 320051 U BBIHOCY I1eCKa M3 CKBa>KVHBI.

Aas npesoTspallleHNs oOpa3oBaHMU: IleCYaHBIX
IpOOOK NPUMEHSIOTC pasdandHble MeToAbl. Inpoxo
pacripocTpaHeH CIIOCOO OYMCTKM CKBaKMH OT I1ecka
rmgpodypamu u >xeaoHkamu [1]. B mepsom caydae
IIpUMeHsIeTCA TUApoOyp, CITyCKaeMBIll B CKBa’KIHY Ha
KaHate. I'mapoOyp, yaapsercs o HpoOKy, 3aTeM ero
HPUIOAHUMAIOT Ha 2-3 M U CHOBa yAapsIOT A40A0TOM
0 1osepxHoOCTh. IIpu ouepeaHOM moAbeMe NAYHXKep
3acacpIBaeT >KIAKOCTH C IIeCKOM U3-T10/4, A010Ta, I10cae
Yero Mecok IoI1ajaeT B )KeAO0HKY, a JKMAKOCTD B ITOPIII-
HeBOI Hacoc. Bo BpeMs yaapoB B HECKOABKO IIPMEMOB
B TMAPOOYp 3acachlBaeTcs IlecdyaHasi MpoOka, oOpaso-
BaBIIasics Ha 3a00e. OOBIYHO paOOTHI IIPOBOASTCA Ha
ITOHV>KE€HHBIX CKOPOCTSIX IIOAbeMHIKa A5 TpeAOTBpa-
IeHnsA oO0pa3oBaHMs IleTeAb KaHaTa MAM OOABIIOTO
€TO HaTSI>KEeHIs M OOpbIBa.

CKBa>kKMHBI OYMIIAIOTCS OT IIPOOOK TakXke € IOMO-
1BIO 5KeA0HOK [1]. JKeaoHKy 1tocaegoBaTeabHO CITyCKa-
IOT Ha 3a0071, 3aIIOAHSIIOT ee U ITOAHUMAIOT. I3BeCTHbI
IIPOCThle, TOPIITHEBbIe U aBTOMaTHYeCKNe >KeJAOHKMU.
IIpocTple XeAOHKM UCIOAB3YIOTCS NP OYUCTKE CKBa-
SKVMHBI OT PBIXABIX IIPOOOK 11 HeOOABIIION BBICOTE CTOA-
6a sxmakoctn. IloprrHeBble >XKeAOHKM IPUMEHSIOTCA
IpHM IAOTHBIX IPpOOKaX, a BO BCeX OCTaAbHBIX Oosee
CAOXHBIX CAydYasiX MCIIOAB3YIOTCS aBTOMaTUJecKue
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>kea0HKHN. OZHaKO DTOT MeTo/ 061ajaeT psA0M Heao-
CTaTKOB: BO3MOJKHOCTD IIPOTMpPaHUs DKCILAyaTallVIOH-
HOIl KO/AOHHBEI, BO3MOXXHOCTL OOpBIBa TapTaAbHOTIO
KaHaTa MAM IIPOBOAOKN, AANTEABHOCTb IIpoIiecca,
3arpssHeHne paboJero MecTa I Ip.

OgauM 1u3 »PQPeKTUBHBIX U PacIpOCTpPaHEHHBIX
CITOCOOOB OYMCTKIM CKBa>KMH OT IT€CKA SIBASIETCSI METOJ,
IIPOMBIBKM IIeCYaHBIX IIpOOOK. B mmocaesnee Bpems B
rporieccax He(pTe400BIUM B Ka4yecTBe TEXHO0TITIECKIX
SKMAKOCTEII C YCIIeXOM IIPUMEHSIOTCS KOMIIO3UIIU-
OHHEBIE CUCTEMBI Ha OCHOBE ITOBEPXHOCTHO-aKTVBHBIX
semjects (ITAB) [2-4]. IlpeumyliecTBo TUX CUCTeM
3aKAI04aeTcs B TOM, YTO OHM CO34AIOT YCAOBVS AAS
[IOCTEIIEHHOIO CHVIKEHUSI AaBAEHIS Ha 3a00e CKBa K-
HBI U BBI3OBa IpuUTOKa (pAomia M3 I11acTa, a TakxkKe
COXpaHEHM:I eCTeCTBEHHBIX KOAJAE€KTOPCKUX CBOJICTB
IIPOAYKTUBHOIO I1dacta. Kpome Toro mo cpasHeHMIO
C APYIMMMU IIPOMBIBOYHBIMU >KUAKOCTSAMM II€HHBIE
CHCTEeMBI 0041a4al0T MEHBIIEN IIA0THOCTBIO 1 XOPOIIIet
CIIOCOOHOCTBIO YAEpP>KMBaThb YacTUIILI IIeCKa BO B3Be-
IIIEHHOM COCTOSIHUMM B TedeHUe IPOAOAKUTEABHOIO
BpeMeHH. TakKe IIpM IIPOMBIBKE II€CYaHOI IIPOOKMU
HEeHHBIMI CHCTEMaMI CHIKAETCs 3aD0ITHOe JaBAeHue
7 00beM >KMAKOCTHU, IIOTAOIIAEMBIN I11aCTOM.

Taxoxe B mocaesHee Bpems Bce DoabIllee pacIIpo-
CTpaHeHNe M1oAyJaeT IIpUMeHeHle BOAHBIX PacTBOPOB
ITAB ¢ s00aBKOI HAHOYACTUIT A€TKOTO IIBETHOI'O MeTa-
Aa [5-7]. B wactHOCTM, OTMeyaeTcs, 4TO IPUCYTCTBUE
HaHOYACTUI] B KOMIIO3ULIVIX IpUAAeT CTaOMUABLHOCTS,
TaK KaK ITOBEPXHOCTHBIE CUABI A€TKO YPpaBHOBEIINBAIOT
cuay Tsoxectu [5]. Kpome »TOro, csoiictsa, KOTOpbIe
HaxXOAATCSl B 3HAYUTEABHON 3aBUCHMOCTHI OT pazMepa
1 GOPMBEI YacCTHI] — TeILA0Bble, ONTIIECKIIE, MeXaH!-
JecKie, dAeKTPUIecKIe, peoAordeckyie ¥ MarHUTHBIE
ropas/o Aydllle CBOICTB OOBIMHBIX KUAKOCTeI [5].

MsBecTHBI pazandHble CIIOCOOBI IIPOMBIBKH IIecya-
HOJI IPOOKM, BKAIOYAIOIINeE ITeHHbIe cocTaBbl. OgHaKO
B psje cAydaeB paspaboTaHHBIE CUCTeMBI He oOJaja-
IOT AOCTaTOYHOI YCTOMYMBOCTBIO AASl TOAJAeP KaHIs
YacTUIl I1eCKa BO B3BEIIIEHHOM COCTOSIHUNM B TeUeHNe
MIPOAOAXKUTEABHOTO BpeMeH!. VIX mpuMeHeHNe B Kade-
CTBE TEXHO/O0TMYECKON JKMAKOCTU B IAYOOKIX HaKAOH-
HBIX 1 BEPTUKAABHBIX CKBa’KIMHAX He B COCTOSIHUM 0De-
CIIeYnBaTh ITOAHBIN BBIHOC IIeCKa Ha ITIOBEPXHOCTb.

B cBsa3u ¢ 9TMM paszpaboTaH HOBBIN CIIOCOD IIpO-
MBIBKM ITeCYaHOJ IpOOKNM C IIpUMEHEHUEM IIeHHOTO
cocTaBa 4451 Hanbo.ee IMOAHOTO BBIHOCA YaCTUL] ITeCKa
U MeXaHIMJYeCKNX IIpuMecell Ha IoBepXHOCTh. CI1ocob
BKAIOYaeT B KayecTBe IIeHOOOpasoBaTeAsl BOAHBIN pac-
TBOp pearenTa SNKX-04 konuenrtpanmeir 0.2-0.4%,
HaHOYACTUIIBl aAlOMMHMA pasMmepoM 50-0 HM KoH-
nentpanmeir 0.001-0.1% u soay. Ilpemmyrecrsamm
CO3JaHHOI II€HHOJ CHCTEMBI SBASIETCS OOpa3oBaHMe
CTaOMABHOI IEeHBI, CIIOCOOHOI ITOAJAep>KMBaTh JacTH-
LIBI TIeCKa ¥ MeXaHMIEeCKUX IIpMMecell BO B3BEIIeHHOM

Reservoir and petroleum
engineering

COCTOSIHIM B T€UeHMe ITPOAO0AKNUTEAbHOTO BpeMeH!.

PesyapTaThl ®KCIlepMMeHTaAbHBIX MCCAeAOBaHUIM
10 OIpeAeAeHUIO YCTOMYMBOCTY IIEHHOM KOMITO3ULIIN
C y4JeTOM KOHIIeHTpaluy HaHOYaCTUIL aAOMMHIS ITPU-
BeJeHbl Ha pucyHke 1.

IIpeacTraBaeHHasl 3aBMCUMMOCTb CBUAETEAbCTBYET
O TOM, YTO yBeAMYeHMe KOHIIeHTpally HaHO4YaCTUI]
aAlOMUHNS B BogHOM pactBope ITAB mossoaser yse-
ANYUBATDL YCTOMYMBOCTD CO3AaHHOV IIEHHOV CUCTEMBI.

OrMeTuM, 4TO ONTHUMaAbHas KOHIJeHTpaIj/s HaHO-
JacTHI] aAlOMUHUS, 400aBAeHHasl B BOAHBIN PacTBOP
pearenta SNKX-04, Bemmoanstiomero ¢pyskumio 11AB,
IpU KOTOPOI CcO3JaHHasl IIeHHas cucTeMa IIpuoope-
TaeT ycroitansocts, cocrasaseT 0.001%-0.1%. B to xe
BpeMs1 OlTUMaJAbHas KOHIleHTpanus peareHTa SNKX-
04 ipu KoTOpOII HabAI0Aa€eTCs BEICOKAsI YCTOUMBOCTD
CO34aHHOI IIeHHOU cucreMbl, cocrasaser 0.2-0.4%.
/JlasbHelillee yBeAuMdeHMe KOHIIEHTpalluM peareHTa
SNKX-04 1 HaHOYacTUIl aAIOMMHUSI He HPUBOAUT K
IOBBIIIEHNIO YCTOMYMBOCTY HeHbl. OueBUAHO, MeXa-
HMYecKasl IIPOYHOCTh IeHHOTO KapKaca He SBAsSeTCs
IoKaszaTeaeM, 0DecrednBaoIIM BLICOKYIO YCTONYM-
BOCTh Kommosunuu. ITpm makcummaapHOM ycTONYM-
BOCTM IIeHHas CHCTeMa, He AOCTUIIIAas paBHOBECHU:,
COXpaHseT TeHAEHIINIO K BOCCTAaHOB/AEHMIO 11 00AajaeT
HEOOXOAVMOI AAsl DTOrO HMOABV>KHOCTBIO. DT CBOM-
CTBa TEPAIOTCSI B TOM CAydyae, €CAU MOAEKYASpPHBI
aACOPOLIVOHHEIN CAOJ ITy3BIPBKOB II€HBI AOIIeA A0
CTeIIeHN HacHhIIIeHns. BcaeacTBue DTOTO OIITUMaAb-
Has KOHIIeHTpalMsl HaHOYaCTUI] aAlOMUHNSA U pea-
renta SNKX-04 cooTBeTcTByeT HeAOHACHIIIEHHOMY
IepuoAy aAcOpOIIMOHHOTO CAOs ITy3BIPBKOB II€HBI.
Taxum oOpasoMm, co3gaeTcs IeHHasl CICTeMa C BBICO-
KOl yCTOMYMBOCTBIO, TO eCTh oOpasyercst IruOKas
CTPYKTypa IIeHHOI'O KapKaca.

PaszpaboTaHHyIO IIeHHYIO cucreMy, oOpa30BaHHYIO
IyTeM CMeIlMBaHUs HaHOYaCTUI] aAIOMMHIS C BOAHBIM
pactBopoM peareHTta SNKX-04 moMmuMo mIpOMBIBKU
IIecYaHOll IPOOKM MOXKHO IIPMMEHSITh TaKXKe IIpU
HeIIpEepPBIBHOM IIOAAUBE XMAKOCTU B 3aTpyOHOe IIpo-
CTPaHCTBO AOOBIBAIOMINX IIECKOIIPOSBASIOMNX CKBa-
SKIH C 11eAbI0 0OecIrIeueHns BhIHOCA IIeCKa U MeXaHuJe-
CKIX IpMMeceil Ha ITOBePXHOCTb.

B mocaeanee Bpems B HeTrea00bIde Bce OOblIee
pacIpocTpaHeHle HaXoAAT IoAMMepcoJep Kaliue
komnosunyu ITAB [8, 9]. B xauecTse noaumepa Hau-
0o.ee 4acTo MCIOAB3YeTCs TI0AUaKPUAAMUS,

B cBsa3u ¢ »TMM OBlaa paccMOTpeHa BO3MOKHOCTD
AAAbHEVIIETrO IIOBBIIIEHNS YCTOMYUBOCTI II€HHON
CHUCTEMBI IIyTeM MH0ADOpa BBHICOKOMOAEKYASIPHOTO
rnoanMepa — noamakpuaammuga (IIAA), 6aarogaps
yeMy OblAM OOecITedeHbl ONTHMaAbHbIe pacxoarr ITAB
¥ HaHOYaCTUI] aAIOMUHIS. /A5 TOAHOTO BBIHOCA TIeCKa
Ha IIOBEPXHOCTb M3 TIAyOOKMX CKBaXKMH pazpaboTaH
COCTaB A451 IIPOMBIBKI II€CYaHOI ITPOOKM, BKAIOYAIO-
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Puc. 4. 3aBUCMMOCTD yCTOVYMBOCTY IIEHHOIIOAMMEPHO
CHCTEeMbl OT KOHLICHTpPpanyy HaHOYaCTUL] aAIOMWUHIST

IIMIT 3aKauKy KOMITO3UITUM, COCTOSIIEN 13 IT0AMMepa,
anmonHoro ITAB, HaHOUacTUIT aAIOMUHKS pasMepaMiu
50-70 HM 1 BOABI.

Ha pucynke 2 11okasaHoO M3MeHeHNe YCTONIMBOCTI
ITEHHOIIOAVMEPHOI CUCTEMBI B 3aBMCUMOCTV OT KOH-
neHtpanum ITAA.

IIpeacraBaeHHasl 3aBMCMMOCTD ITOKa3bIBaeT, UTO B
pesyAbTaTe IIpMMEHEHUs B KadecTBe crabuamsaropa
IIeHHOM cucTteMbl noamakpmuaamuga (ITAA) xonien-
tpanueit 0.25-0.5% aocTuraercst BBICOKas YCTONYU-
BOCTh II€HHOJ CHCTEMBI. DTO MOKHO OOBSICHUTH TEM,
9YTO BOAHBIN pacTBOp IoAMaKpuiamMuja odalaeT 3Ha-
YUTEABHON BA3KOCTHIO. COeANMHACH C IIeHOOOpa3oBa-
TeaeM — pearenToM SNKX-04 oH coszaer reaeobpas-
HYIO IIPOYHYIO CTPYKTYpY, O04arojaps KOTOPON yCTOM-
YMBOCTH CHUCTEMBI ITOBBIIIAETCS 3a CYET HAHOYACTIILI,
KOTOpbIe TaKXKe SBASIOTCS ITOBEPXHOCTHO-aKTUBHBIMI
BeIlleCTBaMIA.

B pesyabpraTe mpoBeseHHEBIX MCCAEAOBAaHMI OBLAO
BBIABAEHO, UTO €CAU AAS TIOAydeHNs CTaOVABHOI IIeHbI
6e3 crabuanzaropa (IIAA) HeoOxoanMa orrTMMaabHas

KoHIleHTpanusa pearenta SNKX-04 0.2-0.4 %, To npnu
Aobasaenrm ITAA gocraTogHO, YTOOBI Cogep>KaHUE
yKa3zaHHOTO peareHTa cocrasas1o, 0.03-0.05 %, To ects
yKazaHHasl KOHIIEHTpalus II03BOAsET YBeANIUBaTh
YCTOMYMBOCTD IIEHHOM CUCTEMBI, CO34aHHO 0e3 rmoau-
Mepa (puc. 3).

Mccaeaosanmst TakKe IIOATBEPAUAN, UTO A0OaB/e-
HUe HaHo4YacTUll aAloMuHU:A KoHneHTpauuen 0.001-
0.1% crocobCTBYeT IOBBIIIEHNIO yCTONYMBOCTU CO3-
AaHHOJ KOMIIO3MIIMM 3a Cc4eT oDecIiedeHms! CTaOuAb-
HOCTM arperaTMBHOTO COCTOSIHUS CUCTeMBI (puc. 4).

Taxum obpasom, A451 obecriedeHNsT IT0AHOTO BBIHO-
Ca Ilecka Ha ITOBEPXHOCTh U3 HaKAOHHBIX M BepTHU-
KaAbHBIX CKBaKVH pa3dpadoTaHa ITeHHasl KOMIIO3MIILS,
cocrosimas n3 noanakpuaamnga (ITAA) 0.25-0.5 %, B
kauectse [TAB pearenra SNKX-04 0.03 — 0.05 %, nHano-
vacrun aaromnuans 0.001-0.1 % u BoabL.

PaszpaboTaHHbIe KOMITO3UINY OBLAV MICCAEA0BAHELI B
2abopaTOPHBIX YCAOBUAX U B HACTOsAIIIEE BpeMs PeKo-
MEeHAOBaHBI K CepUITHOMY MCII0/Ab30BaHIIO Ha CKBaXKU-
HaX C ITIOTeHIIMaABHBIMI PUCKaMU II€CKOIIPOSIBAEHMUIA.
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Pa3zpaboTka neHHOV KOMOO3ULINN AAsI IPVIMEHEeHNs B CKBaXkIMHax
C IIOTeHIVaAbHBIMY PYICKaMI IIeCKOIPOsIBAeHUI

9. C. Abdyaraesa
HUIIN «Hedreras», SOCAR, baky, AzepOariaxan

Pedepar

3HauMTeAbHasI YacTh 3al1acoB He(l)TI/I A3ep6a17m>KaHa IIpnypodyeHa K MeCTOpOKAEHNAIM, I1da-
CTBI KOTOPBIX CAO>KEHbI CAa6OCL[eMeHTI/IpOBaHHLIMI/I IIopoJdaMI. SKCH/lyaTaLU/IH CKBAa>KINH, BCKPbI-
Barommx OOBEKTBI DTUX MeCTOpO)KAeHMﬁ, COITPOBOKAaeTCil pa3pylIeHneM Hp]/[3a60]7[HOI7[ 30HEI
I1aacra ¥ VHTEHCUBHBIM II€CKOIIPOsIBAC€HUEM, 4YTO IIPUBOAUT K CHM>KEHMIO ,ZI,O6I;I‘II/I He(l)TI/I.
HeCKOHpOHBAeHI/IQ IIPUBOAUT K 06pa303aHI/uo I1eCYaHbIX HpO6OK B CKBa’KIMHaX, 4TO 3aTpyAHseT
IIPUTOK KUAKOCTU M3 IlAacCTa B CKBa’KIHY. B cBs13u € ©TUM pa3pa60TaHbI n mccaeA0BaHbI HOBLIE
II€HHbIE 11 TIEHHOIIOAVIMEepPHbI€ KOMIIO3ULINN A5 IIPOMBIBKI IT€CYaHbIX HpO6OK B IT€CKOIIPOsBASI-
IOIIMX CKBa’kKIMHax. PaCCManI/IBaeTC}I npenmMyInecTBso paSpa6OTaHHbIX II€EHHBIX CUCTEeM B KadyeCTBe
IIPOMBIBOYHBIX )KI/I,ZLKOCTGIV/I B LIeAsaX obecItedyeHnst OITUMAaAbHbIX pacxoA0B ITAB u HaHO4YaCTUIY
AAIOMUHIIS. y‘H/ITbIBa}I, 4qTo np06AeMa ITeCKOIIPOsIBACHMSI Ha MECTOPO KAEHISIX A3ep6a1714>I<aHa
BeCbMa aKTya/dbHa, paapa60TaHHbIe II€HHbI€ COCTaBbl HaXOAST HINMPOKOE ITpMMEHEHIE.

Katouegvie caoea: ckpaxmHa; 3a0011; IeCKOIIpOsIBAeHNE; ITecyaHast Ipobxa; [TAB; mennas koM-
IIO3MII VIS, HOAI/IMep,' HaHO4YaCTUIIbl aAXOMUHIISL.

Potensial qum tazahiirlari risklari il olan quyularda istifads ii¢iin
kopiik kompozisiyanin islanmasi

E. S. Abdullayeva
«Neftqazelmitadiqiatlayiho» Institutu SOCAR, Baki, Azarbaycan

Xiilasa

Azarbaycan neft ehtiyatlarinin aksor hissesi zoif sementlosmis laylardan ibaret olan yataqlara
aiddir. Belo yataqlarda quyularin istismar1 layin quyu dibi sahanin dagilmasz ile ve naticods intensiv
qum tazahiirii ilo miisahids edilir ve bu neft hasilatinin azalmasima gatirib ¢ixarir. Qum tszahiiri
quyularda qum tixacinin yaradilmasina getirib ¢ixarir ve naticads laydan quyuya gelen mayenin
aximini ¢atinloesdirilir. Bununla slagadar olaraq qum tezahiirlii quyularda qum tixacinin yuyulmasi
ti¢lin yeni kopiiklii ve kopiik-polimerli kompozisiyalar islonilmisdir ve taedqiq edilmisdir. Sathi-
aktiv maddenin (SAM-n) ve aliiminium nanohissaciklorinin optimal sorflorini tomin etmak
magsadile yuyucu maye kimi islonmis kdpekle sistemlarin iistiinliiyii arasdirilmisdir. Nozars alaraq
ki, Azarbaycan yataqlarinda qum tezahitirlori problemi ¢ox aktualdir, islonmis kopiiklii torkiblar
genis istifads olunur.

Agar sézlar: quyu; quyu dibi; qum tezahiirli; qum tixaci; SAM; kopiiklii kompozisiya; polimer;
aliminium nanohissaciklari.
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NEFT SONAYESINDO ASFALTEN-QATRAN-PARAFIN
COKUNTULORIN® QARSI MUBARIZO USULLARI

K. I. Motiyev, M. E. Olsafarova, N. I. Emel
«Neftqazelmitadigiatlayiha» Institutu, SOCAR, Baki, Azarbaycan

Methods for combating asphalt resin and paraffin deposits in the oil industry

K. I. Metiyev, M. E. Alsafarova*®, N. I. Emel

«QOilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

ABSTRACT

A new inhibitor «NDP-22M» was developed to reduce the pour point of highly paraffinic oils and
prevent the formation of asphalt, resin and paraffin deposits. The inhibitor contains a nonionic
surfactant, a depressant agent and a solvent. The prepared inhibitor has the ability to reduce the
pour point and viscosity of oil, as well as to prevent ARPD. The prepared inhibitor was studied on
oil brought from the wells of the oil and gas production department of the production association
«Azneft», «Oil Pipeline Administration». In this oil, the amount of paraffin is 10.8%. In the course of
research, it was found that the effectiveness of adding 300 g/t of reagent to oil is 75%.

*e-mail: matanatalsafarova@gmail.com
https://doi.org/10.53404/Sci.Petro.20230200046

KEYWORDS:
Precipitation;
Depressant; Oil;
Pour point;
Paraffins;
Depressive effect;
Dynamic viscosity;
Viscosity effect.

Giris

Moalumdur ki, neft quyularinda AQPC ilo miibari-
zo istilik, kimyovi, termokimyaovi, fiziki sahalor, mexa-
niki vo s. iisullarla aparilir. ©On genis yayilmis tisul iss
AQP c¢okiintiilerinin qarsisin1 kimyovi reagentlorden
(inhibitorlar) va istilik dasiyicilarindan (isti su, isti neft,
isti kondensat, su buxari, isti healledicilor va s.) istifa-
ds etmakls alinmasi tisuludur. Son zamanlar parafinli
quyularda AQP ¢okmosi daha doerinliklorde bas ver-
diyinden ¢6kmiis AQP ¢okiintiileri enanavi istilik da-
styicillarinin totbigi ilo temizlomek miimkiin olmur.
Cunki istilik dagiyicilar taqriben 500 metr derinliys
godar semarali olur. Belo ki, quyu agzindan quyuya
verilan istilik, quyunun borusu boyu harakat etdikcs,
0z horaratini hoam yan divarlarin ve onu ohato edan
stixurlarin qizdirilmasima, ham da qaldiric1 borularda
axindan qaz ayrilmasindan yaranan drosselloasma
prosesinds amoals golon soyuqluga sarf olunur. Bu se-
babdoan da daha dorinliklorde ¢6kmiis hissalors kifayat
godor istilik yetismir. Odur ki, bels hallarda malum
istilik tisullart AQP ¢okiintiilorine qarst miibarizods
tam somore vermoadiyinden AQPC-5 qarsi inhibitor-
lardan istifade etmak daha maqsedauygundur.

Bu magsadls neft maden avadanliglarinda asfalten-
qatran-parafin ¢okiintiilerinin (AQPC) yaranmasi ilo
baglh problemlsr arasdirilmis, ¢okiintiilorin qarsisinin
alinmasinin kimyavi {isulu parafin ¢okiintiisiine qarsi
miibarizenin an texnoloji ve perspektivli yolu hesab
edilmisdir. Moévcud problemi hall etmak ii¢lin malum
kimyovi maddalarin asas novloeri, tistiinliiklori ve manfi
cohatlori tesvir edilmisdir. Polimer komponentina
vo sothi aktiv maddalarin (SAM) terkibins asaslanan

birlasdirilmis depresan ve yuyucu-dispersiya tesirinin
parafin ¢okmo inhibitorunun sinergetik torkibinin yeni
torkibi toklif olunmusdur.

Temperatur rejiminin deyismasi ils bu komponent-
lor lift borularinin sethine, ¢ixis xatloring, stanqglarin
va diger maden avadanliglarinin sathins ¢okiirler. Bu
hissaciklorin ¢oékme mexanizmi asagidak: kimidir.

Quyunun yuxarisina dogru temperatur asagr dii-
sarak, parafinli neftin donma temperaturuna yaxin-
lagdiqca, neftds intensiv olaraq parafinin kristallas-
mast bas verir ki, onlar arimis haldan asili hala ¢ev-
rilir. Bu kristallar kristallasma maorkazine cevrilir ve
sonradan parafin intensiv olaraq ayrilaraq borularmn
sathina ¢okiir.

Parafinlo boarabar neftdon asfalten-qatran hisse-
ciklori de ayrilaraq hamin satha c¢okiirlor. Neftds
asili voziyyetds olan qum denaciklarinin, mexaniki
qarisiglarin, geyri-iizvii duz kristallarinin ve su dam-
cllarinin olmasi, asfalten-qatran ve parafin ¢okiin-
tilorinin (AQPC) homin satha ¢Okmasina xiisusi
davamliliq verir, bu ise onlarin tomizlonma prosesini
daha da ¢atinloesdirir. Bu ¢okiintiilorin amolo galmosi
quyunun hasilatin1 azaltmaqla beraber, avadanhqlarin
siradan ¢ixmasina, alavo enerji vo material sorfino,
tomirlar arasi miiddatin azalmasina sebab olur.

Isin maqsadi

Moaqalada osas moaqgsad neftlorin ozliiliiklorinin,
donma temperaturunun asag1 salinmasi, neftin ha-
silati, saxlanmasi vo naqli zamani asfalten-qatran-
parafin hissaciklorinin ¢6kmasi sebsbinden yaranan
miirokkeblogmolorin aradan qaldirilmas: maqsadils
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Cadval 1 . Cadval 2
«NDP-22M» reagentinin fiziki-kimyavi gostaricilari N.Noarimanov NQCI-nin neft niimunalarinda
No Gostoricilorin adlart Norma «NDP-22M>» reagentinin sinaq islarinin naticalari
1 Aqreqat hali Axic soffaf maye o Reagent Reagent
- U vurulmazdan avval vuruldugdan sonra
2 | Kinematik ozliiliik , 20 °C, mm?/s 14.8820 =
3 | Dinamik ézliliik, 20 °C, mPa-s 12.7700 g | kinematik | neftin | kinematik | neftin
ol ozliiliik, sixligy, ozliiliik, sixligy,
4 Sixliq, 20 °C, q/sm?®, 0.8585 mm?/s q/sm? mm?/s q/sm?
5 Hidogen gostaricisi, (pH) 7
619 274.62 0.8752 116.56 0.8705
6 Donma temperaturu, °C -30
AT i Axica deyil | Axia deyil
7 Tohliikalilik sinfi v 456 (qat: nett) (qati neft) 69.83 0.8873
suda hoall olmur . .
8 Holl olmast 381 Axici deyil | Axia deyil 54.49 0.8510
neftda hall olur (gat1 nett) (qat1 neft) ) )

yeni «NDP-22M» reagenti islonib hazirlanmisdir.
«NDP-22M» reagenti yiiksok parafinli neftlorin donma
temperaturunu azaltmaqla baraboer, asfalten-qatran-
parafin ¢okiintiilorinin (AQPC) qarsisini da alir. Inhi-
bitorun tarkibine qeyri-ionogen sathi-aktiv madds,
depressor xassali reagent vo holledici daxildir. «NDP-
22M>» reagentinin fiziki-kimyovi xassaleri cadvael 1-da
verilmisdir.

«NDP-22M» reagenti neft-maden avadanliglarinda
¢okon AQPC-nin aradan qaldirilmasini tomin etmokls
tomirlorarast miiddatin azalmasma (TAM), hasilatin
artmasina zomin yaradir.

Tacriibi hissa

Toklif olunan yeni tarkibin - «NDP-22M»
reagentinin effektivliyi, viskozimetrik metodun
(Brookfield LVDV-II+ viskozimetri) istifadosi ilo
neft emulsiyalarinda ve susuz neftlords laboratoriya
tocriibolori, homginin siiso sathinden neft tobaqesinin
yuyulmasmin kinetikasinin giymatlondirilmasina
asaslanan yuyucu ve dispersiya xiisusiyyatlarinin
giymatlandirilmasi {iciin yiiksak keyfiyyatli metodlarin
totbiqi ilo siibut edilmisdir.

N.Norimanov NQCI-den gotirilon 619, 456 vo 381
sayli quyularin neftlarinde «NDP-22M» reagentinin
sinaq islori aparilmis, reagent vurulmamisdan avval vo

reagent vurulduqdan sonra kinematik 6zliiliiklarinin,
sixliglarinin doayismoesi dinamikas: todqiq edilmis ve
laboratoriya tadqiqatlarinin naticalori coadval 2-da
verilmisdir.

No6vbati marhalode N.Norimanov adina NQCI-nin
446 sayli quyusundan goétiiriilmiis neft niimunasinda
«NDP-22M>» reagentinin laboratoriya smaqlar1 aparil-
migdir. Reagentin miixtslif sarflorde alavesinds kine-
matik Ozliliiyiin reagent sarfinden asililigi arasdi-
rilmig va alinan naticalar sokil 1-da verilmisdir.

Sokil 1-den goriiniir ki, an optimal reagent sarfi 300
g/t toskil edir. Bu miqdardan artiq serflorde ise oks
effekt miisahide olunmusdur.

Novbati marhslada ise reagentin asfalten-qatran-
parafin ¢okiintiilorine (AQPC) qars: tesiri «Kompleks
tosirliinhibitorlarin ssmaraliliyinin giymatlondirilmasi»
metodikasma easasen «soyuq barmaqciqlar» iisulu ila
apartlmisdir [1].

Bu tisul maden seraitine daha uygundur ve rea-
gentlorin parafingbkmoayo qarst semoaraliliyini hom
keyfiyyot, hom do kemiyyet baximindan qiymat-
londirmeys imkan yaradir. Usul askar edilmis somarali
parafingékmo inhibitorunun tatbiqi texnologiyasimin
islonilmesini tomin etmakls, somoraliliklo reagent sorfi
arasinda asililigin qurulmasina imkan yaradir. Alinmis
naticalar sokil 2-da verilmisdir.
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Kinematik
ozliliik, mm?/s

200 300 400 500

Reagentin sarfi, q/t

0 100 600

Sok. 1. Kinematik 6zliiliiyiin reagentin
sarfindan asililig:

200 300 400

Reagentin sarfi, q/t

0 100 500

Sak. 2. Reagentin sarfindan asili olaraq

AQPC samaraliliyi
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Sokil 2-den goriindiiyii kimi reagentin miqdar:
artdiqca ¢okmiis AQPC-nin miqdar1 azalir. Inhibitorun
20 °C temperaturda 300 g/t dozasindan sonra onun
tosiri zoifloyir. Alinmis naticolor asasinda qurulmus
somoaralilik oyrisinden goriiniir ki, reagentin miqdar:
300 g/t olave edildikde semorolilik 75% toskil edir.
Inhibitorun 300 g/t miqdarinda «soyuq barmagciglar»
tizarinda toplanmis AQP ¢okiintiisii 6z agirhigiilo metal
sothindon ¢ox stiratle siirtisiir. Yoni, 300 g/t slavads
barmaqciglar {izerinde AQP c¢okiintiilori qalmir. Bu
onunla izah olunur ki, inhibitorun parafinli nefts
300 g/t alavesinds ¢Okiintiiniin strukturu ve onunla
metal barmaqciq arasindaki ilisme qiivvasi (adgeziya)
zaiflayir ve naticede AQPC siirlisib diisiir. Adgeziya
qiivvesinin ¢ox kaskin zsiflomasi AQP ¢okiintiilorinin
qalxan maye il ¢ox asanliqla yuyulub aparilmasma
zamin yaradir [2].

Mexaniki qarisiglar AQPC aqreqatlarinin boyii-
moasini stimullasdirir ve adgeziya prosesinin siiratini
artirtr. AQPC-nin adgeziyasi metalin fiziki-kimyoavi
xassolorindan, onun istilik kegiriciliyinden, seothin

Reservoir and petroleum
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hamarligindan ve diger amillorden asilidir. Neft
axminin yiiksek olmayan stiiretinde borunun daxili
sothinin ¢ixintilarmin hiindiirlityti artdiqda AQPC-
nin adsorbsiyasinin bdyiimasi bas vermir. Axinin
siirati artdiqca bu tesir xeyli qiivvatlonir. Neft axininin
siirati artdiqgqca AQPC-nin adgeziyas: avvelce artir,
maksimuma catdigdan sonra azalmaga baglayir. ©On
yliksok adgeziya miisahide olunan siirot adgeziya
mohkamliyi vo naql borusunun diametri ilo diiz, nef-
tin Ozliliyt ile ters miitenasibdir. AQPC-nin amala
golmo mexanizmi vo xassolorini bilmak onun neqa-
tiv naticaleri ile mibarizads diizglin strategiyasinin
secilmosi lig¢lin vacibdir.

Reagentin aktiv asasinin tarkibinin ¢oxkomponent-
li olmasi1 sebabindon onun emulsiya vo susuz neftloro
tosirinin miixtalif mexanizmlari nazarden kecirilmis-
dir. Inhibitorun sothi aktiv ve polimer komponenti
arasindaki sinergetik tosir, miixtelif neftqazgixartma
idareslorindon (NQCI) gétiiriilmiis emulsiya vo susuz
neftin ozliilitytiniin effektiv azalmasi ilo tesdiqlonir.
«Neft Komorlori» Idaresinin N. Noarimanov, Puta,

Cadval 3
Neft niimunolari iizarinds aparilan sinaq naticalari
Niimunanin Reagentin | Reagentin | Donma tem- Ozliilitk, 20 °C Sixliq, 20 °C,
gotiiriildiiyii yer markas1 sorfi, q/ton | peraturu,°C | dinamik | kinematik q/sm? Qeyd
mPa-s mm?/s
N.Narimanov reagentsiz - +5 323.45 379.41 0.8525 az axicl
N.Narimanov NDP-22M 300 -17 8.580 10.319 0.8316 asan axicl
Puta reagentsiz - +10 435.33 489.41 0.8895 az axicl
Puta NDP-22M 300 -14 12.442 14.758 0.8413 asan axicl
Suraxani reagentsiz - -1 138.56 154.04 0.8932 axici
Suraxani NDP-22M 300 -21 67.266 74.815 0.8891 az axici
Sirvan reagentsiz - +13 623.42 695.70 0.8921 az axici
Sirvan NDP-22M 300 -10 55.313 62.072 0.8811 asan axici
Abseron reagentsiz - +8 240.96 262.71 0.9172 az axici
Abseron NDP-22M 300 -23 16.55 22.553 0.8820 asan axict
Cadval 4
Suraxami qarisiq neft kamoarindan goétiiriilmiis neft niimunasinin gostaricilori
Reagentin Reagentin Donma tempe- Ozliilitk, 200 °C Sixliq, 20 °C,
markasi dozasi, gq/ton raturu, °C dinamik, kinematik, q/sm® Qeydlor
mPa-s mm?/s
reagentsiz - -1 138.56 154.04 0.8932 axici
NDP-22 M 300 -21 67.266 74.815 0.8891 az axici
CHPX-2005 300 -15 85.743 96.634 0.8873 asan axici
M-5 300 -10 91.245 102.603 0.8993 asan axicl
M-6 300 -18 71.335 79.482 0.8975 asan axicl
M-8K 300 -14 88.535 99.589 0.8907 asan axici
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Sirvan qarisiq, Abseron ve Suraxani neft kemaor-
lorindon gotiiriilmiis neft niimunslorinin donma
temperaturunun ve Ozliiliiklarinin agag1 salinmasi
istigamatinds yerino yetirilon todqiqatlar zamani
«NDP-22M» reagentinin biitiin niimunalar {igiin
300 g/ton sorf normasi ile istifadesi zamanu:
N. Norimanov, Puta neft kamorlorinden gotiiriilmiis
neftlorin donma temperaturunu 22-24 °C, ozliilii-
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ozlultiytinii 2 dafe; Sirvan, Abseron neft komorlo-
rinden gotiirtilmiis neftlorin donma temperaturunu
23-31 °C, ozliluyiini 12-15 dafe azaltdigr miisyyen
olunmugdur. Laboratoriya tedqiqatlarimin naticaleri
cadval 3-8-da verilmisdir.

Laboratoriya smaqlarinin mdiisbat notico vermo-
sini nazera alaraq bels naticoye galmak olur ki, yeni
«NDP-22M» parafingdkms inhibitorunun gelacekds

ylinii 35-38 dafs; Suraxani neft kemoarlorinden gotii- daha genis elmi arasdirmalarinin aparilmas:
rilmiis niimunenin donma temperaturunu 22 °C, moaqsadauygundur.
. Cadval 5
«N.Narimanov» adina NQCI-dan gétiiriilmiis neft niimunasinin gostaricilari
Ozliiliik, 200 °C
Reagentin Reagentin Donma tempe- - - zZu ) - Sixliq, 20 °C, Qeydlor
markasi dozasi, q/ton raturu, °C dinamik, kinematik, q/sm? Y
mPa-s mm?/s
reagentsiz - +5 323.45 379.41 0.8525 az axici
NDP-22 M 300 -17 8.580 10.319 0. 8316 asan axici
CHPX-2005 300 -13 18.44 22.182 0.8313 asan axici
M-5 300 -10 23.145 27.835 0.8315 asan axicl
M-6 300 -11 21.975 29.944 0.8417 asan axicl
M-8K 300 -8 33.457 39.647 0.8437 asan axici
Cadval 6
Puta kamarindan gotiiriilmiis neft niimunasinin gostaricilari
Ozliiliik, 200 °C
Reagentin Reagentin Donma tempe- - Z —— - - Sixliq, 20 °C, Qeydlor
markasi dozasi, g/ton raturu, °C dinamik, kinematik, q/sm® Y
mPa-s mm?/s
reagentsiz - +10 435.33 489.41 0.8895 az axicl
NDP-22 M 300 -14 12.442 14.758 0.8413 asan axici
CHPX-2005 300 -10 16.783 19.937 0.8418 asan axict
M-5 300 -7 31.485 36.644 0.8592 asan axict
M-6 300 -3 78.234 90.028 0.8690 asan axici
M-8K 300 -5 83.756 95.557 0.8765 asan axicl
Cadval 7
Sirvan qarisiq neft koamarindan gotiiriilmiis neft niimunasinin gostaricilori
Ozliiliik, 200 °C
Reagentin Reagentin Donma tempe- - .Z b - - Sixlig, 20 °C, Qeydlor
markast dozas, g/ton ratury, °C dinamik, kinematik, q/sm? Y
mPa-s mm?/s
reagentsiz - +13 623.42 695.70 0.8921 az axici
NDP-22 M 300 -10 55.313 62.072 0.8811 asan axici
CHITX-2005 300 -9 81.659 91.008 0.8910 axici
M-8K 300 -9 79.456 88.547 0.8912 axici
M-5 300 -10 62.425 69.905 0.8908 axici
M-6 300 -9 83.353 92.763 0.8915 axici
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Cadval 8
Abseron kemarinden gétiiriilmiis neft niimunasinin gostaricilari
Ozliiliik, 200 °C
Reagentin Reagentin Donma tempe- - Z h— - - Sixlig, 20 °C, Qeydlor
markasi dozasi, g/ton raturu, °C dinamik, kinematik, g/sm? y
mPa:-s mm?/s
reagentsiz - +8 240.96 262.71 0.9172 az axici
NDP-22 M 300 -23 16.55 22.553 0.8820 asan axici
CHPX-2005 300 -15 48.345 55.410 0.8725 asan axici
M-5 300 -12 53.231 60.849 0.8748 asan axici
M-6 300 -10 56.447 64.400 0.8765 asan axici
M-8K 300 -11 58.543 66.792 0.8765 asan axicl
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MeToan1 60pBHOBI € acPaabTOCMOA0NIAPaPVHOBBIMI OTAOXKEHNSIMI
B He(PTSHOV IIPOMBIIIA€HHOCTN

K. 1. Memues, M. 9. Arcapaposa, H. . Imar
HUIIN «Hedreras», SOCAR, baky, Azep0Oariaxan

Pedepar

Paspabotan HOBBI MHTIOUTOP «HAIT-22M>» A4 CHVDKEHNS TeMIlepaTyphl 3aCThIBAaHIUS BBICO-
KormapapMHNICTEIX HepTell U IpesoTBpalleHns odbpaszoBaHM acalbTOCMOA0IIapadpUHOBBIX
(ACIIO) oraoxenmii. B cocras mHrnomuropa BxoA:sT HemoHoreHHbI! [1AB, gerrpeccopHsiit peareHT
u pactsopureas. [IpuroToBaeHHbI MHIMONTOP 00AajaeT CIIOCOOHOCTBHIO CHUKATh TeMIIEpaTypy
3aCTBIBAHMS U BA3KOCTh HedrTHy, a Takke npegorspamars ACIIO. Ilpurorosaenssiit nHrmou-
TOp MccaeloBaan Ha HepTU mpuBe3eHHBIX co ckBaxkXmH HIAY 11O «AsnedTn», «YmpasaeHue
Hedremnposoaos». B aToi1 HepTH Koamdectso mapaduna cocrasastet 10.8%. B xoae nccaeaosanmii
yCTaHOBAeHO, 4To 9P PeKTnBHOCTh 400aBoK 300 /T pearenra B HepTh cocTaBAseT 75%.

Katouegwvie caoga: ocagok; geripeccaHT; HeTh; TeMIIepaTypa 3acThIBaHIL; ITapaIHBI AeTpec-
CUBHBIIT 9PPeKT; AMHaAMIIECKasl BA3KOCTh; DPPEKT BAZKOCTU.

Neft sonayesinda asfalten-qatran-parafin c¢okiintiilarina qars1 miibarizs iisullarn

K. I. Matiyev, M. E. Dlsafarova, N. I. Emel
«Neftqazelmitoadiqgiatlayiho» Institutu, SOCAR, Baki, Azarbaycan

Xiilaso

Yiiksok parafinli neftlorin donma temperaturunu azaltmaq, asfalten-qatran-parafin
¢okiintiilorinin (AQPC) garsisini almagq tigiin yeni «NDP-22M» inhibitoru islonib hazirlanmisdir.
Inhibitorun terkibine geyri-ionogen sothi-aktiv madds, depressor xassoli reagent vo holledici
daxildir. Hazirlanmis inhibitor neftin donma temperaturunu, ozliiliik xassalorini azaltmagla
borabar, hom do AQPC-nin qarsisini almaq qabiliyystine malikdir. Hazirlanmis inhibitor
«Azneft» IB-nin NQCI-lorinin quyularindan, «Neft Kemarlori Idarasi»-den gatirilon neftlor iize-
rinds tadqiq olunmusdur. Bu neftlords parafinin miqdar1 10.8 %-den yuxaridir. Tadqiqatlar
zamani malum olmugdur ki, nefts reagentin 300 g/ton slavesinde AQPC-nin qgarsisinin alin-
masi Uzrs somoarolilik 75% togkil edir.

Acgar sozlar: ¢okiintii; depressator; neft; yiiksok donma; parafinlor; depressor effekti; dinamik
ozlulik; ozluluk effekti.
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ASFALTEN-QATRAN-PARAFIN VO DUZ COKUNTULORINO QARSI
YENI INHIBIiTOR

9. Q. Qurbanov?, L. Q. Hacikarimova*?, A. F. Okbarova?
'UBOC, baxy, Asepbaiidxan
HNITN«He¢mezas», SOCAR, baxy, Asepbatidxan

New inhibitor against asphaltene-resin-paraffin deposits and salts

A. Q. Gurbanov', L. Q. Hajikerimova™, A. F. Akperova®
"UBOC, Baku, Azerbaijan

2«OilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

ABSTRACT

The deposition of asphaltenes, resins, paraffins (ARP) and salts in tubing, surface equipment and
transport lines is one of the important problems in the production and transportation of well prod-
ucts. At high temperatures at the bottom of the well, the components of crude oil are in a liquid state;
when the temperature decreases, as they rise to the surface and exit the well, asphaltene, resinous,
and paraffin compounds begin to separate from the oil and settle in production pipes and equipment.
Laboratory studies were carried out using highly paraffinic oil from the Sangachal-Duvanni-Khara-
Zira field, a new developed paraffin sedimentation inhibitor named after N. Narimanov. The effective-

KEYWORDS:
Well; Parafin;
Asphaltene;
Resin; Salt;
Bottomhole zone;
Tubing; Reagent;
Inhibitor;
Composition

ness of inhibitors was determined by the «cold block» method. The results of numerous studies have

shown that the developed new inhibitor is highly effective in preventing the precipitation of paraffins

and salts, as well as in improving both the rheological properties and the freezing point of oils.

*e-mail: lala.qadjikerimova@mail.ru
https://doi.org/10.53404/Sci.Petro.20230200047

Quyu mshsulunun sulasmasi, lay ve quyudibi
tozyiqglerinin azalmasi hasil olunan neftds yiiksak
molekulyar komponentlorin miqdarmin artmasi
ilo miisayiat olunur. Uzun miiddest islonmada
olan yataqlarda ¢oxsayli miirekkebalogsmsalar bas
verir, naticads istismarin semarsliyi asagi diisiir.
Bu miirokkeblosmoalorden agir karbohidrogen
birlogsmoalarinin — asfalten, gatran, parafinin
(AQP) quyudibinds, yeraltt ve yerlsti neft-
madan avadanliqlarinda ¢okmasi xiisusi yer tutur.
Belo ki, AQP NKB (nasos-kompressor borulari) ve
naql boru kemorlerinin daxili sethinds an intensiv
sokilde c¢okiir, onlarin is¢i hissesinin (en kosiyinin)
diametrinin azalmasina vo bununla slaqodar xotds
vurma tozyiqinin, hidravlik miiqavimstin, enerji vo
avadanliqlarin istismar1 ve xidmati zamani diger alave
xorclarin artmasina sabab olur.

Neft-madan avadanhqliginin ve boru kemari
kommunikasiyalarinin normal isinds ciddi fesadlar
yaranir, sistemin mohsuldarligi, quyularin temirlor-
aras1 miiddetinin azalir, istismar ve tomir xorcleri
artmasma sebab olu. Parametrlorin bels dayismasi
quyu hasilatinin azalmasina, kesilmasine ve mohsu-
lun maya deyerinin artmasma gotirib ¢ixarir [1, 2].
Neft ilo birlikdas hasil edilen lay sularindak: duzlar da
¢Okiintii eamolagolmani daha da siiratlondirir.

Moadan tacriibasi gosterir ki, AQP ve duzlarin

NKB-ds, quyu nasoslarinda, yeriistii avadanliq ve
naql xatlerinds, toplama mentaqelarinin ¢onlarinds
¢okmosi quyudan hasil edilon mohsulun ¢ixarilma-
sinda vo noqlinde qarsilasdigimiz aktual prob-
lemlardandir.

Quyudibinde yiiksak temperaturda xam neftin
komponentlori maye hallinda olur, yer sothine qalx-
diqca ve quyudan ¢ixdiqca temperatur asagi
diisdiiyiinden xam neftden asfalten, getran, parafin
birlogsmoalari vo duzlar ayrilmaga baslayir ve istismar
boru ve avadanliqlarinda ¢okiir. Cokiintiilor neft
va texnoloji avadanliqlarin is¢i saholorinin ketdikca
daralaraq kigilmesine ve mohsuldarliginin asag:
diismasine, semoraliliyinin azalmasina sebab olur.
Problemin aradan qaldirilmasi-¢okiintiilorin amsola
golmoasini azaltmaq ii¢iin optimal metodlarin
axtarilmasini talab edir.

AQP c¢okiintiilori ilo miibarize ii¢lin mexaniki
vo istilik tisullarindan genis istifade olunsa da, bu
tsullarin tesiri asagidir ve bu baximdan kimyevi
reagentlor vo inhibitorlar bu ¢okiintiilori hall etmak
vo parcalanmagq {i¢iin daha alverislidir. Miivafiq rea-
gent vo inhibitorlar ¢6kmenin baslanmasinin gecik-
masine vo ¢Okmiis hissaciklorinin kristal morfo-
logiyasinin deyismosine komak edir.

Neftin ¢ixarilmasi, yigilmasi, naqli ve emali
sisteminda bu ¢Okiintiilarin toplanma intensivliyina
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bir sira amiller tasir edir [3, 4]:

* quyudibi sahade tezyiqin azalmasi ve qaz-
maye sisteminin hidrodinamik tarazliginin
pozulmasi;

* intensiv qaz tezahiiri;

¢ layda ve quyuda temperaturun azalmasi;

* (az-maye qarisigimin vo onun ayri-ayr: kom-
ponentlarinin harakat stiretinin dayismasi;

* qarisigin torkibi;

e faza hacmlarinin nisbati (neft-su).

Bu ¢okmalar miixtslif derinliklords ola bilar vo
quyunun is rejiminden asilidir. Malumdur ki, ¢okiin-
ttilorin amoalo golmasine komok edon sortlor arasinda
tozyiq vo temperaturun azalmasi, elaco ds neftin qaz-
sizlasmasi olsa da, temperatur amili tstiinliik toskil
edir [5]. Istilik Otiiriilmasinin intensivliyi miioyyen
bir derinlikde maye ils atrafdak: siixurlar arasmdaki
temperatur forqinden, hamginin qaldirici borular ve
istehsal zolagi arasindaki halqavi boslugun istilik
keciriciliyinden asilidir [6].

Cokiintiilorin amoalo golmasinin qarsisini almagin
on olverisli yollarindan biri kimyevi reagentlorin —
parafin ¢okmsa inhibitorlarindan istifade olunmasidir.
Inhibitor reagentlarinin tasiri maye faza vo bark soth
arasindaki serhadds bas veran adsorbsiya proseslari-
na oasaslanir. Bazi malumatlara gors, AQPC inhibitor-
larinin (quyuagzi dozatorlar) istifadesi temizlemsaler
arast miiddatin (TAM) 2.9 dafs artmasina gatirir.

Hal-hazirda AQP c¢okiintiileri ilo miibarize apar-
magq {i¢iin miixtolif inhibitor asqarlarindan genis isti-
fade olunur. Yeni neft madan reagentlarinin inkisafi-
nin innovativ metodlar1 yaradilib, lakin onlarin tasir
mexanizmi tam Oyronilmayib. Parafin ¢okiintiilorinin
amolo golmasi prosesinin qarsisini alan inhibitorlarin
secilmasino hasr olunmus ¢ox sayda movcud olan
islars baxmayaraq, duz ¢okiintiilarina qars1 kompleks
tosirli inhibitorlarin semarsliliyi masalslorine kifayet
godar diqqot yetirilmir.

Bu inhibitorlarin c¢atismazliqlar1 saxlama miid-
datinin moahdud, reagent soarfinin yiiksak, xammalin
qit, giymetinin yiiksak vo istehsal texnologiyasinin
miirokkab olmasidir. Parafin ¢okma inhibitorunun
[3] torkibine aktiv baza kimi dialkildimetilamonium
xlorid, kataptin, qossipol qatrami vo holledici kimi
kerosin daxildir. Inhibitorun catismazligl, quyu mah-
sulunda suyun miqdar1 50%-dan c¢ox olan sulasmis
quyularda parafin ¢dkmenin inhibitorlasma semo-
roliliyinin asag1 olmasi vo bununla birlikde miihitds
duz ¢okiintiilorinin artmasidir.

Neft ve lay suyunun ixtiyari nisbatindeki qarisi-
ginda ve xiisusen da lay suyunun nisbi miqdarinin
50%-don ¢ox oldugu hallarda, parafin ¢okiintiisii vo
eyni zamanda duz c¢okiintiisiiniin qargisini yiiksak
somaraliklo alan inhibitorun yaradilmas: iiglin tod-
qgiqatlar aparilmisdir.

Reservoir and petroleum
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Problemin hal edilmasi ii¢lin olein tursusunun
trietilentetraminls 4:1 nisbatinda dietilbenzol istirakin-
da kondensasiya mohsulu olan amidi, etilenoksid ve
propilen oksidin qliserin asasinda blok birge polime-
rini, halledici kimi izopropil spirti ve katalitik krekin-
gin yiingil fleqmasmi komponentlari kiitls %-ls
asagidaki nisbatlarinds saxlayr:

Stearin tursusunun trietilentetraminlo

kondensasiya mahsulu 815
Etilenoksid ve propilenoksidin gliserin

. oo 5-10
asasinda blok birge polimeri
Oksietilendendifosfon tursusu (OEDF) 3-5
[zopropil spirti 20-30
Katalitik krekingin ytiingiil fleqmast qalani

Inhibitorun terkibinde olan stearin tursusunun
trietilen tetraminls kondensasiya mahsulu olan amid
laboratoriya seraitinde dietilbenzol miihitinds sintez
olunmusdur.

Miivafiq olaraq 1:4 mol nisbatinds stearin tursusu
vo trietilentetramin gotiirlmiis vo dietil benzol
istirakinda temperatur seraitinde 4 saat miiddstinda
qarisdirilmisdir. Reaksiya naticesinde alinmis amid
asasinda parafingokmo inhibitorunun tarkibine daxil
olan diger komponentlarle miixtalif nisbatlorda
ga-rigdirilaraq yeni parafingdkme inhibitorlar:
hazirlanmigdir.

Torkiba daxil olan stearin tursusunun trietilen-
tetraamin amidi parafingdkmoe inhibitorunun effek-
tivliyini tomin edir. Etilen vo propilen oksidin gliserin
asasinda blok birge polimeri iss sulasmis neftin
deemulsasiyasini tomin etmokls amidin nefts niifuz
etmoasini tomin edir. Oksietilendendifosfon tursusu
tipik xelatomalagatiricidir. Kompleks amals gatirmak-
lo kalsium ve maqnezium ionlarmin ¢okiintii emsale
gotirmasinin qarsisini alir. 1zopropi1 spirti tarkiba
alkilen vo propilen oksidin gliserin asasinda blok bir-
gdo polimerinin halledicisi kimi daxil edilmisdir. Kata-
litik krekingin yilingiil fleqmas1 ise parafinli neftoki
bark karbohidrogenlarin sathine diffuziya ederak ak-
tiv maddslerin daha yaxs: tesirini temin edir.

Hoalledicilerin ve aktiv komponentlarin bu ciir
uyusmast miihitds olan parafin ve duz kristallarinin
boyiimasine mane olaraq yeni kristallarin amals
golmosinin qarsisini alir. Aktiv komponentlarin bir-
go tosiri naticesinde lay suyunun c¢ox oldugu neft
mohsullarinda parafingdkmeni azaltmaqla yanasi,
duzg¢ékmani de zsiflotmays miiveffaq olur. Halledici
isa aktiv asasin parafinli nefts diffuziyasini siiratlon-
dirir, miihitds olan parafin ve duz kristallarinin ara-
sinda asanliqla paylanmasina sebeb olaraq inhibito-
run tesir mexanizmini giiclondirir. Naticoda parafin
ve duz kristallarinin boyiimasi mehdudlasir ve aqre-
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qasiyanin qarsist alinmaqla daha ¢ox samoreroalik alda
etmok miimkiin olur.

Aktiv komponentlarin birge tesiri naticasinda
lay suyunyn ¢ox oldugu neft mohsullarinda para-
fingokmoni azaltmaqla yanasi, duz¢dkmoeni deo zaif-
lotmayo miiveffaq olunur. Hoalledici isa aktiv asasin
parafinli nefts diffuziyasmi siirstlondirir ve sonda
inhibitorun tesir mexanizmi giiclonir.

Inhihitor qarisdiricl ils tamin olunmus tutumlar-
da 20-25 °C temperaturda 3 saat miiddstinde qarigdir-
magqla hazirlanir va 1-2 tonluq ¢onlards, yaxud da 100
va ya 200 litrlik ¢alloklards dasinir. Taklif edilon inhi-
bitor parafinli neft quyularina vs neft naql edsan boru
komorine fasilssiz tisulla dozator nasoslarinin, fasilali
tisulla ise xiisusi aqreqatlarin komoyi ilo vurulur.

Toklif olunan tarkiblor 100 q ficiin asagidak:
ardicilligla hazirlanir:

Torkib 1. 8 q stearin tursusunun trietilentetraminls
kondensasiya mahsulunun tizarina 10 q etilen oksid va
propilen oksidin gliserin asasinda blok birge polimeri,
30 q izopropil spirti olave edilib qarisdirilir. Uzorina
5 q oksietilendendifosfon tursusu ve 47 q Kkatalitik
krekingin ytiingiil fleqmas1 da slave edildikden sonra
bircinsli mohlul amoals goslons godar qarisdirilma
davam etdirilir.

Torkib 2. 11 q stearin tursusunun trietilentetraminls
kondensasiya mahsulunun iizarina 7 q etilen oksid va
propilen oksidin gliserin asasinda blok birge polimeri,
25 q izopropil spirti slave edilib qarisdirilir. Uzorina
4 q oksietilendendifosfon tursusu ve 53 q Kkatalitik
krekingin yiingiil fleqmas1 da slave edildikden sonra
bircinsli mohlul amoals goslons goadar qarisdirilma
davam etdirilir.

Torkib 3. 15 q stearin tursusunun trietilentetraminls
kondensasiya mahsulunun iizarinea 5 q etilen oksid va
propilen oksidin gliserin asasinda blok birge polimeri,
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20 q izopropil spirti olave edilib qarisdirilir. Uzarina
3 q oksietilendendifosfon tursusu ve 57 q Kkatalitik
krekingin yiingiil fleqmas1 da slave edildikden sonra
bircinsli mohlul amsls goslona goder qarisdirilma
davam etdirilir.

Digor torkiblorin hazirlanmasi da komponenetlo-
rin cadvel 1-da verilmis miqdarlar1 ssasinda anoloji
qaydada hazirlanilir. Cadvel 1-de niimuns 1-9 iizre
komponentlarin % miqdarlar1 gostarilmisdir.

Toklif olunan parafin ¢okme inhibitorunu malum
inhibitorla miiqayise etmak ii¢iin N. Narimanova adi-
na NQCI-nin Sengacal-Duvanni-Xoro-Zirs yataginin
673 nomrali quyusunun yiiksak parafinli neftinden
istifade edarak laboratoriya tedqiqatlar1 aparilmisdir.
Quyunun parametrlari haqqinda mealumat cadvel 2-do
verilmisdir.

Inhibitorlarin samaraliliyi «soyuq barmaqeiglar»
tsulu ils teyin edilmisdir [2]. Soyuq barmagqciglar
tisulu ile parafingdkmoe inhibitorlarmmin semarsliliyini
toyini sxemi sokil 1-do gostorilmisdir.

Todqiq edilon maye olan tutum (stokan) soyuq
barmaqcigin kego bilacoyi qapaqla tochiz edilmis siise
stokandan ibarstdir. Soyuq barmaqciq paslanmayan
poladdan ibarat olub silindrik sokildadir. Silindrin
soyuducu agentin (su) girmesi ve geri qayitmasmi
tomin edsn boru kegir. Stakana 100 qramdan 150
qrama qodor tadqiq edilon neft tokiiliir. Stekanin
dibine magqnit qarisdiricis1 yerlosdirildikden sonra
soyuq barmaqcigin oldugu qapaqla ortiilorak qizdirict
ilo tochiz edilmis olan maqnit qarisdirict qurgunun
tizarine qoyulur. Daha sonra soyuq barmaqagqlarla
stokan arasinda temperatur qradiyenti yaradilir.
Adatan stekandaki neftin temperaturu parafinlarin
kristallasam temperaturundan 5°C yiiksok, soyuq
barmaqciqlarda ise parafinlerin kristallasma tempe-
raturundan 5°C asag1 olmalidir. Temperatur forqi

o Cadval 1
Inhibitorun tarkibina daxil olan komponentlar
£ Inhibitorun tarkibins daxil olan komponentlarin miqdari, %
23 . . . .
:f:b % Séf:::ﬁ;?;igi?ﬁil: (F]?sli?jrilﬁkqslli(:e‘;?np;:gslllﬁg-a Oksietilendendifosfon | izopropil | Katalitik krekingin
= kondensasiya mahsulu blok birgs polimeri turgusu spirti ytingil fleqmas:
1 8 10 5 30 47
2 11 7 4 25 53
3 15 3 20 57
4 8 5 30 52
5 11 7 4 25 53
6 15 10 3 20 52
7 8 3 20 64
8 11 7 4 25 53
9 15 10 5 30 40
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N. Narimanov adina NQCi-nin 673-sayli quyusu haqqinda malumat

Cadval 2

1 Quyunun baslangic hasilat, t/giin 30
2 Quyudibi zonada temperatur, °C 90
3 Quyu agzinda neftin temperaturu, °C 35
4 Quyunun cari hasilaty, t/giin n-5 t/g, qaz-1, su -2 m*/g
5 Neftin sixlig1, kq/m? 0.869
6 Neftde parafinin miqdari, % 19.8
7 Neftda asfaltenlarin miqdari, % 2.65
8 Neftds selikagel qatraninin miqgdari, % 5.4
9 Neftds aksiz qatraninin miqdari, % 17.9
10 Neftds suyun miqdari, % 40
11 Neftin tarkibi, qaz ve qaz amili 20
12 Lay mahsulunun terkibi Neft
13 Neftin para.lfinla doyma temperaturu, 35-40
(kristallasma noqtasi)
14 %ﬁﬁiﬁ?ﬁ:ﬁgﬁilb;gal lk?igiall;ﬁatzz?gfgyia gfar fl Lakl1 borularin II siraya buraxilmasi SNPX-2005 adli
haq?]’m da n(ialumat 8ty reagentin tatbiqi, 1t nefta 300-700 q reagent totbiq olunur
15 Tomiraras: miiddat giin 13 -18

hesabina parafinler soyuq barmaqcgin iizerinde
kristallasmaga baslayir. Tocriibo 3-saatdan 8 saata go-
dor davam eds biler. Tacriibs bitdikden sonra soyuq
barmaqcigin temperaturu +30 deraceys gotirib 10-20
doqgiqo qalan neftin axmasmi gozlonilmalidir. Daha
sonra soyuq barmaqcigin iizerinds qalan neftin hamisi
yigilaraq kiitlesi teyin edilir. Eyni tacriibs paralel go-
kildo xam neft, todqiq edilon inhibitor slave edilmis
neftlo aparilir. Inhibitorlarin semaraliliyi asagidaki
diisturla hesablanilir.

K=({C,-C}/Cy)*100

Burada, C,—inhibitorsuzneftds «soyuqbarmagqciglar»da

¢okon AQPC-nin miqdary; C;—inhibitor slave edilmis
neftdo «soyuq barmagqciqglarrda ¢oken AQPC-nin
miqdaridr.

Noticonin daqiq olmasi iiglin tacriibe bir ne¢o dofo
tokrarlanir.

Inhibitorun samaraliliyi 50-300 mgq/l sorf inter-
valinda prototipde verilmis terkib ils miiqayisada
qiymatlendirilmigdir.

Todqiqat naticalori sokil 2-do gostorilmisdir.

Sokil 2-den goriindiiyii kimi, oger melum olan
inhibitorun 200-300 mgq/l sarfinde semarslik 69.5 va
70.2%-o catirsa, onda toklif olunan inhibitorun homin
sorfinde bu gostarici 79.1-86.5 % arasindadir.

soyuducu agent

qapaq

«soyuq barmagciqg»

neft icin stokan
Pem—

maqnit qarigdiricist

maqnit qarisdirict qurgu

|[|: (I |

Sok. 1. «Soyuq barmaqciqlar qurgusunun»
sxematik tosviri

w Taklif olunan inhibitor

" Malum inhibitor (prototip)

Inhibitorun sarfi, mqll

0 20 40 60 80
Somoralilik, %

100

Sak. 2. Prototip va islanmis inhibitirorun
tadqiqat naticalori
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Toklif edilon inhibitorun parafinli neftin reolo-
giyasina tosiri Oyronilmisdir. Todqgiqatlar Anton Paar
Rheolab reotestinds aparilmisdir.

Sakil 3 va 4-den goriindiiyli kimi tadqiqi edilen
neft niimunasi geyri-nyuton psevdoplastiklik xasse-
sine malikdir. Malum inhibitorla islondikden sonra
neftin reoloji xiisusiyyoti miiayyan qoder doyisse da
neft qeyri-nyutonluq xassesini saxlamisdir. Toklif
olunan inhibitorla islonan neftin reoloji xassosi iso
geyri- Nyuton xassesidoen Nyuton xasseliys ke¢maosi
miisahids edilmisdir.

Yeni inhibitorun neftin donma temperaturuna te-
siri de arasdirilmisdir. Depressor asqar1 effektinin
toyini lizre gotiiriilmiis parafinli neftin donma tempe-
raturu +29 °C toskil etmisdir. Inhibitorun miixtolif
qatiliglarda depressor asqar1 funksiyasmin toyini tizro
todqgiqatlar malum metodika iizro hoyata kegirilmis-
dir [7]. Tadqiqatin naticalari sokil 5-de verilmisdir.

Sokil 5-den goriindiiyii kimi toklif edilon inhibitor
parafinli neftin donma temperaturunu 50-300 mgq/l
sorflorde +29 °C-don — 4 °C-yo godar azaltmagqla 33 °C

depressor asqar1 funksiyasi niimayis etdirmisdir. Mo-
lum inhibitorlarla aparilmis tadqiqatlarda iss donma
temperaturunun azalmasi eyni sorflorde +29 °C-don
+8°C-yo qodoar azalmaqla depressor asqari effekti
21 °C olmusdur.

Belslikls, aparilmis coxsayl tadgiqiatlarin natice-
lari bir daha siibut edir ki, toklif edilan yeni parafin-
¢okmo inhibitoru parafingokmenin qarsisini almaqla
yanasi neftlorin ham reoloji xiisusiyyatlorini, hom da
donma temperaturunu yaxsilasdirmaqla analoglari ila
miiqayisodoe ytiiksok samaralilik niimayis etdirir.

Toklif olunan inhibitor N. Narimanov adina NQCI
yliksok parafin torkibli 437, 444, 635, 673, 680, 690 va
699 Ne-li quyularinda smaqdan kegirilib. Sinaqglarin
naticalori gosterir ki, taklif olunan parafin ¢tkma
inhibitoru texniki ve iqtisadi gostericilorine gora
moalum inhibitordan xeyli tistiindiir.

Toklif olunan parafin ¢okmo inhibitorunun
samarsliliyi, sarfinin az olmasi, neft quyularinda
parafin ¢okma sebsbindon tomir saymin azalmasi va
tomiraras: miiddatin artmasindan irali galir.
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Hosoii1 marnonrop npotus ACII oTaoxeHnnii n coaen

A. T. I'ypbanoé’, /. I. I'adxuxepumosa®, A. @. Axknepoea’
'UBOC, baky, Asep0aiia>xaH
HUITN «Hedreras», SOCAR, baxy, Azepbaiiaxan

Pedepar

Oraoxenne acdaabrreHos, cmos, napaduuos u coaert 8 HKT, HazemHoMm obopysosaHumM n
BHYTPUIIPOMBICAOBBIX TPAHCIIOPTHBIX AMHUAX SBASETCS OAHON M3 BasKHBIX IIPOOAeM IIpU A00BI-
4Je ¥ TPaHCHOPTHPOBKe IPOAYKLINM, A0OBIBaeMOIT 13 CKBaKMH. 11py BEICOKOI TeMIepaType Ha
3a00e CKBa>kKIHBI KOMIIOHEHTHI CBIpOiT He(pTU HaXOAATCA B KMAKOM COCTOSTHUM, ITPU ITOHVKEHUN
TeMIIepaTyphl 110 Mepe IIoAbeMa Ha IIOBEPXHOCTDb UM BBIXOJAA M3 CKBa’KMHBI 13 HePTU HauMHAIOT
0TAeAAThCs acPpaabTEeHOBBIE, CMOANCTEIE, ITapapMHOBLIE COeAVHEHN I OceJaTh B DKCIIAyaTaIru-
OHHBIX TpyDOax 1 obopyosaann. /laboparopHsle nccaeA0BaHUS TPOBOANANCE C UCIIOAb30BaHIEM
BpICOKOTIapapHNUCTOI HepTH MecTopoxxAenns CaHragaa-/ysanHu-Xapa-3mupa. DPpPexTuBHOCTh
MHIMOUTOPOB OIIpeAeAsA METOA0M «XOA0AHBIX OpyCKOB». Pe3yApTaThl MHOTOUNMCAEHHBIX MCCAe-
AOBaHUII IIOKa3aAM, YTO pa3paOOTAHHBIN HOBBIN MHIMOUTOP BHICOKOD(PPEKTUBEH B IIpejOTBpa-
II[eHNM BEITIaAeHN: ITapaMHOB U COA€ll, a TAKKe B YAYYIIEHNN KaK pe0AOTMIECKIX CBOVICTB, TaK
U TeMIlepaTyphl 3aMep3aHILsT HepTeil.

Katouegvte caoga: cxksaxnna; nmapadus; acgaabTeH; cM0Ja; coAb; mpusaboimHas s3ona; HKT;
peareHT; I/IHFI/I6I/ITOp,‘ KOMIIO3MITVISL.

Asfalten-qatran-parafin va duz ¢okiintiilarina qars1 yeni inhibitor

9. Q. Qurbanov!, L. Q. Hacikarimova?, A. F. Okbarova*
'UBOC, Baki, Azarbaycan
2«Neftqazelmitadiqgiatlayihe» Institutu, SOCAR, Baki, Azarbaycan

Xiilaso

Asfalten, gotran, parafin vo duzlarin nasos-kompressor borularinda ve yeriistii avadanliq
va noaql xatlorinde ¢dkmoasi quyudan hasil edilon mohsulun ¢ixarilmasinda ve naqlinde vacib
problemlordandir. Quyu dibinda yiiksok temperaturda xam neftin komponentlori maye halin-
da olur, yer sathine qalxdiqca veo quyudan ¢ixdiqca temperatur asagr diisdiiyiinden xam neft-
dan asfalten, gatran, parafin birlomaleri ayrilmaga baslayir ve istismar boru ve avadanliqlarin-
da ¢okiir. Yeni islonmis parafin ¢6kmo inhibitoru N. Nerimanova adina NQCI-nin Sengacal-
Duvanni-Xara-Zirs yataginin yiiksak parafinli neftindan istifads edarak laboratoriya tadqiqatlar:
aparilmisdir. Inhibitorlarmn somoaraliliyi «soyuq barmaqciqlar» tisulu ile toyin edilmisdir.
Aparilmis ¢oxsayli tadqigiatlarin naticelori islonmis yeni inhibitorun parafin ve duz ¢dkmenin
qarsisini almagqla yanasi neftlarin ham reoloji xiisusiyyatlarini, hem de donma temperaturunu
yaxsilasdirmagla yiiksak semarslilik niimayis etdirir.

Acgar sézlar: quyu; parafin; asfalten; qatran; duz; quyudibi; NKB; reagent; inhibitor; torkib.
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MATEMATUNYECKASI MOAEAD ITPOLTECCA BBITECHEHUS
YIAEBOAOPOAHBIX CMECEN BOAOUN B 30HA/BbHO-
HEOAHOPOAHBIX AEDOPMUPYEMBIX IT1ACTAX

M. A. Axamaabexkos*!, X. M. Ioparumos’, H. A. Aausaae?

'HUIIN«He¢mezas», SOCAR, baxy, Asepbaiidxan

?Boennuiti uncmumym umenu Ieiidapa Aauesa, baxy, Asepbaiidxan

Mathematical model of the hydrocarbon displacement process by water in zonally heterogeneous deformable reservoirs

M. A.Jamalbayov*, Kh.M.Ibrahimov', N.A. Alizadeh?
1«QilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan
*Heydar Aliyev Military Institute, Baku, Azerbaijan

ABSTRACT

The problem of displacing hydrocarbon systems injected into the reservoir by water in zonally heteroge-
neous collectors is considered. In this case, the reservoir of circular shape, developed by a single central
well, is assumed to consist of two zones with different reservoir and rheological properties. The solution
to the problem is obtained, taking into account the incomplete displacement, compressibility of water,
and PVT properties of the hydrocarbon system —phase transformation, mass exchange between phases
of the hydrocarbon system. Based on the binary representation of the complex hydrocarbon system, a
solution to the considered problem is obtained, and an algorithm for calculating the main indicators of
the hydrocarbon displacement process to the well is proposed. This algorithm accounts for the fact that
the reservoir has different reservoir and rheological characteristics in the near-wellbore region (internal
zone) and the distant part of the reservoir (i.e., in the external zone).

KEYWORDS:
Displacement;
Gas-condensate
mixture;

Volatile oil;
Heterogeneous
reservoir;

Water flooding;
Binary model;
Unsteady-state flow

e-mail: mehemmed.camalbeyov@socar.az
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BBeagennue

MaBectHO, 4TO PpaszpaboTKa IrAyOOKO3aleraloyx
ra3oKOHAEHCATHBIX U He(TSIHBIX 3aJeXXeil COIpo-
BOXKJaeTca JedpopMaliyeri IOpoJ KOAAEKTOpPOB, B
pe3yAbTaTe Yero M3MEHSIOTCA MX €MKOCTHBIE M KOA-
€KTOPCKIIe XapaKTePVUCTUKIN. YCTaHOBAEHO, 9TO IIPU
fosee MIPOKOM AMaria3oHe M3MEHEHMUs I11acTOBOTO
AasaeHns gedpopManysl TOPHBIX IIOPOA MOKET MMETh
CyIIIeCTBEHHO HeAMHelNHbII xapakrep [2-4]. Kpowme
DTOTO, TP DTOM MOTYT HPOSBAATLCS IIOA3YIECTD TOP-
HBIX 110pog, [3]. [Ipuyem, B 04HOM 1 TOM >Ke I1AacTe B
3aBJMICUMOCTHM OT 3HaY€HIs BHYTPUIIOPOBOIO AaBAEHIS
dedpopManun ckeleTa KOAJAEKTOpa MOIYT IIOKa3aTh
ce0s1 mo-pasHomy [2]. Tak, ecan B6AM3M pr3abOITHOIN
30HBI, I'Je I11aCTOBOE AaB/AeHVie HaMHOTO HIKe eTo Iep-
BOHAYa/bHOTO 3HaueHus1, JedpopManuy Irdacra-Koa-
AeKTOpa IMPOUCXOAST IO OAHOMY 3aKOHY, a Ha KOHType
(nam B Aaam ot 3a00:1), r4e CpaBHUTEABHO BBICOKOE JaB-
ZAeHne (1AM AaBAeHNe BHIIIIe OIlpeAeAeHHOTIO IIpejea)
CKeJeT KOAAeKTOpa CXKMMAaeTcs IO APYTOMY 3aKOHY.
ITomumo ®Toro, mHorAa InJacT uMMeeT MO IPOHMIIA-
e€MOCTH 30HAa/AbHO HEOAHOPOAHOCTh. B pabote [6, 7]
I10AY4YeHO pelleHns 3a4ad MOAeAUPOBaHIS ITPOIeCCOB
UCTOIIEHNSI AeTyunxX HeTeil UM Ta30KOHAEHCATHBIX
3a/eXell Ha 30HaAbHO HEOJHOPOAHBIX KOAAEKTOpax.
ITpn 5TOM, I1AaCT TPEACTABASACS COCTOSABIINM U3 ABYX

30H, OTAMYAIOMIUXCS KOAAEKTOPCKMMU CBOIMCTBAMIA.
JanHas paboTa sABAsSETCS IPOAOAKEHNEM MCCAeA0Ba-
HII, HauyaThIX B OTMeYeHHbIX paboTax. OHa HOCBsIleHa
K Doaee CA0KHOI 3ajade - K MCCAeAO0BaHMIO IIpoIiecca
BBITECHEHMsI K CKBa’kKIHE YIAeBOAOPOAHBIX CHCTEM B
30HAaAbHO HEOAHOPOAHBIX IAactax. IIpu »TOM, TaacT
KpPyroBou q)opMLI, pa3pa6aTbIBaeMbII7[ OAHOW IIeH-
TPaAbHOM CKBa’KMHOM, NpeACTaBAsIeTCs COCTOSBIIUM
U3 ABYX 30H C Pa3AMYHBIMU KOAAEKTOPCKO-eMKOCT-
HBIMIU U PEOAOTMYECKMMU CBOMCTBAaMMU. YUUTBLIBAIOTCS
HEII0AHOTA BBITECHEHIS, CKMMaeMOCTh Boabl u PVT
CBOJICTBa Yr1€BOAOPOAHOI CUCTeMBI- (Pa3oBOe IIpeBpa-
ILIeHIe, MacCOOOMeH MeK4y (paszaMM yI1eBOJ0pPOAHOI
CHCTEMBI, YTO OTAMYaeT IIpeA0>KeHHOe pellleHne OT
CYIIeCTBYIOIINX, TaKUX Kak [5]. Paspaboran aaropurm
IIPOTHO3MPOBAHMI OCHOBHEIX ITOKa3areleil pa3padoT-
KM IIpYM pacCMaTpUBaeMBbIX YCAOBUSIX.

1. TeueHne BOABI B 30HAAbHO-HEOAHOPOA-

HOM I141aCTe

CxeMaTndeckoe 13oOpa>keHne Te4eHNsT BOABL IIPU
BBITECHEHNU YI1€BOJ0POAOB B 30HAAbHO-HEOAHOPOA-
HOM I11acTe NAAI0CTpupyetcs Ha pucyHke 1. CoraacHo
KOTOpOMY, OOBO/JHEHHas 4YacCThb IlAacTa COCTOUT U3
ABYX 30H- 30HBI C ITPOHMIIAeMOCTHIO k; (30Ha ) 1 30HBI
¢ npoHuiaeMoctsio k, (3oHa II), KoToprie mepsoHa-
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JaAbHO OBIAM HaCHIIeHHBIMU C HedThIO. K paccma-
TpMBaeMOMY MOMEHTY TeKyllee II0A0XKeHIe BOJAO-
HedTsiHOTO KOHTaKTa (BHK) ABAsIETCA T\

YpaBHeHMe HecTallMOHAPHOM (PUABTPAIIUN BOABI B
3oHe I, T.e. B oOaactu 1, <r <R, OyAeT UMeTh caeaylo-
I BUA,

10( 6P 16P,
——|r—=|=—= 1.1
r@r(rarJ o ot (L1
k (P
rae, P =k ydp,, a= (7) -, (1.2)

(,Bk +ﬁv)/uvml (PO)B
Br Bo — COOTBETCTBEHHO, KODMPPUIIMEHTH M3MEHeHIs
IIPOHMUITAEMOCTHU M CKUMAaeMOCTU BOABI, (L, — BI3KOCTD
BOABI, 1111 — IIOPUCTOCTD I14acTa B 30He I, Y1 — maoTHOCTD
BOABL. B¥ sABAsieTCs yrA0BBIM KOD(PPUITMEHTOM A0MaH-
HOTO yJacTKa KPMBOIL 3aBUCUMOCTIL M} =M }/(Pl) .

Ypasnenne (1.1) pemaercsa mpu caeAyIOLINX
HauyaAbHOM M I'PAHUYHBIX yCAOBUSX:

Py(r, 0)=P, (1.3)
Py(Ry, £)=P,, (t) (1.4)
Py(ri, )=P", () (1.5)

Teuenne Boawpl B 30He I, coraacHo pesyabTaTam
HaIINX IIPeABIAYIINX MCCACAOBAHII, MOXKEM ITPUHI-
MaTh CTAllMOHAPHBLIM, YTO IIO3BOAUT YIIPOCTUTDH 3aja-
qy. [Ipu oTOM, ypaBHeHMe puabTpanuu Bogsl B 30He I,
T.e. B o0aactu 7, <r< R, HanmImnem B BuAe

1o oP

;5(1’6—;] =0 (1.6)
IPU CAAYIOIIVX TPAHUYHBIX YCAOBUSIX:

Py (rist) = P'(t) (1.7)

P,(r,,t)=P,(t) (1.8)

VmeeMm gomoaHUTEABHOE YCAOBME Ha Ry,

oP,
2]l )G o
U yCAOBYE Hepa3pbIBHOCTU:

OP, OP,

or . = or | . (1.10)

Pemennem cucrems! ypasnennit (1.1) u (1.6) npu
Kkpaesbix ycaosusx (1.3)-(1.5), (1.7)-(1.10) moaydeHo
cAejyioliee BhIpakeHUe AAsl OllpejeAeHNs] MTHOBEH-
HOTIO 3Ha4eHUsI pacxoja BTOPIIIeNCsa B TPOAYKTUBHYIO
4JacTh I11acTa BOABL:

5 - 27RIE Kk, P'-P, 1
’ (ﬂk +ﬁv)ﬂveﬂ”(””’°’ In’ (41D
T

v

3aecs P, Oyaer ompeaeasATbCs HIDKE pelleHNeM
3agaun ¢uabTpauny HepTy (MAM Taza) K CKBa’KUHe
IO I11aCTOBOMY AaBAeHMIO, a P’ — 3HaueHme QpyHKINUM
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Konryp saBoanenns

Texy1ree 1oA0XeHne BoA0-HeTAHOTrO
KOHTaKTa

30Ha ¢ TPOHNUIIAEMOCTHIO ki

Bowa ¢ TIPOHUITAeMOCTLIO ke

CKBaK1Ha ¢ paamycom 7s

Puc. 1. CxemaTtuaeckoe 1/1306pa>KeH1/1e Te4YeHMsI BOAbI
IIpY BbITECHEHUN yI']leBOAOPO,ZI,HOﬁ CHICTE€MbI
B 30HA4bHO HEOAHOPOAHOM I11aCTe

P, Ha 1 ompeseasercsa o caeAyionieMy BbhIpaskKeHMIO,
IIOAy4eHHOMY ¢ TToMOIIbI0 ycaosus (1.10):

z TR, )e ™
722 - 70( k ) —
P = n=1 ]0 (Rn()an)_]() (Rkan

){(R ~P)[1s(Ra,) - Jo(Riat,) |-

20 —a’t -
22 - lo(Rkan)ez _ + 17 + Fl
n=1 ]O(Rnoan)_]o (Rkan) lngik In 10
RnO Rn
L
In=% In=
Rn(] Rn (1'12)

Bpra)KeHI/Ie AAs1 olipeAeAeHrsl 3Ha4eHMsT Ha KOHTY-
pe 3aKa4uku II0AY4€HO B BUAE:

G- PPl 2 Uy(Rya)e™™
AD = 5 T5 2/ p 2,7
A(P) 11’157]{ v ReiT Jo(Rya,) = o (Reer,)
P = R = - -
L1, 28 URua)e™
i Re Re ResT Jo(Rooat,) = Jo(Rear,)  (1.13)
10
{l_)() [IO(RnOan)_]O(Rkan):l_(l_)O _l_j’)]o(l_{kan )}
%
uo(ﬁnoa) = ]o(ﬁnoa)Yo (Rka) - ]o(Rka)Yo(Rnoa) (1.14)

Obosnauenns B serpaxkenmsax (1.12) u (1.13) nmeror
cAeAyroniye 3HaYeHUs:

Joo Yo — @ynukumm becceast HyaeBoro mopsigka Aevi-
CTBUTEABHOTO apTyMeHTa; & — KOPeHb ypaBHEHU:
uo(Rnoa) =0 mpu R, =1;
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P, P = P, = "= R = R
P0=_0=1, k:—k,' Pnz—n" P’:—,‘ Rk:—k" RYIOZ_”/
b b b b o0 o0
rae HepeXO,Zl, oT (1)yHKLU/II/I P x AaBAEHUIO p OCYIIeCTBAsL
In
eTCsa C/le,Zl,yIOI_HI/IM Bpra)KeHI/[eM p = Po .
ﬂk + ﬂv

Ecan y4uTeiBaTh HEIIOAHOTY BBITECHEHUS MeXAY
00beMOM IIOp 3aBOAHEHHON yacTu V 1 oObeMoM
BTOPIIIENCS B IPOAYKTUBHYIO JacTh I14acTa BoAbl V,

v

CyIIeCTByeT COOTHOIIleHue V =

, Tae p,, — KO3~
ost

¢unmeHT BOAOHACHIIIEHHOCTN IIdacTa 3a (PPOHTOM
BOABI. 3Has MTHOBEHHOe 3HauyeHMe pacxoja BTOPI-
IIecs B NPOAYKTUBHYIO 4acTh I14acTa BOABI, BBIYNIC-
aenHoe 1o (1.11) c yuerom (1.12), aas1 obbema mop
3aBOAHEHHOII JacTu Iidacra V U caesoBaTeAbHO AAs
Tekyulero paauyca BHK r, nanumem:

’ n
V= quydt . zi:ﬂvi (t)At
l_post l—post

z;qw (t)At

, zrhm(p,,t) = 2T

1- Post
Z;qv,- (t)At (1.14)
ﬂ'-hm(pv/t)(l = Post )
Temneps paccmoTrpum mpouece GpuabTparuu AByX-

¢azHOII yr1€Bo40pOAHOI CCTEMBI B A6 pOPMUPYEMOM
IOPIUCTOM I1AacTe.

~
14

2. Teyenme yraeBoAOpOAHON CHCTEMBI K CKBaXKIIHe
QuapTpanus yraeBoAOPOAHON CHUCTeMBI K IIeH-
TPpaAbHOI CKBa>kKMHe IIPU BBITECHEHUY BOAO B 30HaAb-
HO-HEOAHOPOJAHOM IldacTe, CxeMaTU4YecKM II0Ka3aHa
pucyske 2. ITo cxeme BUAHO, UTO TeKylllee ITOAO0XKeHe

[Tekyl.uee T0A03KeH1e BOAO-HepTAHOTO KOHTaKTa

Kownryp 3asoguenus

Puc. 2. CxemaTiraeckoe M3o0pakeHue TedeHsI
yI2eBOAOPOAHON CHCTEMBI TP BLITHECHNI BOAOM
B 30HaAbHO HEOAHOPOAHOM I1aacTe

Reservoir and petroleum
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¢ponra BoasI MMeeT paguyca r,. Kotyp 3aBoaneHms
nmeeT paauyca Ry, a r, — Tekyiee noaoxenne BHK.

MsBectHO, uTO ABVDKEHMe ABYX(as3HBIX YTIA€BO-
AOPOJHBIX CUCTeM B AepOpMUpPYeMBIX KOAJAeKTOpax
IIpeACTaBAsIeTCs CAOKHBIMU HeAMHEMHBIMU Audde-
PeHIIMaAbHBIMY YPaBHEHVSIMM B YacCTHBIX ITPOU3BO-
AHBIX. AHaAUTHYECKOe peIlleHle TaKUX ypaBHEHUIL
BO3MOXXHO AMIIIb C IIPYIMEHEHNeM OCOOBIX ITO0AXOJ0B.
B nacrosmeit pabote Aas AMHeapu3aluy ypaBHeHUI
OyJeM IpUMEHATh MeTO4a OCpeAHEeHUs 1 C IIpUMeHe-
HreM QyHKIMM XpUCTMAHOBMYA aHAaJAOTMYIHO paboTte
[5] 1 HIDKe TIOAYyUMM pellleHMe 3ajauy PUABTpaLIIU
AByx(Jas3HBIX YT1€BOAOPOAHBIX CUCTEM K CKBa’KIHe
B 30HaAbHO-HEOAHOPOAHOM IIOPMCTOM IldacTe HpHU
BBITECHEHMH YTI1€BOAOPOAHOI CUCTEMBI BOAOIA.

M Tak, pagmaabHOe ABUKEHUeE YIA€BOAOPAHON
cucreMsl B 30He II, T.e. B o0aactu 7, <r<7; OIIMCBIBAIOTCSI
CAeAYyIOIIMMI YPaBHEHVSIMMU:

li[w(i’,s) Gp} = —%f(P,S)

— 2.1
r or or 2.1)

lﬁ{rq&(p,s)%} =—§fg(P,S) (2.2)

ror

e k() ki ©)pBe(p)

1 (P)B,(p) 4 (P)z(P) Pt
ko (5)pB1=c(P)AP)] . k., (5)S(p)
H (P)z(P)Pu 4, (P)B,(p)

9= = _ra- p/fc(p)} ,
f(p,s) {Ba(p) ( S)Z(p)nf o(p)

(1-s)p B[ 1-c(p) 77(P)LS S(p)
2(D)1u B,(p)

kio(s), kio(s) — oTHOCHUTEABHEIE (pa3OBBIE IPOHUITAEMO-
CTM AAA XUAKON (asbl (Hampumep, AAs HepTU, UAU
JKIMAKOTO KOHJAEHcaTa- B cAydae PpUAbTPAIiUN Ia30KOH-
JAEHCAaTHOM CMeCHU) U Ta30BOM c])asm, COOTBETCTBEHHO;
S — HaCBIIEHHOCTD IIOP KMAKOM (Paszoii (HePThIO UAU
KOHAEHCATOM); Z, § — KOO PUITMEHTHI CBePXCKUMaeMO-
CTM ¥ TeMIIepaTypHOIT IIOIPaBKU A4S ra3oBOM (Passl; ¢
— coAep>KaHIe ITOTeHIIMaABHO KIAKIX YIA1€B040POA0B
B ra3oBoit Qase; [, [, — BA3KOCTU XUAKOI U Ta30BOM
¢as, coorsercTBeHHO; B, — 00OBEMHBII KO®PPuUnu-
eHT >XMAKOM (as3bl; S — KOANYIECTBO PacTBOPEHHOTO

rasa B >XuAKon ¢ase; 77=M

73(77)

HBIX BECOB JKIAKOI1 ¥ Ta30BOI (a3 IIpU I11aCTOBOM AaB-
A€HUU P; Py — aTMOCPepHOE JaBAEHUE; @ U @; — TEKY-
miee 3HadeHne »¢dexrnsHoi nopucroctu II u I son
ILaacta, COOTBETCTBEHHO; k 1 k; — TeKylllee 3HadyeHUe
¢ PpexrnsHOIN Mponnnaemoctn Il u I 30n naacra, coor-
BETCTBEHHO; I — paAMaAbHas KOOpAMHATa U { — BpeM:I.

o(p,s) = k(p),

2 (pr s)= k(P)/

(2.2%)

fe(p,s) = o(p)

— OTHOIIEHIE yAeAb-
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Ypasuenue (2.1) onmcbiBaeT HecTallIOHapHOe ABU-
JKeHMe KUAKUX YIAeBOAOPOAOB UM TOTEHIIMaAbHOTIO
KOH/eHcaTa B TrasoBoil (pase, a (2.2)- ABUIKeHMe rasa
U IapoB 0oJee AETKUX YIAeBOAOPOAOB B IIOPMCTO
cpede. AHaAOTMYHbIe YpaBHEHMS ABVKEHIS YIAeBOA0-
pO,ZLHOI7[ cucreMsl B 30He I B o0aactut 1, <1 <7, BBIIIUCHI-
BaIOTCs B CAeAYIOIIeM BUAe:

P

10 d
;5|:7¢(P1/51 )E:| = —E[f(Pl,Sl)} (2.3)
10 : 0
;5[’%(2’1/50%} = Lhus)] 4
— kra (sl) k’g (Sl )p ﬁc(n ) k
oApies) Lo(pl)Ba(Pl) " 4 (e P, )pa,} (P

ke (s)p A=) 7AP)] K, (s)5(p))
,5) = t kl 1)
2ulps) { t (P )z (P )P H,(P1)B, (1) .
1751) = il F(l-s, P,BC(P1):| 1\F1)r
fps) {Bu(pl) e
| A=somB[1-cr)AP) | S(p)
fg(plrsl)_|: Z(pl )n” +5 Bu(pl) ¢l(pl)

rae pi, S1 — CpeJHue JaBAeHMe U HachIIeHHOCTDh IOp
>K1AKoil ¢asoit B 30He I, cooTBeTcTBeHHO; ki (P1), ¢1 (p1)
— 9¢(PeKTUBHLIE ITIPOHNIIAEMOCTD ¥ IIOPVICTOCTH 30HHI |
pU AaBACHUN Py.

Ormernm, 4TO cucteMnl ypasHeHuit (2.1), (2.2) u
(2.3), (2.4) ornceIBaIOT, B IpUHLINIIE, AI00YIO ABYyX(as-
HYyIO YTA€BOAOPOAHYIO CICTEMY TaKMX, KaK Ta30KOH-
JAeHCaTHYIO cMech 1 AeTyune Hepru. B mepsom caydae,
KOI4a OCHOBHYIO IIPOAYKIIMIO 3aA€XKM COCTaBAsIeT Ta3
(ITp1 ra3oKOHAEHCATHBIX 3a4eXax), TO CUCTeMBI pellla-
IOTCSl OTHOCUTEABHO ypasHeHuit (2.1) u (2.3), a B ToM
cay4yae, KOrga OCHOBHON IPOAYKIIMEN SBASETCA KUA-
Kas ¢asa, T.e. IpM HEPTAHBIX 3ale’kax (B TOM 4icae
AeTydnx HepTeit), pemaioTcsa ypasHeHus (2.2) u (2.4).

Ypasnenmst (2.1)-(2.4) ABASAIOTCA HEAMHEMHBIMU YpaB-
HEHUAMU, A4Sl AMHeapu3alMy KOTOPBIX, KaK OTMedyeHa
BBIIIIE, IPMMEHNM MeTOJ, ocpegHeHms. Ecan ycpeaHuTs
111aCTOBOE AaBAeHNe II0 KOOpAUHATe ' IIpaBble CTOpPO-
HBl ypaBHeHUII OyAyT 3aBMCEThb TOABKO OT BPeMEeHIL
YuauTeiBas ®TO, IIpaByIo YacTh YpaBHEeHMI IIpMpaBHIBa-
eM Hexkortoport pyaknun O(t). Beeas pynximio, anaao-
rmaHy0 QyHKUMM XpeCcTMaHOBIMYa YPaBHEHIS ABVIKe-
HIS B 30HAX C IIPOHUIIAEMOCTBIO, COOTBETCTBEHHO, ky I
k, mepenuitiem B caeayrorem Bue:

10( oH
;E[rgj:@(t) (2.5)
16( oH,
(el 26

rae H, H; ssasiorca yHKOuAMU XpUCTHMAHOBUYA

Reservoir and petroleum
engineering

H=[p(p, s)dp + const, Hy=[@(p1, 51)dp, + const; D(t), Ds(t)
— HeKOTOpble (PYHKIIUM, 3aBUCSIINE TOABKO OT BpeMe-
HI U orIpejeAsieMble A1 GUKCUPOBAHHOTO BpeMEeH! C
IIOMOIIIBIO AOIIOAHNTEABHBIX YCAOBUIA.
Cucrema ypasHenuii (2.5) u (2.6) pemarorcsa Ipu
CAeAYIOIIUX KPaeBBIX YCAOBIIIX:
r=r, H=H,
r=r, H=H,
r=r, Hi=H,
/OTIO/AHNTEABHO UMeeM CAeAyIOINe YCAOBUSI U
0603HaUeHST:

2.7)

O0H ¢H,
T e T
B % o (2.8)
oo Alp,)

Ob1mee permrenne ypasHeHM: (2.5) Ipy rpaHMYHBIX
ycA0OBUsAX (2.7) A€TKO IIOAYYUTH B BUAE:

2 2
T, —T. r

LS ln—+1 |+
e n

’

S

H= lCD(t‘) -’ +
4
In

(2.9)

+Mlnl+ Hk

AHazormyHpIM 0Opa3oM pemaercs (2.6) 1 rnoayda-
eTcsA cAeaylolriee obIIlee pereHue:

22
H =L - - n Ty
4 Infe T
" (2.10)
+ulnl+Hk
7, a
In->
Ty

N3 (2.9) u (2.10) c yuetom ycaosuii (2.8) MOXKHO
onipegeasnts D(t), Dy(t):

2(H27 - Hk) _ qv:uv

1, 7hF,
In-=> .
Ty 2 Iy T
2 2 e = " -
rvz e Th 2In-*>
2In’e i
’
D(t) = k - N
rp -t (2.11)
2In’%

2(Hv _Hk) + 2(Hk _Hs)
T,

v

In-=
rk rs
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2(Hv _Hk) _ qo

T, 7hF,
In-*
.
Dy(t) = s 2.12)
1,2 _ rv _rk

21nr—”
Ty

€CAM YIUTBhIBATh, UYTO 2e0UT CKBa>KIHBI q= 2r T;h—JA
TO BBIpaskeHIe 4451 OlpeAeAeHIs MTHOBEHHOTO AeOTa
CKBa>KMHBI IOAYyUMM 13 (2.9) c yuetom (2.7) B caeayio-
II1eM BUAE:

H,-H, rz_rvz_rkz _H,-H, H.-H,
k
7’ lnr—”—l( 2 —rkz) 2In’v In"v In’k
_ no 2 T Tk 75
q=2nh 5 x
Ty =15 2
p T (2.13)
2In-*t
rs
% rsz_rkz_rsz +Hk_Hs
2In’k In’t
T, T,

Aasa nieperoka u3 30HbI I B 30Hy II Ha rpanue 7,
I10Ay4YeHO cAeAyIoIliee BhIpakeHue:

_ 2_ 2
g, = rth 2H"—rHS—CD(t) L : (2.13%)
In* 2In*

r

S

rae @O(t) onpegeasercs no (2.11).
(2.13) aerictBuTeAEH TpU 1, > 1. B cayuae, koraa

7, CTAaHOBUTCs PaBHO MAM MeHbIIe 7y, T.e. Korda BHK

BXOAUT B 30HY C IIPOHNUIIa€MOCTEIO k, 4€0UT CKBa>KIHEI

onpegeasieTcs B 00aacTu 1, <r<r, pellleHeM ypaBHe-

Hus (2.5) mpu rpaHUYHBIX YCAOBUAX (CM. Ha puc. 3):

r

s

Puc. 3. CxemaTtmaeckoe n3o0pakeHue Ipoiiecca
BBIT€CHEHMSsI, KOTAA 1, <1y B 004aCTU I, <1'<7,

No.2 (2023) 048-056

Reservoir and petroleum

engineering
r=r,, H=H,
r=r, H=H, (2.14)
_y, OH
Yo Apy)

BripaskeHne 4451 BBIMMCAEHMS TeKyIlero aebmra
CKBa>KIHBI ITOAYIE€HO aHAaAOTUYHO IIpeAbIAYIIIEMY CAY-
Jalo B CAeAyIOIeM BUAe:

9o _Hv_Hs
Alp) e Y
rl—r -
q=rh e = RIS L R
o _ T 7T 2In’ In’e
4r,In"> " %

IIpu nmpumenennu suipakenuit (2.13), (2.13%) u
(2.15) HEOOXOAMMBI OIlpeAeAeHUs] Pa3HMUIILI IICEBAO
aasaenuit, H,— H,, H,— H;u H,— H,. Aas »Ton meaun
OpMUMeHsieM alllpOKCUMAaIMI0 IOABIHTeIpaAbHOM
¢yHKUMN @ A0TapudMUIecKOll PYHKIINEN Brida

p=aln(p)-b, (2.15%)

rae Kod(pQUIIMEHTH 4 U b HaXOAATCS U3 I'PaHMYIHBIX
3HaYeHMII (PYHKUMU ¢ II0 HIDKEIIPVBEAEHHBIM BBIpa-
>KeHIsAM. TOYHOCTL ®TOV allIIpPOKCMManuu Io4pOOHO
MccAeAOBaHa B HaIMX APYrux paboTaXx, IIODTOMY, Ha
9TO He OyJeM yAeAdTb BHIMaHUe.

C yyeToM 5TONl anIpOKCMMAlNM IIPOVHTErPU-
pyem ¢yukuum XpecrsHosmda H = [@(p, s)dp + const,
Hi = [¢(py, s1)dp: + const B Tipeaeaax AaBAeHMI [py, ps],
[ps pil, [ps po] M mOAYdUM COOTBETCTBYIOIIME BRIpake-
Hus aas H,—Hy, Hi—H,u H,— H; B caeayioiem Buje:

Po
H,-H,=a pvlnp;k —pv+pkj—b(pv—pk)
k
Pk
H,—H, =a| p,Int: —pk+PsJ—b(Pk—ps) (2.16)
pl’v
H,-H =a| p,In="——p, +p. |=b(p, —p;)

I4e COOTHOIIEHMS AAsl BBIUMCAeHNS KOD(PPUIIIEHTOB
a u b moaydens! u3 (2.15%) ¢ yaeToM COOTBETCTBYIOIIIX
I'PpaHMYHBIX 3HAYEHUI (@ B CAeAyIOIeM BHAe:

a= Dy — G ,b: Dy — G lan ~0,
InPe In=*
P P (2.16%)
azwk_(os,bzwk_goslnpk_¢s ’
In Px InPx
Ps Ps
a= Dy — Ps ,b: Dy — Ps lan ~0,
InPe Int=
Ps Ps
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34€eCh @y, P U s ABASAIOTCS 3HAYSHUSAMU ( IIPU AaB-
A€HVSIX Py, Px U Ps COOTBETCTBEHHO.

Ognako, 4451 peaan3aiiy U3A0KEHHBIX COOTHOIIIe-
HIUII TOTPeOyIOTCs OIIpee/1eHNsI I11aCTOBBIX JaBAeHUII
Y HACBILIEHHOCTEN II0P >KUAKOM (1)a30171 Ha TpaHuUIe
MeXXJy paccMaTpMBaeMBIX 30H M Ha 3a00e B KaKABIi
MOMEHT BpeMeHM. /a5 ®TOro OyaeM MCIIOAB30BaTh
ypaBHEHIII MaTepraabHOro OaJaHca JKMAKOCTHI U Ta3a.

3. OnpeaeaeHne cpeaHeN1acTOBBIX BpeMeH-

HBIX ITapaMeTpPOB

IToayuyenHble BbIlle pellleHUs ITO3BOASIOT OIpe-
AeASITh MTHOBEHHOEe 3HaueHle AeOuTa CKBa>KMHBI, T.e.
3HauyeHle, COOTBETCTBYIOIee K MOMEHTY HEeKOTOPOIO
3HayeH!s M11aCTOBBIX IIapaMeTpPOB, TaKMX KaK I14acTo-
BOe JaB/€HIe, HacChIIIeHHOCTh IIOp KMAKOI (asoi,
noaoxxenne BHK. Aas mporrosmposanms aedura
CKBa>KMHBI HEOOXOAVIM aATOPUTM AAsl OINpeseAeHIs
OTMEeYeHHBIX I11aCTOBLIX IIapaMeTpPOB B AI100011 MOMEHT
BpemeHn. /a5 9T0i Lean 6yAeM MCII0AB30BaTh ypas-
HEHIs MaTeplraAbHOTO OaslaHca A4S Ta30BOM U KMA-
KOl (pa3 yr1eBoJ0pOAHOI CUCTEMEI 1 OOBbeMa BHeApsi-
IOIIETICST B 3a4€Kb BOABI. /451 30HEI |, moKa 7, >7; (CM. Ha
pucC. 2) BBIIUIIIEM B CAEAYIOIIEeM BUe:

Reservoir and petroleum
engineering

__4d]|_s _ gy PBp)
q-= dt{B(p)m s)Z(p)pr(p,o} (3.5)

g — {[(1 QLT
¢ Z(P)lpm

Tae w = Q,im—

—ep AP+ ((”))

mV,

e

}w(nt)} (3.6)

1- Post

N3z (3.1)-(3.2), (3.3)-(3.4) u (3.5)-(3.6) MOKXHO 1OAY-
YUTL ypaBHeHNs, OIMChIBAIOIINe M3MEHEeHUs cpejHe-
B3BEIlIeHHBIX I11aCTOBBIX AaBAE€HUI U HaCBIILIEHHOCTel
BO BpeMeHU AAsl IIePUOAOB BBITECHEHUS 1, > 1 U 1, <7y B
cAeAyIolieM BuJe.

Koraa r,>7;:

q9—9
— G
dl _ o (a, +Ga,) (3 7)
dt  (as +ag)a, +(a, +og)a, ’
_qa-a dp
@ o G—(a; +og)—— ar (3 8)
dt ay ’
dq _,dp
—; =, — -, TA€, €CA ydUTBIBATE, UTO MOPOAbI KOA-

A€KTopa IOABEpPTalOTCs HeAMHEIHO-YIIpyToi Aedop-
Manuu, To:
m = expla, (p—po)]l, TO

771;; =4a, exp[am‘ (P - Po)] (39)

_i(oh +Ga,) + (a0 + a1a4)£m1

d | |
q,=—5{[3(s S »”figz’}w.(p.,t)} @1y d__o RN
s e dt (a5 +ag)a, + (o, +ag)a, +
i ([—s)pp (3.10)
— 5P _
s =_E{|:ﬁ[l_c(%)7(ﬂ)]+ - ( ) V
o (32) Hea, +anaty) =Ly (0, )
L 35%) }aa(pl, )} “ 1= Pes
B(p))
rae p; U S — CpeAHEeB3BeILIeHHOe U HacChIIeH- _qu] (e +a )%_% (- )
HOCTb HOP >XMUAKOCTBIO B 30He I, COOTBETCTBEHHO; ds, o, T W, Post .
w, = Qi — mV,, V,— oObeMm BTOpIILENCs B dt a,
— P v (3.11)
3a1€eb BOABI U TeKyIllee I10A0KeHre PpOHTa BOAHI T, y % 771;';1 (Qm 2 j T i,
onpeseasiorcs 1o (1.14) ¢ yaerom (1.11). dt 1=p )y 1= poy
A B 3oHe II, rae cpeaHepsBellieHHOe JaBAeHUe U -
HaCBIIIEHHOCTD TIOp JKMAKOCTBIO COOTBETCTBEHHO P U B
S, ypaBHEHI: MaTepuaAbHOTO OalaHCa MMEIOT CAeay- dQ, _la. — V, \dm 4, i
IOIUI BUA; dt “epy ) dt 1-p,
rae
g -_4d]|_s pAEP) | B
=0 =" {[ By T o } (P’t)} (3:3) m; = expla,,(p, —po)l,
d [ a-spps _ dm, dp, (3.12)
Ge =G == [7[1—c(p)y<p>1+ =,y expla,, (P = po)l— - :
g g dt{ z(P)Pu (3.4) dt 1 €XPLa (P dt
N S;((p))}ﬂ(p,t)} U, KOTAQ T, <71
P
3aecs () — TeKymmit 06beM IOp, HACHIIIEHHBIX YTAe- dp —%(% +Ga,) + (a5 + 06054)%771
BOAOPOJaMIUL; g, §, — A€OUT KMAKOCTU M Tra3a CKBa>KU- E: (@ + ), + (et + 0ty )ets + @ty + cryety)
HBL; 1, g1 — PACXOA XXMAKOCTY U Ta3a IEePeTeKIINX U3 e TR e T
3oHsl II B 30y I yepes rpaHnIie! ;. N (3.13)
Koraa r, <, ypaBHeHMs1 marepmaapHOro 0OasaHca 1 1= Post i v,
BBIIIVICBIBAIOTCS B BIAE: w 1- P
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E+(oc7+ocg)d—p+7(1_p"5")oz x

s w dt ® N

dt a,
Jm Pl Ve | 4 g
dt 1_past l_post

rAe ra3oBBI (l)aKTOp AAsl BHYTPEHHEeN 1 BHEIIIHe 30H
IIPY COOTBETCTBYIOIINX AaBA€HUX (p, p1) U HaChIIIEH-
HOCTSIX KMAKON (Pasbl (S, S1) OIpeAeAseTcs CAeAylo-
IIVMM BBIPasKeHUeM:

(3.14)

HPBPIPE | _ oy S(p)
T =c@r Pl o
L up)B(p)ppcp)
v (s) 2p)pa

_ m .
m =—— — OTHOILlIeHue TeKyI_ueI/I l_IOpI/ICTOCTI/I BHyTpeH—
m, - i
Hell 30HBI K €T0 IIepBOHavYaAbHOMY 3HaueHUIo, M) = ——
. . M,
— OTHOIIIeHNe TeKyIIell MOPUCTOCTY BHEIIIHEe 30HBI K

€ro I1epBOHa4Ya4bHOMY 3HAY€HIIO,

@ =5 1) PLC v PP 1
B(P) 2p)pa z(p)pa B(p)
_ 5P g PP
3 B(p)+( S)Z(p)m[ c(p) Ap)l,
SO PP e
Bp) 2 m[ c(p) 1)l

’ !

=(1- s){p’g (P)} ay =S|:L:| , Oy =s{m} ,
z2(P)Pu B(p) B(p)
ag =(1- s){ Ph

2(P)Pu
(s)= L)
A
IIPOHUIIAEMOCTEN ra30BOM U SKUAKON c])as; «'» — 03Ha-
yaeT MPOU3BOAHYIO 110 p. OTMETUM, UYTO HapaMeTphl
&, - (g BBIMMCASIOTCS TIPU COOTBETCTBYIOIINX AABAEHMUIA
¥ HACBIITIEHHOCTEN B 3aBUCUMOCTU OT 30HBI.

Cucremnr ypasHenuit (3.7)-(3.9), (3.10)-(3.12) un
(3.13)-(3.14) cosmectHO ¢ (2.13), (2.13*) u (2.15) c yue-
ToM (2.16) perraroTcs OAHUM U3 YMCAEHHBIX METOAOB
U IIO3BOASIOT IPOTHO3MPOBaTh OCHOBHBIE IIOKa3aTe-
AN TIpollecca BBITeCHeHUs yIAeBOAOPOAHONM CHCTEeMBbI
3aKauyMBaeMON B I1AaCT BOAOM HpPW YCAOBUU 3ajaH-
HOI Aellpeccuy UAU 3aJaHHOIO 3aDOHOTO AaBAEHMs.
CaeayeT oTMETUTD, YTO IPU PelleHuN IIpuBeJeHHBIX
BBIIIE CUCTEM YPaBHEHUI MCHIOABb3YIOTCS CAeAYIOIe
HadyaAbHbIE YCAOBUS:

P=Po, P1=Po; S=So, S1=50
rde Po, So — HadaAbHOE I11aCTOBOE AaB/AeHle VM Hadalb-
Hasl HachIIIeHHOCTD II0P >KMAKOI (a3oil.

[1-c(p) 7(19)]}

— COOTHOIIEeHMEe OTHOCUTEAbBHBIX Cl)aSOBbIX

Reservoir and petroleum
engineering

Taxum 06pasoM, moaydeHsl cucreMsl Auddepen-
nuaapHbIX ypasHeHuit (3.7), (3.8) u (3.10)-(3.12) npnu
r.>1y, a Ipu caydae r,<ry (3.13), (3.14), pemenus xoro-
PBIX, IIPU M3BECTHOM AeOUTe CKBa>XKMHEI (g, TTO3BOASIOT
oIpeAeAsTh CpeAHeIlAacTOBble AaBAEHNS U KOHAEHCa-
TOHACHIIIIEHHOCT) B COOTBETCTBYIOIIUX YaCTsIX KOAAEK-
TOpa B 4100011 MOMEHT BpeMeHI.

4. AaroputM AAasl IIPOTHO3MPOBaHMS IOKa-

3aTeaen pa3padOTKu

BrimensA05keHHbIN 110AX04, TT03B0As5IeT OlIpeAeasTh
OCHOBHEIE ITOKazaTeAn pa3pabOTKM Ta30KOHAeHCaTHO
3a4€XM, IIpY Pa3dAMYHBIX TEXHOAOTMYECKNX PeXXMMax
C y4eTOM pasAndus B IIPOHUIIAEMOCTM U XapakTepe
AedpopManuit Tpu3abOHON 30HBI U OTAAAEHHOI OT
3a00s1 YacTy Iaacra-Koaaekropa. IIpum »TomM MO>KHO
JICIIOAb30BaTh HYKEIPUBEACHHBI aATOPUTM.

1. BBoasTCs HauaAbHbIe 3HaYeHUS IIepeMeHHbIX
t=0, Ps=Po, Px=Po, P1=Po, S=S0, S1=50, M=y, ki=ko1, ky=ko,
71=0 1 mcxoaHble JaHHEbIE;

2. BerumcasioTcess HadaAbHble 3HaUeHNs ra30KOHAeH-
1-c(po)¥(po) |

c(po)
ra3oHacChIIIeHHDINI 00OBeM 3al€e>KM, 3arlachl ra3a ¥ KOH-
AeHcara (ripu so=0):

2R, [—1—;;;’0)?(%)}, Ve -
0/ F atm

3. Onpegeaenne tekyiero noaoxenus ['BK
3.1.Ilo (1.11) c yuerom (1.12) m (1.13) Boruncaser-
Cs1 TeKylllee 3HaYeHUe (.

3.2. C nomomnipio Berpakennii (1.14) onpeaeasier-
cs1 0OBeM BTOPTIIETICS B 3a1€Kb BOABI 3a IIPOMEXKYTOK
speMenn At u noaoxenue I'BK ..

4. Ecan paccMaTpuBaeTcs cAydali 3a4aHHOTO TeMIla
oTOOpa rasa (7 MPOLIEHTOB B I'0Z OT HadaAbHEIX OaslaH-
COBEIX 3allacoB) AeOUT OIpeaeAseTcs CAeAyIONIUM

catHoro ¢akropa Gy o ¢popmyae G, =

V.

zap

v ;
Go

zap

V.t

BbIpaKEHMEM: (], = U IePexXOAUTCS K Iary «6.4»,

MHaJe IIepexo K mary «5»;

5. Ecan paccMaTpuBaeTcs cAyvail 3a4aHHOI geTipec-
cuM, 3a4aeTcsl 3HaueHne gerrpeccuyt Ap MHaJe IIepexos
K Imary «7»;

6. 3a00ItHOe AaBAeHIE BBIYUCASIETCS BBIpa’keHueM
ps=p1-Ap.

7. Pacuer aebura CKBa>kKUHBI.

Ecau r,<r To:

7.1. Berumcasiorcs sHaueHus @ (p, s) 1o (2.2%) aas
AaBAEHUII p,, p, U 4, b 110 (2.16%);

7.2. Onpegeasercs ¢uxrusHasa Aerpeccust H,—H,
10 BeIpa>keHuIo (2.16);

7.3. BrrumcaseTcsa Texyllee 3HadeHMe aeOuTa Trasa

1o (2.15) n koHAeHcaTa i = qu .

IHaye:
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Brruncasaiorcs snHaueHmst @ (p, s) mo (2.2%) aas
AaBAEHUIA Ps, Pi, Po M 4, b 110 (2.16%);

7.2. Onpegeasiercsa puktupHas Aerpeccuss H,—Hy,
H.—H;un H,—H, 110 (2.16);

7.3. Brramcasercsa Tekylee 3HadeHNe AeOuTa Trasa
1o (2.13) c yaerom (2.13%) u KoHAeHcaTa ; = qu .

8. Berumcasiorcss Tekymiue 3HauyeHUs KOHAEHCATO-
HaCBIIIIEHHOCTY U CPeAHeIlAacTOBOIO AaBA€HMS AAsd
Bpemenn f+At.

Ecam r,>r

Texymine 3HaueHUs p, S BO BHEIIHEN 30He BBIYMC-
ASIOTCSL YUCAEHHBIM pellleHneM cucTeMbl Auddepen-
nmnaapHbIX ypaBHeHuit (3.10)-(3.12), a Bo BHyTpeHHel
30He- cucTeMbl ypasHeHuii (3.7)-(3.9);

Vnaye:

Reservoir and petroleum
engineering

Texy1iue 3Ha4eHI p, s BO BHYTPEHHEl 30He OIIpe-
AeASIOTCA 4MCAEHHBIM peIlleHyieM CHUCTeMBI ypaBHe-
uwuit (3.13)-(3.14);

9. Beruncasiercs Texkylllee 3HauYeHMe ra30KOHAEHCaT-
Horo dakTopa G 110 (3.13)

10. Onpegeastiorcst TeKylye 3HadyeHUs HaKOILAEH-
HOTO OTOOpa rasa M KOHJAEHcCaTa U CAeA0BaTeAbHO MX
KO®(PUIIMEHTH U3BACUEHIL:

ap
11. TlposepsieTcss 3HaueHMe I1AacCTOBOIO JaBAEHN:,

ecAy OHO DO0ABIIe 3a4aHHOTO €ro 3HAYEHIIST KaK KOHETHO-

IO IIepeXOA K IYHKTY «3» MHaJe IepexoAuM K mary «12»;
12. BriBo/, pe3yabTaTOB U KOHEII.

BriBoabI

HOAy‘IeHHOQ BBIIIIEe peH_IeHI/Ie I103BOAsIEeT HpOIHOSI/IpOBaTb OCHOBHBIX ITOKa3aTeAen paSpa6OTKI/I
raSOKOHAeHcaTHOIV/I 3a4eX!, Hpeﬂ,CTaB/leHHOﬁ[ pryrI/IMI/I 30HAaAbHO HeOAHOpOAHbIMI/I KOAAEKTO-
pamn. Ilpu sTom yumrsiBaiorcst peaasnsle PVT cBorictBa 4Byx(pasHOI yI1€BOJ0POAHON CUCTEMBI
nu peO/lOrI/I}I HOPO,ZI,—KOAAGKTOPOB. HpeAAO)KeHHbIﬁ aArOpI/ITM I103BOAsIeT MO,ZLe/lI/IpOBaTI) HpaKTI/I-
JeCKm AIO6OI7I TeXHOAOTMYeCKII pe)KI/IM 3aKauKlM " CKBa’>XKIVHBI. TaK, BO3MO>KHO BOCHpOI/I3BeCTI/I
pe)KI/IM 3a4aHHOIO TeMIla 3aKa4yKlM BOABI 11 3aA4aHHOTIO AaBA€HISI Ha KOHType 3aBOAHEHISI. C/le,Zl,yeT
OTMETUTH, 9TO B Cquae, ecan HpI/IH}ITb TeMIla 3aKa4KU paBHbIM HyAIO HOAy‘IaeTC}I Mo04aeAb VICTO-
IITeHVIs. OTHOCI/ITe/lLHO pe)KI/IMa CKBa’XkIMHBI OTMeTIM, 4TO BO3MO>KHO MO,ZI,e/H/IpOBaTb CAy‘IaﬁI, KOrga
3a4aeTcsl AeIpeccus, TAKKe BO3MOXKHO MOAEANPOBATh PEKUM 3a4aHHOTO 3a00IHOTO AaBAEHIS I
3agaHHOrO otOopa. B mocaeanem cayuae He IPUXOAUTCS BEIMUCANUTD A€OUT.
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MaremaTnueckast MOAeAab IIpoIecca BBITECHEHNsI YyIA1eBOAOPOAHBIX CMeceit
BOAOJ B 30HaAbHO-HEOAHOPOAHBIX AedpOpMIpPYyeMBIX I11acTax

M. A. Axamarbexos’, X. M. Uopazumos’, H. A. AArusade®
HNTTN «Hedteras», SOCAR, baky, Azep0baiigxan
*Boennsiit mHCTUTYT uMeHn I'. Aanesa, baky, Asepbaiigxan

Pedepar

PaccmarpuBaetcs 3a4a4ya BBITECHEHUS YTA€BOJAOPOAHBIX CICTEM 3aKauMBaeMOIl B I14acT BOAOM
B 30Ha/bHO-HEOAHOPOAHBIX KoAAekTopax. [1pm 9TOM, 11aact kpyrosoii popMEl, padpabaThiBaeMBbIil
O/HOJ IIeHTPaAbHON CKBa>KMHO, IIpeACTaBAseTCsl COCTOABIINM U3 ABYX 30H C Pa3AMYHBIMU KOA-
AEKTOPCKO-eMKOCTHBIMIU U PEOAOTMYECKUMHU CBOMCTBAMM. YUUTHIBAIOTC HEIIOAHOTA BLITECHEHU,
cxuMaeMocTs Boasl 1 PVT cBoiicTBa yraeBogopoAHOI CrICTeMBI- (pa3oBoe IIpeBpaleHne, Maccooo-
MeH MeXAy (pazaMy yraeBogopoaHoit cucremsl. Ha ocHOBe OMHapHOTO IIpeACTaBAeHNs CAOXKHOI
YI1€BOAOPOAHOI CHCTeMBI ITI0AY4YeHO pellleHre paccMaTpuBaeMoll 3a4aull — IIpeaA05KeH aATOPUTM
pacueTa OCHOBHBIX ITOKa3aTelell IIpollecca BBITeCHEHMs YIAe€BOAOPOAHON CUCTeMBI K CKBaKIHe,
KOTJa BOAM3Y CKBa’KMHBI (BO BHYTPEHHOI 30HE) M OTAa/A€HHOI 4YacTy 3aleXM (T.e. BO BHEIIHeIl
30He) I11aCT MeeT pasHble KOAAeKTOPCKO-eMKOCTHBIE U PeOAOIMYecKre XapaKTepUCTUKIA.

Katouegvte cAo6a: BrITECHEHNE; Ta30KOHAEHCAaTHAsI CMeCh; HEOAHOPOAHBIN I11aCT; 3aBOJHEHIE;
O6uHapHas MOJAeAb; HeCTalllIlOHapHOe ABVDKEHIE; HeIIOAHOTa BHITECHEHIS.

Zonal qeyri-bircins elastiki laylarda karbohidrogen qarisiqlarinin
su ila sixisdirilmasi prosesinin riyazi modeli

M. A. Camalbayov?, X. M. Ibrahimov’, N. ©. Olizada’
LNeftqazelmitadigiatlayiho» Institutu, SOCAR, Baki, Azarbaycan
’Heydor Oliyev adina Horbi Institut, Baki, Azerbaycan

Xiilaso

Zonal qeyri-bircins elastiki laylarda karbohidrogen qarisiqlarinin su ilo sixisdirilmasi
mosalasine baxilir. Bu zaman, markazi quyu ils isladilon dairavi laya miixtalif kollektor va reoloji
xtisusiyyatlori olan iki zonadan ibarat kimi tesovviir olunur. Sixisdirilmanin natamamligi, suyun
sixilma qabiliyysti ve karbohidrogen qarisiginin PVT xiisusiyyetlori — faza c¢evrilmosi, fazalar
arasinda kiitle miibadilasi nazara alinir. Miirekkeb karbohidrogen sisteminin binar tesevviirlari
asasinda, baxilan maselonin holli alinir, quyustrafi (daxili zona) ve quyudan uzaq (xarici zona)
saholorda kollektor vo reoloji xiisusiyyetlorin miixtalif olan layda karbohidrogen sisteminin
quyuya sixisdirilmasi prosesinin asas gostoricilarinin hesablanmasi alqoritmi verilir.

Acar sozlar: sixagdirma; qaz-kondensat qarisigy; ylingiil neft; geyri-bircins lay; suvurma; binar
model; gorarlasmamis axin.
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OLIEHKA Y®DEKTUBHOCTU MHTMBUTOPHOM 3AIIUTHI .
HE®TEITPOMBICA0BOI'O ObOPYAOBAHUS OT COAEOTAOXEHUN

K. 1. Matues, A. M. Cameaos, A. A. Ara-zaae, @®. M. Axmeaos
HUIIN«He¢mezas», SOCAR, baky, Asepbatidxan

Assessment of inhibitor protection efficiency of oilfield equipment from salt deposits
K. I. Matiyev, A. M. Samedov, A. D. Aghazadeh, F. M. Akhmedov
«QOilGasScientificResearchProject» Institute, SOCAR, Baku, Azerbaijan

ABSTRACT

In the field development practice, the most common method for protecting oilfield equipment and
pipeline surfaces from inorganic salt deposits is inhibitor protection. To enhance prevention effi-
ciency, a salt deposit inhibitor has been developed, which contains a surfactant, acid, and anionic
polymer. The aim of this development is to eliminate the need for scarce and expensive reagents,
increase formation productivity by preventing the formation of inorganic deposits during the
treatment of carbonate and terrigenous productive formations, and eliminate contamination of
formation and downhole equipment by insoluble salts, as well as salt deposits in pipeline systems.
Samples prepared at a flow rate of 10-30 g/t demonstrated a high inhibitor effect in preventing

KEYWORDS:

Salt deposition
inhibitor;

Adsorption-
desorption properties;
Inhibition efficiency;
Calcium sulfate;
Calcium carbonate;
Field tests

calcium sulphate and carbonate deposition. Field tests of the developed salt deposition inhibitor

yielded positive results.

*e-mail: kazim.metiyev@socar.az
https://doi.org/10.53404/Sci.Petro.20230200049

BBeagenue

Kax n3pecTHO, B HacTosIIIee BpeMs B IIpaKTUKe pas-
PpaboTKM MeCTOPOXKAeHNIT HanboAee pacrpocTpaHeH-
HOJl fABASETCS MHIMOMTOPHAs 3allliTa IIOBEPXHOCTH
He(PTEIIPOMBICAOBOTO ODOPYAOBaHMs U TPyOOIIPOBO-
A0B OT 0Opa3oBaHMs OTAOXKEHNII HeOPTaHMIeCKIX
cozeri (IIpenMyIIecCTBEHHO KapOOHATOB KaAbLIVs, CyAb-
daros kaapmy) [1-7]. OTaoxeHNe coaert B HepTAHBIX
000PYA0BaHIAX SBASETCA OAHON 113 MHOTOUVICAEHHBIX
1po6.1eM, BOSHMKAIOIIUX B IIpoIjecce A400BIYM HePTU.
CozeoTa0KeHN Ha CTeHKax TPyOOIIpOBOAOB CHIIKa-
10T 9P PEeKTUBHLII AMaMeTp U, CAej0BaTeAbHO, IIPO-
IyCKHYIO CIIOCOOHOCTB BILAOTH, IIPUBOASA K abCOAIOT-
HOMY 3aKyIIOpMBaHUIO. BrbIltageHme coaeil sABASETCA
MPUYMHON 3aCOpeHNs CKBa>KIHBI, a TaK>XKe BBIXOJAA U3
CTpOsI Hacoca, IIOHVDKEHNIO IIPUTOKA JKMAKOCTU U TaK
aazee. ITpu coBmectHOM 400brde He(PTM U BOABI IIPO-
61eMa c01e0TA0XKEeHNIS IIPOABASETCA B 3HAUMTEABHO
crertenu [8-12].

VcToYyHMKOM BBITTIAAEHIST COAEN SIBASIIOTCS I14aCTO-
BBI€ BOABIL, KOTOpBIe AOOBIBAIOTCSI COBMECTHO C Hed-
TBIO. BcaeacTBIIe TTepeMeHBI TeMIIepaTypsl U 4aBA€HUS
coJep>KaHMe HeOpraHMJIeCKMX BKAIOYEHMIT OKa3bIBaeT-
Cs1 BBIIIIE IIpeJea HacCHIIeHNs I11aCTOBBIX BOJ I110XO
PacTBOPUMBIMHU COAAMU II[EA0YHO3EMEABHBIX MeTal-
0B, K IpuMepy, KapOOHATOM I CyAb(aTOM KaAbIIV,
TaK’Ke COAAMM MarHms, Oapms u cTpoHnus. B cocra-
Be OTJAOKEHMII MOTYT BCTPeYaThCsl Cyabpi/ >Kele-

3a U TBepAble YI1eBOAOPOAHLIE COejVHEHUs HeTH,
IIpUMecH KBapLEBBIX UM TAMHMCTBIX JacTHUIL ITOPOABI.
ObpasoBaHne OTAOKEHMII 3aBUCUT OT HECKOABKIX
(JaxTOpOB, TaKMX Kak TeMIlepaTypa, JaBAeHUe, paBHO-
Becle XMMMYeCKMX peakiuii, pH, Bpems KOHTakra,
MCIlapeHne, MOHHas cuaa u T.4. [13].

Pasanunsle reoaoro-pusnyecKye ycAOBMS 3ale-
raHus HeTH, OCOOEHHOCTU pa3pabOTKM M DKCIIAya-
TalMM 3aleXKeil, TPyOOIIPOBOAHBINI TPAHCIIOPT yrae-
BOJOPOAOB TpeOyIOT TIaTeAbHOTO I10400pa MHIMOu-
TOPOB COA€0TAOKEHNI MMPUMEHUTEABHO K JaHHOMY
TexHoAormueckoMy mporeccy. C 1eaplo IIpeAOTBpa-
LIeHNA OTAOXKEHNA COAell TPajULIVIOHHO IPUMEHSIOT
Jusnueckne, XuMmIecKue ¥ TEXHOAOTHMYECKUE MeTO-
Apl. Ha ceroamsammmit aenp Hambozee pacrpocTpa-
HEHHBIM SBASETCSI XMMIIECKNII CIIOcoO, OCHOBAaHHBIN
Ha JCIIOAB30BaHUN MHIMOUTOPOB COAEOTAO0KEHMUII.
Bribop Hanboaee pe3yabTaTUBHOTO MHIIOUTOpPA COAe-
OTAOXKEHUI AAsl KaXKAOTO KOHKPETHOTO CAydas A0A-
>KeH 0a3MpoBaTLCs Ha TEOPETUIeCKUX U 1a00paTOPHBIX
nccaesoBaHysIX. Jas nproOpeTeHUs HanOOABIIETO
VMHIMOMPYIOIIETO AeMCTBI 110 OTHOIIEHNIO K Heopra-
HITYECKUM CO/SIM MHOTAA B COCTaB MHIMONTOpPA BBOAST
HECKOABKO THUIIOB BeIlecTB. B ®TON CBA3M IIpOU3BO-
AVIMBIe B IIOCAeJHee BpeM:s OOABIIMHCTBO MHIMOUTO-
POB IIPeACTaBAAIOT COOOI CAOKHbBIE KOMITO3UITMIOHHEIE
cocrasbl. B crcreme HedpTerazoBoil IIPOMBIIIAEHHOCT
A4Sl IIpejOTBpallleHNsI COAeOTAOXKEHUI IIPUOPUTET-
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HOe MeCTO IOAYIMAN MHIMOUTOPHEIE CIIOCOOBI 3allfu-
TBI TPyOOIIPOBOAOB 1 0O0pya0BaHus [13-15].

MHarnonTopel A0AXKHBI OTBeYaTh yCTaHOB/AEHHBIM
TpeOOBaHIAM: OBITH COBMECTUMBIMU C IL1aCTOBBIMU I
IIOITyTHO AOOBIBAEMBIMI BOJaMM, OBIThL TEPMOCTOMKU-
M1, 004alaTh aacopOIINIOHHO-AeCOPOIIOHHOM CITOCO0-
HOCTBIO, ITOHVKEHHO KOPPO3MOHHOM aKTMBHOCTBIO, HE
OKa3bIBaThb HETaTMBHOTO BAMSHI Ha YXYAIIeHNe Kade-
crBa HeTH, OBITH DKOAOTMYECKN OE30IIaCHBIMU U AP.

A acopOIIMOHHO-AeCOPOLIMIOHHBIE CBOICTBA — DTO
O/AHO M3 T/AaBHBIX TpeDOBaHMUIl, KOTOPBIE IIPeAbsIBAI-
I0TCSI K pa3pabOTaHHBIM MHTMOUTOpPaM COJ€0TA0Ke-
Huii. VIHTMOUTOPBI aAcopOMPYIOTC Ha 3apOABIIIEBBIX
LIEHTpaX COA€BOTO COeAMHEHII M II0AABASIOT POCT
KpHucTaasla, MOAUPUOUPYIOT ero GpopMy U pa3Meps
U IPEITCTBYIOT IIPUANIIAaHUIO APYT K APYTY, a TakxKe
YXYAIIAIOT aAre3uIO COAEBOTO KpucTalda K MeTaad-
AMYEeCKMM IIOBEPXHOCTSIM. B mepByio ouepeAb, MHIT-
O6uTOp AO0AXKEH CPaBHUTEABHO OBICTPO U B OOABIIOM
o0BeMe aacopOMpPOBaThCs Ha IIOBEPXHOCTY IIOPOADL, BO
BTOPYIO - MeA/€HHO 4eCOpOMPOBAThCs B IIpOLecce DKC-
IIAyaTalyy CKBa>kKMHBL Ha cK01bKO MeHbIIIe 1 Mea/1€eH-
Hee BBIHOCUTCSI 13 I11acTa peareHT, Ha CTOABKO DOAbIIe
IIep1oJ, ero MHIMOupyIomero Jevicrsus [16, 17].

MaBecteH MHIMOUTOP COAEOTAOXKEHMS, COAeprKa-
muit (Macc.%) MHIMOMPOBAHHYIO COASHYIO KICAOTY
(40-60), azorcogepkaiiee coeaunenne (1.5-4.2), anumo-
HOAKTUBHLIN noaumep (20-25), oprodocdopHyIo Kic-
aoty (1-5) u Bogy (ocraabHoe). VIHTMOUTOP coAep>KUT
azoTcojeprKalliee coeJuHeHNe, N30paHHOe 13 TPYIIIIBL:
KapOaM114, MOHO®TaHOAaMMH, AMDTaHOAAMMUH, TPUD-
TaHO/AaMIH, AUDTUAEHTPUAMIH, TPUDTUAEHTETPaMIH,
IIOAUDTUAEHIIOAAMIUH. B KauecTBe aHMOHOAKTMBHO-
IO MOAVMeEpa COAEP>XKUT KapOOKCHMETUALIEAAIOA03Y
nau noanaxkpuaamuy, [18]. VMcnoaszosanmue 604b110TO
KOAMYEeCTBa MHIMOMPOBAHHOI COASHO KUCAOTHI, aHU-
OHOAKTMBHOTO IIOAMMeEpPa, a Tak’Ke BEICOKOe coJepiKa-
HIe aKTMBHOTO KOMIIOHEHTa B COCTaBe MHIMOMTOpa
SIBASIIOTCSL HeAocCTaTKaMm crocoba. Tpagunmonusie
MeTOAbl OOPBOBI C COAEBBIMMU OTAOXKEHMAMMU He oDe-
CIIeYNBAIOT IIOAHOM 3aIlUTEl TPyOOIIPOBOAOB OT
OCAO>KHEHMII, MMEIOT BBICOKYIO CTOMMOCTB, CAOHBI B
peaam3anyuy 1 TOKCUIHBEIL.

/labopaTopHbIe 1ccAeAOBaHMS

Aas nopbrmenuss 9QpQPeKTUBHOCTH IIpeJoTBpaIle-
HIS COAEOTAOXKEHUIT B HePTEIIPOMBICAOBEIX 0DOpPY-
AOBaHISX, TPYOOIIPOBOJaX ¥ PaCIIMPEHUsI CBIPbEBBIX
6a3 paspaboTaH MHIMOUTOP COAEOTAOXKEHNUs, COAep-
>KallMii TIOBEePXHOCTHO-akTuBHOe Beljectso (ITAB),
KICAOTY ¥ aHMOHOAKTMBHBIN moaAuMep. B kauecrse
ITAB cocras cogepxut nenrastuaenrekcamus (I1OI'A)
B Koamdectse 11.6-23.4 macc.%, KMCAOTHI-OpPTOdOC-
dopuyo xucaory B koamdecrse 9.8-30.6 macc.%, a B
KadyecTBe aHMOHOAKTMBHOTIO ItoauMepa 1%-71 BOAHBII

Reservoir and petroleum
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pacTBOp HATPMEBOI COAU KapOOKCUMETUALIEAAIOA03EI
- ocraapHoe [18].

ITa0THOCTL TPUTOTOBAEHHBIX KoMIto3uiuii ripu 20
°C cocraBaster 1050-1070 xr/m®, xuHeMaTmJyeckas: Bs3-
kocThb 14-20 Mmm?/c, Temniepatypa samepaanust — 10-15 °C,
pH=3-4. Bueramnii BuA: OeciiseTHasI, IIpo3padHasi, TeKy-
Jast JKIMAKOCTD, 1€TKO PacTBOPSIETCS B BOJE.

PeareHTsl, MCII0AB3yeMble A5 IIPUTOTOBAEHUS VH-
rMONUTOpa COAEOTAOXKEHNs, COOTBETCTBYIOT HIIKec/e-
AYIOIITUM HOPMaTUBHBIM AOKYMeHTOM: opTodocdop-
Has kucaora—I'OCT10678-76, TY2143-002-34179766-97;
TIDT'A-TY 0254-03-53839702-2005; HaTpueBast cOAb Kap-
OOKCMeTUALeAAI0A035 — TY2231-037-26289127-01.

Kak 65120 0TMeUYeHO, OAHVM 13 OCHOBHBIX TpeOOBa-
HUII 4451 UHTMOUTOPOB COAEOTAOXKEHUs SIBASIOTCA VX
a4copOIMOHHO-4ecOpOLMIOHHEIe CBOVIcTBa. VI3BecTHO,
9YTO IIOPOABI, SABASIOIINECS HOCUTEAIMY HepTU U Ta3a,
001a4a10T CMa4yMBaeMOCTBIO I COPOIIMOHHOCTLIO. A
yAy4IIeHns aACopOLNOHHO-AeCOPOIMOHHBIX CBOVICTB
MHIMOUTOpPa COAEOTA0XKEHN HeOOXOAUMO UCIIOAb30-
BaHIE pPeareHTOB, CHIDKAIOIMX MeXX(dasHOoe HaTsKe-
HIe Ha rpaHulle «HePTh-MHIMOUTOP». DTN peareHThl
IIO3BOASIIOT PaCIIMPUTD I110IIaAb KOHTaKTa CO CMeChIO
CHAMKATHBIX M aAIOMOCHAVKATHBIX, a TaK>XXe KapOoHaTt-
HBIX KOMIIOHeHTOB. lIpurorosaenHrre pearenTsl, 6aa-
rojapsl aACcopOLMOHHO—AeCOPOIIMOHHBIM CBOIICTBAM
KaK MHIMONUTOpPa COAEOTAOXKEHNs], 40ATOe BpeMs pabo-
TaIOT ¥ MMEIOT BBEICOKYIO D(P(PEKTMBHOCTS.

TexHnveckuM pesyAbTaToOM HaCTOAIIEN pa3padoT-
KM ABASIETCS MCKAIOUEHNE IIPpUMeHeHNs Ae(PUIINTHEIX,
AOPOTOCTOSIIIINX peareHTOB, yBeAudeHye IIPOAYKTVB-
HOCTIH I1JacTa 3a C4eT IIpeAOTBpalleHns 00pa3oBaHIsd
HEOPTaHMYEeCKNX OTAOXKeHMUIl Ipy obpaboTke Kap-
OOHATHBIX M TEPPUTEHHBIX ITPOAYKTUBHBIX I11aCTOB,
MCKAIOYAIOIlee 3arps3HeHNe I11acTa M BHYTPICKBa-
SKMHHOTO OOOpPYAOBaHNSA HEPaCTBOPUMBIMU COASMU
yCTpaHeHNe COAEO0TAOXKEHUII B TPyOOIPOBOAHBIX
crucTeMax.

AAd TPUTOTOBAEHMSI WHIMOUTOPOB COAEOTAO-
JKeHMI1 BHaya/le TOTOBAT pacCYMTaHHOE KOAUIECTBO
1%-1r0 BOAHOTO pacTBOpa HaTpPUEBON coAU KapOOK-
CUMETHALIEAAIOAO3H], 3aTeM B K00y HaAMBalOT Tpe-
OyeMblil OObeM ITeHTadTUAEHIeKCaMIHa U OpTOPOC-
¢opHOII KMCAOTH U CMEIINBAIOT 40 IOAy4eHIUsT OAHO-
poanoro pactsopa. IloaydeHHsie cocTaBbl ITOKa3aHBbI B
tabamnre 1.

Kak Buano m3 tadGauimr 1 xkoamgecrso Na-KMI]
(1%-71 BOAHBINI pacTBOpP) M3MEHSETCS B IIpeAeaax
46.0-78.6 %, oprodochopnoit xkucaorer 9.8-30.6 %,
II9I'A-a 8.5-23.4 %. IlpurorosaeHHBIE COCTaBLI OAHO-
POAHBIE, XOPOIIO pacTBOPSIOTCA B Bode. IlaoTtHoCTh
cocrasos ripu 20 °C 1030-1050 xr/m? KmHemaTmdeckas
Bs3KoCTh 10.25-13.345 MM?/c, BOAOPOAHBIN ITOKa3aTeab
pH=5.0-7.5.

D¢PPeKTUBHOCTS MHINOUTOPOB COAE€0TA0XKEHNI T10
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IIpeAOTBpaIlleHNIO OCa’kAeHMsl cyabdaToB 1 KapOo-
HATOB KaAbliUs IIPOBEpeHa B MOJEABHBIX IIA1aCTOBBIX
Bogax. [IpuroTosaeHHbIe MOAeAbHbIE I11aCTOBbIE BOABL
kotoprle ocaxgaior CaSO, n CaCO; umeror caeayio-
IIyie COCTaBBI:

Aas ocaxxaerus CaSO,
Ilepsas yacTsb

NaSO, 13.0 r/a
NaCl 18.8 r/a
MgCl,-6H,0 1.241/a
Bropas gacTs

CaCl, 13.6 1/2
Aas ocaxxgenust CaCO;

Ilepsas yacTsb

NaHCO; 24 r1/a
Bropas gacts

CaCl, 292 r1/a
NaCl 40.4 1/a
MgCl,-6H,0 4261/

DPpPexTMBHOCTS MHIMOMPOBAHIL K COAEO0TA0>KEHNIO
IIPUTOTOB/AEHHBIX 0Opa3IoB IIPOBEAEHO B MOAEABHBIX
I.1acTOBBIX BoJax [18]. ZlabopaTopHble TeCThl ITpoBeJe-
uel 1pu 80 °C B Teuenne 5 yacos. DPPeKTUBHOCTD MHIU-
Oduposanus (D) BRIYMCAGHA TI0 cAeayiomelt popmyae:

9=(C,~C,)-100/(C,~C.)

3aecs, C, — koandectso noHos Ca*" B TepMocTaTH-
PpOBaHHOI 1 MHIMOMpOBaHHOM cpeae, mr/a; C, — Koau-
gyectBo noHOB Ca*" B cpege Oe3 unrnomropa; Co — KOAN-
gecTs0 1MOHOB Ca’* B ICXOAHOM pacTBOpe, Mr/A.

Ha pucynke 1 mokasana »¢QQeKTUBHOCTb paspa-
GOTaHHBIX MHTMOUTOPOB CO/1€0TAOXKEHUI 110 IIPeAOT-
BpallleHNIO OCa’KAeHUsl CyAb(aToB KaAbIus, a Ha
pucyHke 2 — 9pPeKTUBHOCTD pa3paOOTaHHBIX MHTUON-
TOPOB COAEOTAOXKEHUI IO IPeJOTBPAIeHNIO OCaK-
JAeHns KapOOHATOB KaAbI[Ms TPV KOHIIEHTPaIIVIIX
10r/T, 20r/T 1 30r/T.

Reservoir and petroleum

engineering
TabGamnia 1
PearenTsl, BXxoasmye B COCTaB MHIMONTOpa
COA€0TAOKEeHMI
KoMIioHeHTBI, BXOAsIIIVe B COCTaB
Ne VHIMONTOpA, B MaCCOBBIX IIPOIIeHTax
HPUMEPA | o KMIT TI3TA 0-H;PO,
1 78.6 11.6 9.8
2 69 12.5 18.5
3 54.5 15.5 20.0
4 59.2 17.3 23.5
5 54.8 19.5 25.7
6 50.2 21.3 28.5
7 46.0 23.4 30.6
8 65.0 13.8 21.2
9 715 10.5 18.0
10 75.5 8.5 16.0

Kak BuAHO 13 TabOAMIIBI ¥ PUCYHKOB, IPUTOTOBAEH-
Hble 00pasnsl mpu pacxode 10-30 r/T IposBASAIOT BBICO-
KNI MHTUOUTOPHEIN DPQPeKT IO IpeaoTBpaIieHIIO
ocaxkAeHusi cyabdara 1 KapOoHaTa KaAbITVs.

IIpoMmbICcAOBBIE MCCAE AOBAHNS

IIpombICA0BBIE MCHIBITAHNS Pa3padOTaHHOTO MHIU-
H6uTopa 445 OOPBOBI C COAEOTAOXKEHUSAMN Ha 000PYyA0-
BaHUI, JICIIOAB3YEMOM Ha CAy>KeOHOM y4JacTKe yTUAU-
3allMM I1AaCTOBBIX BOA, ocylecTBAeHs! 15.04-16.05.2019
r B HIAY um I'. 3. Taruesa. IlpurorosaeHHslil peareHT
B KOAMYECTBE 3 TOHHEI C IIEPEPBIBOM 2 Jaca BBOAMACS
B pe3epByap, 3aIll0AHEHHBIN I11aCTOBOI BOAON B KOAU-
gectse 100 ToHH n BpldepkuBaacsa 30 MMHYT. 3areM
I1acToBasl Boga C A00aBKOI peareHTa IIOCTyIlala B
TpaHCIOPTHYIO AMHUIO. B Teuenne 30 aueit kaxxapie 10
aner1 0.9 TOH peareHTa BBOANAOCE B pe3epByap co cOOp-
HO-T11aCTOBOM BOAON 1 Aadee 1tocae 30-TM MUHYTHOM
BBIAEP>KKIU B COOTBETCTBUM C IIpaBUAaMU KMAKOCTD U3
pesepByapa I104aBajach B TPaHCIIOPTHYIO AMHUIO. /o

w10 r/T m20 /T

30 r/T

AP pexm npomus
coreomroxenus, %
a1
(=}

1 2 3 4 5 6 7 8 9 10
Homep npumepa

Puc. 1. DPpPekTMBHOCTD MHIIOUTOPOB COA€0TAOXKEHIN
IO MPpeAOTBPAaIleHIIO OCaXKAeHNs Cyab(aTOB KaabIVs

®10 /T W20 r/T

30 r/T

AP pexm npomus
coreomaoxenus, %

1 2 3 4 5 6 7 8 9 10
Homep npumepa

Puc. 2. DPpPexTMBHOCTD MHIIOUTOPOB COA0TAOXKEHII
IO MPeAOTBPaIeHIIO OCaXXAeHsI KapOOHAaTOB KaAbITVs
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A0DaBKM peareHTa OTOMpPAANCh IIPOOBI AAs aHAAM3a
I11aCTOBOM BOABI.

PesyapTaThl aHaAM3a I11aCTOBOII BOABI A0 BBeJe-
Husa peareHta caedyomue: Ca*—160.32mr/2; Mg* —
173.55 mr/a; Cl-— 48585 mr/a; HCO®* —989.92 mr/a.

ITocae BBeaeHus 3 TOHH peareHTa B pe3epByap
13 KOHIIa TPAHCIIOPTHOM AMHUM OTOMPaAUCh IIPOOEI
BOABI A5 IIpoBeAeHNs aHaAn3a. Ilocae moanoro Bae-
A€HNS peareHTa IIOBTOPHO IIPOBOAMACS 2-OJ BDTarl
aHaamu3a Boasl. [IpoOslI 4451 aHaAM3a BOABI OTOMPAANCH
U3 TpexX TOYeK: 13 KOHIIa TPaHCIIOPTHOI AMHNY (TI0cAe
~1200 meTpoB), 13 TpaHcHOpTHON AnHUM (1-as 1ocae

Reservoir and petroleum
engineering

~700 metpos, 2-as mocae ~600 meTpos). Pesyabprars
aHaAM30B ILAACTOBBIX BOJ IIOcde A00aBKM paspabo-
TaHHOTO MHIMOWTOpa COAEOTAOXKEHUII IIOKa3aHBI B
tabauax 2 u 3.

Bo Bcex mmpobax BoABI ITOCA€ BBeAEHIUS MHIMOUTOPa
COA€0TAOXKEeHUII HabAI0AAeTCs yBeAUdeHue KOAude-
CTBa MOHOB. DTO AOKasbiBaeT dPQPeKTUBHOe BAUSHIUE
pa3pabOTaHHOIO peareHTa Ha IIpOIlecC MpeAOoTBpa-
IeHus1 coaeoTaoxenuit. lloayueHHble pesyabTaThl
IT03BOASIOT PeKOMEeHAO0BATh IIpUMeHeHe IIpeA0KeH-
HOTO MHIMOUTOpa COAEOTAOXKEHMI Ha APYTUX IPOU3-
BOACTBEHHBIX OOBeKTax.

Tab0anma 2 Tab0ana 3
PesyabTaThl aHaamu3a 11aacTOBO¥ BOABI r1ocae 1-oro PesyabTaThl aHaaM3a 114acTOBOM BOABI IIOCAe 2-OTO
9Tarla BBeAeHMsI peareHTa 9Talla BBeAeHMsI peareHTa
Anaamsupyemsre | mocae~1200 | mocae ~700 | mocae ~600 Anaamsupyemsle | mocae~1200 | mocae ~700 | mocae ~600
VIOHBI, MT/A MeTpOB MeTpOB MeTpOB VIOHEBI, M1/ MeTpOB MeTpOB MeTpOB
Ca* 1843.7 3486.9 4208.4 Ca? 1282.56 1883.76 3046.08
Mg 2383.36 3696.4 4450.56 Mg?* 1094.5 1459.2 2213.12
Cr 53605 66385 66740 Cr 57155 59285 60250
HCO* 1378.4 1545.8 1884.5 HCO* 1578.4 1823.5 3326.64
BriBoabl

1. Ilpeaao>keH MHIMOUTOP COAEOTAOXKeHUI, codepKammit [TAB, xucaoTy 1 aHMOHOAKTUB-
Hbi1 oanmMep. Ilpu pacxoge 10-30 1/T cocTaBbl IPOSABASIOT MHIMOMpPYOMNil 9PpPeKT 110
IIpeAOTBpalleHNIo ocakAeHns cyabdaTa kaapuyst ot 70 240 100 % m xapboHaTa KaAbLVS OT

40 20 100 %.

2. VcmbiTanns padpadotaHHOro mHruouropa coaeoraoxxernit 8 HIAY mm I 3. Tarnesa aas
GOpBOBI C OTAOXKEHNMSMIU COJA€eil Ha 0OOPyAO0BaHUU ¥ TPyOOIIpOBOJAE, MCIIOAB3yeMOM Ha
CAy>keOHOM yJacTKe YTMAM3AI[UM I11acTOBBIX BOJ, IIOKa3aAl, 4TO BO BCeX IIpoOax BOABI
I1oc/e BBeJeHNs MHIMOUTOpa Ha0A104aeTCs yBeAdeHe KOAIeCcTsa IOHOB, YTO AOKa3hIBaeT
9 PpexTnBHOE BANIHNE pa3paOOTAaHHOIO peareHTa Ha IIPOIleCC IIpeJOTBpalljeHNs COAe0T-

AOKEHUN.
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Onrenka 9 PeKTMBHOCTI MHTMOUTOPHOM 3aIUThI
HedTenpOMbBICA0BOTO OOOPYA0BaHMsI OT COA€0TAOKeHMI

K. U. Mamues, A. M. Camedos, A. . Aza-3ade, @. M. Axmedos
HUIIN «Hedreras», SOCAR, baky, AzepOaiiaxan

Pedepar

B Hacrosiee BpeMs B IpakTHKe pa3dpabOTKM MeCTOPOKAeHMIT Hamboee pacIpOCTpaHeHHOI
SIBASIETCS] MHIMOUTOPHAS 3allilTa IIOBEPXHOCTY HePTEIIPOMBICA0BOIO O0OPYAOBAHILI U TPYOOIIPO-
BOJOB OT OOpa3oBaHIsI OTAOXKEHMII HEOpraHMYeCcKMX coleil. /AAas HmosbimeHns 5PQPpeKTUBHOCTI
IIpeAOTBpallleHNsI COAEOTAOXKEHNII B HeTeIIPOMBICAOBBIX O0DOPYA0BaHUAX, TPyOOIIpOBOJax I
pacIIypeHns CBIpbeBLIX Oa3 pazpaboTaH MHIMOUTOP COAEOTAO0XKEHN:, COAEP KaIlNIl IIOBEPXHOCT-
HO-aKTMBHOE BEIIIeCTBO, KMCAOTY ¥ aHMOHOAKTUBHEIN IoAnMep. TeXHnueckuM pe3yAbTaToM HacToO-
sIIent pa3pabOTKU SABASETCA VICKAIOYEeHe IIPUMeHeHNs 4e(PUITUTHBIX, 40POTOCTOSIIINIX PeareHToB,
yBeAudeHye IIPOAYKTMBHOCTH ILlacTa 3a Cc4eT IpeAOoTBpallleHrsl oOpa3oBaHIA HEOPTaHMYECKNX
OTAOXKeHUI Tpu 06pabOTKe KapOOHATHBIX U TEPPUT€HHBIX IPOAYKTUBHBIX I11aCTOB, ICKAIOYaIOIIee
3arps3HeHNe I11acTa ¥ BHYTPUCKBa KMTHHOTO 000PYA0BaHII HEPaCTBOPUMBIMI COASIMU yCTpaHeHe
COA€0TAOXeHUiT B TpyOormposoaHbix cucreMax. [Ipurorosaennsie oOpasusr npu pacxoge 10-30
I/T TIPOSBASIOT BBICOKMII MHIMOMTOPHEI (P PeKT 10 NpeAO0TBpaIlleHNIO OCaXKAEHUs Cyabdara I
KapOonarta Kaapnus. ITpombica0BBIe McrbITaHMs pa3pabOOTaHHOIO MHIMOUTOpa COA€0TA0KEHMUIT
IIOKa3aAy XOPOIINe pe3yAbTaThl.

Katouegvte cao6a: MHIMOUTOP COAEOTAOXKEHUI; aaCOPOLNMOHHO-4eCOPOLVOHHbIE CBOJVICTBA;
5P PeKTUBHOCTL MHIMOMPOBaHNUS; CyAbdaT KaablNsl; KapOOHAT KaAbLVs; IIPOMBICAOBLIE VICIIBI-
TaHMSI.

Neftmadan avadanliqlarinin duz ¢okiintiilarindan
ingibitor qorunmasinin effektivliyinin qiymatlandirilmasi

K. I. Matiyev, A. M. Saomadov, A. D. Aga-zada, F. M. Ohmadov
*«Neftqazelmitadiqgiatlayiha» Institutu, SOCAR, Baki, Azarbaycan

Xiilaso

Hal-hazirda yataqlarin islenmasi tacriibasinde an ¢ox yayilmis neft-madsn avadanliginin
vo boru kemorlarinin sethinin qeyri-tizvi duz ¢Okiintiilarinin emols gelmasinden ingibitor
gorunmasidir. Neft madon avadanliglarinda, boru kemarlerinde duz ¢okiintiisiiniin qarsisinin
alinmasinin vo xammal bazalarinin genislondirilmasinin effektivliyini artirmagq ticiin sathi aktiv
madds, tursu ve anionaktiv polimer olan duz ¢dkma ingibitoru islonmisdir. Bu islomaenin texniki
noaticosi, bahali reaktivlerin istifadesinin aradan qaldirilmasi, karbonat ve terrigen mohsuldar
laylarin islonmasi zamani geyri-lizvi ¢okiintiilorin amole golmasinin qarsisimi alaraq, layin ve
quyudaxili avadanliglarin hall olunmayan duzlarla ¢irklonmasini istisna etmakls, boru kemorlori
sistemloarindo duz c¢Okiintiilorinin aradan qaldirilmasidir. Hazirlanmis niimunsler 10-30 q/t
sorfi ilo kalsium sulfat ve karbonatin ¢okmasinin qarsisin1 almagq iigiin yiiksok ingibitor effekti
gostormisdir. Islonmis duz ¢cokiintiisii ingibitorunun madan sinaqglari yaxs: naticelor gostormisdir.

Acar sézlar: duz ¢okiintiisti ingibitoru; adsorbsiya-desorbsiya xiisusiyyatlari; ingibitorlasmanin
effektivliyi; kalsium sulfat; kalsium karbonat; madan sinaqlar.
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Development and laboratory test of the gelling composition
for the selective isolation of formation waters
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