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Abstract.

The monograph was prepared and printed within the framework of
the publishing grant project SP-23-1155 of the Rustaveli National Science
Foundation.

The publication of the monograph aims to popularize engineering and
scientific knowledge based on the activities of the Nobel in Georgia. Based
on the found materials, the authors have drawn up and presented the
chronological scheme of the work of the Nobel . Museum exhibits and
engineering equipment, which were used by the Nobel brothers during the
laying of the first railway and oil pipeline in Georgia, are shown. Scientific
achievements of Nobels, patents, Nobel Foundation, and Nobelists are
discussed.

The second part of the monograph presents the international transit
systems operating in Georgia, prospective projects, mirror and sea
transportation technologies, structure of marine transport and oil terminals,
characteristic parameters. The difficulties of extracting oil from the old
deposits in the Sakha region, the modern methods of their processing are
discussed. The results of the research are presented in scientific articles, the
original of which is electronic. The files are presented in the form of an
appendix.

The monograph is intended for students at all levels of education. It is
interesting for a wide audience and is significant not only from an
engineering point of view, but also from a historical and economic point of

view.
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00939090 96 gbgds 306M39Wo©O 3NWEHMOMOo b bmEoswrmo 960d369-
@mdol Lbgs ®9dgdl. LoddmbBomdgdo Mmoozl obgm mMgdgdl, OMYMOOSS

Jo8omco 30693035, Bod®0560 osdgEOo, JoLo, Lodgdol MmgmMos, obozn®o
30215305 s 3030 Mo

1980-056 §jgngddo 6mdgol Lod3mbodol 3modEgEol d9dsygbermdsdo
d90L bmdgeol 3m3oEgBHgdo: J0d0s30, 0@ Ms@Ewmsdo, 3ob035d0, Gobom-
©wmy0d0, 390003065L5 s FIZ0MBOL EsMPYdTo, 51939, 93MmbmTozol 3GM0BOL
3030GH9@0, 83900900 dsb30L mbo.

300390 bmdgmamol 309305 dogbods 1901 gl 396M3sbger 30bogmL
9bg9bL, OMIGEdo3 90dmobobs Mgygbol Bboggdo s dgddbs  Mgbgygbol
3356530.

07.09.2023 99990 bmdgergdol Lobgwrmdol dosmwdol  FHgdbmermyommo
d19bgmddo Imgfigm 250ma39bs: "Brmdgeols 3Mgdools wsmMmgsGHgdo Fd300Md0s60
Abemgomlismgol”

Lo9d5005, bMdYEOl 30900l  Yz9wsBg  boASBOS WMo EHDY,

5¢0ogmd  0MlsgBI0DY, OMIGlLog gl XOWEM  2oogas  "053d3900Ls
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https://ka.wikipedia.org/wiki/1965
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https://ka.wikipedia.org/wiki/%E1%83%A8%E1%83%90%E1%83%A5%E1%83%A0%E1%83%98%E1%83%90%E1%83%9C%E1%83%98_%E1%83%93%E1%83%98%E1%83%90%E1%83%91%E1%83%94%E1%83%A2%E1%83%98
https://ka.wikipedia.org/wiki/%E1%83%A1%E1%83%98%E1%83%9B%E1%83%94%E1%83%91%E1%83%98%E1%83%A1_%E1%83%97%E1%83%94%E1%83%9D%E1%83%A0%E1%83%98%E1%83%90
https://ka.wikipedia.org/wiki/%E1%83%A4%E1%83%98%E1%83%96%E1%83%98%E1%83%99%E1%83%A3%E1%83%A0%E1%83%98_%E1%83%99%E1%83%9D%E1%83%A1%E1%83%9B%E1%83%9D%E1%83%9A%E1%83%9D%E1%83%92%E1%83%98%E1%83%90
https://ka.wikipedia.org/wiki/%E1%83%A4%E1%83%98%E1%83%96%E1%83%98%E1%83%99%E1%83%A3%E1%83%A0%E1%83%98_%E1%83%99%E1%83%9D%E1%83%A1%E1%83%9B%E1%83%9D%E1%83%9A%E1%83%9D%E1%83%92%E1%83%98%E1%83%90
https://ka.wikipedia.org/wiki/%E1%83%AA%E1%83%98%E1%83%95%E1%83%98_%E1%83%9D%E1%83%9B%E1%83%98

9boEdBOGOOL  Boagcolbomsb  dMdmerols s 053339001 29bsogdol
MRE9d0L HE30BOM3Z0L..".

1990 §igemls, 9.0. LodFMmms 3530M0L obAMY3509Y, MmGs bbom sMY,
6mdgeol 369300 ,,083000MmdOL EIMRT0” Jobgogr MBdBMZL 2oLEIL.

SxMmgo  bmdgeol Lobgemdol dd30modol 36Mgdos 1901 Herosb
5MLYIMOL.  30MH39W0  Joo, bMmdgEol 3M9dool MGG 2obs  FoMOo
13MEM3L39-3009M0, HMIgEdsa dooMm bmdgwol 309305 obozol otydo,
650M5d3H0M0 603009M9d0L 50MBYBILMSE ©s39300Mgd0m. TgmEg Joero,
Bmdgol 309800L sMYsEo 8830MdOL gsd3H30(3900L sMdo, 1905 Hgwl
39bs, 53EHM09W0 3[FIMHIE0 s 353080LEO dMES BMD BEHBGO .

Ly, 3.7. d96GH Bmb bmEByGo

39035 Bmb BDEbgMo. aMsx30b0s 30bL30, s3LEHMOgWo Afgdowo, FmE@bs-
©@obG0, 3530BoLEMO ddOH5MdOL 9360. S0dss 1843 . 3bmdo sl M-
305G cmxsbdo, MHMIgeoE 3530L AoMI(335¢g00L G909y POVIM0dS. 0L
31396656@0 gobs, 3o 99Y3s dMHME BMb BmEHbYOL, GMIgeog Toliby
330000 (oo MI3OHMLO. 0ym. dsOHMboL IMdEGd0 om0 JmMFobgdol fobsswma-
©92b0 0943b9b s 3oL 09933000MJMBS BsBMIO™MZGL. MR SbO LodoMmzgumdo
Bo9M3005, 9056900l dmf3930m, LooE BYYLOAD IE0sDbgdOL Jsdwgedo
35 §9wo 3bmgmmds.

935390069  F033535090 09O B0  sbogsbMHEOMdsTo  o03bm  9MHdsbools
BOH©OWM9mom, Joamsd 35039680, Loog ©I0s6Jd0 ILLLZY6YdEIs© -
©om©bgb. 3969, OHMES YOGS O OGO BMb BMEbgMHO dolo FdMOdGdOLYD
oo odmOHobbgb, 93539M0bgd 353 0gS, MM LoEbMmzMIdS©
Bodmbeoy3bg LHmMgo o BMa0do gmxubolbsl 3meddd®ds RMsbyme
965B9 3905056365 3983bOLEHYsMBbO. HgMs Foabo: “doMl 0sEO”. M-
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9o 993000M00L MR Bmdgwol 3M9d0s I0TLIBHYMS. SbowsbBOEMdST0,
396G Bmb BMEBHByMo 30609 bbom 3MFomdEs 9RO bMdgwmsb do3bs,
dsll 9909y obobo gHMIsbgl HgHowgdl (9mHwbab. LHmOg d9dEHs Bmb
BBHBMds ©o56Mjambs swgmg bmdgwo, ©ighgligdobs 36Mgdos Fdgz0M™dOL
©Md0 s dobo 306390 AREMIGWO  Fobs. LodsMmzgwrmdo 30HoGHL
3930060H©90M©s.  39IMGBIbsHg  FoMImygbowo ogm  sby3zg  3o6M3z9w0
Bmdq0sbEo Jogol dgMHGs Bmb BmBHBgMHOL LodgergzoBom bs033zgzo. 9sb
Lodoemzggermdo 9 figwwo ogbmg®s.

1889 fgal 9odmzos dgMEL fogbo ,doML 0sMomo!® (,Die Waffen
nieder!®), ®m39woE ImQ30MWbOMIS 5HSWRIHBOE Joewol 3bmzmgdol dgbobgd,
G0Iolb 39oLHgMsE 3005MEgds XIX bom3mbol 60-0s60 fargdol Bmbbyg. g
oym 93539 36:m@gbGH0 Mol obsswdogy.

1892 Hgel 396300 sSBROI BOOMID GOHMOE MBS 3530BOLEGHIMO

J960bse0o ,d0OL 05MsEO!“. dOES BMb BMBHBYMHO dMbsfowgmds Idz0MdOL-
Y3569 dognms bbgosbbgs 3m6539M96(3098d0 s bdoMs 0go ogm 53 3mb-
139696309008 9OHMsIOMNO dMbsfiorg Joewo. 1902 Fganl, gm0l RoM33-
@930l 99809 HDEHBIMBs gosgdges 5JG0M0 353080LEHWIMO dm®3s{gmds.
3 xMHY© bMdgEmsb 30dmfgmsd s dgMEL F0FoM0350 ©ogB0bIBLYdOLS
3530830LGHMEM0  30Mgd3Bgdo, MMIWIIOE 19300  s530WgdEs  AbMBEOML
390U, 1893 ol oMo oMo do 6mdgmds 30OHMdS M, MM H5MBYDOLS

dd300000L 369305b. (o). https:// www.radiotavisupleba.ge/a/nobelis-lauriatis-
kartuli-kvali/25147738.html

59960390 3936096980 35¢3e06 35603M S MOy 3soLLIABLo. COVID-19-0l
fobosmdcga.

L. 3.8. Bradgamol 3Mgdools osm@osdgdo: 2023 §.
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https://ka.wikipedia.org/wiki/1902
https://ka.wikipedia.org/wiki/1893
https://www.radiotavisupleba.ge/a/nobelis-lauriatis-kartuli-kvali/25147738.html
https://www.radiotavisupleba.ge/a/nobelis-lauriatis-kartuli-kvali/25147738.html

Bmdgarol 3Mgdool 2023 Farol, @or)MH0s3gd0: 39BHOwob  35M03Mm  ©d
©M0v) (39BLoEgsbool MboggMlo@gdo, 5d8). dogbodso bmdgwol 36gdos,
530D0MEMyo0L s 390003060l sMdo.

bod93b09mm  Joofigzobsmzol  GmIgwos  gbgds,  bM3wgmbBoMo
03199990l IM0g035305L, M5F53 LETSWgds Jobs 89gdwydsggdobso  ®BI-ob
doBMoEs 3943060l Labom COVID-19-0l fobsswmday.

Bmdgols 3Mgdools  sMOsEJOOL MomEgbmds AbmBomdo dgoa9bu:
580 — 375. oo 3Mo@Bgmo — 131. gg®3s60s —108. Log®sbggomo — 69.

939309 — 32. ®Mig00— 31. 053mb0s — 27 s 839035005 25.
Bmdgegdol doge Fomagbow Lsdgsboghmm 3003098090, 35396@9dL,

50%303905 s 993946905 3090 Tdo 0dEMMObEEo Mrlgmol  by0d3g-
G5GHMOM $9d6039M0 LEBMYsMYds. (¢od). 35.Melua Arcadi. Documents of Life
and Activity of the Nobel Family. 1801 — 1932 / Edited by Prof. A.I. Melua. Volume
17. St. Petersburg: J.S.C. Humanistica Publishers, 2015. 480 pp.)

ITatentsr HobGeneit

Hmmanyans HoGers

1. ITpuBuierus 8. MamuHsl Aj1g MeXaHHYeCKOrO u3roroBieHus kosec / . Hobens",
H.A. Orapes. — 3assm. 17.02.1843; Omy6. 06.04.1844 // Xypu. Many}aKTyp U TOPrOBIH. —
1844. - 4.2, Ne 4-5. — C. 23-25. — (Ueprexxu B [lemapramente ManydakTyp).

2. Ilpusunerus 10. YcTpoiCTBO JKeTe3HBIX CTPOIUI C PelIeTHHAMH, OKOHHBIX paM U
TIOpPYYHeH [JIA JIECTHHUII, TIO TIpeJicCTaBIeHHBIM depTexkaM / O. HobGens. — 3aasr. 02.12.1849;
Omny6. 08.03.1851 // Kypu. marydaktyp u Toprosau. — 1851. — 4. 1, Ne 3. — C. 290-291, 2
JI. 9epT.

Anbsdpen Hobems

3. IlpuBmnerma 55. Croco6 crymeHMs SKUIKUX B3PBIBYATHIX BELIECTB, C LIEJIBIO
IIOJIy4eHUsI HOBOTO pofa B3phIBUaThIX cocTaBoB / A. Hobens. — 3agBr. 07.05.1876; Omy6r.
05.10.1877 // 3an. UPTO u cBox usobperenwnit. — 1877. — Boim. 6. — C. 1-6 (pasg. mar. =
pasnesbHas MaTMHAINA).

4. TlpuBunerns 1635, I'p. 15. Jleryune Tena wiM CHapsAABl C CAMOCTOSTEIbHBIMU
TIOCTYIIAaTeIbHBIM U BpallaTeIbHBIM ABIKEHUAMY / AZMUHUCTpAlusa HaciaeAcTBa Ansdpena
Hob6ens, B.T. Yure. — Oxp. cBuz. Ne 3266; 3aasr. 15.11.1897; Omy6:. 27.01.1899 // Csopg,
npusunernii. — 1899. — NeNe 1515-1715, Boim. 1. — C. 279-281, 1 1. 4epr.

5. Mpusunerusa 6079, I'p. 13/15. Opyzaue ny1a BeIOpacHIBAHUA CIIACATEIPHOTO JIMHA U
WHBIX CAaMOJBIDKYINUXCS CHapsanoB / AxMmunucrpanus Hacrencrsa Ansbpena HobGens, B.T.
Vure. — Oxp. cBug,. Ne 3291; 3agsn. 18.11.1897; Omy6. 30.11.1901 // CBog, npuBrternii. —
1901. — NeNe 6008-6115, Boim. 11. — C. 3683-3684, 1 1. uepr.
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6. Ilpusunerns 7158, I'p. 15. ®opma >1eMEHTOB, COCTABAAIOMUX ITOPOXOBOM 3apsf,
JO3BOJIAIONINI 3aMeJIATh MIM yCKopsATs ropenue / O-Bo «JJunamur HobGems». — 3asgsi.
17.01.1900; Ony6. 31.08.1902 // Ceop, mpusuieruit. — 1902. — NeNe 7039-7190, Borm. 8. — C.
2541-2542, 1 1. 4epT.

7. Ilpusurerns 14323, I'p. 10. Cnoco6 u3roTOBIEHHS ILIACTUYECKOTO B3PBIBYATOTO
BemecTBa / Axionep. 0-Bo «/lunamut», 6siBuree A. HoGens u K°. — Oxp. cBuz. Ne 22086;
3agpn. 04.10.1903; Omy6a. 29.09.1908 // Ceom mpusmieruit. — 1908. —Bpm. 9. — C. 4261-
4262.

PoGepr HoGens

8. ITpuBuierus 69. YcoBepuieHCTBOBaHUA B YCTPOMCTBe GYPOBBIX MHCTpyMeHTOB / P.
Hob6ens. — 3aaBn. 27.05.1874; Ony6:. 27.11.1875 // 3an. MUPTO u cBoz mpusumnerunii. — 1876.
— Brmm. 2. — C. 1-6, 1 x1. uepr. (pasg. mar.).

* B oOubnuorpadpuyueckux onucaHuIXx (HOPMBI HMEHH IaHbI B COOTBETCTBHH C
IepPBOUCTOYHUKAMHU. 31

JIropsur Hob6emn

9. ITat. 9206. Croco6 meperoHku HedTH ITOCPEICTBOM PAZA COELUHEHHBIX MEXAY
coboit xy6os / JI.D. HoGeins. — 3assn. 30.04.1881; Omy6ur. 17.12. 1882 // 3an. IPTO u cBog,
npuswrernii. — 1884. — Brin. 3. — [Ipusurerus 147. — C. 1-3, 1 1. yeprt. (pa3z,. mar.).

10. ITaT. 10111. YcoBepmeHcTBOBaHHAA crcTeMa HE(PTIHOTO OTOIIEHUA, IPUMEHUMAs
KO BcAKOro poga mpomsinuteHHbBIM nenaMm / JI.D. Ho6ems. — 3assn. 06.10.1882; Omy6r.
28.12.1883 // 3an. UPTO u cBoz npusmrernii. — 1885. — Brim. 9. — IIpusunerns 174. — C. 1-
4,1 n. gepr. (pasz. mar.).

11. ITar. 11920. Ileys mna mpuroToBieHus Trasa u3 Hedpru U ee mpozaykros / JI.D.
Ho6eis. — 3aasin. 27.11.1883; Omy6:1. 30.12.1886 // 3ar. UPTO u cBop npusuieruii. — 1888.
— Beimn. 9. — IIpuBunerus 167. — C. 1-3, 1 1. uepr. (pasg, mar.).

12. TIaT. 10853. Hoss1it popmoBoit mecok / JI.O. Hobens. — 3aspn. 14.08.1884; Omy6a.
10.12. 1885 // 3an. UPTO u cBoz npusuiernit. — 1887. — Boim. 10. — IIpusunerns 121. — C.
1-2. (pa3g, mar.).

13. ITar. 12410. TurenpHas meyb AJIA IUIABKU CTAIH, YyTyHA, MeAy, OPOH3BL U IPYTUX
metasuto / JI.D. Hobens. — 3agsn. 18.09.1885; Omy6s. 30.12. 1887 // Ceon mpusuneruii. —
1887. — NeNe 170-210. — ITpusunerus 179. — C. 1-3, 1 . wepr. (pasz. mar.).

Omaryanb Hobern

14. Ilpusunerus 9785, I'p. 3. Cmasounoe mpucnocoGnernue / O. Hobens. — 3asgsi.
15.09.1901; Omy6r. 28.02.1905 // CBog, mpusmreruit. — 1905. — Beim. 2. — C. 105, 1 1. 4epr.

15. Ilpusunerus 13454, I'p. 3. [lBurarenp ABYXTAaKTHBIH C IPOSYBKOHM IVUIHMHZpA
BO3ZYXOM, CKaThIM B KpuBOIIHUIHOI kKamepe / O. HobGens. — Oxp. cBuz. Ne 24194; 3assi.
07.06.1904; Omry6:1. 30.04.1908 // CBog, mpusurerunii. — 1908. — Brm. 4. — C. 1861, 1 1. uepr.

16. IlpuBumerus 16407, I'p. 10/9. Cmoco6 u ammapar mjis SeCUWUIAIUN WU
neperoHku xugkoctu / D. Hobexns, C. Besconos. — Oxp. cauz. Ne 36638; 3aapn. 11.08.1908;
Omny6u. 31.12.1909 // CBoz mpusuneruii. — 1909. — Bem. 12. — C. 3109-3111, 1 x1. gepr.

17. IlpuBunerus 16951, I'p. 13. HarpesarensHsiii mpubop [ IapoOBOrO ¥ BOASHOIO
OTOILJIEHsI, COGMPaeMoro u3 psga oTxenbHbIX amemenTos / J. HobGess, C. Beaconos. — Oxp.
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cBuz. Ne 36815; 3assir. 01.09. 1908; Omy6s. 31.03.1910 // Ceog, npuBuneruii. — 1910. — Boim.
3.-C.1261-1262, 1 1. gepr.

18. Ilpusunermsa 19742, T'p. 3. PeBepcuBHBIN paclpemenuTeNbHBIH MEXaHU3M [JII
IBuTaTteneil BHyTpeHHero ropenus / 3. Hobexs. — Oxp. cBuz. Ne 41524; 3aasr. 23.11.1909;
Omny6. 31.08.1911 // Cog mpusunernii. — 1911. — Berm. 8. — C. 3719-3720, 1 x1. uepr.

19. Ilpusmmerus 19743, I'p. 3. PeBepcuBHSBIHl paclpefeIUTeIbHBII MEXaHU3M MAJII
gBuraTeneil BHyTpeHHero ropenus / 3J. HoGemb. — Oxp. cup. Ne 41524; 3aasr. 32
23.11.1909; Omy6x. 31.08.1911 // Ceox, mpusmieruit. — 1911. — Beim. 8. — C. 3721-3722, 1 .
4epr.

20. IlpuBumerus 19744, I'p. 3. PeBepcuBHBIN paclpefenuTeNbHBIH MEXaHU3M JJII
IBurareineil BHyTpeHHero ropenus / O. Ho6ems. — Oxp. cBuz. Ne 41524; 3aasn. 23.11.1909;
Omny6s. 31.08.1911 // Cog mpusunernii. — 1911. — Berm. 8. — C. 3723, 1 x1. uepr.

21. IMpusunerna 21300, I'p. 3. IIpucmocobmeHus pacIpemeIUTeNTbHBIX MeXaHHU3MOB
JJIs peBepCUBHBIX MHOTOLMIMHIPOBBIX JBUTATeIell BHyTPEHHEr0 CTOPAHUA C ITyCKOM B XO[,
CXKaThIM BO3ZYXOM, B KOTOPBIX KJIaIIaHHbIE PhIYATK KaXXJOTO IVJIMHAPA HACAKEHBI HA OJHOM
TIOBOPOTHOM 3KCLIeHTPUKOBOM OCH, a KyJIaKH MOTYT IepeJBUTaThCA Ha pacIpeselnTelbHON
ocu / 3. HoGens. — Oxp. cBuz. Ne 32781; 3assn. 19.06.1907; Ouy6n. 31.03.1912 // Crog,
npusunernii. — 1912, — B 3. — C. 1459-1462, 1 n1. gepr.

Torapmmecrso HedTaHOTrO MpoM3BOACTBA GpaTheB HoGeirs

22. IMar. 11236. Ky6 ycoBepuieHCTBOBAHHO# CHCTEMSI, A1 APOGHOM M HeIpephIBHOM
neperouku HedTu / ToBapuuiectBo HedTsaHOTO Ipou3BoAcTBa bpatseB HobGens. — 3asgsi.
24.01.1884; Omy6s. 08.12.1886 // 3am. UPTO u cBop mpusmmeruii. — 1888. — Brm. 9. —
[Mpusunerus 133. — C. 1-3, 1 . uepr. (pasz. nar.).

23. ITat. 12402. CenapaiioHHBIH anapaT AjI1 OTAeIeHUsS MeXaHUYeCKUX IpuMecei us
HeptH U ee mpoaykroB / ToBapumiectBo HedraHOro mpousBogcrBa bparees HobGens. —
3asgsir. 02.07.1885; Omy6x. 30.12. 1887 // Ceog mpuBmnernit. — 1887. — NeNe 170-210. —
Mpusunerus 171. — C. 1-2, 1 . uept. (pasz. mar.).

24. Ilpusunerus 1829, I'p. 1. Jomoro-pacurupurend [jis OypOBBIX CKBaOXHH
/ToBapuiecTtBo HedrsaHOrO ImpousBoacTBa bparseB Hobens. — 3asgsr. 21.08. 1896; Omy6a.
28.02.1899 // Cop mpusuieruii. — 1899. — NeNe 1716-1854, Boim. 2. — C. 793-794, 1 n1. uepr.

25. ITpusunerus 10416, I'p. 8, 10. Crroco6 pereHepanyu cepHOI KHCIOTHI U3 OTGPOCOB
OT OYHCTKM MWHEpPaJTbHBIX Macel AbIMAlledics cepHO# xucioroii // ToBapuuiecTBo
HedTsHOrO npomsBozcrsa bparseB Hobes. — 3assir. 19.02.1904; Ony6r. 31.08.1905 // Csog,
npusunernii. — 1905. — Bem. 8. — C. 1973.

26. Ilpusumerms 11778, I'p. 1. CeoGozuo mnagatomuii OypoBoil HHCTpyMeHT /
ToBapuuectBo HedTsaHOTO IMpom3BozacTBa bparsbeB Hobenb. — Oxp. cBug. Ne 18895; 3asasi.
26.11.1902; Omry6:1. 29.04.1907 // CBog, mpuBmrernit. — 1907. — Boim. 4. — C. 789, 1 x1. uepr.

27. Ilpusunerus 14729, I'p. 1. IlpucnocoGieHre K GypoBOMY HHCTPYMEHTY LI
IIOCTOAHHOTO YJaJeHusA M3MeJIbUYeHHOTO IpyHTa u3 3a60A cKBaxuHbl / ToBapuiecTBo
He¢pTaHOro mpousBogcrBa bparseB HoGens. — Oxp. cBuz. Ne 23943; 3aasi. 07.05.1904;
Omny6r. 28.11.1908 // Cog, mpusunernit. — 1908. — Boir. 11. — C. 5297, 1 1. wepr.
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0530 4. 53gdo0Mm39mL 65300MBOL S 5BOL JMOIMGHGOS
005 B3gM5TMMHOLM LBoBMIEBOEHM LoliEgds

4.1. 65300030l 5 gobol GH®EBoEO
U5960m5dmOolM AsgoLEHMwOHO dJolssgbgdoom

L5goM039W ML B53mMdOL s JoBOL 3MMIMEMSE0S ML 2006 {erols 21
oML, LsFo 3MA3sbool BsBsbY: LodoMmzgwml 6530MdOL LogHmMsdmGolm
30630065305,  1odoOmM39wml  2oBol  LEgMSIMEOLM  ZMOIMEE05 S
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653000l 3m335605” BHMBWOL LadMMgdGm Loddwszmg Ggoagbl 80000 GHmbs
s 130000 &mbs by Bogmmdl. {guofsdo.30m835605 gobmogligdwmamos gom-
©5060L Jobo30350@ @30 Lmg. FsMGHYMBO 0x0 SHMO309EIOL SYOWMOMO]
Lod>EMYOBY IM3M390E0 65300000l gos6w9853935L O 5MHMTMGIL: bsg3ESL,
096Bobl, ©OoBYL s FSBNYDL..OHMI™MS  boMobbmdMogm  dsB39690gdo
99Lod530LMBSA0S J399obsdo Mg Lobgwdfogm bEobo®GHdmsb (woed).5.
3™B0G533000 0. 55300Mmd0L IM3M39ds, GHMBLB3MMEHOMYDS, 43sTMB53905 OO
3359tmy96905 MdoErolo §53mI3gdermds 2024%;.).
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4.2. 6530000l 303303909600 5 §5¢0085849)853989e0 B5300md3MB3560gd0

65300m00LS s 4oBOL 0bEPMBEHMOS BHMIOEOWs© JbMmazEoml MAlbgo-
wgb, gOHM-9hm Y39y o0 dgdmliogeosh  3md3sbogdl  59Mmm0569dL.
990dwgds  Boom3oeml, @A dbbgowo s dwgzs8mbowo  Bog®msdmmobm
6530083m33560900L 0LEHMO0s 1882 (Herosb 0ffygds, 53539 OML, Logwmdzgwro
B59gstrs BI3BIgMHoLs s oo 3sOGHBoMEMOOL 0bMLEHMmOME 08396M0sL
Standard Oil Company and Trust-l. Gmdgwog 1870 Farosh sOLYdMIL s
bowlbogMgeo  Bobsgargdgdol  godmygbgdoom  s3mbEMMEmgds  bsgomdols
000g4dob  JDE05b 200539 353905L,  Fo039EH0bgLE @S GHGMIBLEMEMEGHOMYOL
39960090 d@o@9ddo.

1899 §9gb Standard Oil Company go6s0Jdbs 3meobymé 3md3s60s,
bogm 300356006 379m3bowo yzgmws 5g@Bog30 s 0bGHgMgLo  sBowoMgdvIEn
6099-%x9gOLOL 3835605L Joog@ss. Standard Oil s0dsews 1911 Fganl. dgGmdsbols
36308mbM3mEEmo 356mbol Bogdzgebyg Aol [fobsomdgy 583-U dmsgmmdol
9096 d9@9boo LEMRYEOL godm, gob3ocys Lo3MMMO JMBLMEOEOMmYdMWO
L530MYds  09d3s, 90539 @OML, LOxRMdz9wo Bsrgystrs IMozse  Abbgogn
Bogmmdols s Lbgs 3m335605L. sderol 9999y, 99933069 M35 Bsgommdol
300356000 3M035¢0 ol gobdsgermdsdo dgobo@bmbs Standard Oil msgols
©oLObYEYd530 S MMM BTz MdsT0 oMo Eo 396303MYdOLS s
bbgo  65300003m3356090m96 900930l Fgyo®  BsdMogowods  3bmdowo
LogMHMIMOOLM 3033560900, HMYMO0Es: ExxonMobil, BP, Chevron s bbg. d9-
20 Lomzmbol dmemlsmgol Standard Oil-ols babgaro obGHMO®ooL Bs3MoMgds
3obo. 65300mdIMI3M3909w0 3996900l Joge sMLYGdIMO Bogmmdol gdu-
3mOGH0MM0 3996900l MmMHasbobsos (OPEC) golivgaro Lomzmbol 70-0sbo fiemg-
30056 LogMMTMMOLM Bo35FMHM dMY635d0 dmdizgero Bogmmdol 3bodzbgarm-
396 oLl 53MmbEMMgds. OPEC oxwdbos 1960 {erolb bgddgddg®do brmmo
6530033M33M3989w0 ©s gJudmOEGHoMOmo J3994bol, 39MdM, 0Msbol oliEsdGO
M9L3dE030L, 9MOYoL, JM39000L, LIS SMBdJMOLS S 39B9gL¥IGEsL JogH
050©o©Ad0  bgdmfio@owo Fgmsbbdgdom. mEmYsboBbsgool doGomsw Bwbd-
305 3960LIBOZMs LEgMMITMEOOLM J9MBHJol (9300 J399bgdol Lobsgommdy
3m0@030L  3mmOHEoboMgds s MboxgooMgds, g4zgwsby dgGo Hwomeo
399mbo35¢00 0ol LoEOL  9MdYMTs, JeoYds, 9MdJMOL  LogdoMmgdds,
Jm390m3s @5 0MBTs>, JLodsdolo  AmBwoml  MALlbgowglo  Bsgmmdol
3003560900, 2022 fiewol dsB39690egdol  dobgzom, doMmomoo  5dd-b,
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56509mbd 5 930MM35L oMo qbab, 35906 MHm@gLisg Brvligo-m36s0bol mdol
99009350 3608369003650 oIl 3mDoE0gdo. Bsgmmdols s  JoBoL
O9be0ds Lobgardfonm 3md3560908ds Rosneft-0s o Gazprom-0s.

2022 Gyl 9gdmbogargdols  dobgzom, (599356 3mbogoslt 035390l
59900390 EXXONMOBIL, bsmsgm mgobom 06306300 (GHabsbol 9@s@o).
EXXONMOBIL 3sbgol ghm-geomo  ¢dbbgowaglo Bogomdols s 4o%ob
LoxosMm@ 9m3z03Mg 33356055 - dobo bogddosbmds bsgmmdol dgdbs-dogds,
9tm3M3905 s 2553w9d53900L 30Bbgldo IMoE3I3L 3esbg@ol 93l 3mbEH0bybAL.
090 (36Md0W0s M30L0 8HYdIMOZ0 Fobols S BsgMBOL LoEswrm 35FMHMdOL
LoRMMYO0MsE g AbmGBEoMdo. JsbLszMMMgdom Esso s Mobil d96%0bols
06M9bgoom. EXXONMOBIL-b, sbg39, 943t JodomMo  gobymaowgds
(EXXONMOBIL Chemical), ®m3gwog ofo@dmgdl dMsgsero  bsbol  Jodorm
36OMOMIGL,  OMAMOG00355  LObMgBMOHO  MHIBobo, 3esliGIslo s  Lbgs.
50LOB0TBs305, ™A 2023 (ol 5 mg@mddgml EXXONMOBIL-3s ssbitwgams 59,5
3OO MEWMH0B0  2oM0ygds (Pioneer Natural Resource-ol dog®omgdols
dgbsbgd, oL dggyo 2024 (ol 0563006 0o bmzeoml yzgwsby
albgo B5300MdOL 3F35605© FOWH0Y(30.

06039b-b0gMHsbm@mo Roial Dutch Shell -ob (Sell PLC) Uom-
396530m 990mbogergdo $365,3 IemEL, LEdsBOHM Jodo@swobozos 3o $201,8
AOHEL 4999G™MWwEs. SELL-0 ©@ss0bgdmeos 1907 {awl, Lsmsgzm mapoligdoo
35090U5 5 WmbMbdo. 0go 39MHGH039W MM 0b63JMOMGOMEO 308356055
Bo3mmdoby o gobols dgdbs-dogdol, dm3mg9d0l, 45¢sd)853900B5 s OLE)-
60dmEool, Ing 9mgdobs o 39FOHMOOL  2oMs, dMmbsfowrgmdl  gurgdEHOm-
396965305L5 s bLbgs 0bMLEMmowmw Loddosbmdsdo Abmgwoml 70 J399sbsdo.

ROBymwo total-ob (totalenerjies se) TgImbogengdds $254,7 ded,
LodBOM  3530BO0Bs30sd 3o $157,1 3O 9goyobs. 3md3sbool Fgdm-
153900l d0MOMOIO  {gom, b Mgdom  85-90%, bBogmmdyssdsdv)-
35390900 s Jodom®mo dM9H39wmds, dmALobMgds o FoM39E0ba0s, 3LG)-
60dob oo 30 xs8mmo Jgdmbiogergdol 5-5,5 %-b 99o9bl.

3owoxm®bosdo (598) ©oxwydbgdmwo IMwEo0bszombow®o 3035605
CHEVRON-oU (Chevron Corp) d99mbogegdds osbenmgdom 227,1 9¢rMe,
LodsBOM 330G O0Do30s3 30 $337,8 dawM F950a0bs. 33356008 Jog® dm-
303900 65HJoMYods0gdoL xs3M0 Farow®o dmEmemds ssbwmgdom
2,9 8¢b.06MH/©© 65300000 933035gbEGHOL B0, s FMEOL, gobols Im3m-

3905 - sbMmgdom 7,2 8w BE/©. Ib30owo b5300MdY5s35399853909w0
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Jo6bbgdo Lobysdwm®To, GHoowsbdo, LodbMgm 3mMYols s 5dT-U JoOTMO-
Bools s dololodol BsEJddo, BM3NLOMYdME0s MsbsdgM™mgy, bsmgwo
65300330 3HJool  FodbooE  2odmbsgobg  8mINTszg  BH9dbmem-
3090%9 s a8 gd9gb 335600l K5O FFoeIMgdMEMOdOL 90%-bg Ig@U.

0603960 65300md0Ls s FoBoL M EH0bsgoMmbsMHo  3mB3s60s
BP-l (BPPLC) x53w9®3s 898mbogods $222,7 96, LsdsbOM 3530¢)0w0-
53059 3o $105,3 M 9950065, BP-m396H0M9dL Bsgommmdols ©s 25%ol
dg0b5-d0gdol, dm3m3gdols s dofimadol d0bbgldo. dobo bmdowo dM9b-
©9%0s Castrol, Aral s Amoco. BP-5J@0m6Ms@ s®ob Bs®omveo 65300md0bs o
3oBob Mga0mbme d0Bbyldo. 39HIM® 030 MBIIRWMOdYOs s M3GOHOMYOL
MHo3L 9HgMHBs0X B0 45BoL Abgo Fo3 ©YboBoLs s Bogmmdol sbgemo-
BoGo-20mbgdeols  BodomgdlL,  d5gJMm-md0oLO-xgo3s60lL  FogobEMOEME
B5300MmBLOIBL, d5gdm-mdowolO-gHBOMIOL LodbEMgor-35335L0996  2sbLoIBL
@5 Ubgs. 65300Mmd3MM3MEs300 FoGrommbo (Marathon Petroleum Corp), Looogm
300 BobEodo (M350mL FEsGH0), dJoMOMOI© 5dgMH030oL F9gMmgdwEo
9B59O0L BBOIOL 9aLab@gds. JoLAs Farom@ds Fdmbsgsds 2022 Fawb $173
9, bmwm BsdsHBOM 3530 0B305d 57,1 M T9oP0bs. JoMrsmmbo
983EMdg0s 96 Looxs®m bgedg3mmegdgdol Logdzguwbyg smolmdoom 30
65300M3L59BYdOL M39MH0MGISL SHME309WgdL.

96963930370 3mOH3MOM300 3oeg®mom (Valerio Energy Corp), feroméo
990mbogom $170,5 9O ©o bsdsBOHM Jo30@Gswobogoom $47,3 dwd,
§om0mopabl  Abmgzgwoml  MIbbgzowgl  ©dMM30©YdgE  B5300MB3OM©OYYI-
&9%0b Fo0IMgdgELs o §o8Yz96 IMmsdsdgl 4obsbemgds 9bgMagEH039d0. dobo
313600 15 65300md5535999853909000 24oMbobs s 33 JoMol Loam®o
16J30mbocdL $83-30, 3565l s 09I BOOEIBYNT0. s©LBOTBSZ0s, Brcnd
300835600l gOHmfierosbo 899mbogergdol HBMmsd M930MHEOYMsE dowsw, 78%-
056 MBIl goosFoMds.

d99mbogargdol  dobgzo0  dbmgoml  mdlbgowgbo bsgommdols s
3obol 3m33560900L MmEgMEdo BHGMOOE0Ws© dgosb Rosneft, Gazprom s
Lukoil (bsdogg 6g3)Philips 66 (588) JXTG Holding (053mboos), Relians Industries
(0bmgmo) Indian Oil Corporacion (0bmgmo) Eni (0@swos), PTT public Go Ltd
(Bo0sbo), Equinor (bmgzgyos), Petrobras (365H0w0s). (o). 5. o.qmBo-
$5330000.65300m305 S g3BOL 33905, GHMBL3MOE0MYS, 350059853905 S
959mygbgds, mdogrolo, 2024)
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4.3. b59M53MMOLM s B530DWZ0LB30MS 3MMFBHYBO.

10693990l 3MME0. Lobd37MOlL 3O EHO B0x3m369ds LEYOMSTNGHOLM
56036900l Lo3mbEJ0bgmMm 3mMmEJdoL Lobgmdsls s dgol JbmBEoml 4
mAlbgogl 3mMEH0L 999509bemd580. HMAMMO359: 30mb3mbyo, 3mEEgMHsdo
Q5 956bs0. 2005 ol Imbs399900m, GH300HmdMmb30l dobgz00 LobysdmMol
30O G0 AbMBEomdo. 0353908 30039 5RO, BLObYS3MOOL 3MOEGHO SOFME-
30005 59009b0dg 65300BoAMT0 s gALEbEYds 250 oMYy YOE
boBU. ym39eM0)MHo Lobys3MmoL 3mMEGH0 WgdE™mdl 150 ggdb s »BOHME-
3909zl dob bo3MbEJobgmMm dMALIBLYMHYMBL MLOROMbM 30HMdYdTO vsbeng-
Lo 3086o 39dbozobs s Lsobgm®Tszom 3H9dbmemaogdols 3sdmygbgdoom.
LObO3MOOL  3MOEGHOL Loghmm GsMmmdo Jgoabl 436 39dBHocL, GH306-
0036Owb3s 28431, 653030309~ ©OIMLTNM0s,  FoO™MZ0L  FMEMTs-bobgardfo-
53906030, 65380L5EAMIOL CoMYbMds 67; 53(g 3096900l Mromqbmds 143.

L0b93MBOL OG0 0ymBs G59gbody JmslidgMoco:
1. B&owmgmom- 1sdds35690
2. b5ABOYP00; BObIMBY 352560, 35390 S dGIL6O

3 396dmo - LEABOYI ILOZINOm. EFMOMbY s FMOMbYOL 3b-
dwo. 3mMmEGHL  GHIO0GHMOMm05Dg  2obwoggdmos d9dgao  LozmbEgobghm
G96mdobsgngdo.:

3.1.b53mbFH90bgOM BHgMobsewo 3MmbIMEDy . Brani.
3.2.53mbGHg0bghH ™ FHgMdobogro 3Mbdmwby on Keppel Island.
3.3.53mb3H90bgMO™ BHgMdobswo 3Mbdmarbg on the island of

Pasir Panjanghe.

3.4.b530b63 90690 BHg@MIobosewro 3MbIMwbg Tanjong Pagare.
3.5.L5360mo0bm 39630 Marina Bay

3.6.603d0bomdgd0: Pasir Panjanghe, working since 1984

3.7.3m60@E0 Port Juronga.

3.8.603d0boamdo  Sembavange wharf, Losg gobasgd0s, m33s605
Singapore Petroleum-ob, 653000036:M©)dGH9d0l dgbsbsbo @gmdobscro

4. 35003979 6530003 BsdmLsbbIger #HgM3obsemgdls dog3umzbgds Lobyos-
3760l 89990 6530000950060588390go  Jombbgdo:

4.1. Singapore Petroleum / Chevron, Gmdgeog 9¢gds®gmodl 3496w by
-[bKypoHr o 3w96930Mmb069dL 1973 {arosb.

4.2.Royal Dutch Shell, 3gdsmgmdl 37b6dmebg 839999 s Bbz0Mm-
Bo®gdL 1974 (jer0sb..
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4.3.ExxonMobil, 8gds@gmdl  3996dmwmbg  ©g9OHmbas s 9mTomdl
1973 §e0qsb.

7050 LsgM0sdmGolm LsHOZsMm 3MOAGHO . EFIVI-5¢00 . GO0~ OO
wmdbgzowgbo  3mOEGo  bmgwomdo 9 dMgmdl  ©w)ds0do. 5396900
1976-1979 §. 319G0mgdL  3md3s605 DP_World. dobo Low®dg 895096l 17
d9BH®L.LoaMAg 414 AgEGL. Fgdmbiwero 399900L BH30MMsd[gmds Tgoygbl: 227
894 526 BHmbol. 3mOmGH0 dqbagds 4 LogmbEgobgmm Lgd@MMolosb.: HmAg-
o3 39637336005 3H563960900L5M30L s 33000900l A9sHB0ZOLIMZOL.

Bmgm®mlooligol Lsbmzsm 3mMmGo ds30 B30l JOM-9OHMO MoEILO
30O G0, 65300L5aMmdoL bsBol  Loa®dg 8,3 39-U s0fg3L. Lob@zsm 3mMEGHo
9009056 9MdL 530 B30l BOOEM-508mbogwgo BsbsdoMmby, Br3zoL fgswo.
4obmemol 256939 Mo Imbobgebgdgwos bmgm®mmbooligzol ymmgdo bsgoaszoo-
bogol. bs3bsMMTo bombbmds dogero ol Asbdsgermdsdo aMdgergds,
0935 0 d90degds d9fyglb BsdmsMTo, MHMES BOOEM-50dmbogwg00sb
0mGL Jomo B3gemegl, o3 Logmmbgl mJdbol 9gdgdl. bmgmemmbioolizol gmg
bgwdobsfzomdos 49dgdolomgol 19.0 9-0g bsgosom, bmwm 3mGmEol dos
Dgeol  godomdo 125 8-8gs. BsG300HmM30L  BHgMobocnrgdol  aslfzmog
5MLgdMo LoMdggdo (8,4-sb 15,6 3-0Y) dguodergdgwls bEol @sb3gMgdol
dogdsl 250 000 Fmbsdgg.

ROl 3mOGHO0. Femol 3mOEH0 ©9535380MIVI0  HRME0d BHZOM-
0900L  3505H0EZ0LIL MMMI)0EID, SHBEM  5WIMLIZ3EIOEID s g3BIM-
30056 — 3o 5Boob J3994bgdls o 930sbgML FmMH0L.2008 §. MmOl 3meE ol
5930900l 51% @5 3mOEHOL FoMN30L MBWGds 49-e0sbo 35om 5G5dMEDs
30035605 RAK Investment Authority-0 (RAKIA, UAE) 890dobs. dma30569000
300356050 3mME0L 59309008 sMBgboo fowois 04ows s sJ30gd0l 100%-
0560 353930L I8WMIgo gobs. 5060360 2o60yg00l JOM-9M0 BMS35010
359I g0s 1odoMMZ3g Ml IBOOIL -BMMTo Ms30LRBIO 93mbmdozmemo
Dmbol 99gdbslis o 29630m90MgdL,.5Md0 0b39LEHMMYdOL Jog gogbowgdmaro
3M506oMBMmo 3939900l Jombgsgzs, 2011 ol s3Gowdo RAKIA-O
RmoL 3mOEHOL 5J30900L 80%  sbomE 4osbEL AP Moller-Maersk Group-olb
930mdoer APM Terminals-Us 3034os 05 3mO G0l 35600300056 3030000.

4960930l 3eam@o — 3L ,8530 Bgol GHIMobsgo®. gmmgzol Ggedo-
Boewols 39969dermds 2000 gl sofigm, dog®sd meo ool 990wgy 530656~
Lgdol d9hy39@OL 399m dghgms. Fd9bgdEEMBSL LodsMmzgwmls M3060aBs
3LGHMOMEO 31835605 505y MOE0” SHoMmBMYdbg6. 2007 Farol 0sbgzs(do
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https://ru.wikipedia.org/wiki/DP_World

G9mdobogo  sBgMBs0RBOL  Lobgerdfogm Socar-3s
3900065.L5dMPMME, Y930l  b5300MdEHIMT0B02008 fiewols 16  dsoll
2o0blbs.  ,bm35M3s”  EgOLLIMZOL 400

90w0ombsdg MmOl 0639LEH0MGdS 2obsbMME0gws.2010 Ferol 0gerolosb

Bogormd3ma3sb0s

bogoMmzggerml  93mbmdozsdo
gmg30L 3mOmGTS gobab®mo 65300md0L  49sHo3s @sofiym. 2012 Ferol
03wobdo ymmg30l  65300mdEGHgM30bserom dgladergdgero gobs 3Hm3owgbols
393BSGH300m0  sboo  3md3wgdbol  dgdzgmdom, JodorGmo  3MMmEI3o0L
39G30OM353 29b Ggladergdgaro.

050130l 3mOGHO. JoLLMNZ0L 3MMEOL GH30003MB30L 80-90% Bsgonmd
36MHMm©MIGHgooLs s bgwo Bsgmmdol GH®Mmobl3memEGH0Mmgdsby dmEOL. 3mMEGH0
SbMO(309090L BoGHZ0MNM M39MHO30JOL S gdgOOL BogdoLoEYHMAJOL 24 Loscol
3968530md5d0. 3mMOHEGHOL 06BMLEHMIEGHIOMS dmoEsgl 65380LoEAMIYOL, Lof-
gmd9gdl, 45093300mM30L 39doboBdgdl, oo LadmOEHM aBYBLS s MZ0boYBIL,
Bo6gIMbGHM Fo0sDB0GOL, LBsBMBLEMOEH™M 1535 gd9gdl S FYserdmBoMogqdols
5 §95056m06900L LobEgdgdl. 3mMmEOL Bwm@o dmoEsgl 12 gqdl, dsod JmMob
994360 ¥39JoM00m s 100 BHMbosbo dgwemsgo 53(g. o 560L 13 3O EHIWOO (g

40 @mbsdg 599 H93°Md0om, 29 9OHMGMWwo S0FMM30™ds 1,5-sb 10 GHm-
6599 59(930m, 37 3650560, 3 IMdOEIMHO 39639M0L Mg, 11 byEzoMmm™

0520000.
15960253MMOLEY - > TogolBEIOLBMS MBI

agbMoo 4.2
B9M3obogro 0900gd569mdd DWT 25935MHMdS | Loe®dy | dBWMdgwo
1000¢). A /§. | 99860
dsmvydo UsgdsGoggemm 6+0-80000 |15 11.1 KazTrans.
Lyi3lss LsgdsGoggemm 129-150000 |7.2 175 Usdo®ang
94960930 Lsgdoronggemem 100000 10 14 Socar
%00 Lsgdoronggemem 15000 3.5 10.3 Petronas
3B53m0s 36.  |bsgdstanggemm 18 Bobgmo
BegmGsbiolizo |Grligmo 399 125 8,4-15. |Grqlgmo
x903560 bdgemosdeys begs |300 50 16,8 0¥OHJgmo
06sbols 13sMlgools gmég.  [300 - 42 -115 |o6sbo
5G9 3oL3ools begs 70 39 4,9-5. g5%bsbgmo
Lo 3530 Dm3zs 100 25 6-13. 13625065
&MoglBo 300605E030L bmgs |280 - 910 0G0
39056L30 dsemEool bogs.  |300 - 14.2-15. |3mgmmbgmo
dv3obag dsemEool bogs. 150 - 14-16.8 |mo®gs

(@0d).5. 3B0Gs930@0 ®. 6530MdOLS s #aBols FM3M3gds, BHMBL3MGEHOMYDS,
950050353905 5 359MmYy96995.0080¢0l50.2024 )
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4.4. L5356m390mb LgHMsTMMOolim 3gMldgdGorwo 3Mmgd@gdo.

LBLHTO B30YMBYST5F)F5390geo 3mI3gduo 589bgds. 0b3zgLEBHMMO
JoOn-0656mwo 3md3s60s GEOPARS-05, Gm3gelbsg 3Gmgd@ob aobbobme -
309w 90WH, Lmxggw Lmabsdo dEgdscg Lobgmdfonm Lozmm®Mmgdsdo sMLY-
0o dofjol 65339000 4905939. 3003530Bs300L bged30rmegds GEOPARS-Us
5 babgadfoxnm Jmbadol gemzbre Losggb@Emlb Im®mol oxmEOIS.

L. 4.5. beglisdo 65300md0050v9853909w0 3m33¢rgdlio 589600905 (3GmgdE0)

360m9dGHo 9903905 Lsdo doMOMsO 3MI3MBIBEHOLYG: Bogmmdyswsdsdy)-
9539090 Lsfo®Bml, 3gGHMmdodool LsfomBmbs ©s wmxolGH03MOo 396¢)-
MoLoYb.

B5300M5005050v8539090 LoGo®mdm 0035¢0bfobIdL LoB®bBoGH™ bog-
0md0ol IM3m3905L, IMIBsYOL 5053 T53900LsmM30L, 999y 39Hdgbowo
B53™md0L 20dmbsls ®olm3zobsE 930w gdI0s LobEIWo 535M5GHJd0 MHMYM-
603ss 1. 5@HIMbggOHe dowmgzsbo Bsgommdol gmsdiomemo 4sdmboobsmaol,
6ol 9900939053 3000905 L3930 BMJ30900 (0b. bob 4.6.) S 35BHOOBGO
36930630L ©sbsys®m0, MMIgEoi 0035¢oliobgdl bogomdol ddody BMadso-
900056 53539000 MH3MmEIbMds bomgwo B/3OHMmd@gdol, d96Bobol o
©@0Bgwol  Lofgog0l  Jomgdsl. (ob. bsb. 4.7.) 3G9a0620 80d0BsMGMdL
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5035060 994ob0Bdom. dE0gmo gobwEmadolisl Jodow@mo d339do bLlEgds
5 ©MIgEr0dg 350960 [y gds 1530LvGO M0 35¢gdoL Ho®dmddboo.

5MLgOMOL 309306308 MO0 LobgMd:MYMIMWO S 39GIXODBYMO.
09MH3IMo  3M930690L O™ bH3930 BOOJ300L FoMBOgE0sbMdS Fgoy9bL
25-30%-U, bowm 3s¢owobmemo 360930630L eml 50%-Ub.
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95gdLodoMM0  3H93500™d0L 2980, OHMIgEoE Fgodwgds EEIL BMmmOL
3mOEdo 999m3009L s®ob 1500 3mb@E9gobgeo. (momm 3mbEgobgdo 21 gm@o
AI390MO0LLS) o3 Y39eebg 930609 IMEIMBLS EOIL sOLYdME  34999dL
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bodoOomggwmdo 3o 7-8 %96 653wgd0 3H9350Mmd0L  39dgdol  ImALobMgdss
d9L5dEgdgero.

LodoGmggarmdo G3060mo a900m, GMmd d90m30©IL. OO IMEIMdOL
3990  x96  LGHdMPo  dgol,  Losg  BZ0MMO  35BoMs 29990
395bsfomgds s 8909y gl 35@9MS 399980 80D BMMOL s d50dol
36 390d0. gl 3OM(39IMS, M5 0435 MBS, POMTo 0fgEgds s FoIBOW30L
©0MOMWgds3 0BOmIYds, M3 d0BbgLL bgwl MIobl. sbs3Erool 3mEE0L
Lo®Tg 046905 16 gEBHE0, M3 MOoMJIOL 2-%xgMH T9EH0S BMmMOoL 3memEBY s Bz9b
0933990905 dmgqdLobyOmm  Bgdoldogd aqdl, GMmIgwoi oz bBwzsdo
00md©53900. gl JoOHme BsGEmobL3mOGHM 3083560908 doliggdl LdwoeEgdsL,
60 30%-000 0585 A5IHBoEME ghmo 3mbEJobgmo (9P 3mbEHG0b9OBY
©365BM0 160 USD 9950099bL), G5 603653l G000 LodoMmzgeml 3:m6H0MMO0m
LSBOIOM  PoIHBOWIIO0  NBOM 0580 gobgds. dlg3g 9603369 m3zbs
399306000905 2osB0E30L OH™.

965300l 3mBGOL  Lsdmowgdom  Logs@mzgem  dgdargdl  Boommls
Y39wsHBg 0O, 356595dLoLs O 3MbBH39655JLoL GH030L 399900, MroE 3MMEOL
306316963 bs6M056MmdL Lo ®AbMBEISE FOBOPOL. oM@ 5Tols, 9bs3wool
3mOG0 "9gMm0o LoMEYgwo - gMmo Bol" 0bogosEH030L Botmywgddo Fgbsdwrms
3°bal 93M5Bool LdMghHzgerm s dofirrEIdolL XsF3900L MIb0Td3z69wM3zs69L0
300369630, M3 gooIxmdglgdl M9a0mbTdo GHMIBL3MEOEMIOOL g539dE O™~
0L 5 FOBOOL BOGMHSTMMOLM 35FOMOOL F(3IEXOMBSL.

005360Mmd0L  Jogm  go3bogdMmo  0bBMMTs300m, 965300l JmMEH0L
Lo®dg (20,5 d9¢®0) gbsdwgdgel gobol 356535dlols s 3mEB3sbsdoduols
G030L 399900l J0gdL. 3MOEGHOL od@IMMBIM0sBMBS, F0Og3MMdOL Qom3g-
d0m, fgarofodo 100 3b Gmbs 0dbgds.. 565300l 30mgdEo 0mzseolobydl
32 65300Lo@aMIoL 53905L. 3MM9JGHOL OMGdOMEgds 2,5 AWM 5dT MO

d95009,960.
(@og). https://forbes.ge/anakliis-porti-da-misi-pe/)

104


https://ka.wikipedia.org/wiki/%E1%83%9E%E1%83%90%E1%83%9C%E1%83%90%E1%83%9B%E1%83%90%E1%83%A5%E1%83%A1%E1%83%98
https://ka.wikipedia.org/w/index.php?title=%E1%83%9E%E1%83%9D%E1%83%A1%E1%83%A2%E1%83%9E%E1%83%90%E1%83%9C%E1%83%90%E1%83%9B%E1%83%90%E1%83%A5%E1%83%A1%E1%83%98&action=edit&redlink=1
https://ka.wikipedia.org/wiki/%E1%83%92%E1%83%94%E1%83%9B%E1%83%98
https://forbes.ge/anakliis-porti-da-misi-pe/

3530 5. LdGH®IBDOG™M 63300MdOL B5IBOEZ0L Bgdbmemmyogdo
5.1. Lot 30603 g35005H0E30L Ms653900HM39 Egdbmemmaogdo

LogoMm39wmdo 9655050 BMBJ30mboGmYdL Fgdgao BogmmdEGgMHIobs-
wgdo: dsmYdol, LYBLOL, YMwg3ol s BMMOUL. LoJosMMZIEMl 3mMEHIOOL
G3000001635 2021 ewolomgzgol bodwmom@ 9959bL: Bmmol dmM@Go - 6.3
dowombo Gmbs, ymwg3zoL GHgmdobsero - 1.6 dogrombo GHmbs, domdols Lob-
350 b53L5YMOMO - 5.6 dowombo FHmbs, LyRLOL LsbEgsm GHgMdobswo - 4.1
dowombo GHmbo,

0500193l 6533™IGHIMI0bswo B3gEoswoBoMmgdmwos byowo 65300mdoL
@5 3M5JBH03Wd© 9439es Labol Bsgmmd3MMm©MJ@gdol, oBgwol Lsfzezol,
096B0bol, JsBMMol s bgwo bs300MdOL 49sH0ZgdBY. Bogomdg@®mdo-
Boaoll doM0MO®O M30M5EJLMdSS BB3oILLZs Lobgmdol bsgomdols s bog-
0Md3MOMOMIGHJOol Jgbobgs o gooG30MHm3s. GHgMBobsel gdwos goo-
G30600mb 22 Bobgmdsdg 65300md0 s 653Md3OHMMJEH0. d500Mdol 65300Md-
G9mH0bsl 65300md0 F0g[imgds 358Mb-30L3HYMbgdT0 BodsMmzgeml M3060-
3ol 39939M00m, OHMIOL sEWs bmM30gegds Msbsdgcmm3zy Lo®3oboybm
9U39350090D9. JBEOIIPS SV FMMZ00S J5MOMBOL IM535¢LORGHMOsB6O Lob-
Ggdom 3d0dg o BdWbBHO bs3mMmdoLs s 65300Md3MHM©YEHgdOLOMZOL.
A9H30b5¢ol ymz9wo Lam30boabm giBezos 90FIMH300s gegdEO™brwo
69308GMs300L  LobGYdom, GMIGEoE s8oJLoMGOL  3OMEJBHOL  ©IGOL
9mb539990b. (¢0d).9. 359ws08300 b. bogmmdobs s bogmmd3MHM©JEgdol
Do0mgdol, dgbsbgzol s  LsGMbbo@Mm  gosBo30lL  BH9dbmermaogdo,
39903399 mdos: ¢bogzgMlogro, 2018 §.)

6530003 9M30bsedo LoGHMBBoGM bsgmmdo Fgdmol 3oamb-3oLE M-
B9dol 89039mdom, LsFoOIOMEBHM T9doPbEMdOm. 353MmbEoLEHYMbYdOL Bom-
©96mds dgo09bL Lodrswme 36-U. 353mb30LEHIMBIdOL ImEEmds 5533, bo-
3Mdg 5ol 12.20. 353mb-30L3gMbgd0L  39d6039M0 FobsLOsMYdWGdO Bm39-
dmwos 3bGowdo 5.1 (wo@. 50. Arrumses B.H. Baxmar I'B.u ap. Xpanenwue
HedTH U HepTempoyKToB,Yue6HOe mocobre,u3s. Hedrs u ras PI'Y medru u raza
um.I'y6xuna 1.M. Mocxksa. 2003r.)

05001990l 65300MdGIMT0B0 (36F) SLOHEIOL JONOOMNMESE M5FY-
6039 LoGEBBoEM s 4BsbsHoErgdge LsTMTomgdl. 0go dMmoEs3L JOMOMSWOE
0900093 (3939 Mm30gJBHL OHMYMOOEs: LyMZ0bogBM guBe3o®; LaMgbgm-
395600 3560305 LyGFdM LOYMM0; FIBGHOIWMMO WHBMOSEMM0s; bbgolibgs
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©53b3o6) s F0dFMmEIdgE0 Md0YJBHJO0, OHMYMOOESS HYwol, mOmdwol ©s
999G 9bgcM00L J0dfm©adgEro dem3zo s d93M0 bbgs. MMIgeois S©FM6-
30005 d9Lsd5dolo (399603005 WS FgdbMmEMyOMMO I6SYIMJdIO.

©0begMdosto gsamb-3obAgMbadol Gggbozgamo Bmbsggdgdo

3b®oeo 5.1

05P39690¢gd0 3oLBHYMBOL Bodo

0305 | 8 (5sB0-0r2ydem) zzé:i’%ig’b 25:26:27:
3oLAHIOBOL ImEEmds, 33 55 50 50 6
3oLAHIMBOL Bos 0sdgBHM0,d | 2,6-2,8 2,6 2,6 2
3oLAHYMBOL bLodowmeny, d 9,6 9,6 9,6 10
3oLEAYObOL Loa®dg d 12,22 12,02 12,02 12
3oLAHYOBOL BH3008(gmds, B | 80-79 75 75,7 2
dOMEH™ 50-55 50 50
bgd™ 18,7-19,9 18,75 18,9 20

5.1.1. 350030 635300MdEHIMHT0bsOL LoEMBBoE M ImMIsbmEgmds

050>dol BogmmdEYMHI0bsgrols doMomso gmbJgos 9ol Lbbgsslibgs
LobgMdol 65300M00Ls s 65300Md3MMPYYIE GO0l Fbobzol s FooG30MHM30L
3MIgMOGHWMMds. sl dgmdeos 22 bobgmdsdy bogomdo s bogomd-
36MHMOMIGH0 29GH3Z0MOMNML. 863)-1 bsgommdo H30b0yxBol d9839mdom dogfm-
©905 @5 LoMGBYMHZMsMM 35639000 dolo BRslbds L3305 0HOMYOMWO Bo®-
30603bm  gli¢e3zsadol 398939Md00 bmM3090©gds, bgds sbg3g M3M3OH™-
39bog - GH3060m0 FogfhmEgds 3Hob3gMom, 35mb 3oLEGHYMbgdTo Bolbds o
69H9M3950m90d0 BsIMLbTs. FHgMHdobsebg 6ol 7 dmddgo bsgcmdRIMALL-
990 Bo630609Dm gliGs39s, dsmo d9d39mdom dgbodErgdgeros OMI-©sd)do
482-%9 99@0 96 ,9000OMMo©, 204 352Mb-30LGHIOBOL oEw.

063U gbBHO3o®Yd0  BoloYbgdol  LOLGHYIJOOm 3938060
bbgosbbgs Lot BgMzsmm 3s6M3mb., gl BoddHo GHgMTobserol Logdudanvys-
G530 dmgbomdsly  BOHMb3gergmgL.GHgMTobowl  qoohbos  LaMzoboybm
UG39, MMIGOoE SVFMMHZ00s FMS35 Lz M5B gomdmdol Lolidg-
dom, dsbGHo s 3d0dg 65300Md3MHMYEJOOLMZ0L. LoM3obogbm glids3owgdo
S0FMNMZ0W0s  JgdBHOMbomo  MguoLEGMs300L LobEGgdom, Mmdgwon 36m-

©dBHob osgol 9y dBAL b530mMmdo s BsgmmdIMM©MIBHJd0 0bsbgds o
360™3905 LEMGHYOHIMOM 35639000. EOIL-EWIOLMdO® B6E-Bg Fobmoglg-
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005 5 LEOYHYIMZMOM 35630, 0LOBO 59M0569396 135 M7BYMZSOL LErmo
L59OM 597 505l 3 IMEFYMOO.

LoMgbIMZMIOM 35639000: ,353609349d0%,6500gE0 3OMEYJEHIdOL BHghdo-
B0, LosE 0bsbszgh by b53™MBL s 65300MB3OMPIGHIOL.

LoMgbIMZMOM 35630 ,39309FMF0“ Tgqds 21 HYHBYMZMOLYSH, Fomo
LogOO™  IMEMmds  Jgoagbl  19000033.  doGoms©  BHYMHoGHMM0s-bY
39b6m53L9dMEos 8 MyHBYMH3MsG0, HMIgEms Loghom dmameemds 37000 33-os.
50539 A9O0GMM05Dg 9B gdMwo 2 LEMYHIOZMIOHM 356030, LOI30530M
Bogmol, @oBgwol Lsfgsgols s Fsbmmol dgbsbgolomgol , dobo LogOom
dmEuEmds s®ob 261900 3.

by, 5.1. 3o 65300md3GMEMEgdols Bodmlbdol Ggbmenmaonmo lidgds.
1 - Bs9elislbdgero dmfymdogrmds; 2 - 350s9¢3sbo dogro; 3 - mGogmols 396sbyo;
4 - 30099 BHMOO MOOJEoL FsGsR0m. 5 - LsbyMsgo; 6 - dofolidzgds MgBbghgwyseo;
7 - &mbdm; 8 - HgBgH3Mc0.

Bob.  5.1.  b6sB3969g005  dwsbEHo  65300md3MM©IEHgool  Bsdmbbdol
&9Jommmyom®o bdgds. domoeo LodEsbEHol dJmbg bsgmmd3MHm©wdEgdol
BoOmlbds  bgds 1393056  bsEYIMBY,  MMIgoE  50FMIMZ0w0s
MOHngwob 39696y00.

U5g3509 BobiBgas. 259m094gbgds mMmdwols Foedmddbols s dmdo Bogommd-
363 Ggo0ol 8903MdoLM30L. d6GL, J0MOMOO M30MmSEHIMS sGOL bLbgso-
bbgo Lobgmdol 65300mdoby s 653Md3OMEJEHJOol Fgbsbgol o 2od)-
306030l 3MIBMOEGHMEMDs.  .OMO0MI®  BHIOOGHMM05DY  goberoggdmo 2
LoMIBIMZYOM 35630, L530530M 65300L, OBl b330l @S FsBmmol
d9bsbgobmgols dobo  LogMom  dmEMEEmds  Asbasgo 261900 3. d63-U

AIO0GHMOM05DY, obsgdM0s, 515939, LEOTZMOEM FoIGHZ0MMZ0L 3MA3egd-
L0 ,65300MBBSB“.LooMIMNZ9WMT0 JOIMSIOMO BHJMHT0BsE0s , BMIgEoE Sfot-
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9dmgol goBobgm0sb, M Jdgbgmosb s sBgMBd0x60®IB Mbgzso, bob-
FomfysedoM3960 506M0L GHMIBEBOEGU.

653000d33HMEJBHOL MomEgbmdols seMogbgs MHgHyM3zmgddo.

Lomboll  ®5mEIbmdOL  A5BLEBEOZMOLIMZOL,  FowobMo  MHgbgc-

35630 dMGHYgwo BLIYGH0m b5300MBOL s 65300MBd3MHMPYIEOLIMZ0L 0ggbg-

096 (3bM0OEgdL, MHMIgedoi ImEgdmwos K 3m95303096¢0L Gogbgzomo 9600-

369wmds.K 30933030963 0b Gogbgomo 3609369 mdgdo dmgdwmwos sbMHowdo

5.2.
Bsgomd3mmgmd@ol  Momegbmdols spMogbgs
3bMogro 5.2
BIOEOMDS | 3MIBOGO- | BIOEMDS | 3MIBOGEO- | BIOOMDS | 3MIBOBO- |BIOEOMIS| 309BO30-
h/d 96¢0 K h/d 96¢0 K h/d 96¢0 K h/d 96¢0 K
0,01 0,0017 0,26 0,2066 0,51 0,5127 0,76 0,8154
0,02 0,0048 0,27 0,2178 0,52 0,5255 0,77 0,8252
0,03 0,0087 0,28 0,2292 0,53 0,5382 0,78 0,8367
0,04 0,0134 0,29 0,2407 0,54 0,5509 0,79 0,8473
0,05 0,0187 0,30 0,2523 0,55 0,5636 0,80 0,8576
0,06 0,0245 0,31 0,2640 0,56 0,5762 0,81 0,8677
0,07 0,0308 0,32 0,2759* 0,57 0,5888 0,82 0,8776
0,08 0,0375 0,33 0,2878 0,58 0,6014 0,83 0.8873
0,09 0,0496 0,34 0,2998 0,59 0,6140 0,84 0.8967
0,10 0,0520 0,35 0,3119 0,60 0,6265 0,85 0,9054
0,11 0,0599 0,36 0,3241 0,61 0,6389 0,86 0,9149
0,12 0,0680 0,37 0,3364 0,62 0,6513 0,87 0,9236
0,13 0,0764 0,38 0,3487 0,63 0,6616 0,88 0,9320
0,14 0,0851 0,39 0,3611 0,64 0,6759 0,89 0,9401
0,15 0,0941 0,40 0,3735 0,65 0,6882 0,90 0,9480
0,16 0,1033 0,41 0,3860 0,66 0,7002 0,91 0,9554
0,17 0,1127 0,42 0,3986 0,67 0,7122 0,92 0,9625
0,18 0,1224 0,43 0,4120 0,68 0,7241 0,93 0,9692
0,19 0,1323 0,44 0,4238 0,69 0,7360 0,94 0,9755
0,20 0,1424 0,45 0,4364 0,70 0,7477 0,95 0,9813
0,21 0,1527 0,46 0,4411 0,71 0,7543 0,96 0,9866
0,22 0,1631 0,47 0,4618 0.72 0,7708 0,97 0,9919
0,23 0,1738 0,48 0,4745 0,73 0,7822 0,98 0,9952
0,24 0,1846 0,49 0,4873 0,74 0,7934 0,99 0,9983
0,25 0,1955 0,50 0,5000 0,75 0,8045 1,00 1,0000

Lomboll mbgl MHgbgM3zms®mdo 96 Lodswwrgl 50bodbsggb H -om, bewm
©05393®™L  D-oo.
90090 LoEoOoL Jgusdsdobo 3b0d3zbgermdom 33MmMEMmdm 3bMHowdo K

domo  Moibgomo  36033690mdgd0l  Fodmdoom H/D,

30980309630l MoEbzom 3608369 mdsl. Mol 3609369 mdol dg¢sbom
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RMOHINS30, 339099 Mdm 65300000L INEMEMBIOD MroMmEgbmdsls MgHgMH3)s-
®do.

Vieow. = Vegrges. . k

691963956030 3(1EYIEHOL FmELIEMdOL 3osbysM0dgds.

355@000. 3M399005: H7DIMZMMHOL IMEGIEMDS

Veogvgeg.= 51,61 03-U;

69H9M3995608 ©0sdgBHMo D = 2,93660; bomgwm ,69bgM3ms6mdo Bogomdols
©mbg 56 H=1,060-U. 35303000 3632001990l dmEwyarmds Ggbg@3w9s&do.

530L5m30L 35625M0FMOM BoMOMIL

H/D = 1.06/2.9366 = 0.3610;

3b®owdo 2.4 33mvmdom dgbsdsdol K 3m91303096@¢0L Mogbzom 360d3-
B9wmdsl K= 0,324, H0Iob Bslidoo gm®dmesdo 3390990 mdm:

Viooe. = Vagbgng. . k;

Vpr =51,6 00,3241 = 16,7887 m3

(o¢. 47. Aurumses B.H. Baxmar I'Bm jgp. Xpanenue Hedtn u
He(TeNpoAyKTOB, Y ye6HOe mocobse,u3zn. Hedts u ras PI'Y nedru u raza um.I'y6xuna .M.
Mocxksa. 2003r.)

LsBO356MRRMgm, 39HINE O dMOEBINOL Bog3mMMdBSBYdT0, Bogomnmdols
©5 65300330 3HJooL MomMm©gbmdol LOEYMBOEO  SOMOE30L, Slg39
OEINSTINO0 O M39M5GH0Mwo  FmdLobMHgmdol  dobbom, IbyMYowos
933™35GHMOH0 50M0Eb30L LobGHYds, MHMIgwos MBOMBlgEymal, dg4ologha,
95050 LOBMBEOL CBFMEOTs300L JoWYOIL. LEMIYHYIMZMSOM 35603l gALObwYMYdS
go®ds: CMS;Veeder-Root; o Nordmond-ol 20@®OmbEs@o3m®mo  Lol@gds,
“0Iol doMHomsEo dmbsgdgdos: Lombol Mbol Lodsmwg MgBYMH3SGT0.
3990092 Lo3ood®mm 3bOO0WGdBY IYMPHMOdOMm 53EMISEVIMI© FoTMOMZGdS
6/65300mMd360Mm©wydBHob dmEwyermds. Nordmond-ob 20OmbEGH036 LoLEgdsl
3999905 9ONOOMMSE 53MmBEHOME™L 63 H7HYMH395M0, MMIWOL (39350MdS
3950099bL 99999 96Nl s (H9I3gMoEIOS dgMggmdl Bobml 10-sb denmls
30 2650LsdY. 535600l 89dmbgzg35d0 LOLBHYIs 53BMIdEHVIMS 1W0To3L N0
0536mbEH030L derM3L. MHgHBYMH3msMTo bbgossbbs bobol 396%Bobols dgemgzol
©OML bbb M9530609d5L 10330308 (33e0EgdsDY. Albzoo  LatgBYH-
39956100 35630l G9dmbzg3sd0 goMds “SCUULY UK-U” dogé sbgdgowos &gwy-
39dBmdo LobGYdgoo, HMIYEoE 8vdsmdL JegdBO™ Fodmdmgwger dobgsbgdby.
B5300M30ld90mEHobslBHIMT0bsOLEBHIM0GMO05DY  FoMTmgdlL  3ogmb-3olidgM-
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6900l LYFMOGdOM. bMEM A5EBS LoBPZoMm BHMIBL3MOEHOL 9B Bob3gMgd0L
1535 gdOm.

babutsgn

3m5@m50 >/ﬂ\

™~

3m3abo
\.

badnf33gemn

e

VLTI TSI SIS I II I TSI

1996.5.2.L5¢H56%B0 M 63300@dOL Fglsbabo 0sbsdgemmgy MHnBgMz2sMo. 30Eobo®mvwmo
99379500 LBd30MmBH¥YEOo LsbMs3000 s 3mbEBHMBO.

A9M0b5L 2598605 JUE939009, OMIJWOG 50 FIMOZ0W0s FMSZOEBoGgbm-
60560 4900md0L LobBJdom, dEsbGHo s 3dodg 65300MI3OMPJEHJOOLMZOU.
Lo630602BM gUFHO390IOBY BMbI30MmboMHYIL gargd@BOMmbmwo MgaolEMsE00l
LolEgds, MMIJE0oE 3OHMEYJEHOL ool Imbo39890L s530JLoMYOL. FsdMibIOL
36Mm3gLbol 9909y 36@-LL 65300md0 s 65300Md3OMPYIHId0 0bsbgds s
3M™30905 BoMmgHBYMZOM 356 39030. PVIL-EIOLMBO? BBE-bg Robmogligdvwy-
@05 5 LEMIYHYMHZYHOM 356030 S 59M0569096 135 MBgMHZSOL

05019dol Bogmmd FHgMdobscol (06¢) GHgMOGHMM05DY  obsggdmos
6530000L 5 65300MB3OMPMIEHOL (396G MOHO BMOOEME05, HMIgo3
90LsbEds BoGMIBBOGHM B5300MdOL s Bg3MB3MMPMIGHOL boGolbmdMogo
9539693930l IBLEBOZMLL.
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5.1.2. bsGMm36BoGHM bsgomdols bsGolbmdmogo 3sB39698¢gd0 s
365356139008 BOzGMEo bmMdgdo Fgbsbzol 3ommdgddo

Usbgemdfomm Ldsbos@o. TOCT P 51858-2002. [26.02.15]

65300md0oL baeolbols 9gg35gdol Jobboom sbghgb dob sgmegsls:
1. 3em3Lgdo; 2. 3030; 3. X3R0; 4. Lobgmds;

65300mdOL  3aligdo dManMEoL 899339¢mdol dobygom

3bMoo 5.3.
Bs300mdol 356599¢GH ML 3moMol oMo 3%9m3ol dgomeo
3o @3lsbgmgds fogmo, %
1 93069 amaomhmgsbo |0,60 -8y
2 20300003560 0or 0,61 >> 1,80 roc 1437,
3 B505wamaotmgsbo [>> 1,81 >> 3,50 roct P 51947
! ! ASTM-D 3120
4 9930300©M3560 3,50-0b B30,
L0d336030L dobgzom
gb®ogo 5.4.
356539¢H M0l alisbgemgds &odo 359m3ol dgmmoo
dog0sb dbgdmdo 0 ASTM-D 1298
dbwydwydo 1
Lodwoem 2
ddodg 3
503900 4
0m0%gdoL botolbols dobggom bagoxmdo oymes:
3gbMoo 5.5
05839690900l sbiobgegds Bee3s 65300MdOLE;ZOL 25303000
X308000 B0
1 2 3
1 §yemols 8sligeo oo, %, s6o ¢89¢gbo 0,5 0,5 1,0 ;g.ﬁ:z 2;1193
2 Jeom®0560 35Gogdol dslv@o fowo, 3a/©d>, 100 | 300 900 MOCT 21534
565 9799939L ASTM D 4929
3 399960379600 0b561g3900L dsbmeo Fowo, %, s 0,05 FOCT 6370
«99¢39L ASTM -D 473
4 Box g0 mOmdeol (6935, 33 (30 36. 1g.), 500 66,7 (500) rOCT 1756,
«099¢Hqb ASTM -D 473
5 m696w0 Jerm®mogdol dslivydo oo
06J309000, ©MVoEwob Gqd3gMod Moo 204°C, 10 10 10 T'OCT P 52247
9eb. (ppm), 565 (939G
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3 ROORFYBROL 5 FH353G3BdAL Baliyho fogrol Bobgegoo

agbMogo 5.6.
1 omoM©fysedsol dslm®o Fowo, dwb. ™ (ppr), 20 100
565 909 TOCT P 50802
2 3900 / gmoen 396 353396900L 3sb. ool xsdo, 40 100 ASTM D 3227
b, (pp7), 56 ¢9B93b

153539000 05 Bgmgdol ©sbssMygd0l beddgdo Lsthzoboybm
350051030l Mmls s dgbsbgols 3ommdgddo.

gb®ogwo 5.7
B6/5g30md3Gm©mdBgdol 035653563500 bm6ds | sbs3sMYgdOl Brmds %
3Labyngds 3d- fiob g3ges fiob g3gas
396om@olismzols 396omolismgols

1353900 ¥96%0bo, Mgod@oreo 0.21 0.021
653000, @OBgEo 0.14 0/014
439005 BJO0 . 39O 0.07 0.007
dM530L Bgmob s JoBmmol 0.1 0.01

00@ 30, Logbobio Bgmgdo 0.42 0.042

396%b0bob dbgdMm030 B3RP0 Fgbsbzol 30MMBIBA0.(5MMFwrgds)

3bMoeo 5.8

d9L5dEm MmdogdEo 05653956900l Looyg

33- §-0o %
AM3L3MOEH0MGOOL M. 10-12 0.4-0.5
BolibTs-Bodmbbdomo m39Ms30900L MMl 2-3 0.2-0.3
10 3990./ 8 BmEMEmdoL Ogbghhgms@do
565 LEIEO Jg3LgdoLLL 70 1.5
3909053 9960309500 EOML 65 1
56 5J3L balbomdo LaMdzgero 2000 2.5

3509056995, y39ws 653mMd3OM©IEHo 9B)-bo3wgds 9033l Hgowl
@ 9949603796 d0bs6r19390L. domo Fodmgbols dobgBo 393605, og®od QobLS-
370069000 dgBH0s fiYwr0sbgds 3H9dbmermyomMo m3gmoogdol dmdobstg-
MmO0Lb @OML. OMEs LsFoOHM bYds dwsbEo bsgmmd3MHMmEdEHol Bsdmbbads
3959Mb30LGHIMb0EID, o3  39300Mgds  flgrwol  MmOMIwol  4s9mygbgdsL.

361535 xIM50 330930l FJOIRO©  ©IPR06L,MMT  b53™d3OHM©OMIGHO
d9b5bg0Lol MgBYMH3MsMOL  BLIGOHDY Asdmoygmaxs fysero s  dgdsbozmeo

dobs9g39%0. 53  3MMEILYOdOLOB30dOMYdOL doBbom, 0ygbgdab L3gEoowH
dgomEgdl ,mmdgeoag 0f393L yaolb godmymaol derm306mqdsl s bgel

Aol fgeol §3900930L orgd3sl gBgMH3Msm0L BLGODY. boHzog0ol s
b909gd0L §yerols 9993390 md0l aliydz9d0 bo®mdgdo.
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Usfj3530L o Bgorgdols figarols Bg8330emdols @slisdzgdo bmdgdo

3bModo 5.9
35B3969090 396%0bo | oBgo | 39MINMGSGM- | oBgwols 0bMLB®o
Lsoxgol | Lsomgol | Gol dMogols ds30L Mo Bgools
Booolsmzgol | Bgoolsom. 30l
d9d. 90bstg39d0L 10 5 15 15 10
bmds 930/56 «dgEgbo
f9gwob 8993339e. % - ,0.003 33900 335C00 3395Q00
dqd. 9obo6. 999339. % --565 SNOM 0.02 0.007
BoM0560ds % 56 bm®d.|  0.01 0.0005 0.003 0.005
3399®. gobgdol dsbmeo | 7-15 30-40 o6 56 o6
fowo d3y. 100/3¢. b:m680Mgds | Bm®doOIs | BmGIomogds

65300md3BGMEdE 0L batolbol swagbol obboo sbrgbgb:

1. B3oM Fgdmnbgzg35d0 LoDBPZIMYPMIMOL d5HYdT0. 35M9830bmEM0o, Fobm-

3960 6590930l 259megd30L Lofobssmdgam Jdggdol, 96w 0b3odomgdols

dobBbom,

obgbgb, UL3ggosm@o  dgdsbozmMo  dmIMg39d0L  FLdmynbgdsl.

(690960395600L BLYODY 53MbE5909b 3OMIgEgmol BHodol ImdEm9390L)
2. 25605 3oLy 094gbgd9b RMbJ30mbocm® BoLoMmgdL, SbEGH03MIY)-

WbGHOL Lobom, MHMIgeros bgwls «deol i3Mowo bsfoms3gdol 9gcmomgdsl o

393Lb30gdSL.

Jobols 899306900l dobBbom,

3.609%96M379500 53390HDg BobM3zsbo s 35058060560 Boergdol Foerdm-

153MbGSJGH™ LogMEol F9dE30MYdSL.
Ba30mdacedBipdol Bgbsbgols abisdggdo fieroro gsegdo Hbygrshddo

3bgbgb  BogmmdIMM©OMIBHOL o

35960

3b®oedo 5.10
Ne | 653003300 dEHgdol slisbgergds 300530 Bmbgdo
BOomgmo | Lddmsgoer | bsdbMgomo

1 09bbobo dsé300m 93; 98

1.1 | dofolbgos MgBHgMH3rye@Tdo 3 25 1.2

1.2 | dofolidggds Ggbgmgzwmemdo 3.5 3 1.7

1.3 | 93¢)™3obGHgMbsdo 25 1.2 0.6

2 95900 Lsfj3030, woymmobo, 5 5 4
60300, LEFMHOHXY I Lomby

3 0bBgwob bsf)3030, B0, 6 6 6
G®35bLdolomMo bgmo

4 5305309960, EOBYEOL s 5 5 5
1553GMIMBOEM dM>30L Bymgdo

5 LEOEPOEMEO 5 5 5
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6530009033 EOL Gx39MsE MOl B br®dgdo Ggbsbgols 3oMmdgddo.

3bGowo 5. 11
65300md3MGMEMJEoL abiabggds G99390sGHMO- | BgmggdsMdOl
@0 B3s60 T° C | $gd3gMadys T° C

d9b6%obo 30 18-28
M95d@0mwo bshzeg0, bogmo 40 25-50
0Bl L3930 obMEHYHdIObOU, Lof, Jsbymo 35-45 28-61
969629303790 - LosgGHMIMdoEM Hgmo 60-70 125-135
306593060, do@wdo, 120 150 bgdmom

[emo@®). 50. AxTunses B.H. Xpanenne nedtu u HedTenpo-LyKTOB, Y 4e6HOe T0COGHE, U3,
Hedrs u ra3 PI'Y wedru u rasa um.I'y6xuna M1.M. Mocksa. 2003r]

Bobx ol Lsbgmdgdo, 3500 sbodbwegds, Lobxol smgdol fgbo
353mb 30LGHMY690006, MYHBIM3MIMIPP0EE

9OD-gOM0  F0535M0 M39M5305 LdGMBBoGM  FLobwMmg3dol O™

5oL Lobx ol 50gds 353mb (30LEHMYBYO0B, s MYHYN3>MIO0IB. LogHmo-
oL BEBbsMEJd0L: API — ASTM, ISO s 9360m bGobs®@ol dobgzom
Lobxo dg0degds ogmls:
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1L.bobyxo M9Hgm396MH0L Bgdm 39606 (Upper-sample)

2.bobxo H9BgMH395M0L Fw95 39606 (Middle-sample)

3.Lobxo M9BgM3M500L J399m 39606 (Middle-sample)

4.996H9mwo  Lbobxo (composite-sample) og0 (oMTMobL  bgdm,
L5FMOEM s §399M B960LH. 50gdMEo Lob)gdOL Botgal.
5.b53mbGMMEm Lobxo, g sGOL LsdMsem Lobxol bsfowo, Hmymds
0b5bgds 5b5e0Bolsm30L.

6.56030GHM57o  Lobxo, LszmbGHm®mwm Lobyxo, GMmIgwwog 0bsbgds
3MBOBHMOFMo  5Bseobolomzol, Losom  bsgombol  dgdmbgzgsdo,
65300330 EHoL boGolbol dodsGro.

7.3530%)bsbols bLobyxo (Kammranckas mpoba) 0©gds 55300md36MHM©d@ob
3999 ©3300™M30L MM, 9du3mOEDY. 00 FoMdmowygbl dgMmgmwo
Lobx ol bsfowl. ogo 3Bsgds 5 bofosc.

8.Lobx ol 50gds 3MOHOBMbEHIWMHO, 30wwobOmMwo Fm®mIol GgBHyMH-
31560056 Ho03mgdl 99090 Fabom. ob. 3b. 5.9.




80020005 3030BMBGW M0, GoErobErremo MY byMZXMOEE Lobxols segdolsmgols

3bGoo 5.12
Loombols 50900L ©MbY 059G MMs©  |3MI3MDO300IM0 Lobxo MbsBIMMDS
©Mbg %-00 | Hgdem 9990 J390m b0, 4990 J390m
100 80 50 20 3 4 3
90 75 50 20 3 4 3
80 70 50 20 2 5 3
70 50 20 6 4
60 50 20 5 5
50 40 20 4 6
40 20 10
30 15 10
20 10 10
10 5 10
Lobxo 50905  39MGH03oEO,  96v9,  FowobOMwo MGl

M9H9M329560L 99dmbggzsdo beogds:

b9s Lobxo 250 33-0b J398mEsb 65300MB3OMOIEOL Bgws mbY;

915 Lobx 0, 009905 65300Md3OMPIEOL Fv9s B960IB;

9390 Lobxo, 250 88-0b Bgdmo MHYHIM30=9560l BLZIOOD;

99Mgmo Lobxo (3mI3MBoE0) FBsEIds d9dga0 MsbogsGmdom: 1:3:1.
T'OCT-CHI'— ol b¢sbot@ols dobgogom, bmwm ;msbsgsmmds 1:1:1
API_ASTM- ol bGobst@ol obgwzom. 5.2.2. (@o@. 13.0sdmmsodzowo b.,
206dgbsdg &., 993908300 b., boms®0dz0¢o o. Some aspects of introduction
API-ASTM and ISO-9001-2000 the international standards on the Batumi terminal.
»B9doOmM39Mml Bsg3MdO s J9B0“ Ne 23, mdorolo, 2008, 3. 50-54, 55-58.

5.2. LsBmgsm 39005sHB030L Msbs3gMM3g GHgdbmemyogdo.

LoDBPZoMm 330005 B0E30L LoLEJdsdo Fgol F9dgao GHgdbmerm-
309960 IM{gmdow™dgd0: Jobogbol LoG30MHMM s MY LoLEYAs; dmd-
Bowo Jesbygdo s bGIbIM9d0; JsbogMEEgdo s 30dWYd0 JoEEMBYdO
LSGHZ0MMM  BHIdMGd0  BsB30Mmm™M  GHwddmgdo  As63Mmzbowos  LsGzoMmomm
A96390006 96 396306 FHo6300 65300Md3MHMPIEHJOOL  25oLOEHZ0MMO®
BodbEOL  BoIMLOLLAGWSE. F96390B) ©oATMWos MmMO MOMNOGOTY;33-
WO GMIdM. 53  GIdMgool  LoghHomm  LoddWwszMg  OTMIOWYII0S
A9639600L ©9390¢ DY s BHMeosP=0,1 DW(4)

115



(o). 3. dmEgodg ., gMsdg 3., 333000 M., LOGMIBLEMOEHM-CMYOLEHOIMNOO ©S
06¢3)93m0Mg0wo 465fowgdomo LobiEgdgdo, 2011 §.)

doM0MOIE  Podm0Yygbhgds (396G H0bMmo  BHddmgdo. oo oG-
9m9dmds P=5 000 33/Lo. LsdsbdmE@m dmbs3gdgddo domomgdos sdm3o-
©90gds GHvddml d0MOMO© 35M5393HMIAL ol ddomdols Lbgoalbgs
9:090L EOML. J0MOMOE 35605393 MYdL 809336905: ©sfbgzs H, Loddgmsghy
N 38.4.3. -1, 30{m©9d9)emo Lombol MHomEgbmds Q.

o5 gbgdols Ls@zomome s 353MgEbo LoliBgds. 0ao dgbygds 9900
939b0LEgIgdoLYsL:  1.LsG30Mm™M s  J¥IMYsbo o lo9bgdol  HHomewmo
LobGYds; 2 LoBZ0MHMM s 25IMY3bo Fobogbgdol LHMOBIBMZ60 LolEgds;
3.L5330000m Lol 25067dOL LOLEYIgdom; 4.00¢lEIBYdOL goddgbwo
Lolgds;

dmgdbogro  Ls@goMomm Besbygdo  499m0ygbgds 3963960l Lo@zoMHmm
9520LG®50l Bsbs30MmM LoBZ0MHM™M FooLEBHMIWMb FglogHmYdEs©. olobo
53054309996 89909y 306MHMBIJOL: 9gdol dwsbyol s8(gl Mbs 3Jmbogls
d9L50530L0  BH30M53(gMds > by MBOWO3gWYML LsbsdoMm Jamsbyol
239939M9656M056Md0.

UE9bEIMO - Wom@bol LoEzoOHmm Lsbsdomm Fmfiymdowmds MGMmdgwos
390905 LBoblMIEsE 3530000 FJoEGOOLIYSD s 963360 T
d9L59M93ds© 29906 LsBzoMmm  FsgoLEHMI™sb  (35b0BMEE™MB).
LE9bgmol

d90950099bemd530 9900l 3990303 9Ju3IoESE0530 dYyma3o Besbo.

0560830 ©O - 3090930 FM[ymdoEMds LsbsdoMO™ LoEzoMmmMm Fesbyqdols
d9L59M0gOWO©  GH9639M0L LoG30MHm™  FogolEBGMo™msb. Jowbogbols dogn-
AMPgOoL ©0s3gIBHMO MYAsdgbEH0MGdE0s, 5000 BMIJOO TMIO0WYIN0S
G96396M900L 939030l XyMRY0DY.08 dobbbom FH9639M9d0 WYL390GOL
d0b9g3000 YMBOWO0S MMb XaMRs©: A-DW=25 sm. &), ; B-DW=25:60 so. ¢.;
C-DW=160 so. ¢; D-DW=160 s0. .

963960L §jaboom s FmEMEmd00m dsbslinsmgdmgdl 8og3vm3bgdos:

09ofy3s, ©9©39030; 29906 LYBMS BHZ0MMYTFIMd;39d0L  LogPom
A300m59(9mds; bgg®omo GzoMmsdfjgmds.

3963960L fgsamfigzs. G963960L {gowfigzsbH Mo ©sGH306M™M30L MM~
32)obbdmdl  ggdol Asbol, BoEGHZ0MMMELHYsedo s 2odmbobgds Embgddo.

3539 obmb bsbol dJobgwgoom.
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35¢)9M0bmb bsBol MHogbgzomo 36093690 mds (335¢9d50s S SFMZO-
©90M05 33000l LBy, LYHBMEBY, bzl fgwol ©s 3s9MGoL  HH9d3g-
oGO, 1939 D30l Fywol 3:mb3gbGGMsE0sBY. Bogbmwo Ls@GzoMHmm
doM 30l dobgzom, Lod3zzmogol 1,025 ¢/33- ol ML, JWO3JOGO GHMEO0.:

Dmax=L-B-H-Cf-d .
booss: L— ggdolb boa®dy, d;
B- 29980 396053900 3H300000L bg@em dsbo, ¢);
H- 35¢96H0bob Lodswmarg 49dob 3L39M0sb , 0;
CB-2900L G300 ™30l MmsbsdOHMdOL 3m9n030gbG0;
d - §yerob Lodzzmogy, ¢/3%

3990b fgomfiggs 3oMmoge dymdomgmdsdo sG0l dolo FogdlodsmMo IEIZ0-
630l d9bsdegdgeo  Loog, GH30Mm0L  bo3s30L,  [ywol, BdoEILEL,
93035590U, 33D536Mm900L5 O oMol gocgdg. DO=const, ¢

©9©39040 -3930L LEOMEO FHZ30MHMsT[IMdS, BoGZOMMWO 35EIOWObML bo-
b59g Hgowdo bLodzzMmozom 1,025 &/32 DW=Dmax-D0; 356%m80wmgds: ¢mbs/a?

3930L Lyxnms BH30Mmsa[gMds J0momYdL, 199 G300l Joboles
5m©gbMds 9901deos JooMMmb 393dds dmigdwer dmdgb@do:

D0=DW-}. g
3930l LsgBmM B300059(gmds 5Ol 439es LsBHI0MMM F963d0 2obmsgligdwero
G300mg00L MM bMmdOL X s5d0.
b390M000 GH30MMIMdS 330839690, 049 39350MdOL M5 M Mds ImEOol
LYBMS BHZ0OMST[IMOOL 9O BHMbsDY

®=DUb/0,98W 33/32

056599060M39 39639600L b3g®0mo GH300msd(gmds dgeygmdl 0,71-0,78@/ 93-
ol gsMyrgddo
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BN P D

09

3
6
4
2

b6, 5.3. 363960909 5060860 35¢gMmobml bsbo

&963960L 3dG50mdOL LoBgstg 0bmdgds 33956d90d0. 13356d0= 1,852 30/

39639600 931360l 3990l GHodL,OHMIgoi ™ogolbo  3MBLEGHMMJEoIo
390509439GH0m 9393905 96 FogloToMsE MOl JoboRgdIMwo BsgmMd-
A300m900b 250oLEBOWIE. 0YO JWHBOROEFOMPYdS Lb3oOLBZS Bobom, s©0bod-
Brwo 30039H0mdgd0sb 3603369wm35605 FH96396M9d0l d9mRg3s ©Y390GOL
dobgzom.

(wo@. 3. dmEgsdy ., gMsdy 3., 3JsI300M., LOSGMBL3MOEM-MYOoLEAEHOZMNOO ©s
06393000900 asbsfoegdomo LobEgdgdo, 2011 §.)

5.3. 2905030l 30BOEO s 0bFMMT530v9E0
A936memy0gdo.(IMO)

UsgM58mM0LM  LsbMzsm MMR60BsEos (IMO) 0©IdL 35¢EYOWYEYdL
3900850 3692069090 Bs®BM, GMIG0E 9BIJGWIMI® FoYd3Es3W)dS
LoBEZIM  BH9IbmEMa0gdol 49630005090 839300MGdME  ggqwd
259m{i3939U.

Energy — Efficient Intergrations
95960309%39JGMO0 0639530900  3Molbdmdl  g9gdol  bbgoolibgs
LobEHYIGOOL FdomdOL gordxMmdGLGdsL. 00 353M0Ygbgds 506M7doL gdologdols
@5 Bsf3530L batrxqgdol TgbodEoMmgdws®, M3 LEdMogdsl sdwg3l LEBZsM
300356090L 8600369 mgbo 200 dxMdIBMb 0530560  M3gM30900L
9aM5@Mds s 9959300Mmb 9bgMyools s Bsf3o30L botxgdo. dop: CARNOT
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560l dM0EBMOo LGB0, MMIgEog Jdbol gbgMamgngdBHIO IM39dL
390900Lm30L.  LEAKMES30  (33€0L  oMMbol  3mI3Mbg6EHYOL  B3gMEgdMmO3
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Muasti Gpar Jlogeur! Tsoe nucsmo or 17 deppann aemur nepego muoii, Euge
pas BoIpaxkaio (arofaplocTy 3a TBOE CepAeyHOe NPHrAAlIeHHe: A RPHEAY, KAK TOAbKO
NO3BOJNST BPeMA H 00CTOATCAbCTBA. B uacrosuee BpeMs A HAXORYCH 3UeCh S, DYAY4YH
CBASAHHBIM OJCHAAHHEN U 4YBCTBYAl cebg mee (oJiee MPHKOBAHILIM K MECTYy no mepe
T0r0, Kax 00Jesnb Jlaer HAKANAMBAaThCA MOHM Aenam.., Tel roBOpPHINb, YTO HACTAI0
BpCMA OCHOBAaTH JAHHAMHTHYH (adpuky B Poccun, A He cobHpaeTcs Ji pyccKoe upa-
BHTENBATBO  TOJ BANAHHEM HefasHero (e3ymMHOr0 NOKYUieHHA' NPHUATL B KayecTse
NEPBOTO OTBETHOrO IMAra Mepsl MO 3aTPYAHENHI0 H3MOTOBAEHHA H TPAHCNOPTHPOBKH
B3pbiMATLIX pemects?.. Tol cnpamtpaeib, CKOJbKO KanHTana ROJNKHO aCCHIHOBATDH HA
pyceroe akuHoneproe oduiectso... Ilo moemy MMEHIIO, HYHiI0 PaCCHHTHIBATH HA HCNO!b-
30BAHHE NOABARIOLCH MACCHI KANHTAI0B, HOO 3TO OTHYrHBAET KOHKYpeHuuo, Hackoan-
KO A nOHNMAal0, kanurajda norpedyerca okono 200 munaonos pydnei. Toyemy 16l ye
X0Yell, npefoCTasiaTe Goabuie ofNoh TpeTH Hnoctpauybim kannranam? Begs we Bpe-
JHT e Jieny moe JIHYROe yyacThe wasecTHoil joseit. fl paspaboran coepiieHHo HOBLI
cnocod oyxcrkn wedirit, Xotophiit ofemaer cample Goabwue Buropsl. Henbiranusa npo-
s Paanko. Ho o6 arom — g Oamikaiwen auceme, Bapd’ Toe mor oo BodTy B Da-
EnHCKO@ mpejnpuaTe * npuvepno ¢ SU muaanonanmu py6aeii, IIpu sopoii amuccHu Teoe,
BOPOATHG, ke caejosane Obl 3a0uiBath 0 nem. Ou we Oesrpemed, 910 Bepro, OAHAKO
Heobpruaitino paGorocnocoben n ymen., CepAeunbiit NpHBeT TBOHM OT TBOETO ApeAalHo-
ro Opase Annppeja.

(Caukr-TletepOyprexuii rocypapersennblii ucropuvecknii apxup (CIITHA), ¢. 1258,
om. 2, a. 225, an. 288— 289, llpepckasn pyKonucs),

5¢xM9 6mdgEol FaMmowo @30 BmdywU. FaMowwdo bgs 0bxgm®dsgogdol

890009 m0 6507J35805, HMA 856 458m0gMmbs 65300MdOL 559960l g89dEHTMO dgommo.
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ABSTRACT

The productivity of wells in the late stage of oil production is dircctly related to oil deposits, which
gradually form blockages, fill the pipceline, and interfere with the free movement of the flow of produced
oil. Based on chemical composition, oil deposits are difficult to remove and require the selection of process
fluids. An extractive method is proposed for the removal of oil deposits with the participation of process
fluids, including nanofluids. The proposed nanofluid was prepared on the basis of low-viscosity petroleum
oil with the addition of an organic solvent, a mixture of various classes of surface-active substances
(surfactants), and alkali metal salts. The fluid ins a lution based on alkali metal salts, with
concentrations of Na;PO,=13700ppm, KCI=950ppm, and CaCL=241ppm, which were determined by the
readings of an ICPE-9820 spectrometer. It was found that the tested process fluid reduces the viscosity of
deposits and interfacial tension and leads to an increase in fluid movement in the pipeline. The experiments
were carried out in the direction of reducing the interfacial tension at the interface with the solvent. It was
shown that the process of sediment reduction depends on the composition of the ARPD, the surfactant, the
composition of the solvent, and the salinity of the nanosolution. It is advisable to flush oil deposits from the
surface of the tubing using the process fluid when creating a circular circulation in a closed annular space -
tubing — annulus circuit.

Keyword: fluid; oil deposits; solvent; surface tension; surfactant; tubing
I INTRODUCTION resins, and paraftins). Productivity and rates of oil production

are decrecasing. Increasing the output of such wells is possible

In many countries, including Georgia, at old mines (Supsa,
Shromysubany, Telety) most of the production wells work in a
reduced format of their potential. which is connected with the
deterioration of the filtration properties of rock collectors and
the formation of heavy components of the final oil (asphalts,

with the help of innovative methods and cffective technological
fluids. Inexpensive and non-toxic nanofluids can be used for
the effective extraction of even heavy, highly viscous oil from
formations. with the help of nanofluids. Metallic sodium was
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used as a nanomaterial for effective oil extraction from heavy
oil and o1l sand layers. Preliminary tests of the batch showed
that when mixing Ig of heavy oil (2000 cP at 25 °C, density
12.5 °API) and 40 mg of sodium nanoparticles dispersed in 0.2
ml of silicone oil, and 1ml of physiological solution containing
5.66 wt.% NaCl, as a result of the reaction of sodium with
water, a sufficient amount of heat is released, preventing the
formation of oil deposits [1-2].

Authors in [7, 8] recognized the potential of low salinity
waterflooding when they discovered that additional recovery of
residual oil could be achieved using LSW flooding. The
cfficiency of LSW in oil recovery can be related to the
presence of potential ions (Mg® and SO4) in LSW. However,
brine salinity is a major factor in oil recovery. Additional oil
recovery from [L.SW flooding is only possible if the salinity is
in the range of 2000-5000 ppm |[3]. Recently, nanoparticles
have been used for boosting oil recovery. Nanoparticles can
improve the performance of the injected water in the Enhanced
Oil Recovery (EOR) process. A nanofluid consists of a liquid
and nanoparticles dispersed in it. The properties and efficiency
of nanofluids in EOR depend on various parameters, such as
the size and type of the dispersed nanoparticles. The behavior
of the pressure drop in nanofluids differs from that in
conventional fluids. Nanoparticles dispersed in
nanosuspensions usually have a size of 1 to 100nm. The small
size of the nanomaterials increases their effective surface area,
which will change some of the properties of fluids containing
these particles, such as heat transfer, viscosity, and particle
surface activity [4]. The main methods for removing deposits
from tanks are mechanical cleaning or hot washing with the use
of solvent removers. As removers, individual organic
substances and their mixtures with the addition of surfactants,
oil and its fractions, products of the petrochemical industry, and
surfactant solutions arc used. Despite the widespread use of this
method, there is the problem of the selecting effect [5].

The use of natural SAS and bio additives in petroleum oils
and fuels improves their performance. Bio fuel for jet engines
has been obtained with the addition of nettle seed oil. As a
result, the operational properties of fuels are stabilized [9, 21].
Authors 1n [19] propose the use of a combined method for
cleaning small-diameter oil pipelines utilizing, as a flush
solution, used engine oil with toluene added to dissolve ARPD
followed by the displacement of softened deposits by devices
of various designs. A composition for the removal of paraffin
deposits containing a mixture of hydrocarbons, in wt.%, is
proposed: the spent cyclohexanefraction - 70-80 and the spent
tall oil or rapeseed oil -20-30 (RF Patent 2185412, C 09 K
3/00, E 21 B 37/06, publ.20.07.02) [20].

II.  MATERIALS AND METHODS

The main goal of the current work is the development of
new eflective process fluids, the use of which will ensure the
washing out of salt and paraffin deposits in the tubing of the
well and intensify the flow of residual oil of the productive
formation. The objects of study were asphalt-resin-paraftin
deposits taken from different sites. Their compositions are
shown in Table L.

TABLE L. COMPOSITION OF THE STUDIED ARPD

No Compound 1 2 3 TEST

1| Asphaltencs, | 47 774| 6525 | 10-15 [ GOST
Resin, GOST

2 T— 9.8-20.3 | 7-21.5 20-25 11851-85
Paraffin, GOST

3 % faaso 32-39 345 45-60 11851-85

Mechanical

4 ipurities, 12-17 15-18 15-30 6?70(5;4["!
% mass ) )
Water, GOST

2 Y mass 908 228 218 2477-65
Density, GOST

6 g/em’ 0.9-1.0 [ 093-13|1.2-1.5 3900-85

The chemical composition of petroleum residues of ASPO
is different: 1-reservoir oil, 2-transit oil from the tank, 3-from
the main oil pipeline. The compositions are presented in Table
L. At this stage, the composition of the liquid was developed to
remove petroleum deposits formed on the tubing (pumping
cquipment) of well No. 15 of the Supsinsky ficld. The
following instruments and reagents were used in the laboratory
study:

e Plazma Atomic Emission Spectrometer ICPE-9820 Japan,
2017, Shimadzu [22].

e BioBaseBK-R2SABBEDigital Refractometer, China [23].

¢ Stalagmometer, viscometer, density meter.

e Aromatic alcohols and their derivatives: Isopropyl and
1sobutyl alcohol.

e Industrial solvent -646 (RF) [15], composition: 15%
ethanol, 10% butanol, 50% toluene, 7% acetone, 10% butyl
acetate and 8% cetate, industrial solvent, GENC, Turkey

e Used petroleum oil.

e Diluted solutions of surfactants.

e Nano-solutions alkali metal salts.
The parameter calculation follows [12-14]:
The solubility of the deposits is derived by:
E=[(M;— My)y/M;] x 100% (1)

where M is the mass of the taken for the experiment (g) and
M; the mass of the residues in the basket afier the experiment.

e Solvent liquid that prevents the rapid evaporation of the
light fraction of solvents.

It was revealed that the use of a mixture of solutions of an
anionic and non-ionic surfactant composition regulates the
uniform washing off of deposits of paraffin deposits and
ensures the free movement of oil in the tubing and formation
reservoirs. The kinematic viscosity (mm?s) is:

V=TK @

where T 1s the expiration time (s) and K= 0.1006, viscometer
capillary d= 0.99.
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Interfacial tension at 20°C:

1
T=5% &)
Liquid density:
do=d+a(1-20) “)

‘here 7 is the temperature.

M.  RESULTS AND DISCUSSION

The ASPO dissolution process comprised the controlled
ravimetric method and refractometry. The experiments were
wried out in the educational laboratory of the Batumi Shota
ustaveli State University.

Testing of Solvents

The following reagents were selected as ARPD deposit
‘movers:

Waste and refined petroleum oil (OM)
Solvents 646 or 647 (RF) [15]

GENC solvent

Aromatic alcohols, isopropyl alcohol
Ethyl acetate

Figure 1 shows the dynamics of the dissolution of the
RPD sample depending on time with the rcagents under
udy, in the ratio of ARPD / solvent (1/30) at 7 = const.

DYNAMICS OF THE DISSOLUTION OF THEARPD SAMPLE VS
TIME

> ~~Change in solubllity Used oil <e-Change in solubility 646 solvent
[} ~#-Change in solubility GENC solvent Change in solubility Ethyl acetate
S ~s=Change in solubility Isopropyl alcohol
8 ”
=
[}
c
=
PR
=
=
0
(m]
30
20 a0 60 80
Contact time (min)
Fig. 1. Dynamics of the dissolution of the ARPD sample vs time.
TABLE IL. CHANGE IN SOLUBILITY IN TIME FOR
DIFFERENT SOLVENTS
Change in solubility
C:’i'l':;“ Used | 646 GENC | Ethyl | Isopropyl
oil solvent solvent acetate alcohol
20 40 50 60 70 65
40 50 70 80 75 70
60 60 70 80 75 75
80 60 70 80 75 75

The obtained result shows that ARPD deposits dissolve
well in aromatic solvents, especially at the initial stage of
dissolution within 60 min. Asphaltenes dissolve well in
aromatic hydrocarbons, paraffins in light hydrocarbons, and
resins in both [14].

B. Testing of Used and Enriched Petroleum Oil

Waste petroleum oils are concentrates of complex
component compositions, fatty acids, heterocyclic compounds,
additives, etc., forming a liquid with a density of 0.8862—0.920
g/em’® at 20°C. It should be noted that the waste oil, based on
the degree of contamination, was purified with the use of
extractive and adsorption methods. The results of technological
research on the purification and regeneration of used engine oil
are presented in [16] by the grant - GNSI' project 496-7-201
(Georgia).

REFRACTIVE INDEX OF ARPD DEPOSITS
“-Series] <@-Series2 --Series3 - Seriesd

;\

02

Refractive index

0/, 64, Gy LY
it Exrag, s EXTRg, ~c£"‘"cr Esg, EXragc,

SEDIMENT /
SOLVENT

INDEX OF REFRACTION OF SEDIMENT EXTRACTS

Amount ml
Fig. 2. Refractive index of ARPD deposits: 1. Oil extract, 2. GENC
extract, 3. diesel extract.

The obtained results confirm that the deposits are most
dissolved in the EGNK solvent. Waste (and refined) petroleum
oil contains an insufficient amount of fatty acids, so it was
enriched with vegetable oils with a high content of fatty acids:
ricinoleic, oleic, and linolenic [21]. When natural surfactants
are added to used oil, its physicochemical parameters, such as
CMC, pll, etc., improve. Enriched oil was used to obtain oil
extracts, which are oil-soluble surfactants and are actively
involved in the process of dissolving deposits. All oil extracts
and organic solvent extracts were tested on a BioBase BK-R2
ABBE digital refractometer to determine their refractive index.
The test results are presented in Table TIT.

TABLE IIL INDEX OF REFRACTION OF SEDIMENT
EXTRACTS
P Index of refraction of sediment extracts
/ 0il 646 GENC Diesel
solvent

extract extract extract extract
1/10 1.4752 1.4355 1.3763 1.4578
120 1.4752 1.4323 1.3538 1.4528
1/30 1.4750 1.4323 1.3536 1.4528
1/40 1.4752 1.4355 1.3763 1.4578
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C. Testing of Surfactants and Nano Fluid

The main ability of surfactants is that their activity reduces
surface tension at the interface. However, the surfactant has a
CMC solubility limit - (critical Micelle concentration), with the
achievement of which, with the further addition of a surfactant
to the solution, its concentration at the interface remains
constant. Ior this study, the decrease in interfacial tension and
then the decrease in the viscosity of deposits of ARPD is the
most significant phenomenon. Therefore, work was carried out
in the direction of reducing the viscosity of ARPD deposits
[17] (Table IV). The object of study was surfactants mn
concentrations ranging from 0.01% to 2.0 wt%. Solutions of
surfactants of various classes, such as washing, working
reagents, anionic, and non-ionic surfactants and their mixtures,

different salts and concentrations of nano solutions and at
different surfactant concentrations. The results are shown in
Table V. The study was carried out at a temperature of 20 °C,
and the best solvent (GENC) was used as the hydrocarbon
medium in all experiments. Studies have shown that the
interfacial tension reduction can be maximized when using a
nano-solution of sodium salt, whereas in the case of calcium
salt, the nano-solution did not work. The concentration spectra
of nano-solutions obtained on the device Plazma Atomic
Emission Spectrometers ICPE-9820 are shown in Figures 4-6.

TABLE V. NANOSOLUTION INTERFACIAL TENSION AT
THE INTERFACE WITH THE GENC SOLVENT AT
DIFFERENT SURFACTANT CONCENTRATIONS

were chosen. The physical parameters, such as the coefficient # Nanoflutd Intexfactal Eension(IIsT)
= 5 5 i 5 composition 10-3N/m, 20°C
of surface tension, of the rcagents were determined. The Newosolohion
sulfanol solution had the lowest cocfficient of surface tension, 1| NasPO, 13700ppm 3.62 | 052 | 046 | 042 | 046
so it was prelerred as an additive to washing liquids [17-18]. i
so it was preferred as an additive to washing liquids [17-18] 2 Nanosolution San: | wse | ose | ose | o358
KC1950ppm
TABLE IV. SURFACTANT TEST RESULTS Nanosolution
3 CaCls 241 ppm 198 | 198 | 194 | 194 | 1.94
Surfactant Surface tension10-3 N/m Surfactant, SAS
concentration Sulfanol Alkane DE 202 4 concentration % 0.01 025 05 1.0 1.5
1.0 0.93 3.74
05 ]8'; 526 8 [ K797.395nm (1)
0.25 2.40 7.00 7k
0.125 3.61 8.90 = 3
Oil without SAS 44
5
-
8 %
: a
c 7 >
S
o
g 6 ‘ = 1
3 5 — 0 r= 099985
2 2 . . . . .
g 3 \\ % i Cmnnn?lommn (mgi ) e b
3 . N 1 Eauston: Conc = 4143+ B+ 147 s 2415
T — Factor  a = 00000000 62108 Weight None
1 b-U0UODOOU - 3953421  Ongin: None
: Uetecton Lumi 35) = 1092222 Lim of Guantiy (10s) = 6.30/408
0125 025 0,25 05 1.0 K 766.490
2 Cond 2
C concentration
Fig. 3. Dependence of surface tension coefficient on the concentration of
the investigated reagent: 1. Sulfanol, 2. alkane DE 2 02. 300 - A
Authors in [6-8] propose the use of nanofluids containing =
nano-solutions for the effective flushing of oil deposits. 5
z

Researchers of the Gubkina Institute of Oil and Gas [10] offer
process fluids, without nano-solutions, which include a solution
of muneral salts and various surfactants (Naphthols), which
reduce interfacial tension at the interface with the solvent. We
proposc a compositc composition of nano-liquid which
contains waste petroleum oil, solvent, sulfanol surfactant, and
nano-solution, which was prepared on the basis of alkali metal
salts with the following composition:

e Na;PO, nanosolution with concentration of 13700 ppm
e KCI nanosolution with concentration of 950 ppm
e CaCl, nanosolution with concentration of 241 ppm

In order to reveal the effect of nano solutions on the
interfacial tension of a liquid, experiments were carried out at

Fig. 4.

Nano solution # 1. Wavelength 589nm.

The field work that is planned to be carried out on wells, in
relation to equipment and technology, is reduced to the existing
methods of well treatment. Of the existing technological
schemes for well treatment, tubing and annular space are
recognized as the best (Figure 7). Removal of deposits from the
surface of tubing using process fluids is carried out on the basis
of creating a circular circulation along a closed circuit: annular
space - tubing - annulus [12-14].
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Intensity
>
B

Na 588.582 nm (2)

r=0.89888

0 2 50 75
Concentration (mgiL)

Equation: Conc=a* 143 +b*1*2+c*1+d

Factor.  a=0.0000000 c=6.413349 Weight: None
b=00000000  d=-4.276356 Origin: Not

100

ne
Detection Limit (3s) = 2.110298  Limit of Quantty (10s) = 7.034328

Na 589.592 Best

Cond 2

4000

3000

Intensity

2000

1000

Intensty

Ca 393.366
Cond 2

750000

2500000

Intens

250000

/ i k\, A

589.5 589.6 589.7

Fig. 5. Nano solution #2. Wavelength 78 7nm.

Ca 315887 nm (2)

50 7
Concentraton (mg/L}

Equation: Conc=a* 143+ b* 142 +¢c*1+d

100

Faclo. @=00000000  ©=02132482  Weight Nono
b=00000000  d=-1015240  Crigin No
Detection Limit (3s) = 0.0841200  Limit of Quaniiy (10s) = 02804298

3933

Fig. 6. Nano solution #3. Wavelength 315nm.

Fig. 7. Tubing flushing. 1. Well 1 oilreservoir, 2. colons, 3. tubing, 4.
pump, 5. oil deposits, 6. injection zone, 7. pumping unit, 8. volume for
solvent, 9-10. volume for waste.

V. CONCLUSIONS

The effectiveness of the use of nanofluids for washing off
oil deposits was revealed as a result of the current rescarch. It is
shown that when sodium phosphate, potassium chloride, and
calcium chloride, in a combination of aqueous solutions of
surfactants and a hydrocarbon medium, are introduced into the
composition of the nanofluid, the ARPD washing improves by
45%. This ensures the free movement of oil flow through the
tubing and increases the productivity of the well. The dynamics
of dissolution of ARPD samples by individual reagents under
statistical conditions was studied.

The proposed nanofluid has a number of advantages. It is
shown that ARPD deposits arc cffectively dissolved at the
initial stage of dissolution within 60 minutes. It was revealed
that nano-solutions based on alkali metal salts using a mixture
of solutions of anionic and non-ionic surfactant compositions
are ellectively involved in reducing interfacial tension,
regulating uniform flushing of deposits in tubing, and ensuring
frec movement of oil flow through the well.

In [13], the authors propose the elimination of the AFS of
the Zhanaozen (Ozen) oil field with a solvent mixture
consisting of 50% gasoline and 50% kerosene. This paper
shows that ARPD deposits dissolve well in industrial solvents,
cspecially at the initial stage of dissolution within 60 minutes.

In [10], surfactants (naphthols) for dissolving ARPD were
proposed, which are much more expensive than sulfanol.
Petroleum oil in the composition of the nanofluid increases the
density of the cleaning solution and prevents the rapid
evaporation of the light fraction of solvents. It also ensures the
safety of their storage in the conditions of downhole
cquipment.

ACKNOWLEDGEMENT
We would like to thank the Rectoral and Research Service

of Batumi State University for their support and the funding of
this publication.

www.etasr.com

Mamulaishvili et al.: A Technological Nanofluid for Washing Off Oil Deposits and Increasing Oil ...

205



Tiod Qe

Ingineering, T logy & App Research

Vol. 13, No. 4, 2023, 11058-11063

11063

(1]

2]

13]

[4]

[5]

[6]

7]

[8]

9]

[10]

[11]

[12]

03]

[14]

115]

[16]

[17]

REFERENCES

D. Zareei, D. Luo, K. Kostarelos, and Z. Ren, "Sodium nanofluid for
cfficient oil recovery in heavy oil and oil sand reservoirs,"Soft Science,
vol. 1, no. 2, Sep. 2021, https://doi.org/10.20517/s5.2021.08.

J. Kever, "Inexpensive, Non-Toxic Nanofluid Could Be a Game-
Changer for Oil Recovery,"University of Houston, Sep. 10, 2020.
https://uh.cdu/news-cvents/storics/2020/september-
2020/09102020rcn-nanofluid-oil.php.

G. Kumar, U. 8. Behera, E. Mani, and J. 8. Sangwai, "Engincering the
Wettability Alteration of Sandstone Using Surfactant-Assisted
Functional Silica Nanofluids in Low-Salinity Seawater for Enhanced
Oil Recovery,"ACS Engineering Au, vol. 2, no. 5, pp. 421-435, Oct.
2022, https://doi.org/10.1021/acsenginceringau.2¢00007.

I Nowrouzi, A. Khaksar Manshad, and A. II. Mok di, "Effects of
MgO, y-Al203, and TiO2 Nanoparticles at Low Concentrations on
Interfacial Tension (IFT), Rock Wettability, and Oil Recovery by
Spontancous Imbibition in the Process of Smart Nanofluid Injection
into Carbonate Reservoirs,"4CS Omega, vol. 7, no. 26, pp. 22161—
22172, Jul. 2022, https://doi.org/10.1021/acsomega.1c07134.

K. Fujita ef al., "Evaluation of Asphaltene Adsorption Free Energy at
the Oil-Water Interface: Effect of Oil Solvents,"Energy & Fuels, vol.
36, no. 3, pp. 1338-1349, Fcb. 2022, htips://doi.org/10.1021/acs.
energyfuels.1c03545.

S. M. Alsaedy and N. Aljalawi, "The Effect of Nanomaterials on the
Propertics of Limestone Dust Green  Concerete,"Engineering,
Technology & Applied Science Research, vol. 11, no. 5, pp. 7619-
7623, Oct. 2021, https://doi.org/10.48084/ctasr.4371.
H. B. Lanjwani, M. S. Chandio, K. Malik, and M. M. Shaikh,
"Stability Analysis of Boundary Layer Flow and Hcat Transfer of
Te203 and Fe-Water Base Nanofluid over a Stretching/Shrinking
Sheet with Radiation Effect,"Engi ing, Technology & Applied
Science Research, vol. 12, no. 1, pp. 8114-8122, Feb. 2022,
https://doi.org/10.48084/ctasr.4649.
A. S. Parfenov, Y. A. Senatov, P. A. Rodinova, and A. A. Tuvin,
"Application of Lubricants of Plant Origin Modified with Carbon
Nanoparticles Undcr Abrasive Friction,"Cospemennvie naykoemxue
P npu vol. 4, no. 68, pp. 63 68,

2021.

S. G. Aydin and A. Ozgen, "Bio-Based Jet I'uel Production by
Transesterification of Nettle Sceds,"Engineering, Technology &
Applied Science Research, vol. 13, no. 1, pp. 10116-10120, Feb. 2023,
https://doi.org/10.48084/ctasr.5556.

M. A. Silin er al., "Aspects of Interaction of Surfactant—Acid
Compositions al Phase Boundary with Hydrocarbons,"Russian
Journal of Applied Chemistry, vol. 92, no. 12, pp. 1810-1819, Dec.
2019, https://doi.org/10.1134/S1070427219120241.

J. Tink, Petroleum Engineer’s Guide to Oil Iield Chemicals and
Fluids, 2nd ed. Amsterdam, Netherlands: Elsevier, 2015.

M. B. TypykamoB, “Kpurepum BoiGopa  >(pdeKTHBHEIX
YIIICBOJIOPO/IHBIX PACTBOPHTENCH JUIsi yiaieHHs achaibTo-CcMOlI0-
napadpuHOBBIX ornoxenud,” PhD. dissertation, Kuban State
Technological University, 2007.

S. Tanirbergenova, Y. Ongarbayev, Y. Tileuberdi, A. Zhambolova, E.
Kanzharkan, and Z. Mansurov, "Selection of Solvents for the Removal
of Asphaltene—Resin—Paraffin Deposits," Processes, vol. 10, no. 7, Jul.
2022, Art. no. 1262, hitps://doi.org/10.3390/pr10071262.

L. V. Ivanova and V. N. Koshelev, "Removal of asphalt-resin-paraffin
deposits of different nature. Electronic scientific journal," Electronic
scientific journal Oil and Gas Business, vol. 2, pp. 257268, 2011.
"Solvents 646 and 647 - Specifications."https://www.dcpt.ru/blog/
rastvoriteli-646-647-tckhnicheskic-kharakteristiki/.

N. Mamulaishvili, T. Mamedova, and T. Hitarishvili, "Concretion of
Asfaltic —Resineus Compounds Off the Worked-Out Motor Oil with
Usc of Chemical Rcagents,"GISAP: Physics, Mathematics and
Chemistry, no. 3,2014.

N. Mamulaishvili, G. Partskhaladze, G. Chavleshvili, O. Janelidze,
and N. Salimova, "Rescarch results on the effects of magnetic ficlds

18]

[19]

[20]

121]

122]

1231

on crude oil,"Global Journal of FEngineering and Technology
Advances, vol. 5, no. 3, pp. 50-58, 2020, https://doi.org/10.30574/
gjcta.2020.5.3.0108.

N. Mamulaishvili Chavleshvili, O. Janclidze,
and D. Chxaidze, "Thermolysis of pt.lmh,um oil and «)Iuhﬂnly of
deposits," Global Journal of Engi g and Technole

vol. 13, no. 3, pp. 086-095, 2022, hltps I/dOl org/10. 30574/g|ela 2022
13.3.0205.

M. B. Santyurova and N. A. Demyanova, "ARDP removal from the
walls of 11-di oil pipelines," in vi
By b «Monodé: , Cexyusn
«Hed)mbu 2as», 2012 [Online]. Available: https /ielib.sfu-kras.ru/
handlei2311/7045.

V. A. Volkov, V. G. Belikova, and A. N. Turapin, "Formulation [or
Removing Asphaltene-Tar-Paraffin Deposits and Hydrophobization of
Formation Bottom Zone," RU2307860C2, Oct. 10, 2007.

M. Dicrker and H. J. Schifer, "Surfactants from oleic, crucic and
petroselinic acid: Synthesis and properties,"European Journal of Lipid
Science and Technology, vol. 112, no. 1, pp. 122136, 2010,
https://doi.org/10.1002/¢j1t.200900126.

"Simultancous ICP Atomic Emission Spcctrometers l( PE-9800
Series,"Shimad: https uwww himad: ‘an/| ! 1
analysis/inductively pled-plas ission-sg
9800-series/index.html.

"Supply BIOBASE BK-RZ1T BK-R2S Abbc Digital Honcy
Refractometer Iloney Wholesale Tactory,"BIOBASE ~ GROUP.
https://www.biobase.com/product/biobase-bk-rzt-bk-r2s-abbe-digital-
honey-refractometer-honey.

, G. Partskhaladzc,

P

py/icpe-

206

www.etasr.com

Mamulaishvili et al.: A Technological Nanofluid for Washing Off Oil Deposits and Increasing Oil ...



Global Journal of Engineering and Technology Advances, 2020, 05(03), 050-058

Global Journal of Engineering and Technology Advances
} Cross Ref DOI: 10.30574/gjeta
GJ ETA Journal homepage: http://www.gjeta.com

(RESEARCH ARTICLE) @CrossMark
I

Research results on the effects of magnetic fields on crude oil
Nora Mamulaishvili 1., Gaioz Partskhaladze 1, Gocha Chavleshvili 1, Otar Janelidze ! and Nigar Salimova 2

1 Technical faculty, Batumi Shota Rustaveli State Univefsity, Georgia.
2 Department of Petroleum chemistry, Oil Academy of Azerbaijan. Baki, Azerbaijan.

Publication history: Received on 03 December 2020; revised on 11 December 2020; accepted on 13 December 2020

Article DOI: https://doi.org/10.30574/gjeta.2020.5.3.0108

Abstract

The paper presents the results of the process of demulsification of crude oil, well No. 15 of the Supsa field. The reasons
for the formation of persistent petroleum emulsion are considered, the component composition of crude oil is
determined, including the content of the amount of formation water. The experiments were carried out at low (20-
30)Hz and high (50-80) Hz frequencies of the magnetic field. The destruction of the oil-water emulsion was carried out
without heat treatment under conditions of stabilization of the magnetic field and demulsifier Alkan 202. The
technological scheme and parameters of crude oil dehydration are given. The influence of the magnetic field on the rate
of destruction of the water-oil emulsion and the amount of released water is shown.

Keywords: Crude oil; Water; Supsa; Stable emulsion; Separation; Alkan De 202; Magnetic solenoid.

1. Introduction

Removal of water contained in crude oil is rather difficult due to the formation of a stable water-in-oil emulsion with a
high content of heavy oil components. The high content of asphaltenes and resins in reservoir oil contributes to the
formation of stable oil-water emulsions. Asphaltenes are considered to have the highest stability in a water-in-oil
emul-sion because they contain aromatic and polycyclic aromatic hydrocarbons. The stability of an oil-water emulsion
depends on its viscosity. Unlike paraffins, with a high content of asphaltenes in oil, the viscosity increases accordingly.

[1], [2];
The stability of a stable water-oil emulsion depends:

e From the % asphaltene content, it was found that at a 30% asphaltene content, the stability of the emulsion
increases. A further increase in the concentration of asphaltenes leads to a decrease in the stability of the
emulsion.

e Mechanical impurities with a size of 0.75 mm in the bottomhole zone of the oil reservoir,, has a positive effect
on the stability of the emulsion.

e The stability of the emulsion also depends on the salinity and pH of the formation water.

It was found that with an increase in the mineralization of formation water, the stability of the emulsion increases. At
pH = 1.3 and pH =12.9, very stable emulsions are formed, and at pH = 6 - 9, the stability of the emulsion decreases. [3],

[4], [5];

Based on the tasks set, the article [6] presents the results of studies of the effect of a low-frequency alternating magnetic
field with a frequency of 20, 25 and 30 Hz in combination with demulsifiers (Reapon-4V, INTEX-720, SNPKh-4315D) on

“Corresponding author: N. Mamulaishvili
Batumi Shota Rustaveli State Univefsity, Georgia ntry.
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demulsification natural and artificial oil-water emulsions of oil from the Kiengop field. impact. The use of this method
makes it possible to intensify the demulsification process, reduce its temperature to 30°C, increase the volume of
separated water and the depth of oil dehydration in comparison with traditional thermochemical dehydration. [6] [7]

This article discusses the reasons for the formation of a stable oil emulsion during oil production from the Supsa field.
Industrial demulsifiers are considered, the efficiency of destruction of oil emulsion using solutions of nonionic
surfactants is shown. The results of the process of dehydration of crude oil with the use of nonionic demulsifier "ALKAN
DE 202" are presented. The physicochemical parameters of crude oil, density, surface tension, demulsifier efficiency,
and the amount of released water in the original and in the dehydrated product have been determined [8],

In order to substantiate the nature of surfactant behavior, we have previously investigated the wetting properties of
aqueous solutions of the investigated agents on the hydrophobic surface of an oil reservoir [9]. We used Sulfanol
(anionic surfactant) and Alcan 202 (nonionic surfactant) with an industrial production base. As a result of the injection
of aqueous surfactant solutions into the formation, the surface-molecular properties of the medium change, namely, the
surface tension at the boundary between oil and mountain steam, the wetting of the surface of the formation fluid is
improved, and the intensity of capillary feeding of rocks increases. [9]

2. Material and methods

Destruction of water-oil emulsion is possible by traditional methods: Gravitational, Magnetic and of thermo chemical
method.

The proposed technological scheme provides for the destruction of the oil emulsion under the action of a low-frequency
magnetic field using a solenoid and a demulsifier

Method 1. The method consisted in carrying out the demulsification process using a magnetic solenoid. The solenoid
core was made of 140 mm long ferrite. Diameter 8mm. Twisted from above with a copper conductor.

Method 2. This method involves processing samples at higher magnetic field frequencies. of the magnetic field in the
range of 50-80 hertz

Most demulsifiers are very expensive, and we chose ALKAN 202 as a demulsifier. Demulsifier “ALKAN-202" is intended
for preparation of crude oil to refining in dehydrating, desalting and removing of mechanical admixtures at oil
production. By its qualitative and operating characteristics “ALKAN-202” satisfies the international requirements and
belongs to the best world standards, provides complete and fast separation of water and salts, clear separation of
phases, increasing of production reliability and improvement of ecology [10].

Together with an oil company, BP, various demulsifiers were tested at the Sangachal terminal, where the water content
in the oil was only 0.8 -1.5%. It was necessary to bring this oil to the first quality category, that is, the water content
should not exceed 0.5%. It should be noted that oil containing less than 5% water is very difficult to process. When the
crude oil was treated with the HTO Alkan Ltd reagent, the residual water content was less than 0.2%, and the phase
separation was so clear that no traces of oil were observed in the separated water.

The demulsifier was delivered on the basis of friendly cooperation between AGNA and BSU.

To determine the physical parameters of reservoir oil wells. No. 15 of the Supsa field, standard methods of testing
petroleum and petroleum products were applied.

The water content in the crude and dehydrated oil sample was determined by distillation on a Dean and Stark apparatus
in accordance with GOST 2477-2014.

The experiments were carried out in the oil and gas training laboratory of the Faculty of Technology of Batumi State

3. Results

3.1. Characterization of crude oil from the Supsa field

Oil-water emulsion was picked up from well # 15. The Supsa field, which was discovered in 1889 by the Anglo-Belgiskiy
oil companies. The depth of the well is 779 m. Production at this stage occurs periodically with the use of a sucker rod
pump (rocker).At this stagewell productivity is 300 liters / hour.

In the table 1 given real data Oil producing parameters of well No. 15 of Supsa field
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Table 1 Oil producing parameters of well No. 15 of Supsa field

Well Mining T / month T/ day Water | Gas factor
Ne Bigrson Petrol | water gas Petrol | fluid % %
eum eum
14 7,98 62,808 0,239 | 0,26 0,4 34 30
15 pump 4,587 35,944 0,138 | 0,15 0,25 36 30
rocking

34 1,323 16,912 0,04 0,04 0,12 60 30

Table 2 Physical parameters of reservoir oil of well No. 15 of Supsa field
Name of parameters value Test method

1 | Density 200C, g / cm3 0.8788-0.8864 Tu GOST 3900-85

2 | Kinematic viscosity 200C, mm2 / s 11.874-15.85 Tu GOST 33-2000

3 | Mass fraction of water% 32-34 Tu GOST 2477-65

4 | Mass fraction of solids% mass fractio 0.015-0.021 TuGOST 6370- -83

5 | asphaltens % 7.74 TuGOST 11851-85

6 | resins % 29.3 TuGOST 11851-85

7 | paraffins % 39 TuGOST 11851-85

8 | sulfur compounds % 0.44 Tu GOST 1437-75

Heavy (density over 0.8864 g / cm3), highly viscous (kinematic viscosity at 200C -15.85 mm2 / s.) And low-paraffinic
(3.9 %). resinous (from 22 to 29 %) with a high content of asphaltenes (more than 7.74%) (tables 1-2). Produced water
is hydro carbonate. Total mineralization 24.1 g/1

Specific gravity (1.006 -1.015) g / cm3, PH = 8.0: The result of the study shows that a stable water-oil emulsion is
obtained due to the high content of resins and asphaltenes in the oil of the Supsa field.

Marketable oil, according to the degree of preparation, must comply with the state standard groups (Table 3)

Table 3 According to the degree of preparation, oil is divided into groups I'OCT P 51858-200.

Indicator name Norm for group oil Test method
1 2 3

1 Mass fraction of water,%, no more 0,5 05 | 10 Tu GOST 2477 1 9.5
2 Mass concentration of chloride salts, mg / dms3, no more 100 300 | 900 | TuGOST 215341 9.6
3 Mass fraction of mechanical impurities,%, no more 0,05 Tu GOST 6370
4 Saturated vapor pressure, kPa (mm Hg), no more 66,7 (500) Tu GOST 1756,
5 Mass fraction of organic chlorides in the fraction 10 10 | 10 Tu GOST P 52247
boiling up to 2040C, ppm (ppm), no more

Note - If, according to one of the indicators, oil belongs to the group with a lower number, and according to the other - to a group with a higher

number, then the oil is rec:

5

ized as the corr

ponding group with a higher number.
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3.2. Materials and equipment

Samples were taken in standard 100 ml cylinders. Each sample contained a certain amount of demulsifier (from 0.01 to
1.0). The demulsification process was carried out at T = 20-22 °C for30-60 minutes. After that, two phases were
separated: upper oil and lower water. [8], [11],[12].

The results of research given (table 4).

Table 4 The research results Supsa oil emulsion field (22°C).

Quantity T — Efficiency of
Surffcetension | ~cParatonWaler: | whe demulsifier | Efficiencyof the
Ne | added  Alkan - n/m of “the: .AlkanDE-~ AlkanDE-202 demulsifierDisolvan %
202 ml 202 ml %
1 0.005 72 21 70 60
2 0.010 74 25 73 70
3 0.025 76 275 91 85
4 0.05 80 28.5 95 90
5 0.075 75 26.5. 88 94
6 0.1 70 26.0 86 98

From table 3 the optimal mode of the demulsification process, the consumption of the demulsifier is established.
Significant superiority of the test reagent with Disolvan is shown.

In order to identify real results, we determined the coefficient of water separation (degree of demulsification) for the
processes of demulsification 0/W Emulsions

Based on the laboratory tests carried out, it was revealed:

0il from the Supsa field, in terms of its physicochemical properties, is classified as [8]

Efficiency of the demulgator calculate:

E=V/Voe100%

Where:

V - Released water in graduated cylinders in ml.

V o is the initial water content of the B / H emulsion in ml;

E- Emulsification coefficient % [8]

In order to reduce the dosage of the demulsifier and also to reduce the settling time of the emulsion, we tested the
demulsification process in the aggregate of the demulsifier and the magnic field. The experiments were carried out
separately according to method 1 and method 2.

Method 1. The method consisted in carrying out the demulsification process using a magnetic solenoid.

In the samples under study, a low-frequency current in the range of 20-50 hertz was passed through the solenoid and
was observed during the separation of water. See photo 1.

Samples were prepared in graduated cylinders with a volume of 100-250 ml each. Then, a certain amount of demulsifier
(0.5-1.0 ml) was introduced into each sample at T = 20-22 °C. Then the low-frequency current was suppressed in the
range of 20-40 hertz. As a result, two separate phases were formed: an upper oil phase and a lower water phase. fig. 4
The process of settling, while the optimal level is preliminarily determined, which allows to achieve the minimum
proportion of water in oil, and the settling of the emulsion is carried out during processing by a magnetic field. EFFECT:
method makes it possible to reduce settling time and capital costs for oil dehydration by 2-4 times. The water content
in the samples was determined by the Dean-Stark distillation method. The results obtained are shown in table 5 and
Fig.1.Fig.2.
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Photo 1 Demulsification of oil emulsion when exposed to a magnetic fieldin the range of 20-50 hertz, in the

(BSU Technological Faculty, in petroleum research laboratory conditions)

presence of demulsifie rAlkan - 202. Method 1.

Table 5 Technological parameters of the dehydration process in W / oil

demulsifier and solenoid. %.

Name parameters The value of the indicators at the optimal frequency of the
magnetic field 30 hertz
1. Processing and settling time min. 0 10 20 |30 |40 50 60 70 80 90
2. content of water in oilatdemulsifier % 30 20 12 8 4 2.0 1.0
3.the water content in the oil by the action of | 30 15 10 |5 2.0 1.5 0.5
a solenoid and a demulsifier. %
4. the amount of water released at the | 0 20 40 60 70 75 80 85 90
demulsifier %.
S5.the amount of released water at the 0 50 70 80 85 90 90 95

As can be seen from the table, the water content in % in oil samples when using only a demulsifier is much higher than
in the samples, a solenoid with the addition of a demulsifier Fig. 1

w
32
. @
28
t
24
e
20
L
16
% 12
8 \
4 P —— @_5
o 15 30 45 60 75
(min)

Figure 1 water content in the emulsion samples
1 -The sample is empty; 2- Sample with demulsifier; 3 - Sample with demulsifier and solenoid
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As seen from Fig. 2. The amount of residual water in oil samples with a demulsifier is greater than in oil samples with a
solenoid in the presence of a demulsifier position (3)

The greatest amount of seen water in% is observed in sample 3 where in 60 minutes it reaches 90%, in sample 2 the
amount of released water reaches 80%.

100

"z

O\,

m~pEog®

- 0
8 8
™
™.
~

RO ® e
L
E:

D

15 30 as 60 75 90
min

Figure 2 Dependence of the amount of separated water on time.
1 - The sample is empty; 2 - Sample with demulsifier; 3 -Test with demulsifier and solenoid;

Method 2. This method involves processing samples at higher magnetic field frequencies. Graduated cylinders with the
test solution were placed in a coil and a voltage of 150-180 volts was applied. The frequency of the magnetic field varied
from 20 to 80 hertz. Photo 2.

Photo 2 Dehydration emulsion under conditions of high-frequency magnetic field
BSU Technological Faculty, in petroleum research laboratory conditions.

An increase in the frequencies of the magnetic field in the range of 50-80 hertz did not lead to an increase in the rate of
demulsification.

On the basis of the tests carried out by us, we have developed a technological compression of demulsification specifically
for oil from the Supsa field.
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Process

mixing

netrale

Figure 3 Technological ofdemulsification specifically for oil from the Supsa field.
BSU Technological Faculty, in petroleum research laboratory conditions.

The technological scheme of crude oil demulsification is preset by the action of a low-frequency magnetic field
(30 hertz) in the presence of a demulsifier, Alkan de 202, without thermal heating. Below is the process mode for the

demulsification of crude oil from the Supsa fie.

Table 6 Technological parameters for demulsification of the test oil.

Aplace | Demul Numb | Amount | Temper | Dela Quanti | Consumpti | Residu
Ne | Christ sifier er of of ature minati | ty of on Demul | al Wa
& emulsi | Water heating | on gator ter
masnie | pame th 5 . OIL
oil ons e ]20°C Time g / tone Amoun
tone | emulsio hour tone t %
n %
1 | Bulla Alkan 6591 40 52 4 3955 110 0.32
denise De 202
(Azerb.)
2 | Bulla Separol 5150 40 53 4 3996 130 0.2
denise 3337
(Azerb.)
3 | Bulla Disolvan 4620 40 53 4 2772 130 0.2
denise 4411
(Azerb.)
4 | Supsa Alkan 47455 | 32 22-25 1-2 9965 110 0.9
(Georgia | De 202
5 | Supsa Alkan 47455 | 32 22-25 90 9965 110 0.5
(Georgia | De 202 (min)
In the
presence of
Solenoid
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4. Discussion

Based on the studies reviewed, it was revealed: The importance of the demulsifier,as well as the advantage and cost-
effectiveness of the method used in comparison with other demulsification methods. Itis convincing that the process of
demulsification of an oil-water emulsion under the action of a magnetic field and ultrasound effectively proceeds in the
presence of a demulsifier, and in its absence, the process stops.

In addition, when demulsifying oil by the ultrasonic method, high frequencies (20 kg) of energy are required, and the
consumption of demulsifier is 250 mg per liter [13]

The superiority of the test reagent with disolvan is shown.

The optimal mode of the demulsification process and the consumption of the demulsifier have been established. A
significant superiority of the test reagent with disolvan was shown.

As can be seen from the table, the water content in oil samples when using only a demulsifier is much higher than in
samples of the solenoid with the addition of a demulsifier. Figure: 1

Accordingly, the amount of water released in oil samples with a demulsifier is less than in oil samples with a solenoid
with the addition of a demulsifier. Figure: 2

5. Conclusion

o The technological scheme is presented and the technological parameters of the demulsification process of the
oil emulsion of the Supsa field are determined.

¢ Itwasrevealed that the formation of stable oil emulsions is associated with a high content of asphaltenes and
resins in the oil of the Supsa field.

e Itis shown thata low-frequency magnetic field significantly increases the rate of separation of an oil-water
emulsion in the presence of a demulsifier Alkan 202.

e [tis shown that the process of demulsification of the oil emulsion occurs instantly at the initial stage of the
process within 15-20 minutes at a magnetic field frequency of 30 Hz.
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Abstract

The article discusses the process of formation of deposits in the pipelines of the engine oil system and the factors
affecting the conditions for their formation. The technological process of oxidation and the criteria for indicator
parameters characterizing the thermolysis of used oil are shown. An extractive method is proposed that ensures the
removal of deposits from the pipeline using special flushing process fluids based on regenerated petroleum oil.

To search for cheap and efficient hydrocarbon raw materials, regenerated petroleum oils were chosen from among the
renewable resources of oil refining. The proposed process fluid was prepared on the basis of low-viscosity spent and
then purified petroleum oil. The viscosity of the petroleum oil was adjusted with the addition of petroleum kerosene or
diesel. Diluted surfactant solutions were used as additives. and detergent additive (alkali metal salts). It was revealed
that in the oil system of an automobile engine at high temperatures (200-350 °C) oil thermolysis occurs, and the
resulting deposits contain asphaltenes, carbons and carboids. The efficiency of dissolution of deposits in the mixture
under study at low temperatures and the concentration of surfactants were revealed. The dependence of the interfacial
tension on the concentration of various surfactants is shown. The limiting amounts of the content of the constituent
components are found and the ratio of oily extract, from deposits of oxidized oil, is selected.

As aresult of the tests, it was found that the washing liquid reduces the interfacial tension between the surface of the
pipes and deposits and leads to an increase in the movement of the liquid. It has been established that the process of
washing off deposits depends on the composition of the deposits, as well as on the composition of the oily extract. The
optimal mode and prescription composition of the flushing liquid has been selected. The efficiency of washing off the
studied liquid with other means is shown, while it should be noted that this liquid has a simple component composition
and is much cheaper than other means.

Key words: 0il thermolysis; Deposits of oxidized oil; Regenerated petroleum oil; Interfacial tension; Oily extract;
Surfactant

1. Introduction

Lubricants are often complex mixtures of chemicals whose main component is a hydrocarbon base oil. Base oils are
usually derived from mineral oil and are classified by quality from groups I to IV, the standards for which are determined
by the American Petroleum Institute. The higher the group number, the more refined the base oil will be, [1]

Oil oxidation is a chemical process where oxygen reacts with oil molecules to form a range of different chemical products
such as carboxylic acids. The rate of oxidation depends on many factors and on temperature. With every ten degree
increase in temperature, the oxidation state doubles. Deposits on the surfaces of internal combustion engine partsre
divided into three main types - deposits, varnishes and sediments (sludge) [2].

*Corresponding author: Mamulaishvili N
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Nagar - solid carbonaceous substances deposited during engine operation on the surfaces of the combustion chamber
(CC). The product of complete or partial combustion, resulting in the formation of soot.

The composition of the soot depends on the composition and properties of the burning fuel and oil. Thus, when working
on leaded gasoline, approximately 50% of the soot is made up of lead compounds. The main elements that form soot
when running on unleaded gasoline are carbon (up to 75%), oxygen (up to 20%) and hydrogen (up to 5%).[3]

Lacquer is a product of the change (oxidation) of thin oil films that spread and cover the parts of the cylinder-piston
group (CPG) of the engine under the influence of high temperatures. The greatest harm to the internal combustion
engine is caused by varnish formation in the area of the piston rings, causing the processes of their coking (deposition
with loss of mobility). Lacquers, deposited on the surfaces of the piston in contact with oil, disrupt proper heat
transfer.Sludge - precipitation formed in the internal combustion engine, (internal combustion engine) Sludge is a
mixture of liquid substances, oxidized oil , the properties and quality of engine oil have a decisive influence.

The oxidation of hydrocarbons is subject to the theory of peroxides by A.N. Bach and K.O. Engler, supplemented by P.N.
Chernozhukov and S.E. Crane. Oxidation of hydrocarbons, in particular, in ICE engine oils, can proceed in two main
directions, presented in Table 1. In this case, the result of oxidation in the first direction is acidic products (acids,
hydroxy acids, estolides and asphaltogenic acids), which form precipitation at low temperatures; the result of oxidation,
in the second direction are neutral products (carbenes, carboids, asphaltenes and resins), from which either varnishes
or carbon deposits are formed in various proportions at elevated temperatures.

Table 1 Oxidation products of engine oil in the engine (ICE)oil system.[3]

Hydrocarbon oxidation
Hydrocarbons and peroxides
Atlow temperatures Atelevated temperatures.
(sour foods) (neutral products)
Acids Resin
hydroxy acids Carbenes
Estolids Asphaltenes
Asphaltogenic acids Carboids

A laboratory express method has been developed for modeling the aging of motor oils in a diesel engine, taking into
account the catalytic oxidative thermolysis of motor oil in the presence of soot.[4]; .[5];

Influence of soot / soot PM-75,.0n the change in the content of the hydrocarbon composition during the oxidation (3 h)
of M-14 oil (before and after centrifugation.) Table2

Table 2 Change in the content of the hydrocarbon composition during the oxidation of oil M-14

Hydrocarbon composition, % (mass):
Name of hydrocarbons Oxidized base | base oil M-14
o0il M-14 after separation from soot
Naftsno- paraffin ultraviolet | 48.22 63.06
Aromaticu/v:
Monocyclic 19.69 11.11
bicyclic - 7.33 7.66
Polycyclic 9.35 9.01
Resins 6.76 2.25
Asphaltsny 8.65 6.91
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The study of the group hydrocarbon composition of the oxidized oil showed that mono- and polycyclic aromatic
hydrocarbons, resins and asphaltenes are predominantly adsorbed on PM-75 soot. [four}.

Many companies are interested in the production of special flushing fluids, one of which is the German company Liqui
Moly. These flushing fluids are mineralized and contain calcium as an additive, as well as zinc and phosphorus to prevent
wear (Table 3).

e Liqui Moly has been producing specialized formulations for safely flushing the oil system for over 50 years.
Products are sold not only in Germany, but also in more than 120 countries around the world, and the formulas
are adapted to the specifics of regional operation.

e GUNK Motor Flush MF15ER - super concentrated 5-minute engine flush. The manufacturer recommends
pouring GUNK Motor Flush into the engine before changing the oil. start the engine and let it idle for 5 minutes.

e Hi-Gear Motor Flush HG2204 - 5-minute engine flush for high mileage vehicles. It is stated that the high-
performance formula used in the Hi-Gear HG2204 flush is designed specifically for high-mileage engines with
heavy contamination, and allows you to remove most of them, including from the engine oil pan.

e  Flushing liquids are not produced in Georgia.

Table 3 Flushing fluids for pipelines oil system [6]

No. | Flushing fluid Addition
Washing Wear-preventive
potassium, | Zink Zn,mg/kg | Phosphorus P,mg/kg
Camg/kg

1 Liqui Moly Oil-Schlamm-Spulung 2399 1946 2050

2 GUNK Motor Flush MF15ER 1 0 4

3 Liqui Moly Engine Flush 772 1980 1978

4 Liqui Moly Pro-Line Motor Spulung | 780 2181 2179

5 Hi-Gear Motor Flush HG2204 1682 0 7

6 RESURS 11 6093 6044

The purpose of this work is to develop and create effective, cheap and safe means (liquid) for removing deposits of
oxidation products from the engine oil system.

2. Material and methods

The object of the study was deposits from the oil system of a car engine. The deposit is a product of thermolysis, oil, an
oxidized deposit, black in color, consisting of soot, varnish and sludge. The formation of deposits in the engine oil system
is caused by the operation mode in thermal oxidation conditions niya, as well as the composition and quality of the
original engine oil

Based on the component composition of the oil, a solid, plastic deposit is formed on the pipeline wall, which increases
with time and interferes with the free movement of the oily liquid. The quantitative and component composition of the
oxidized oil has been studied and shown and a comparison is given Ni=--tel'naya characteristic in relation to the
composition of the deposits of the main oil pipeline. The deposit was subjected to laboratory analysis and the physical
and chemical parameters of the test samples were determined. (Tables 3 and 4).

Unlike the main oil pipeline, the composition of the soot of oxidized oil of the engine system includes: products of
hydrocarbon oxidation(resins, asphaltenes, carbenes, carboids)

The mechanism and method for removing deposits from pipelines is associated with hydrophilization of the pipeline
surface and a decrease in the viscosity of the deposit, which is achieved using the extraction method to destroy and
dissolve deposits of oxidized oil. To remove deposits of oxidized oil, we have proposed a complex technological liquid
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that provides complete destruction of the oxidized deposit in the presence of surfactants. Regenerated petroleum oil
was selected as the constituent components of the process fluid. solvent and washing additives, surfactant solutions.[9]

Regenerated petroleum oil was selected as the constituent components of the process fluid. solvent and washing
additives, surfactant solutions.

Table 4 Composition and properties of soot [8]

Ne | Components In operation and trunk | Invehicle engine
pipelines, % pipe, %

1 | Paraffines-naftens 45-60

2 | Asphaltenes 10-15

3 | Tars 20-25

4 | Water and mechanic inclusions | 5-10%

5 | Motor oil 50-80

6 | Water 5-35

7 | Fuel 1-7

8 | Oxyacids 2-15

9 | Asphaltenes 0.1-1.5

10 | Carbenes and carbids 2-10

2.1. Waste and reclaimed petroleum oil

The main detergent for our research is waste oil is a brown oily liquid with a density at 20 °C of 0.8862 - 0.920 g/cm3.

Table 5 Physical and chemical parameters of regenerated petroleum oil

Parameter Testmethod | Refinedoil | Norm
SAE 15W-40
Density IS0 3675 0.8862 0.885
20°C g/cm3 /ASTM D1298
Kinematic viscosity | 1SO 3104/ 96.0 106-112,5
40°C mm2 /sec ASTM D445
Kinematic IS0 3104/ 7-8.01 14,1-14,85
viscosity100 OC | ASTM D445
mm2 /sec
Viscosity index iSO 2909/ >100. 136/137
ASTM D2270
Total alkalinity ASTM 7.8 10,12-11,98
mgkon/g D2896
Flash point °C 1SO 2592/ 220 228
ASTM D92
Curing temperature | ISO 3016/ -18 -25
oC ASTM D97
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It should be noted that the waste petroleum oil, based on the degree of contamination, was purified by extractive and
adsorption methods. The results of technological studies of purification and regeneration of petroleum oil are given in
the scientific report of the grant project GNSF496-7-201 2011. Georgia.

2.2. Water content

Hydrometer device, to determine the water content

o (express method)
o Definition method.

An express method using anhydrous magnesium sulfate (MgS04) was used to determine the water content in oil deposit
samples as well as regenerated oil. Oils in a volume of 25 ml. pouring into the tank with a thermometer. The starting
temperature t1 is measured and MgS04 is added in an amount of 0.2 g. After that, the temperature t2 is again fixed and
the difference AT \u003d t1 - t 2 is calculated then with a graduated straight line. Fig. 2 Find the corresponding water
content value. In % - max [9][10].

Figure 1 Moisture meter to determine the content Water in lubricants (express method)

2.3. Detergents and dispersants additives [12] [13]

Detergents and dispersants are surface-active substances (surfactants) whose molecules contain active polar groups.
As a surfactant was selected: non-ionic surfactant Alkan de202; and anionic surfactant Sulfanol. It is an alkylsulfonate,
fatty acid ester
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Figure 2 Graph for determining the water content. % : AT = t1 - t2

An accelerated method for determining the acid number of used and reclaimed oils.
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Definition method: Pour 10 ml of the tested oil into a glass tube. then add neutralized ethyl alcohol 10 ml. benzene in a
ratio of 10.\ 1 tube is tightly closed and shaken for 2 minutes. Then add an accelerated method for determining the acid
number of used and reclaimed oils.

2.4. Determining the acid number

Pour 10 ml of the tested oil into a glass tube. then add neutralized ethyl alcohol 10 ml. benzene in a ratio of 10.\ 1 tube
is tightly closed and shaken for 2 minutes. Then add 20 drops of the nitrosone yellow indicator and an alcohol solution
of KOH until the color changes [9].

4
al /
S s pr
g
L3

0

1.0 2,0 3.0
acid number

Figure 3 Dependence of the acid number of the oil on the amount of alcohol solution of KOH used to neutralize 10 cm3
of the oil product [9].

There are a number of field tests that allow a high degree of accuracy to show varnish tendencies. These tests include
the following tests

Test with blottingpaper. Apply a couple of drops of used oil to regular blotting paper (found in lab kits). If it is not at
hand, you can test on the back of a regular business card. Let the drops soak into the paper for two hours. If a dark or
brownish spot remains in the center of the formed oil absorption zone, this may indicate the presence of insoluble
carbon or oxides.

3. Research results and discussion

The experiments were carried out in the conditions of the educational laboratory of the Faculty of Technology of the
Belarusian State University. Samples of deposited oxidized oil were weighed on an electric balance in the amount of one
gram (1 + 0.2 g). Weighed samples were prepared in the form of a tablet and transferred in baskets attached to a flask
(Erlenmeyer). viscosity. A solution of surfactants of various classes was chosen as a dispersant. anionic active Sulfanol
(0.05%) and non-ionic, Alkan de202 (0.05%). as well as their mixtures. (0.1%) The extraction lasted about 2 hours, at
ambient temperature, without heating. The extraction process was controlled by gravity. (weight method) After the end
of the extraction Physical parameters are determined: washing power, surface tension coefficient, viscosity and density.

3.1. The efficiency of washing was calculated by the formula [15] [14]
E=[ (M1-M2)/M1] x 100 %

Where:

M1 is the mass of the ARPD taken for the experiment, g;

M2 - the mass of the ARPD residues in the basket after experiment, Mr
3.2. Surface tension was determined on a stalagmometer

The surface tension of surfactant solutions was determined by the stalogrammetric method. For this purpose, solutions
of different concentrations of surfactants were prepared in the range (0.125 - 1.0%), the results are shown in Table 6.
The results showed that sulfanol has a surface tension 2 times less than alkan DE 202.
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Studies have shown that the sulfanol solution had the lowest surface tension coefficient, so it was given preference as

an additive to flushing fluids .

Table 6 The results of determination of surface tension at the interphase surface, in presence of various class SAS [11]

Surface tension10-3n./m 2.
Concentration of SAS, %

Sulfanolum | alkan DE 202
1.0 0.93 .74
0.5 1.83 5.26
0.25 2.40 7.00
0.125 3.61 8.90
Without SAS 44

2. . ™

Surlace.

P

0,125 0,25 0,25 0.5

C_concentration

Figure 4 Dependence of surface tension coefficient on the concentration of the investigated reagent. 1. sulfanol 2.

alkane DE 2 02

3.3. Surface tension

Determination ofinterfacial tensionSurface tension of fluid is calculated with formula:

o=mg/mDn

Where;

m-total weight of drops; gnt

g-free falling

acceleration -9.8 m/secm -3.14

D-0.35 cm; capillary diameter;n-number of drops.
o - surface tension coefficiaent, n/m%

3.4. Kinematic viscosity

The kinematic viscosity was determined by the formula:
V=1K;

Where;
V- kinematic viscosity -; mm?2/ second;
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T-expiration time; second ;
K-0.1006 ;Constant of a viscometer ; d= 0.99 .;
(d=1.47;K=0.2010);

3.5. Determination of the density of a liquid
d=de+a(t-20)

Where;

dt is the density of the liquid at the test temperature
d20 - density at 20° C
a- correction factor

In Fig. 5 and Fig. 6. The limiting quantities of the content of the constituent components are determined and selected.
oil extract ratio, from oxidized oil deposits

8 8 8 8 38 38

Washing power %

s

o
o

02 04 06 s 1

Surfactang concentration %

Figure 5 Determination of the limiting concentration reagent Surfactant solution. when exposed tu washing liquid on

§ 8 8 3

Washing power %
8 8

0 10 20 30 40 0 L]

Solvent concentration %

Figure 6 Influence of the composition of the washing liquid on the solubility at different concentrations of Solvent
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Table 7 Composite mixtures and detergent efficiency in time

Ne | interval Washing efficiency of the test subjects samples over time in %
contacttime | (ataratio of1/30)
used oil | Composition Composition Composition
0ils Solvent 0Oils Solvent z::l:osene
kel HErosENE Surfactant 0.1 %
1 |20 40 50 60 70
2 |40 50 70 70 80
3 |60 60 80 90 90
4 |80 60 80 90 90

Based on the laboratory tests, the tested one was selectedeffective composition of the washing liquid:[petroleum oil
based extractant + kerosene + surfactant]

4. Conclusion

The process of thermolysis of petroleum oils and the products of deposition of oxidized motor oil have been

studied and its chemical composition has been established.

Delayed dissolution efficiency has been found to be achieved with dilute concentrations of oil in the cleaning
fluid composition.

The limiting amounts of the content of the constituent components have been established and the ratio of oily

extract, from deposits of oxidized oil, has been improved.

It was found that a mixture of surfactant solutions not only reduces interfacial surface tension, deposits, but

also actively participates in the destruction of deposits of oxidized oil

The dependence of interfacial tension on the concentration of various surfactants and their mixtures is shown.

As a result of tests, it was found that the washing liquid reduces the interfacial tension between the surface of
the pipes and deposits and leads to the hydrophilization of the movement of the liquid.

It has been established that the process of washing off deposits depends not only on the composition of the
deposits, but also on the composition of the composition of the oil extract. The optimal mode and prescription
composition of the flushing liquid has been selected.

The similarity and efficiency of washing the test liquid with other washing liquids were revealed.
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Y4yacTHUK KOHpepeHIIun

OtpabGoranHble He(dTAHBIE Macja SBIAIOTCA OZHUM U3 CyLIeCTBEHHBIX
VMCTOYHUKOB 3arpsa3HeHHUs OKpy)Kaiolleil cpensl Bo Bcex oTpacisx HapoAHOTO
XO3SHCTBA HM3PACXOLyeTcs OOJBIIOe KOIUYECTBO MOTOPHBIX Maces, KOTOphIe B
IIpolecce SKCIUTyaTalluy OKHUC/AIOTCS, W CTAaHOBATCA HEIPUTOAHBIM.. B MupoBoM
mpakTuke oTpaboraHHble MoTOpHble Macia (OMM) coGupaioT M NOABEPrarT K
pereHepanuio, 4YTO SABJIAETCA ODKOHOMHYECKH BBITOZHBIM UM DKOJOTUYECKH
11e71eCO00pa3HbIM.

Orpa6orauusie Moropuble Macia (OMM), mpexacraBmser coboii cmech
KOMIIOHEHTOB, ~KOTOpasg KpoMe OCHOBHOTO 0a3oBOro Macjia, COZAEPXKUT
,yHKIMOHATPHBIE IIPUCAAKU, MEJIKOAUCIEPCHBIE MeXaHU4YeCKue IIPUMEeCH U
IPOAYKThI OKUCJIEHUA.. B 3aBUCHMOCTH OT peXXUMa U JJIUTEIBHOCTD OKCILTyaTalluy
OMM pocTuraer pasHsle cTelleHb 3arps3HeHus. [Ipu BRICOKOIT cTeleHb 3arpssHe-

HuA oguctky OMM mpoBozAT MHOTOKPAaTHO Pa3HBIM CIIOCOGOM.
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B mamHO# paboTe pacCMOTPEHHI BOIPOCHI OCAXKAEHHUA ac(aTbTO-CMOIUCTHIX
coepunenuit OMM mapxku < Castrol 15 W-40>, cpenHeii 3arps3sHEHHOCTH.
Hcxopurie pusuko-xummdeckue nmapamerpst OMM npusezena B Tabi.1.

®uzuko-xumudeckas xapakrepcruka OMM mapxu ,<Castrol 15 W-40>,[Ta6:1.]

1

HaumeHoBaHHe Metoa Eananna IMocae
napaMeTpoB TeCTHPOBAHHS Hzmep. 300 e, | 1200.K0m

1| niaoTHOCTHIS'C ASTM TOCT I./en? 0.87 0.88
/200C D 1298 3900-85

2| Knn. Baskroerb ASTM IoCT Mxe*/ cer. | 79,6 76,8
npu 40°C D 445-06 33-85

3| Kun. Bs3rocTB ASTM TOCT 11,7 9.85
npu 100°C D445-06 33-85 M/ cer

4| KucaorHoe TOCT MrKOH/r | 2,55 2,91
YHCI0 5985-79

5| Odmas ASTM ToCT MmrKOH/r | 5.3 5.2
IIeI0YHOCTh D2896 11362

6| Temmepartypa ASTM IoCT °C 208 199

| | BCOBIMKH D 92 4333-87

7| mverHOCTH ASTM TOCT OHT =8,5 =8,5

D1500-98 20284 eIHHHIIA

8| Coaep:ranue ASTM TOCT % Ca. Ca.
BOJbI D6304-00 2477

9| CyabdaTHas ASTM D874 | TOCT % 2.3 2.38
30/IbHOCTH 12417

1| Jmaexrp.ud. 2,46 2,68

0| mpoHHIIaeMoCTh

Acdanpro-cmonucteie BemectBa (ACB) HedTM u He(pTIHBIX OCTaTKOB
IpeAcTaBasgeT Co0O# reTepoapoMaTHYeCKUe COeJUHEHUA, KOTOphle, KpoMe
yIIepoja M BOZOPOJA, COJEpXKaT cepy, a3oT, KHCIOPOJ M MeTasUIbl, Takue, Kak
BAaHAJIMi, HUKeJb, KeJIe30, MOIUOeH U T.T,.

Copepxanue ACB B TaxensIx HepTIHBIX OCTATKOB KOjIeOJeTCS B JOBOJBHO
mupokom puamasoHe: oT 40 mo 60 %. B saBucumoctu ot Buza HedTH, dpakuMn
neperonsaromuecs Bbime 400-450 ° C, MOryT IIONHOCTBIO COCTOATH U3
reTepoaTOMHBIX coefUuHeHu.[1].

Bripenenue WMHAMBUAYATBHBIX ac(aTbTO-CMOJUCTBIX BEUIECTB M3 TDKEJBIX
He(TAHBIX OCTQTKOB BO3MOXXHO JIMIIb C IIPUMEHEHUWEM OSKCTpareHToB. B
3aBUCHMOCTH OT DOKCTpareHTa acgaJbTO-CMOJIUCTBIE BellecTBa JelATcA Ha
cllefyioliye Ipyms [2]

- HeWTpaibHbBle CMOJIBI, PacTBOPHMBIe B JIETKOM OeH3HHe (IeTpojeiiHOM
adupe);

- acdanbTeHbl, He PaCTBOPUMBIE B IIETPOJIEHHOM 3dupe, HO PaCTBOPHMBIE B

OeHsoie;

-KapOeHBbI, YaCTUYHO PaCTBOPUMBIE TOIBKO B IMPUIUHE U CEPOYTIEPOIE;
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—Kap601/1,u;r>1 - BEIeCTBA, IIPAKTUYECKN HU B U€M HE€ paCTBOPUMBIE,

-achaybTOTeHOBBle KHCJIOTBI M HMX AaHTHAPHUABI — BeIecTBAa KHCJIOTO
XapaKTepa, He paCTBOPHMBIE B IIeTPOIeHHOM dbupe, HO PACTBOPUMEIE B CITIPTe

Puc.1 IIpuUBEAEHDBI q)PaI'MEHTBI Pa3HBIX TETEPONHUKINYIECKHUX COE,ZLI/IHEHI/Iﬁ
cozepixauee OOUH, ABa 1 TP dPOMATUYIECKUX NJIN IeT€POapOMaTHNIE€CKUX KOJIbIIA.

e

Puc. 1. PparMeHTH! reTepONUKINIECKIX COSUHEHUH

s BOCCTAaHOBIEHUA OSKCIUTyaTalMOHHBIX cBoiictB, OMM Hamu G6bLIO
OIIpoGOBAHO pa3Hble MeTOAbl 00pabOTKU: LeHTPUYTUPOBAHUE, KUCIOTHO-IENI0Y-
Hasd OYMCTKA, afCOpOIIMOHHAA OYMCTKA, OCAXKAEHHe KoaryadHTamu. Hawrydmme
pe3ysIbTaThl OBLIM IOMY4YeHbI IIPH MCIIOJIB30BAHMHM KOMIIO3UIIMOHHBIX CMeceil
XUMUYECKUX peareHTOB..B KauecTBe XMMUYECKUX PeareHTOB OBLIO HCIIOTIH30BAHO
CMeCh OpraHWYeCKHX ¥ HeOpraHuYeCcKuX Kuciaor (3-4), KoTopblie ob6ecredriu
ocaxgeHue rerepouukiandeckux coeguHenuii OMM. Ilpouecc skcTpakiuu
IIPOXOJMJIa B HECKONBKUX cTazuaX. [Ipu HacTamBaHUHM 06pa3oBajach CIOW Macia U
rycTod 4epHBbIH coif. OunieHHOe MacjIo IponycKaau depe3 KoiaoHKy ¢ K2CO3 ma
nonHOM Heirpanusauuu. ONTUMaTbHBIE PEXUMBI TEXHOJIOTMYECKUX IIapaMeTpOB
npouecca skcrpakuuu OMM npuBenens! B Tabnuue 2.

Texnonormgeckue napamerps! npu oarictke OMM MeTOZOM SKCTPaKIMK

CooTHO Bpema Bpema
HamnMeHOBaHH
Tem-pa | LIeHHE KOHTaKTIa Hacta
€ BKCTpareHTa
TOC, 3KCTpareHt / HBaHHA.
CBIpBE MHHYT MHHY T
3KCTpareHr-1 10-20 | 1:40 20 15-17
3KkcTpareHt -1l | Okp.cp. | 1:25 20 30-40
3KcTpareHT -1l | 17 1:10 20 50— 60
CremeHp oOcBeT/IIeHMs Macia Kosebamach B mpegzenax 92.7 — 955 %.

[TomyueHHPIH TyCTOW YepHBIH CJIOH OTZAEIATH OT Macja IeHTpuyTHpOBaHUEM
asareM., ITOBTOPHO MCIIOJIb30BAIU JJ SKCTPAaKIMH Macja. B koHIe mopBepranu

trepmudeckoit 06paboTke T=3000C m1a moryyeHHs KOKCOBOTO KOHIIEHTpPATA.
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ITpoBemenHble mcciemoBaHuA IOKaszanu, uro oumctka OMM Tpymoemkas
TEXHOJIOTUA M HCIOJIBb3yeMbI MeTOJ, SKCTpakuuu obecrmeunBaeT spdekTuBHOE
yzanenue nponykroB okuciaenus OMM . B orimume oT Ipyrux MeTOZOB, METOZ,
9KCTpaKUUK obecIedynBaeT CTaOMIBHOCTh SKCILUIYaTAal[MOHHBIX CBOMCTB OYMIINEH-

HOTO MacJia.
NurepaTypa:

1. MMpockypskoBa B.A. Xumusa HepTn n Masa JleHnHrpag ' ‘Xumua.” 1989 .

2. YHrep @.I'. dyHoameHTanbHble acnekTbl Xumun HedTw. MNpupoda cmon
n acdanbTeHoB. HoBocnbupck: Hayka, 1995. -192 c.

3. Omutpuesa 3.T.; ABepuHa H.B. NMNaTteHT Poccuinckon ®enepauum

4. Tlpokonbes U.A.; Yynkos W.I.; MaTeHT Poccunckon ®epepaunn.

KommeHnmapuu: 1

Suleimenov Essen Nurgalievich

09/21/2012 - 07:36

JanHaa paGora mpexcTaBnaseT U OyZeT B JajbHeHIIeM IPeACTaBIATh
TIOBBINIEHHBIN HHTepeC IJIA IPUPOJOOXPaHHBIX TexHosioruil. K coxanenuio Ha
IIOCTCOBETCKOM IIPOCTPAHCTBE IIPAKTHYECKH HE HCIIOIb3yeTCs BTOPHUYHOE ChIpBeE.
Ho sT0 zeso Bce paBHO BBIN/ET Ha IIEPBBIN IUIAaH. DKOHOMMKA 3acTaBUT. [loaTomy
npezayaraeMsl B pa6ore Mamulaishvili Nora, doctor of technical sciences, full
professor Batumi Shota Rustaveli State University, Georgia mpezsaraeTcs MeToz,
KOTODBIH IIpU JOBeJE€HUH O ONTHMyMa MOXeT OKa3aThCsI KOHKYPEHTOCIIOCOOHBIM
U IIepCIeKTUBHBIM. [J1aBHOE JOCTOMHCTBO 3TOTO METOJA HU3KME DHEProsaTpaThl Ha
OCYIIEeCTBJIEHUEe TeXHOJOTHMH Ha IpeANpUATHAX MaJOTO U CpeJHero GOu3Heca.
Pa6ota 3acryxxuBaer oranunoi onenku. Jl.1.H. Cyneiimenos D.H.. Kasaxcraucko-
bpuranckuit Texumyeckuil YHUBEpPCUTET
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Efficiency of oil fields development is mainly determined with condition of
bottomhole formation zone (BFZ) of producing and injection wells. This part of
stratum suffers various physicochemical and thermodynamic fluctuations of
temperature and pressure to the most extent. Increase of water saturation of BFZ
also leads to decrease of oil relative permeability.Treatment of BFZ with use of
effective technologies and chemical agents allows to enhance efficiency of oil flow
to well bottom. Pumping of working liquid containing SAS into the stratum
promotes evener advancing of water-oil contact. Is has washing and phydrophobing
effect on the oil stratum surface. Physicochemical methods play important role in
maintenance of level and increase of oil recovery of watered stratums and hard-to-

recover oils [1].

For the purpose of justification of nature of behavior of SAS we researched
their effect on change of superficial tension at the water- hydrocarbon interface
and wetting properties of water solutions of the researched agents at the
hydrophobic surface of oil stratum. We used Sulfanol (anionic SAS) and Alkan 202
(nonionic SAS) as the testing agents having industrial base of production. Resulted
pumping of water solutions of SAS into stratum the surface-molecular features of
medium in oil collector change, namely, surface tension at the boundary of oil and
rock drops, surface wetting with stratal fluid improves, intensiveness of capillary
feeding of rocks increases. Great volumes of application of chemical agents in such
arrangements increases importance of their diversification and creation of more
economically and effective products. That is why, the works in the sphere of
increase of oil recovery of stratum aim to search effective and low-priced SASes.
Scientifically justified selection of SAS shall be fulfilled taking into account
physico-chemical regularities, mechanism of their action and conditions of their

practicing. [2]
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For the purpose of justification of nature of behaviour of SAS-es we
researched their effect on change of superficial tension at the water- hydrocarbon
interface and wetting properties of water solutions of the researched agents at the
hydrophobic surface. We determined interphase superficial tension at the fluid-
fluid interface with the stalaglometric method, wetting effect — according to change
of cosinus of wetting angle at inhibited oil drop spreading at the surface of
paraffined plate in 30 sec, 1 min. and 3 min. The results of research fulfilled by us
show interrelation between growth of concentration of SAS in working solution
and efficiency of their action.

Interphase superficial tension at the kerosene - water interface in presence of

SAS
Table 1.

Ne | Concentration of Superficial tension 10-3 n/m

SAS in solution % Sulfanol Alkan-202

mass
1 [1.0 0.93 3.74
2 |05 1.83 5.26
3 ]0.25 2.4 7.0
4 ]10.125 3.61 8.9
5 | without SAS 0.44

In our research we used: Sulfanol (anionic SAS) and Alkan 202 (nonionic
SAS) having industrial base of production. The results of research of effect of SAS at
concentration 0.125%-1.0 % mass in water solution on change of interphase
superficial tension at the interface of model fluid-fluid system are shown in Table 1.
We used clarifying kerosene as hydrocarbon phase, as for water phase, it is
presented with distilled water.

The experiments are fulfilled at 20°C. The experimental data prove that
anionic SAS more than twice exceeds nonionic SAS in effectiveness of decrease of
superficial tension at the phases interface. Sulphanol showed more activeness than
Alkan 202 at both high and low concentrations in water solutions. Effect of change
of SAS concentration from 0.125% to 1.0% mass on wetting properties at +5°C is

shown in Table 2.
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Wetting properties of oil in oil field [Supsa] in presence of SAS

Table 2
Ne Description of Concentration of | Wetting indicator in time COS 6 , at
T=+5 0C
SAS SAS in oil
30 sec. Iminute 3 minute
1. Sulphanol 0.5 0.976 0.978 0.985
0.25 0.968 0.971 0.980
0.125 0.957 0.959 0.964
2. Alkan-202 1.0 0.963 0.968 0.977
0.5 0.956 0.959 0.970
0.25 0.953 0.957 0.965
0.125 0.936 0.939 0.948
3. Oil without SAS | -- 0.911 0.920 0.924

It is established that Sulphanol exceeds Alkan 202 in wetting capacity.In the
Table it is clearly shown that SAS efficiency according to wetting capacity at
hydrophobic surface for inhibited oil increases in comparison with poor oil without
SAS. For concentration of agent in oil 0.125% in case of Sulphanol grows from
c0s0=0.224 to cos 6=0.964, but in case of Alkan -202 — to cos 6=0.948. So,
application of SAS allows to improve wetting properties of oil and just this causes

their wide application in oil production processes.

1. P.N.Mamedov, T.G. Asadova, [.LK.Rustamov. Composite formulas for
chemical treatment of oil strata. Theses of papers at IV International Conference in
Oil Chemistry, Baku, 2005, p.70.

2. R.G.Khananov .Use of the agents of multifunction action, complex solution
of the problem of intensification of oil production. Oil and gas, 2001,
Interuniversity Collection of Scientific works — Ufa, 2001, p.196-203.

3. Mamulayshvili N.D., Salimova N.A., Khitarishvili T.D., Baladze D.A. Effect
of various classes SAS on hydrophobic surface of oil stratum. International Journal
Of Applied And Fundamental Research. —2014. — N 2 —
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