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ABSTRACT

Considering quality as a category of management, it should be described as an integral a concept
that characterizes the effectiveness of all aspects of life engineering company (e.g. strategy
development, marketing implementation, phased implementation of the product life cycle, etc.).
Market economic conditions force enterprises representing the sphere engineering, to improve the
quality of products. For this reason, many of them decide on the implementation of a quality
management system based on process approach.

Therefore, an integral part of the functioning of mechanical engineering is quality management. A
quality management system is necessary to prevent the influence of many accidental, local and
subjective factors on the quality level of engineering products.

Wherein it is required to implement a set of measures of permanent impact on the process of
creating products to maintain the appropriate level of quality. At present, it is more and more
clearly understood that the high quality of goods is a decisive factor in the success of the
enterprise. Adherence to this principle is one of the most important conditions for achieving the
country's global competitiveness and ensuring its quality of life.

The need to solve the problem of ensuring the high quality of products of local machine-building
enterprises is the main element of scientific and technical progress. In addition, solving quality
problems helps to continuously expand the sales market and increase profits, as well as satisfy
customer demand. The conditions that affect the quality of manufactured products include the
administration of the enterprise, the production organization system at the enterprise, and the
production processes themselves. It depends on the conditions how significantly the effectiveness
of factors influencing quality will be realized. Since, under favorable working conditions and
proper administration of work at the enterprise, it is possible to use equipment and tools with
greater efficiency with less effort. The reduction of the production capacity to perform each
production task is the basis of compliance with the listed factors and is achieved by rationally
changing the structure and parameters of the production system in the shortest possible time.
Experience shows that enterprises often suffer only because they did not foresee or correctly
forecast changes in the external environment and did not assess their capabilities. Enterprises
should make more use of management functions such as forecasting and planning, organization
and control, employee motivation, as well as analysis and synthesis techniques in their activities.
The quality of machine-building (products) products is manifested to the greatest extent by their
technical level. In this regard, such a direction plays a greater role in solving the problem of
significantly increasing quality, such as optimal management of the technical level of products.
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From these positions, taking into account the problems of the organization of the quality
management of machine-building products, it is necessary to emphasize the growing importance
of the cybernetic approach.
Achievements in work on improving the quality of products, introducing new products into
production and improving manufactured products are mainly determined by how society
recognizes and evaluates the successes of enterprises, collectives and individual executives.
The quality of engineering products has a multifaceted character. In market conditions, it is the
main factor in the competitiveness of products and machine-building enterprises as a whole.
Mechanical engineering products, being the result of scientific and technological progress, have
the property that makes it possible to satisfy the needs of processing industries in machines and
equipment at a certain scientific and technical level.
The research subject is managerial and organizational-economic relations in the process of
implementing methods, reserves and mechanisms for improving product quality in the context of
adapting machine-building enterprises to the «concept of total quality management».
Keywords: machine building, management, quality of product, control, production
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XULASO

Miiasir dovrde mallarin yiiksok keyfiyyotinin miiossisonin ugurunda holledici amil olmasi
getdikco aydinlasir. Bu prinsipa riayst etmok 6lkonin global ragabat gabiliyystine nail olmaq vo
onun hoyat keyfiyyotini tomin etmok iiclin on miihiim sortlordon biridir. Yerli masingayirma
miiossisolorinin mohsullarinin yiiksok keyfiyystinin tomin edilmosi probleminin halli zorurati
elmi-texniki toraqqinin osas elementidir. Bundan olava, keyfiyyot maosolalorinin halli satis
bazarinin davamli olaraq genislonmosine vo monfostin artmasina, eloco do miistori tolobinin
ddonilmasino kdmok edir. Ona géro do bu giin bu masalo xiisusi ohomiyyat kosb edir. Istehsalin
biitiin digor saholorinds vo qeyri-istehsal foaliyyat sahoalorindo miitoraqqi doyisikliklor osason
masinqayirma sonayesinin mohsullarinin keyfiyystindon asilidir. Mohsulun keyfiyyot soviyyasi
hom xarici, hom do yerli miiossisalor {iglin an miihiim prioritetlordon biridir. Bu baximdan
mohsulun keyfiyystinin qiymatlondirilmesi iisullarinin, onlarin formalasma xiisusiyyatlorinin,
idaro edilmosinin, soviyyosinin tohlili dsullarinin, habelo toskilatlar ii¢clin ohomiyyatinin
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Oyranilmasi hom noazori, hom do praktiki baximdan aktualdir. Homginin mohsulun keyfiyyatinin
formalagmasi proseslori miioyyon qanunlara tabedir. Beloliklo, masingayirma miiossisolori
torofindon mohsulun keyfiyyasti problemlorinin getdikco artan aktualligi, onlarin soviyyasinin
tomin edilmasinin nazari vo praktiki asaslarmin dyranilmasi bu igin movzusunun, magsadlorinin,
vozifalorinin, asaslandirilmasinin vo strukturunun secilmosini miioyyon edir.

Agar sozlar: masinqayirma, idaraetma, mohsulun keyfiyyati, nozarat, istehsal

Giris

Masingayirmada keyfiyyot anlayist vo onu idaro etmok zoruroti. Bazar iqtisadi soraiti
magingayirma sahosini tomsil edon miiossisolori 6z mohsullarinin keyfiyyotini yliksoltmoya
maocbur edir. Bu baximdan, onlarin bir ¢oxu proses yanasmasina asaslanan keyfiyyot idaroetmo
sistemini totbiq etmok gorarina golir. Buna goro do masingayirmanin faaliyyatinin torkib hissasi
keyfiyyotin idaro edilmesidir. Keyfiyyot idaroetma sistemi bir ¢ox tosadiifi, yerli vo subyektiv
amillorin miihondislik mohsullarinin  keyfiyyst soviyyesino tosirinin qarsisini almaq {igiin
lazimdir. Bu, miivafiq keyfiyyat soviyyesini saxlamaq {i¢iin mohsulun yaradilmasi prosesino
daimi tosir gostoran todbirlor kompleksinin hoyata kegirilmasini tolob edir.

Masingayirmada keyfiyyatin idara edilmasinin xarakterik xiisusiyyati nazarat todbirlorine bOylk
rolun verilmoasidir. Masingayirma miiassisasi qiisurlu moahsul istehsal edo bilmadiyi {igiin biitiin
istehsal olunan mohsullar nozarsto alinir. Masinqayirmada keyfiyyotin idaro edilmasi bu nov
idaroetmo foaliyyotinin xiisusiyyatlorini miioyyon edon bir nego xarakterik xiisusiyyatlora
malikdir. Belsliklo, istehlak¢1 torofindon masingayirma mohsullarinin keyfiyyatino olan tslablor
daim artir. Ona gora do onun parametrlori yenilonmali va yeni talablora cavab vermalidir. Miasir
texnoloji avadanliq ¢ox miirokkabdir. Buna goro do, masingayirmada istehsal prosesi bu giin
programla idars olunan texnoloji avadanliglarin genis miqyasda istifadoasini, elektron hesablama
magsinlarinin kdmayi ilo planlasdirilmasini, avtomatlagdirilmis istehsal xotlorinin istifadssini va s.
Masingayirma mohsullarinin keyfiyyst saviyyosi mohsulun keyfiyystino nail olmaq vo tomin
etmok xarcloring aid olan igtisadi amillorlo miioyyan edilir. Iqtisadi faaliyyatin bir cox saholorinda
mohsullarin keyfiyyatinin yaxsilagdirilmas: vo tomin edilmosi xorclori birbasa omok xorclorinin
imumi moblagi ilo birbaga miiqayise edilir.Beloliklo, miiasir masinqayirmada istehsal olunan
mohsullarin keyfiyyotinin idars edilmosi foal sokilds totbiq olunur. Onun kémaoyi ilo onlar sonaye
monsubiyyotini nozors alaraq kiilli miqdarda ziyana (insanlarin saglamligina, omlakina, otraf
miihito vo s.) sabab ola bilacok qiisurlu mohsullarin buraxilmasinin garsisini alirlar.

Moaqsad

Moaqalonin magsodi mithondislik mohsullart {iglin moévcud keyfiyyot idaroetmo sisteminin
tokmillosdirilmasi ticiin tokliflor hazirlamaqdir (avtomobil tikinti mohsullari timsalinda).

Bu mogsada ¢atmagq ticiin 1sdo asagidaki vozifalor miioyyon edilmisdir:

- yerli vo xarici alimlorin manbalorine asason keyfiyystin idars edilmosi sisteminin nazori vo
metodoloji asaslarint dyronmok;

- isin yaradilmasia vo keyfiyyot idaroetmo sistemlorinin inkisafina mévcud yanasmalar: tohlil
etmoak;

- moahsullarin keyfiyyatinin va roqabastqabiliyyatliliyinin mévcud vaziyyastini dyronmak;

— monitoringin voziyyatini tohlil etmok vo keyfiyyot idaroetmoa sistemlorinin monitoringi
mexanizmini hazirlamaqg;

— keyfiyyat idaroetmo sistemlorinin tokmillogdirilmasi ticiin tokliflor hazirlamag.
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Istonilon mohsulun funksiyalarmin diizgiin vo daqiq yerina yetirilmasi {iciin mohsullarin yiiksok
keyfiyyoto malik olmasi lazimdir. Diinyanin biitiin 6lkolorindo yiiksok keyfiyyotli mohsullar
gabaqcil texnologiyalarin istismara verilmasi liglin tolob olunan vaxti minimuma endirorak
iqtisadi artimi dostokloyir. O, homginin istehlak edilmis resurslarin daha somorali istifadosino
tohfo verir, istehsal xorclorini azaldir vo ixrac limitlorini artirir. Qalan hor seylo yanasi,
roqabatqabiliyyetlilik artir, xarici iqtisadi alagolor méhkomlonir vo diinya bazarlarinda mohsul
istehsal edon dovlatin niifuzu giiclondirilir.
Mohsulun keyfiyyati anlayisi dovlat standartlarinda (GOST) miiayyan edilir va 3 qrupa bolunir:
1. Texniki qrup miioyyon mohsullar ii¢lin parametrlor vo xiisusiyyotlor toyin edir. Bunlar
performans, giic, somaralilik vo oxsar xiisusiyyatlordir.
2. Istehsal vo texnologiya qrupu istehsal mosraflori, istifadoyo yararliliq, texniki xidmat,
utilizasiya va s. baximindan alds edilon hallarin na deracads effektiv oldugunu tosvir edir.
3. Omoliyyat qrupu. Bu qrup mohsulun parametrlorini etibarliliq, rahatliq vo istifado rahatligi,
insanin fizioloji tolablorini nozors alma gostaricisi, habels estetik qiymatlondirma ils tosvir edir.
Istehsal olunan mohsullarin keyfiyyatini qiymotlondirerkan dizaynerlor dévlotden hiiquqi miidafio
almagq li¢lin zoruri olan meyarlara uygunlugu nazors alirlar.
Iki ndv keyfiyyat nisani var.
Birincisi, yalniz bir xiisusiyyatlo olagoli olan tok atributdur. Masalon, somaralilik faktoru.
Ikinci ndv, bir ne¢o giymatlondirmo meyarina uygun olaraq keyfiyyoti xarakterizo edon
kompleksdir.
Periodik olaraq mohsullarin effektivliyini giymotlondiron bir isars istifado olunur. Bu isaro
integral-kompleks adlanir. Bu xiisusiyyot omoliyyatin faydalar ilo istehsal xorclorinin nisbatini
oks etdirir.Masingayirma mohsullarinin keyfiyyati ¢oxsaxoali xarakter dasiyir, Dbirincisi, emal
sahalorinin tolobatini miioyyan elmi-texniki soviyyado tomin etmoys imkan veran xiisusiyyat,
ikincisi, elmi-texniki toraqqinin noticosidir.
Bundan olavo, bazar soraitindo keyfiyyot mohsullarin vo biitovliikdo miiossiSonin rogabot
gabiliyyatinin osas elementidir.
Nozors alsaq ki, yerli masinqayirma mohsullar xarici firmalarin avadanli§indan bozi gostoricilora
goro asagidir, hom elmi, hom do praktiki baximdan masingayirma mohsullarinin keyfiyyotinin
yluksaldilmasi li¢iin Nazari vo metodoloji yanagmalarin islonib hazirlanmasi tocili ehtiyacdir.

Metodlar

Miiasir keyfiyyot menecmenti ondan irali golir ki, keyfiyyetin idaro edilmosi foaliyyatlori
mohsulun istehsal edildiyi andan baslasa, effektiv ola bilmaz. Keyfiyyotin idars edilmasi bu
miiossiso Uclin on yaxsi (hoyata kecirilmo baximindan) mohsulun prognozlasdirilmasimi vo
mohsulun istehsali lizro foaliyystinin planinin iglonib hazirlanmasini shato edon miossisonin
uzunmiiddotli hodoflorinin miioyyon edilmosi ilo baglamalidir. Tobii ki, bunun {igiin roqiblor
bazarini yronmak va giiclii marketinq aparmaq lazimdir.

Keyfiyyot bir ¢ox tosadiifi, yerli, xarici vo subyektiv amillorin tosiri ilo miioyyon edilir. Bu
amillorin keyfiyyot soviyyesino tosirinin qarsisint almaq Uglin keyfiyyst idaroetma sistemi
lazzimdir. Bunun {i¢lin ayrica tocrid olunmus vo epizodik soylor deyil, miivafiq keyfiyyot
soviyyosini saxlamaq iiclin mohsulun yaradilmasi prosesino daim tosir gostoron todbirlor
kompleksi talab olunur.

Keyfiyyot idaroetmosinin miiasir nozoriyyosi vo praktikasinda asagidaki bes osas morhalo
forqlondirilir:
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1. “No istehsal edilocoyina” gorar vermok vo texniki sortlorin hazirlanmasi.Masalon: miioyyan bir
markali avtomobil istehsal edarkon, qorar vermok vacibdir: "avtomobil kimo aiddir" (¢ox varli
insanlarin dar dairasi ti¢iin va ya kiitlovi istehlake1 ligiin);

2. Istehsalin hazirhiginin yoxlanilmasi va toskilati mosuliyyatin béliisdiiriilmasi;

3. Mohsullarin istehsali vo ya xidmaotlorin gostorilmasi prosesi;

4. Istehsal prosesindo doyisikliklorin edilmosi {i¢iin qiisurlarm aradan qaldirilmas1 vo oks olaqo
molumatlarinin verilmosi vo golocokdo askar edilmis qiisurlarin garsisini almaga imkan veron
nazarat;

5. Uzunmiiddotli keyfiyyot planlarinin hazirlanmasi.

Keyfiyyat idaraetms sistemins asagidakilar daxildir:

1. Idaroetma vazifalori (keyfiyyat siyasoti, toskilat);

2. Sonadlosma va planlagdirma sistemi;

3. Tolablorin sanadlosdirilmasi vo onlarin hayata kegirilmasi miimkiinliiyii;

4. Inkisaf zamani keyfiyyat (planlasdirma, sorista, sonadlosdirmo, yoxlama, notice, doyisikliklor);
5. Satinalma zamani keyfiyyot (sonadlosdirms, nozarat);

6. Mohsullarin toyinati vo onlara nozarst imkanlari;

7. Istehsal zamani keyfiyyot (planlasdirma, tolimat, kvalifikasiya, nazarat);

8. Keyfiyyato nozarat (daxil olan yoxlamalar, amosliyyatlararasi nozarst, yekun nozarat, sinaq
sonadlori);

9. Siaq obyektlorine nazarat;

10. Islahedici tadbirlor;

11. Saxlama, dasima, gablasdirma, gondormo zamani keyfiyyot;

12. Keyfiyyat sanadlori;

13. 13. Keyfiyysto xidmat sistemins daxili nozarat;

14. Tolim;

15. Statistik metodlarin totbiqi;

16. Keyfiyyatin tohlili va goriilon todbirlor sistemlori.

Nozarat olunan keyfiyyat gostoricilori mohsulun xiisusiyyatlorindon asili olaraq miioyyan edilir.
Mbohsulun keyfiyyetinin idars edilmosi sistematik sokildo hoyata kecirilmolidir, yoni miiassisoda
keyfiyyotin idaro edilmosi {iglin zoruri olan vozifolori, prosedurlari vo resurslari boliisdiiron
toskilati struktur olan mohsulun keyfiyystinin idaro edilmosi sistemi olmalidir. Mohsulun
keyfiyyotinin idaro edilmosindos beynoalxalq tocriiboyo uygun olaragq, miiossisado keyfiyyot
siyasoti, mohsulun keyfiyyotinin tomin edilmosi, tokmillosdirilmosi vo idaro edilmesi daxil
olmagla, keyfiyyat sistemi mévcuddur.

Keyfiyyat siyasoti togkilatin keyfiyyot sahosindoki osas istigamatlori vo mogsadlori olub, yuxari
rohborlik torofindon rosmi sokildo formalasdirilir. Elo formada formalasir ki, hor bir is¢inin
foaliyyotini ohato etsin vo miiossisonin kollektivini qarsiya qoyulan mogsodlora nail olmaga
istigamatlondirsin.

Miiossisonin rohborliyi torofindon keyfiyyot siyasotinin formalagdirilmasi vo sonodlosdirilmasi
keyfiyyot sisteminin yaradilmasinda osas aktdir. Keyfiyyot sistemi imumi keyfiyyot
menecmentinin hoyata kegirilmoasi tigiin zoruri olan toskilati strukturlarin, metodlarin, proseslorin
va resurslarin mocmusudur. Keyfiyyat tominati modeli miioyyan bir voziyyatin keyfiyyat tominati
ehtiyaclarini 6domok tiglin birlosdirilmis standartlagdirilmis vo ya se¢ilmis keyfiyyot sistemi
toloblori toplusudur.
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Natica

Idaroetmonin avtomatlagdirilmast iigiin keyfiyyat idaraetmo sistemlorinin miihondislik tocriibasine
totbiqi osas moqsado - mohsullarin keyfiyystinin ohomiyyotli doracodo yiiksoaldilmasine nail
olmagla yanasi, hom do biitovliikkdo miiossisalorin idaroetmosini yenidon togkil etmoyo, istehsalin
somoraliliyini artirmaga imkan vermosi osaslandirilmisdir. Keyfiyyot idaroetmo sistemlorinin
praktiki totbiqi sonaye miiossisolorinin togkilati strukturunun yenidon qurulmasmin zoruriliyi
todqiq edilmis vo miiossiso daxilindo keyfiyyotin idaro edilmosi iizro islori olagolondirmok tigiin
XUsusi bolmalarin yaradilmasinin vacibliyi gostorilmisdir. Bu bélmalards vacib olan asas vazifolor
gostorilmisdir: istehlakgilarin toloblorinin vo istehsal imkanlarmin tohlili asasinda keyfiyystin
optimal soviyyesini miioyyon edon gostoricilorin islonib hazirlanmasi; keyfiyyot idaroetma
sisteminin yaradilmasi vo onun isino nozarat.
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PaccmaTtprBasg KadecTBO Kak KaTETOPHIO YIPABJICHMs, €0 CIELyeT OXapaKTepU30BaThb Kak
MHTETPAJIbHOE MOHATHE, XapakTepusylomiee 3(pGpeKTUBHOCTD BCEX aCIEKTOB KU3HEACATEILHOCTH
npeanpusaTHs  (Hampumep, pa3paboTkKa CTpaTeruM, pealu3alys MapKeTUHIa, [03TallHOoe
BHEJPEHUE KU3HEHHOIO IIUKJIA MPOAYKTA U T. A.). YCIOBUS PHIHOYHONW SKOHOMUKH BBIHYKJIAIOT
NPEANpUATH, TPEACTaBIsIomuUe chepy MALIMHOCTPOEHUS, MOBBIIIATh KaueCTBO Npoaykiuu. I1o
9TOW MPUYMHE MHOTHME W3 HUX IPUHHUMAIOT PEIIEHHE O BHEJPEHHUU CUCTEMBl MEHEKMEHTa
KauecTBa, OCHOBAHHOM Ha ITPOLIECCHOM ITOAXOJE.

[TosToMy HEOThEeMIIEMOH YacThio (YHKIMOHUPOBAHUS MAIIMHOCTPOCHUS SBISETCS YIpaBIICHHE
kayecTBOM. Cucrema MEHEKMEHTa KadyecTBa HeoO0XoAMMa Ui IPeJOTBpallleHHs] BIMSHUSA
MHOXECTBA CIy4YalHBIX, JIOKAIbHBIX W CyOBEKTHBHBIX (DaKTOpOB Ha YpOBEHb KadecTBa
IIPOLYKIMHY MAIIMHOCTPOEHHUS.

IIpu sTOoM Tpebyercsi peann30BaTh KOMILIEKC MEpONPHUITHN IOCTOSIHHOTO BO3JACHCTBHS Ha
IIPOLIECC CO3JaHus NPOAYKLMM JUIsl TNOAJAEP)KaHHUS COOTBETCTBYIOLIETO YPOBHs KauecTBa. B
HacTofAIIee BpeMs Bce 0Oosiee YETKO OCO3HAETCS,, YTO BBICOKOE KadyeCTBO TOBAPOB SBIISETCA
pewatomiuM (pakropom ycrexa npeanpuarus. CobaroaeHne 3TOro NpUHLIHKIA SBISETCS OAHUM U3
BOXHEUIINX YCIOBUH TOCTHKEHUS TII00aIbHON KOHKYPEHTOCTIOCOOHOCTH CTPaHBI M 00eCIIeUeHUs
KauyecTBa €€ KU3HU.

HeoOxomumocts  pemieHust mpoOieM — oOecredeHHsi  BBICOKOTO — KayecTBa  MPOIYKIIMU
OTEYECTBEHHBIX MAIIMHOCTPOMUTEIBHBIX NPEANPUATHI SABISAETCS OCHOBHBIM JIEMEHTOM Hay4yHO-
TeXHHUYecKoro mporpecca. Kpome Toro, pemenue mpobiemM ¢ KadyecTBOM IIOMOIAET IMOCTOSHHO
paclMpsATh PbIHOK CObITa M yBEJIWYMBATh NPUOBLIb, a TAKXKE YIOBJIETBOPATH MOKYNAaTEIbCKUN
cunpoc. K ycioBusiM, BIMAIOIIMM Ha KayeCcTBO BBITYCKAEMOW NPOAYKIHMH, OTHOCSTCSA
aIMMHHCTpaLMs NPEIIPUATHS, CHCTEMa OpPraHM3aluM IPOU3BOACTBA HAa NPEANPUATHH, CaMHU
IIPOM3BOJICTBEHHbIE TMpouecchl. OT yClIOBUM 3aBUCHT, HACKOJIbKO 3HAYUTENIBbHO OyAer
peanu3oBaHa 3(pPEeKTUBHOCTH (HAKTOPOB, BIMAIOLIMX HA KadecTBO. Tak Kak MpH OJaronpusTHBIX
YCIOBUSAX TpyJAa U TMPaBWIBHOM BEIEHUM pabdOT Ha MPEANPUATHH MOXHO € OoJbliei
3G EKTUBHOCTHIO HCIIONB30BaTh 00OpPY/NOBaHME M MHCTPYMEHTHI C MEHBUIMMM YCHIIHSMH.
CHukeHHe MpOoU3BOICTBEHHBIX MOIIIHOCTEHN I BHIIIOJHEHUS KaXX/1011 MPOU3BOICTBEHHOM 3a1a4u
SBIISICTCA OCHOBOM COOJIIOJICHMSI TEpPEYUCIIeHHBIX (DaKTOPOB M  JIOCTUTAETCs 3a CYeT
palMOHaIbHOTO MW3MEHEHUs CTPYKTYphl U IapaMeTpoB IPOU3BOJICTBEHHON CHUCTEMBI B
KpaT4aimue cpoku. OIBIT TOKa3bIBAET, YTO NPEAIPHUITHS YacTO CTPAAAIOT TOJIBKO MOTOMY, 4TO
HE NPEIBUCIN WIA HENPAaBUIBHO NMPOTHO3UPOBAIN U3MEHEHMsI BHEIIHEN Cpe/ibl, HE OLIEHUBAIH
CBOM BO3MOXHOCTHU. IIpennpustusm cieayeTr mupe UCHOIb30BaTh B CBOEH IEATEIBHOCTH TAKUE
(GyHKIUU YIpaBieHUs, KaK MPOTHO3UPOBAHME U IUIAHMPOBAHHE, OpraHU3alus U KOHTPOIIb,
MOTHBAIMS COTPYAHHUKOB, a TAK)KE€ METO/Ibl AaHAJIN3a U CUHTE3a.

KayecTtBo m3nenuit MammHOCTpoeHUs (MPOAYKIMK) B HAauOONbLIEH CTENEHU MPOSBISETCS UX
TEXHUYECKUM ypOBHEM. B CBsI3u ¢ 3TUM Takoe HampaBiieHUE UTPaeT OOJBIIYIO POJb B PELICHUU
3aJladyd  3HAYUTENIBHOTO TIOBBIIIEHUS KA4yecTBa, TAKOM KaK ONTHUMAJIbHOE YIPABIECHUE
TEXHUYECKUM YypoBHEM mpoayKuuu. C 3THUX NO3UIMM, MpPUHMMAass BO BHUMaHUE MPOOJIEMBI
OpraHU3aIMK yNpPaBJIEHUS Kaue€CTBOM NMPOIYKIIMH MAIIMHOCTPOCHUS, HEOOXOJUMO MOAYEPKHYTh
BO3pACTaloIllee 3HaUeHNE KMOEPHETHUECKOr0 MOIX0A.

JlocTikeHust B paboTe MO MOBBIIIEHUIO KayecTBa MPOAYKIIHWH, BHEIPEHHUIO B MPOM3BOJCTBO
HOBBIX IPOAYKTOB M COBEPUICHCTBOBAHMIO BBITYCKAEMOW MPOAYKLHU OMNPEAENSIOTCS TIaBHBIM
o0pa3oM TeM, Kak OOIIEeCTBO MPHU3HAET M OLEHHMBAET YCIEXW HPEANpPUATHH, KOJJIEKTHBOB MU
OTJIETIbHBIX PYKOBOJMTEIIEH.
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KauecTBO mnpoayKuud MamIMHOCTPOEHUS MMEET MHOTOIpaHHBIM XapakTep. B  pbIHOYHBIX
YCIIOBUSX 3TO TJIaBHBIA (PAKTOP KOHKYPEHTOCIIOCOOHOCTH MPOIYKIIMU U MAITHHOCTPOUTEIBHBIX
npennpusaTuii B uenoM. [Ipoaykiuss MamIMHOCTPOEHHS, SBJSSACH PE3yJbTaTOM Hay4yHO-
TEXHHYECKOTO Tporpecca, o0nalaeT TeM CBOWCTBOM, KOTOPOE TIO3BOJSET YAOBIETBOPSTH
NOTPEOHOCTH NepepadbaThIBAIOUINX MPOU3BOACTB B MAaIIMHAX U 000PYAOBaHUU HA OIPEIEICHHOM
Hay4YHO-TEXHUYECKOM YPOBHE.
[IpenmeToM wucCcleOBaHUS SBISIOTCA YIPABICHYECKUE U OPTraHU3allMOHHO-3KOHOMHYECKHE
OTHOILICHUS B MPOIECCE pean3alliid METOJIOB, PE3EPBOB U MEXAHU3MOB IOBBIIICHUS KayecTBa
OPOAYKIMK B YCIOBUSAX aJalTallMd MAaIIMHOCTPOUTENbHBIX NPEANPUITUA K «KOHIIETLUU
TOTAJILHOTO YIIPaBJICHUS KAUE€CTBOMY.

KiroueBble ciioBa: MAIIMHOCTPOCHUEC, MCHECI)KMEHT, KA4C€CTBO TOBapa, KOHTPOJIb,
IMPOU3BOACTBO.
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INCREASING THE EFFICIENCY OF AIR COMPRESSORS IN THE OIL
AND GAS EXTRACTION SYSTEM

Alovsat Baghirov!, EImir Gojayev?

12 Azerbaijan State Oil and Industry University, 2?2 Department of "Transportation and Storage of Oil and Gas"
! Doctor of Technical Sciences, Associate professor of department, Email: abaghirov59@gmail.com

2 Master degree student , Email: elmirqocayev@gmail.com

ABSTRACT

The article is devoted to the analysis of technological parameters of air compressors used in oil
and gas extraction systems, issues of increasing their productivity and general efficiency.

In order to learn the experience of using air compressor devices, the technical capabilities of the
existing air compressor stations in the operating oil and gas extraction enterprises (28 May, Neft
Dashlari, Nariman Narimanov, Bahar Energy, Absheronneft, Bibiheybetneft and Haji Zeinalabdin
Taghiyev OGPD’s and etc.) were analyzed. As a result of the analysis of the full range of air
compressors in various oil and gas extraction enterprises and their application areas, the factors
that reduce the efficiency of the compressor park have been determined, and the priority factors
have been studied more deeply. Based on the conducted research, technical solutions have been
developed to eliminate the cause of corrosion in the cylinders in order to improve the operating
parameters of the compressors at a radical speed.As the main factor negatively affecting the
productivity of compressors, it was determined that the cylinders, pistons and piston rings made
of gray cast iron, which ensure direct compression of air, are corrosioned as a result of mutual
friction.

Due to its chemical, physical and mechanical properties, ftorlon material was considered more
suitable for making piston rings. In order to eliminate the corrosion, it was considered appropriate
to replace the cast iron piston rings with rings made of F4K20 non-metallic ftorlon material.
Taking into account that F4K20 brand ftorlon material is more favorable from the point of view of
contact with air due to its physical, chemical and mechanical properties for the production of piston
rings of 25Q-50 compressors operated in oil and gas extraction systems, the application of new
piston rings in a compressor in the form of a test can be highly beneficial.

As a result of the introduction of ftorlon rings, it has been shown that the productivity of 2SQ-50 type
compressors will increase by 20-30%, and the cost of electricity, spare parts and repairs will
decrease. The research results may be useful in the development and operation of air compression
applied in oil and gas industry.

Keywords: air compressor, productivity, cylinder, piston rings, ftorlon

| PAHTEI
| 12 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




ISSN: 1609-1620; E-ISSN: 2674-5224

E-ISSN: 2674-5224
i - PAHTEI
VOLUME 24 ISSUE 01 2023 . .f
REFERRED & REVIEWED JOURNAL

NEFTQAZCIXARMA SISTEMINDO HAVA KOMPRESSORLARININ
SOMOROLILIYININ ARTIRILMASI

Olovsat Bagirov?, EImir Qocayev?

12 Azorbaycan Dovlot Neft vo Sonaye Universiteti

12"Neftin, qazin naqli vo saxlanilmas1” kafedrasi

Texnika elmlori namizadi, kafedranin dosenti, Email: abaghirov59@gmail.com
2magistr, Email: elmirgocayev@gmail.com

XULASO

Mogalo neftqaz¢ixarma sistemlorindo istismar olunan hava kompressorlarin texnoloji
parametrlorinin tohliline, onlarin mohsuldarligmin  vo {mumi somaoraliliyinin artirilmasi
masalaloring hasr olunub.

Miixtolif neftqaz¢ixarma miioassisalorindoki hava kompressorlarinin tam ¢esidi vo totbiq saholori
tizro tohlili naticasindo kompressor parkinin effektivliyini azaldan amillor miioyyon edilmis,
prioritet toskil edon faktorlar daha darindon dyranilmisdir. Kompressorlarin mohsuldarligina monfi
tosir edon osas amil kimi havanin bilavasito sixilmasii tomin edon vo boz ¢uqundan hazirlanmis
silindr, piston vo piston halgolorin qarsilight sokilds siirtiinmo noticosindo yeyilmosi miioyyon
edilmisdir.

Bas veran yeyilmoni aradan qaldirmagq ii¢iin ¢uqun piston halgalorinin F4K20 markali geyri-metal
ftorlon materialindan hazirlanmis halgalarlo ovazlonmasi magsadauygun hesab edilmisdir.

Ftorlon halgalarinin totbiqi naticesinde 2SQ-50 tipli kompressorlarinin mohsuldarliginin 20-30%
artacagi, elektrik enerji, ehtiyat hissalori vo tomir xorclorinin azalacagi gostorilmisdir.

Agar sozlor: hava kompressoru, moahsuldarliq, silindr, piston halgolari, ftorlon.

Giris

Azorbaycanda hava kompressor qurgularindan genis istifado olunur. Hava kompressor
qurgularindan istifads tocriibasini dyronmak iicilin respublikada foaliyyst gdstoron neftqazg¢ixarma
miiassisalorindo méveud hava kompressor stansiyalarinin texniki imkanlari tohlil olunmalidir.
Aparilmis tohlilin naticalori qisa sokilds asagida qeyd olunmusdur [1,2]:

“28 May” NQCI-do bir nego SD-9/101M tipli soyyar hava kompressor qurgusu istismar olunur.
Avtomobil sassisine borkidilmis bu qurguda iki sirali, dord silindrli, dord pillsli oppozit
kompressor istifads olunur.

“Bahar Enerji” ©moliyyat sirkoatinda (kegmis “Qum adas1” NQCI-do) KS-14-da 3 adod 2SQ-50, 1
adod SD-101/9 istismar olunur. Bundan alave KS-7-do 7 adod DSQ-100 vo 8 adad 2SQ-50, KS-
14-do daha 8 adad 2SQ-50 kompressor qazin qazlift sistemino verilmasini tomin edirlor [3]. 2SQ-
50 kompressorunun goriiniisii sokil 1-do oks olunmusdur.

“Neft Daslar’” NQCI KS-2-do 5 adad SQ-50 tipli hava kompressoru sex va saholorini sixilmis
hava ilo tomin edir, 1 adod SD-101/9 tipli soyyar hava kompressoru vardir.

“Abseronneft” NQCi-do 2 kompressor stansiyasi vardir. KS-4-do 10 adod 2SQ-50 vo bir adod
25Q-100 tipli kompressor kompressor erlift sistemini, homginin, sex vo saholorini sixilmis hava
ilo tomin edir. KS-5-ds 3 adod DSQ-100, 3 adad 405VP-15/70 tipli va 1 adod 2VM4-12/65 tipli
elektrik intiqalli hava kompressorlari erlift sistemindo istismar olunur.
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Sakil 1. 25Q-50 tipli kompressorun 6n va yan goriiniisl

“Bibiheybotneft” NQCI-do KS-1-do 2 adad 2SQ-50, KS-13-do 2 adad 2SQ-50, 2 adod 405QP-
15/70 va 5 adod 2VM4-12/65 tipli kompressorlar sex va sahalarini sixilmis hava ilo tomin edir.
H.Z. Tagiyev adina NQCI-do dérd hava kompressor stansiyasi istismar olunur. KS-4-do 8 odad
25Q-50, KS-9-da 9 adad 2SQ-50, KS-16-da 1 adad 2SQ-50 va 14 adod 2VM4-12/65, KS-17-ds 7
adad 2SQ-50, 2 adad 2VM4-12/65, 1 adod DSQ-100 tipli kompressor erlift sistemina isloyir.

N. Narimanov adina NQCI-da 1 sayli KS-do qurasdirilmis 3 adod 3QP-12/35 tipli, 2 adad 305VP-
16/70 tipli hava kompressorlart qaz kompressor stansiyalarinin sixilmis havaya olan tolobatini
tomin edir. 3QP-12/35, 305VP-16/70 vo 2VM4-12/65 kompressorlarin goriiniislori sokil 2-do
verilmisdir.

Sakil 2. 3QP-12/35, 305 VP-16/70 vo 2VM4-12/65 kompressorlariin goriintiilori

Maqsad

Aparilmig tohlilin osas mogsadi foaliyyotdo olan miixtolif neft-qaz¢ixarma miiossisalorindo
istismar olunan hava kompressor stansiyalarmin texniki imkanlarmin artirilmasi, optimal is
rejiminin miioyyan olunmasi vo hava kompressor stansiyalarinda foaliyyat gostoron kompressor
masinlarinin texniki iqtisadi cohotdon rentabelli faaliyyatina nail olmaqdir.

Miioyyon olunmusdur ki, miixtolif neftqaz¢ixarma miiessisolorindo foaliyyot gostoron hava
kompressorlar parkinin effektivliyini azaldan amillor vo faktorlar is prinsipina uygun olaraq
havanin sixilmasi1 zamani, bu funksiyani yerino yetiron hava kompressor masinlarinin miixtolif
avadanliq vo ehtiyat hissalori, o ciimlodon silindr, piston vo piston halgolorinin siirtiinma
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noticasindo garsiligh korroziyasidir. Aparilmis tohlillor zamani miioyyon olunmusdur ki, hava
kompressor masinlarinin adigakilon problemlorlo iizlosmasinin asas sabablorindon biri bu
masinlarin piston halgolorinin ¢uqun materialindan hazirlanmasidir. Belo ki, bu material iizro
stirtlinma zamani korroziya problemi aktualdir.

Beloaliklo, hazirki moqalonin osas moqgsadi foaliyyotdo olan neft-qazgixarma miiossisolorindo
foaliyyot gostoron hava kompressor stansiyalarinda kompressor masinlarinin ilkin diagnozu va
garsiya ¢ixan korroziya probleminin halli {i¢iin piston halgolori materialinin totbiqi imkanlarinin
aragdirilmasi vo on yaxs1 materialin se¢ilmosidir.

Metodlar

Verilmis tohlildon goriindiiyii  kimi, neftqazgixarma miiossisolorindo istismar olunan
kompressorlarinin oksoriyyatini 25Q-50 tipli hava kompressorlari togkil edir. Bu kompressorlarin
asas konstruktiv vo parametrik gostoricilori asagida toqdim olunur [6].

-Sorma tozyiqi, miitloq, MPa — 0,1,

-Basqi tozyiqi, miitloq, MPa - 1-ci pillo - 0,4 — 0,42; 2-ci pillo - 1,6 — 1,7; 3-cii pills - 5,1,

-Basq1 temperaturlari, °S, maksimal - 150;

-Kompressor silindrlorinin diametri, mm - 1-ci pillo - 370; 2-3-cii pillo (differensial) - 225/190;
-Kompressorun dirsokli valinin dovrlor say1, dovr/doq. — 365;

-Kompressorun mahsuldarligi, 0,1 MPa va 20 °S sorti ilo, m®/doq. — 13;

-Intiqal1 — elektrik miihorriki, N=190 kVt, n=735 dovr/doq.;

-Otiirmos - 626/1226 mm diametrli qasnaqglar vo 11 adod D-6700 tipli qayislar vasitasila.

Real istehsalat soraitindo geyd olunan hava kompressorlari daha asagi basqi tozyiqlorinds (3,5-3,6
MPa) istismar olunurlar. Bu hal onlarin maksimal konstruktiv basqi tozyiqinde (5,0 MPa)
islodilmasinin miimkiinsiizliiyii ilo baghidir. Belos ki, yliksok basqi tozyiqlorinds kompressorlarda
bir sira nasazliqlar (sorma vo basqi klapanlarinin qizmasi vo tez zamanda siradan g¢ixmasi,
kompressor silindrlorindo basqi temperaturlarinin toyin edilmis hodlori agmasi, miiharrikin
giicliniin s1x1lma prosesini tomin etmok {i¢iin yetmomasi va s.i.) miisaiyot olunmaga baslayir.

Qeyd olunan nasazliglarin ilk névbado kompressorun konstruktiv ¢atismamazliglart ilo bagh
olmasmin slibha dogurmamasi ilo borabar onun istismarinin vo tomir islorinin kifayst qoder
somorali toskil olmamasi da olavo bosdayanmalara sobab olur. Digor torofdon kompressorun
mohsuldarliginin da nominal géstoricidon xeyli asagi olmasidir. 2SQ-50 kompressorun nominal
mohsuldarhig 0,1 MPa va 20 °S sorti ilo 13 m®/daq., yaxud sutkaliq hesabr ilo 18,72 min m3/giin
nozords tutuldugu halda faktiki mohsuldarliq ciddi sokilde asagi soviyyado, 10-12 min m*/gin
olmagla geydo alinir.

Aparilmis tohlil noticosindo miioyyon olmusdur ki, mohsuldarliga monfi tosir gdstoron amil
havanin bilavasito sixilmasini tomin edon silindr, piston vo piston halgoalerindon ibarot olan
konstruktiv elementin vaziyyati va bu detallarin siirtiinma naticasinds yeyilma daracasidir. Qeyd
olunan har ii¢ detalin eyni materialdan, yoni MF20 markal1 boz ¢uqundan, hazirlanmasi onlarin is
prosesindo garsiligli sokildo yeyilmosini sortlondirir. Moahsuldarliginin glinbogiin azalmasi ilo
yanagt vaxtindan ovval silindr, piston vo piston halgolorinin dayisdirilmesi ilo bagh
novbodonkonar tomirs ehtiyac yaranir [4,5].

Naticoalorin miizakirasi
Aparilmig todqiqatlara osaslanaraq, kompressorlarin istismar parametrlorini kokli stirstde
yaxsilagdirmagq ti¢iin silindrlords bas veron yeyilma sobobini aradan qaldirmaq {i¢iin texniki hallor
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islonmisdir. Belo ki, silindr - piston, silindr - piston holgesi tomas miistovilorinds siirtiinmo
sobabindan bag veran yeyilmani aradan qaldirmaq {igiin guqundan hazirlanmis piston halgalarinin
geyri-metal materialindan hazirlanmis halgalarls avazlonmasi magsadouygun hesab edilmisdir.
Piston holgalari hazirlamaq ti¢lin kimyavi, fiziki vo mexaniki xassolorina goérs ftorlon material
daha miinasib hesab edilmisdir. Ftorlon tetraftoretilenin polimerlosmasi prosesinds alinir. Ftorlon
materiali diinyada genis yayilmis va Rusiyada ftoroplast, Yaponiyada poliflon, Ingiltorade fluon,
ABS-da teflon, qalon, Italiyada alqoflon, Fransada soreflon, qaflon, Almaniyada qostaflon TF
kimi taninan bu material miitloq kimyavi dayaniqliliga malik yanmayan materialdir, arimo
temperaturu 327°S, is¢i temperaturu 160°S, ftorlonun polad {izorinds siirtiinmo amsali 0,2 kimi
yiiksok xassolora malikdir [7].

Ftorlonun miixtalif markalart mévcuddur, kompressorlarin piston halgalarinin hazirlanmasi tigiin
daha ¢ox F4K20 (ftorlon koksla) vo AFQM (grafit ehtiva edir) istifads edilir. Belo ki, 3QP5/220,
3QP12/35, 2QM4-1,3/12-250, 2VM4-15/25SM1, 2VM4-24/9, 2QP-2/220M, 7VP-20/220,
305VP-30/8 vo bir sira digor kompressorlarda ftorlon halgalor ugurla istifads olunur.
Neftqaz¢ixarma sistemlorindo istismar olunan 2SQ-50 kompressorlarinin piston halgslorinin
hazirlanmasi {igiin fiziki, kimyoavi vo mexaniki xassalorino gora hava ilo tomas noqteyi-nozorindon
F4K20 markali ftorlon materialinin daha alverisli oldugunu nozora alaraq, ilkin olaraq sinaq
soklinda bir kompressorda, sonradan iso digarlorinds yeni piston halgolorinin totbiqi yiiksok fayda
vera biloar.

Ftorlon holgolorinin totbiqi noticesindo 2SQ-50 tipli kompressorlarinin mohsuldarligi nominal
gbstoriciyo catdirilmasa da, hazirki parametrlorin azi 20-30% artacagi siibho dogurmur. Oz
ndvbasindo, mohsuldarligin artmasi eyni vaxtda isloyon kompressor qurgularinin timumi sayinin
azalmasini, har birinin giicti 200 kVt olan eyni sayda elektrik miiharriklorinin dayandirilmasini vo
enerji sorfinin gonastini tomin etmis olar. Digor torafdon, kompressorlarin tomirarasi miiddatinin
atririlmasi ehtiyat hissolorinin sorfini vo tomir xarclorini azaltmaga imkan veracakdir.

Notica

1. Havanin bilavasito sixilmasini tomin edon vo boz ¢uqundan hazirlanmus silindr, piston vo
piston holgalorin garsilighh sokildo siirtlinmo noticosindo yeyilmasi neftqazgixarma
sistemlorindo istismar olunan hava kompressorlarin mohsuldarligina manfi tosir edon asas
ami1l Kimi miioyyan edilmisdir.

2. Toklif olunmus ftorlon holgelorinin totbiqi naticesinde 2SQ-50 tipli kompressorlarinin
mohsuldarliginin 20-30% artacagi, elektrik enerji, ehtiyat hissolori vo tomir xarclorinin
azalacag1 gostorilmisdir.
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PE3IOME

CraThs TOCBSIIEHA aHAIM3y TEXHOJOTHYECKHX MapaMeTPOB BO3JYIIHBIX KOMIIPECCOPOB,
UCTIONB3YEMBIX B CHCTEMax J00bM HepTH © ra3a, BONPOCAM TMOBBIIMICHUS  UX
npou3BoAUTENbHOCTH U o0mero KITJI.

B pesynprare ananmm3a Bceld HOMEHKJIATYpPHI BO3AYIIHBIX KOMIIPECCOPOB Ha Pa3IMYHBIX
He(Tera3o00bIBAIONINX MNPEANPUATUIX W 00JIacTel MX NPUMEHEHHUS OIpeaeieHbl (PaKTOPHI,
cHIDKaronme 3(p(HEeKTUBHOCTh KOMIIPECCOPHOTO MapKa, U 0oJiee rryOoKo U3y4eHbl TPUOPUTETHEIC
dakropbl. B kauecTBe OCHOBHOTO (haKkTOpa, OTPHUIATEIHLHO BIHUSIONIECIO Ha MPOU3BOJAUTEIBHOCTh
KOMITPECCOPOB, OMPEAETICHO, YTO IIJIMHAPHI, TIOPIIHN U MOPIIHEBBIE KOJIbIA M3 CEPOro YyTyHa,
o0ecreunBaroIMe HEMOCPEICTBEHHOE CXKaTHE BO3/yXa, U3bENAIOTCS B pe3yJbTaTe B3aWMHOIO
TPEHUSI.

C uenpio ycTpaHEHUS KOPpPO3MM OBLJIO TNPHU3HAHO LEI1ecO00pa3HbIM 3aMEHUTh YyT'yHHbIE
MOPIITHEBBIE KOJIbIA HA KOJIbIAa U3 HEMeTautnueckoro ¢propoiaonoBoro marepuaina ©4K20.

B pesynabrare BHeIpeHus (TOPCOAEP)KAIIMX KOJEl IO0Ka3aHO, YTO MPOU3BOJUTEIBHOCTh
kommpeccopoB Tuna 25Q-50 noseicutcs Ha 20-30 %, a 3aTpaThl Ha JIEKTPOIHEPTUIO, 3allaCHbIE
YaCTH U PEMOHT CHU3ATCS.

KiueBble cjI0Ba: BO3IYIIHBIA KOMIPECCOP, MPOWU3BOAMTENBHOCTD, HWJIMHID, HOPIIHEBBIC
KOJIbLIA, (PTOPOJIOH.
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ABSTRACT

One of the effective methods of corrosion protection of mining equipment and pipelines in the oil
industry is the use of corrosion inhibitors. For this, individual combinations or compositions of a
number of substances are used, which contribute to a sharp reduction of corrosion losses of metals
in harsh conditions with mineral salts and aggressive gases (H2S, O2, CO2) in technological
environments. Inhibitor protection is the most common form of corrosion protection of mining
equipment and pipelines. and is an economically justified method. At present, inhibiting the
internal surface of underground oil pipelines is the main method of internal corrosion protection.
Inhibitor protection is the most modern method today and has many advantages over other
methods. Since the factor affecting the formation of corrosion is an aggressive environment,
reducing the ability of the aggressive environment to cause corrosion by changing the pH of the
environment increases the longevity of metals. Changing the pH of the medium also occurs due to
inhibitors. The method is more effective since the addition of the inhibitor does not consume
metal again or there is no need to change the structural parts of the equipment. Inhibitors are
organic, inorganic, volatile, passivating. The purpose of this method is to protect the metal as
much as possible by regulating the exchange of electrons between the anode and the cathode in
the metal where the corrosion process is taking place. When using inhibitors, the effect is carried
out by reducing the cathode area, so that the corrosion rate is weakened and the metal is protected
from corrosion. Or an inhibitor can be added to enhance the effect of the anode field. As the effect
of the anode increases, the protected metal does not corrode. At the same time, the inhibitor has a
shielding effect, which creates a shielding surface on the surface of the protected metal, creating a
boundary between the metal and the aggressive environment. As a result, the metal is protected
because it is not in a corrosive environment.. In this regard, when choosing an inhibitor, it is
necessary to try to match the aggressive environment and the protection potential of the metal,
and the metal does not corrode to the maximum in an aggressive environment. It is more
preferable to use organic, nitrogen-based inhibitors. The type of inhibitor selected depends on the
composition of the aggressive corrosion environment. The most dangerous corrosion environment
in the oil and gas industry is the environment with a high concentration of hydrogen sulphide and
carbon dioxide. In this case, it is more appropriate to use compositions of different inhibitors. As a
result of the conducted studies, the effect of the compositions shows better results compared to
individual inhibitors. Protection of installations and equipment from corrosion caused by
aggressive environments is one of the important tasks facing petroleum engineers. Currently, the
use of inhibitors is considered one of the most effective methods of combating corrosion of metals
in various aggressive environments

For the first time, the inhibitory properties of reagent S-1 were studied in laboratory conditions
separately in hydrogen sulfide and carbon dioxide and in formation waters containing both
hydrogen sulfide and carbon dioxide. Concentrations of 10, 15, 20, 25 and 30 mg/I of the reagent
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were used during experiments conducted under dynamic conditions for six hours. For the purpose
of comparison, the experiment to study the inhibitory property was also carried out in the medium
without inhibitor. During the test, both metal loss and corrosion retardation effect, as well as the
protection effect, were studied together at the specified concentrations. It was found that
increasing the concentration of the reagent from 10 mg/l to 30 mg/l leads to an increase in its
protection efficiency in all three corrosion environments. The results of the experiments showed
that the highest effect is observed at a concentration of 30 mg/l of the S-1 inhibitor. it was found
that the corrosion rate in the hydrogen sulfide environment at the concentration of 30 mg/I of the
inhibitor is 0.0864 g/m2-h, and the protection effect (Z) is 98.2%, the corrosion rate in the carbon
dioxide environment is 0.1512 g/m2-h, the protection effect is 95.8% and each in formation water
where two gases coexist, the corrosion rate is 0.252 g/m2-h, and the protection effect is 96.5%.

Keywords: inhibitor, reagent, corrosion, reservoir water, hydrogen sulfide, carbon dioxide,
protection effect, corrosion rate.

YENI REAGENTIN INHIBITOR XASSOSININ TODQIQI
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XULASO

Neft sonayesindo modon avadanliglarinin vo boru komorlorinin korroziyadan miihafizosinin
effektiv tisullarindan biri korroziya inhibitorlarindan istifadadir. Bunun {igiin, mineral duzlarin vo
texnoloji miihitlords aqressiv qazlarin (H2S, Oz, CO2) oldugu sort soraitdo metallarin korroziya
itkilorinin koskin azalmasina komok edon bir sira maddolorin fordi birlogsmolorindon vo ya
kompozisiyalardan istifado olunur.inhibitor miihafizosi modon avadanligmmin vo boru
komorlorinin korroziyadan miihafizasinin on genis yayilmis vo iqtisadi cohstdon asaslandirilmis
tisuludur. Hazirda moadondaxili neft boru komorlorinin daxili sothinin inhibirlosdirilmosi daxili
korroziyadan qorunmanin osas iisuludur. Inhibitorla miihafizo giiniimiizdo on miiassir vo digor
tisullarla miiqayisada iistiinliiyli daha ¢cox olan metoddur. Korroziyanin yaranmasina tosir géstoron
faktor aqressiv muhit oldugundan, miihitin pH-in doyisdirilmasilo aqressiv miihitin korroziya
yaratma qabiliyyatini agagi salmaq metallarin uzundmiirliyiinii artirrr. Muhitin pH-n1 doyisdirmok
do mohz inhibitorlar hesabina bas verir. Inhibitorun olavasi ilo yenidon metal sorf olunmadigindan
vo ya avadanligin konstruksiya hissolorinin doyisdirilmasina ehtiyac yaranmadigindan iisul daha
effektivdir.Inhibitorlar iizvi, qeyri-iizvi, ugucu, passivlosdirici olurlar. Bu iisulda magsod
korroziya prosesi bas veron metalda anod vo katod arasinda elektron miibadilasini tonzimlomaklo
metali miimkiin qodor yiiksok dorocodo miihafizo etmokdon ibarotdir. Inhibitorlarin istifadasi
zamani tosir katod sahesinin azaldilmasi ilo aparilir ki, korroziya siiroti zsifloyir vo metal
korroziyadan miihafizo olunur. Yaxud da anod sahasinin tasirini giiclondirmok mogsadils inhibitor
olavo oluna bilor. Anodun tasir effekti artdiqca miihafizo olunan metal korroziyaya ugramir. Eyni
zamanda inhibitor ekranlasdirici tasir gostorir ki,miihafizo olunan metalin sothinds ekranlasdirici

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 19




ISSN: 1609-1620; E-IS5N: 26T4-5224
E-ISSN: 2674-5224
,. PAHTEI
- VOLUME 24 ISSUE 01 2023

REFERRED & REVIEWED JOURNAL

soth yaradir ki, metalla aqressiv mihit arasinda sorhod yaranir. Noticodo metal korroziya
miihitindo olmadigindan miihafizo olunur. Bu baximdan inhibitoru segorkon ¢alismaq lazimdir ki,
aqressiv miihit vo metalin miihafizo potensialina uygun olsun vo metal maksimum doracods
agressiv miihitdo korroziyaya ugramasin Uzvi, azot osasli inhibitorlarin istifadesino daha c¢ox
iistiinliik verilir. Inhibitorun hansi tobiotli secilmosi aqressiv korroziya miihitinin torkibinden
asilidir. Neft-qaz sonayesindo on tohliikali korroziya miihiti hidrogen sulfid vo karbon qazinin
qatilig1 ¢ox olan miihitlordir.Bozon miihitin aqressivliyi cox olan zaman sadoco inhibitorun totbiqi
kifayot etmir. Bu zaman miixtolif inhibitorlarin kompozisiyalarindan istifado etmok daha
mogsadouygundur. Aparilmis todgiqatlar noticosindo kompozisiyalarin tosir effekti, fordi
inhibitorlarla miiqayiseds daha yaxs1 naticolor gostorir. Agqressiv miihitlorin tasirindon yaranan
korroziyadan qurgu vo avadanliglarin miihafizosi neftgi miihandislor garsisinda duran miihiim
vozifalordon biridir. Hazirda inhibitorlarin istifadesi miixtolif aqressiv mihitlordo metallarin
korroziyasina qars1 miibarizonin on tasirli tisullarindan biri sayilir

Ik dofa olaraq laboratoriya soraitido S-1 reagentinin inhibitor xassolori torkibindo ayri-ayriliqda
hidrogen sulfid, karbon gazi va eyni zamanda hidrogen sulfid vo karbon gazi olan lay sularinda
todqiq edilmisdir. Alt1 saat miiddotinds dinamik soraitdo aparilmis tocriibolor zamani reagentin
10, 15, 20, 25 vo 30 mg/l qatiliglarindan istifado edilmisdir. Miiqayiso mogsadilo inhibitor
xassasinin Oyranilmasi liglin tocriiba inhibitorsuz miihitdo do aparilmigdir. Smmaq zamani geyd
olunan qatiliglarda ham metal itkisi, hom korroziyanin longimo effekti, eyni zamanda miihafizo
effekti birlikdo todqiq olunmusdur. Malum olmusdur ki reagentin qatiligi 10mg/l-don 30mgq/l-2
kimi artmast hor iic korroziya miihitindo onun miihafizo effektivliyinin artmasina sobab
olur.Tacriibalorin naticalori gostormisdir ki, on yiiksok effekt mohz S-1 inhibitorun 30 mq/l
qatiliginda miisahids edilir.Miioyyon edilmisdir ki, inhibitorun 30 mgq/l qatiliginda  hidrogen
sulfid miihitinde korroziya siiroti 0.0864 g/m?-saata, miihafizo effekti iso (Z) 98,2% , karbon
qaz1 miihitindo korroziya surati 0.1512 q/m?-saata, mihafizo effekti 95.8% vo hor iki qazin birgo
oldugu lay suyunda iso korroziya siirati 0.252 g/m?-saata , miihafizo effekti iso 96.5% toskil edir.
Acar sozlar: inhibitor, reagent, korroziya, lay suyu, hidrogen sulfid, karbon qazi,miihafizo
effekti, korroziya surati.

Giris
Neft sonayesi avadanliglarinin, o ciimlodon  boru komorlori sistemlorinin  istismarinin
etibarliligimin = vo davamhiliginin  tomin edilmosi  neft yataqlarinin  islonmasindo  vo

karbohidrogenlorin sonraki naqlinde on miihiim vazifolordon biridir. Bununla belo, bu sonaye
sahosindo istismar miihitinin korroziya agressivliyi oldugca yiiksokdir vo bu da 6z névbasindo
istismar miihitinin minerallagmis lay suyunun, hidrogen sulfidin, karbon qazinin hesabina
aqressiv korroziya miihitino c¢evrilmosidir.Neft komorlori {iclin on tohliikolisi mohz neftin
temperaturunun asagi diismosi zamani omolo golon kondensatdir.Kondensat 6ziinds iki fazal
korroziya sistemini birlogdirir ki, onun da su hissosindo korroziya proseslori bas verir [1-
3].Quyunun polad avadanliginin, eloco do magistral vo texnoloji boru kemaorlorinin korroziyaya
ugramasi onlarin istismar miiddotini qisaltmaqla vo tomir xorclorini artirmaqla yanasi, ham do
otraf miihito ciddi ziyan vura bilir.Bels ki, avadanliglarin zodolonmasi torpagin aqressiv lay sular
ilo soranlagsmasina, torpaglarin vo tobii su hovzolorinin neft vo neft mohsullar ilo ¢irklonmosino
sobab olur [4-6].

Moaqsad
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Problemin aktualligi va slagali tadqiqatlar.

Neft sonayesindo modon avadanliglarinin vo boru kamoarlarinin korroziyadan mihafizasinin
effektiv tisullarindan biri korroziya inhibitorlarindan istifadssidir. Bunun ii¢iin , mineral duzlarin
va texnoloji muhitlords aqressiv qazlarin (Hz2S, Oz, CO2) oldugu sart soraitdo metallarin korroziya
itkilorinin koskin azalmasina komok edon bir sira maddslorin fordi birlosmolorindon vo ya
kompozisiyalardan istifade olunur.inhibitor miihafizesi modon  avadanhiginin  ve boru
komoarlarinin korroziyadan muhafizasinin on genis yayilmis va iqtisadi cohstdon osaslandirilmis
tisuludur. Inhibitorun qatihgini  doyisdirmoklo vo ya mixtalif antikorroziya xususiyyatlorina
malik inhibitordan istifado etmokls, mdévcud texnoloji sxemlords osasli doyisiklik etmadon
korroziya sdrstinin miniumum  soviyyays enmosina nail olmaq mimkindir.  Hazirda
modandaxili  neft boru kamarlarinin daxili sathinin inhibirlogdirilmasi  daxili korroziyadan
gorunmanin asas Usuludur. Aqressiv mdihitlorin tosirindon yaranan korroziyadan qurgu vo
avadanhglarin miihafizosi neftci mihondislor garsisinda duran miihiim vozifalordon biridir.
Hazirda  inhibitorlarin istifadesi mixtslif agressiv muhitlordo metallarin korroziyasina qarsi
mubarizanin an tosirli tisullarindan biri sayilir. [7,8].

Todgigat  isin moqsadi- yeni  korroziya inhibitorunun laboratoriya soraitindo miuhafiza
effektivliyinin todgigindan ibarotdir.

Metodlar

HSK-nin prognozlasdirilmasi ii¢iin masin talimi alqoritmlarinin tatbigqi.

Daxili korroziya prosesi boru kemorinin daxili sathinin maye ilo tomasi naticosinds yaranir.
Molumdur ki, lay sularmin torkibinds natrium, magnezium vo kalsium xloridlor, bazi hallarda iso
sulfidlor, bromidlor, yodidlar vo boratlar olur.Hamginin COz va O ilo yanasi elementar kikird,
H>S, merkaptanlar va digor Uzvi kikird birlosmalori do lay suyunda holl oluna bilor. Kikurd
birlosmalarindan hidrogen sulfid polad avadanliglara qars1 on agressiv korroziya agentidir. Digor
kikurd birlogsmalorinin aqgressivliyi osason onlarin par¢alanmasi naticasinde H> amala gotirma
gabiliyyati ilo baglidir. Karbon qazi birmonali sokildo lay suyunun korroziya aqressivliyi artirir.
Buna sabab isa karbon qazinin lay suyunda hall olmasi zamani miihitin pH-nin azalmasidir.Lay
sularinda oksigenin olmasi iso (suyun duzlulugunun artmasi ilo hollolma gabiliyyati azalir)
korroziya prosesinin depolarizasiyasini asanlagdirir.

Toqdim olunan mogaloda laboratoriya sinaqlari zamani 6Slgiilori 30x20x1 mm olan Ct3 polad
nimunalarindon istifads edilmisdir.Sinaq ¢un goturilon nimunalarin sahasi asagidaki formul
Uzro hesablanmigdir.

Sn=2ah+2ab+2hb

burada, Sn — polad niimunanin sahaesi, m?; a — nimunenin uzunlugu, mm; b — niimunanin eni, mm;
h — nimunanin hindurlayd, mm.

a=30mm, b=20mm, h=1mm oldugundan, smnaq ii¢iin gotliriilmiis polad niimunonin sahasi
Sn=2-30-1+2-30-20+2-20-1=1300 mm?=0.0013m? olmusdur.

Polad 16vhalarin sathi TOCT 2789-73 standartinin taloblorine uygun olaraq sliflayici dozgahda
sliflonmis, sathlori aseton va spirtlo tamizladikdon sonra distillo suyu ilo yuyulmusdur.. Sathi
aktivlosdirmok moqsadilo polad l6vhociklor 60 saniya middstinde 15%-li HCI mohlulunda
saxlanildigdan sonra ardicil olaraq axar suda, distillo suyunda yuyulmus, sizgoc kagizi ilo
qurudulmus, altmis dogigoe eksikatorda saxlanilmis vo analitik torazids 5-10°q dogiglikla kiitlosi
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toyin olunmusdur. Tocriubalor miqayiss Uclin paralel olarag eyni mihitds inhibitorsuz va
inhibitorla aparilmisdir [9]. Laboratoriya sinagimi aparmaq U¢in gaydalara uygun hazirlanmis
polad nimunalar inhibitorsuz va inhibitor slavs edilmis korroziya miihitina daxil edilmis vo vaxti
geyds alinmigdr.

Laboratoriya sinagi basa c¢atdiqgdan sonra polad 16vholor mihitdon ¢ixarilmis vo sathindoki
korroziya mohsullarindan tomizlonmisdir. Bunun ti¢iin 16vhalor 10 %-1i xlorid tursusu vo 40 %-li
formalindon hazirlanmis mohlulda pambigla tomizlonmis, axar suda yuyulmus vo asetonla
qurudulmusdur. Lovholor ham tocriibadon avval, ham do sonra sabit ¢okiyoa gatirilmok Ugun
eksikatorda 10-12 saat saxlanilmisdir. Daha sonra 16vhalar yenidan torazids ¢okilmisdir [10].
Korroziya inhibitorlarinin smaqdan kecirilmasi Ug¢un gravimetrik Gsul osas gotiralir. Metod,
metal nimunslarinin inhibitorsuz vs inhibitor slave edilmis sinaq miihitindo galmasi zamani
kitla itkisinin miayyan edilmoasindon sonra korroziya sratinin doyismasine asason inhibitorun
muhafizo effektinin giymatlondirilmasindan ibarotdir. Sinaq mihiti kimi miixtalif torkibli lay
sular1 gotirtilmisdiir.

Metal itkisi (Am) asagidaki tonliklo hesablanmigdir:

Am=mog-my
Tocriibs zamani1 metal itkisi i adod polad 16vhaciklors géro hesablanir vo orta kiitlo tapilir.

Qravimetrik sinaqlar zamani1 ham reagentsiz, hom do reagentli miihitdo korroziya siiratinin kiitla
gostariCisi K ilo xarakterizo olunur vo asagidaki riyazi tonlikls hesablanir [11].

my -1y

K, = 51 . g/(m?-saat)

burada, mo — sinaglardan avval nimunanin kdtlssi, gr; m; — sinaqlardan sonra niimunanin kitlasi,
qr; S — li¢ odod niimuno figiin hesablanmis orta soth sahosi, m?; T — sinagin aparilma miiddati,
saat.

Korroziya siiratine asason niifuzetmo omsali asagidaki kimi toyin edilir.

8760
K==

10”7 mm/il

burada, K, — niifuzetms omsali, mm/il

Km-korroziya siirati, q/m2-saat,
p-tadqiq edilon metalin sixlig1, q/sm?,

8760-sabit komiyyat olub bir ildoki saatlarin say1,

Longimo amsalinin hesablanmasi {i¢iin istifado olunan tonlik.
K, o
= - Kimidir.
¥ Kinh

burada, Ko — inhibitorsuz , Kinn. — inhibitorun istiraki ilo olan korroziya siirati, (q/m?-saat).
Inhibitorun miihafizo effekti asagidak: tonliklo hesablanir [12].

Z=K°_K100%

0
burada, Ko — inhibitorsuz miihitde niimunoenin korroziya siirati(q/m? saat),
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Kinh. — inhibitorlu miihitds niimunanin korroziya siirati (q/m?-saat).

Naticalarin muizakirasi

Yataqlarin islonmasi, istismari vo neftin nagli zamani1 avadanligin korroziyasina shomiyyatli tasir
lay suyunun pH-1 va suda hall olunmus oksigenin olmasi kimi parametrlori ilo baglidir. Metallarin
korroziyasini  minerallasmis suda hall olunan duzlar vo lay suyunun yiksok temperaturu
sratlondirir. Lay sularinda hidrogen sulfidin (H2S) , karbon qazinin (CO2) olmasi metal
avadanliglarin korroziyasinda sn mihim tohliiks sayilir.

Inhibitorlarin effektivliyini toyin etmok (iciin laboratoriya testlori aparmagq Ggclin inhibitor kimi
1.3-Dixlor-2 (2-yod-1)(propanin-2-1il)oksi)-etil) benzoldan C11HoCl210.( sorti adi-S-1) istifado
edilmigdir. [25].  S-1 inhibitorunun laboratoriya soraitinds effektivliyi hidrogen sulfid (H2S),
karbon qazi (CO2) vo H2S +CO; olan lay sularinda todgiq edilmisdir.

Codval 1-ds torkibinds hidrogen sulfid (H2S) olan lay sularinda S-1 inhibitorunun effektivliyini
muayyan etmak ii¢iin laboratoriya sinaqlarinin naticalori togdim olunmusdur.

Cadval.1. S-1 inhibitorun hidrogen sulfidli lay suyunda miihafizo effektivliyi

Korroziya stirati, g/m?-saat Kutlo Langima Miihafizo
Inhibit Inhibit - - itkisi, ffekti, Z. %
mhibror q;ﬂllglljogqn/l Inhibitorsuz Inhibitorla tisLar omsalt, y | €Tkt ’
S-1 C 10 4.8 0.9696 0.007 4.95 79.8
S-1 C 15 4.8 0.8448 0.006 5.68 82.4
S-1 Cs 20 4.8 0.5952 0.004 8.06 87.6
S-1 Cs 25 4.8 0.2736 0.002 17.54 94.3
S-1 Cs 30 4.8 0.0864 0.0006 55.55 98.2

Codval 1-don gorundiyu kimi, torkibinds hidrogen sulfid olan lay suyunda inhibitorun qatiligi
artdiqca korroziyadan miihafizo effektivliyids artir.On yiiksok effek reagentin 30mg/l gatihiginda
miisahido olunur.Bu zaman korroziya sirati 0.0864 g/m2-saata, inhibitorun muhafizo effekti iso
(Z) 98,2% toskil edir.

Cadval 2-do torkibinds karbon gazi olan lay suyunda S-1 inhibitorunun effektivliyini mioyyan
etmak tigiin laboratoriya sinagqlarmin naticalori verilmisdir.

Cadval. 2. S-1 inhibitorun karbon qazili lay suyunda miihafizo effektivliyi

. Korroziya sirati, g/m?saat Kiitlo Longimo “?:hkiﬂzzg Y

inhibitor Inhibitorun — — itkisi,qr omsall, v effektl, Z. %
qatiligi, mgq/l Inhibitorsuz Inhibitorla :

S-1 G 10 3.6 0.9936 0.008 3.62 72.4

S-1 ) 15 3.6 0.7704 0.006 4.67 78.6

S-1 C |20 3.6 0.6660 0.005 5.40 81.5

S-1 Cs |25 3.6 0.3348 0.003 10.75 90.7

S-1 C 130 3.6 0.1512 0.001 23.80 95.8
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Codval.2-don gorinduyd kimi S-1 inhibitorun karbon gazi miihitindo gatiliginin 10mgq/1-don
30mg/l-o kimi artmasi korroziya suratinin 0.9936-dan 0.1512 g/m2-saata kimi azaldir. Bu zaman
inhibitorun korroziyadan mihafizs effektivliyi 72.4%-don 95.8%-5 kimi artir.

Cadval. 3. S-1 inhibitorun hidrogen sulfid vo karbon gazinin birgs oldugu miihitdo miihafizo
effektivliyi.

) ] Korroziya siirati , q/m?saat Kiitla Langima Miihafiza
Inhibitor Inhibitorun Inhibitorsuz inhibitorla itkiSi,ql’ omsali, Y effekti, Z. %
qatilig1 mq/l

S-1 Cy 10 7.2 1.71 0.013 4.21 76.2

S-1 G 15 7.2 1.33 0.010 541 81.4

S-1 Cs 20 7.2 0.820 0.006 8.78 88.6

S-1 Cy 25 7.2 0.453 0.003 15.89 93.7

S-1 Cs 30 7.2 0.252 0.001 28.57 96.5

Cadval 3-do iso eyni zamanda hom hidrogen sulfid (H2S), ham ds karbon gaz1 (CO2) olan lay
suyunda S-1-inhibitorun tasir effektivliyi (izra aparilmis laboratoriya sinaqlarinin naticalori
verilmisdir. Cadval 3 —don gorundiyd kimi hidrogen sulfidli lay suyu ilo mlgayisads hidrogen
sulfid va karbon gazinin birgs oldugu miihitds korroziya siirati daha yiiksakdir va bunu da karbon
qazili mihitdo tursulugunun artirtlmasi ilo izah etmok olar. S-1-inhibitorunun bl muhitds
mihafizo effekti hidrogen sulfidli mihitlo migayisads nisbaton zosifdir , lakin karbon gazi olan
muhitlo mugayisads yuksakdir vo 30mgq/l qatiliqda 96.5% toskil edir.Bu zaman korroziya siirati
7.2 g/m2-saata —dan 0.252 g/m2-saata kimi azalir.

Notica

1. Ik dofo olaraq S-1 reagentinin inhibitor xassalorini tadgiq etmok Ugtin torkibinds ayri-ayriligda
hidrogen sulfid,karbon qazi vo eyni zamanda hidrogen sulfid vo karbon qazi olan lay sularinda
laboratoriya sinaqlari aparilmisdir.Alti saat miiddotindo dinamik soraitdo aparilmis tacriibalor
zamani reagentin 10, 15, 20, 25 vo 30 mq/1 qatiliglarindan istifads edilmisdir.

2. Muoayyon edilmisdir ki, torkibinds ayri-ayriligda hidrogen sulfidi, karbon qazi vo eyni
zamanda H2S + CO; olan lay sularinda S-1 inhibitorunun qatilig1 artdiqca korroziyadan miihafizo
effektido artir vo oan yiksok effek har U¢ muhitdo 30mg/l qatiligda bas verir. Hidrogen sulfid
muhitinds geyd edilon qatiliqda korroziya siirati 0.0864 g/m2-saata, inhibitorun muhafizo effekti
iIso 98,2% , karbon qazi miihitinds korroziya surati 0.1512 g/m2-saata , muhafizo effekti 95.8%
Vo har iki gazin iso birgo oldugu lay suyunda iso korroziya sursti 0.252 g/m2-saata , miihafizo
effekti iso 96.5% toskil edir.

3. Gostorilmisdir ki, S-1 reagentinin korroziyadan muihafizo effektivliyi karbon qazi-karbon
qazithidrogen sulfid-hidrogen sulfid sirasi iizro artir.Ona gora do todgiq olunan S-1 inhibitorun
neft sanayesinda hidrogen sulfid mihitinds totbigi daha moagsadouygundur.
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PE3IOME

OnHuM U3 3(PPEKTUBHBIX METONOB 3aIUTHl OT KOPPO3UU TOPHO-IIAXTHOIO OOOPYIOBAaHUS U
TpyOONpPOBOIOB B HEPTSIHONW MPOMBIIIIIEHHOCTH SIBJISIETCS MPUMEHEHHE WHTMOUTOPOB KOPPO3HH.

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 25




ISSN: 1609-1620; E-IS5N: 26T4-5224
E-ISSN: 2674-5224
,. PAHTEI
- VOLUME 24 ISSUE 01 2023

REFERRED & REVIEWED JOURNAL

JUis 3TOro MNpPUMEHSIOT HMHAWBUIyallbHBIE COYETaHHWS WM KOMIIO3UIMH psija BEIIECTB,
CIOCOOCTBYIOIIMX PE3KOMY CHUKEHUIO KOPPO3MOHHBIX MOTEPh METAJUIOB B JKECTKUX YCIOBUAX C
MUHEpaJIbHBIMHU COJIIMH M arpeccuBHbIMU razamu (H2S, 02, CO2) B TEXHOJOTHYECKHUX Cpeaax.
HanboJyiee PacCHpPOCTPAHEHHBIM BHJ 3alIMTHl OT KOPPO3UU TOPHO-IIAXTHOTO OOOpPYHOBaHHS H
TpyOONpPOBOJIOB U SBJIAETCS IKOHOMHUYECKM OOOCHOBAaHHBIM MeTOJIOM. B Hacrosimee Bpems
WHTHOWPOBaHWE BHYTPCHHEHW MOBEPXHOCTH MOJ3EMHBIX HE(PTEIPOBOJOB SBISETCS OCHOBHBIM
METOJIOM BHYTPEHHEW 3aluThl OT Koppo3uu. MHruOurtopHas 3ammra Ha CETOMHSLIHUI JIeHb
SIBJISIETCSI CAMbIM COBPEMEHHBIM METOJIOM U MMEET MHOXKECTBO IMPEUMYIIECTB MEpea APYTUMH
Metonamu. [lockosabpKy dakTopom, BIUSIOMIKUM Ha 00pa3oBaHHe KOPPO3HH, SBIISIETCS arpecCUBHAs
cpena, CHI)KEHUE CIIOCOOHOCTH arpecCUBHOM CpeJibl BHI3BIBATH KOPPO3UIO 32 cUeT nu3MeHeHust pH
Cpellbl YBEIMYUBAET J0JITOBEYHOCTh METa/LUIOB. MI3MeHnenue pH cpenpl Tak:ke MPOUCXOIUT 3a CUET
uHTHOUTOpOB. Criocob Oosnee 3h(hekTuBeH, Tak Kak MpH J0OaBICHUN HHTHOUTOPA HE IIPOUCXOIAUT
MOBTOPHOTO pacxoja MeTalla WIA HET HEOOXOJWMOCTH MEHSTh KOHCTPYKTHUBHBIE YacTU
obopynoBanusi.  MHruOuropel  OBIBAIOT  OpraHUYECKHE,  HEOPraHWYEeCKHe,  JIEeTy4YHe,
naccuBupytomue. Llenp 3Toro Meroga — MaKCHMaibHO 3aIUTUTh METAI, PEryaupys oOMeH
AJIEKTPOHAMM MEX]Jy aHOJOM M KaToJOM B METajule, I/ MPOUCXOAUT Ipolecc kopposuu. llpu
UCIOJIb30BAaHUN WHTHOUTOPOB BO3JCHCTBUE OCYIIECTBISETCS 3a CUET YMEHBIIEHUS IUIONIAId
Karona, Onaromaps 4YeMy CKOPOCTh KOPPO3HMM OCIAONSETCS W METaul TPEIOXPAaHAETCS OT
Koppo3uu. Wi MoxkHO 106aBUTh MHTUOUTOD [Tl ycuinenus dddexra anoanoro noins. [lo mepe
YBEJIMUEHUS JAEUCTBUS aHOJA 3aIMIIAEMBbId METAJlI HE MOJIBEpraercs Koppo3uu. B To xe Bpems
UHTHOUTOp 0071a1aeT SKPAaHUPYIOUIUM JACUCTBUEM, YTO CO3AAET SKPAHUPYIOILIYIO TOBEPXHOCTh Ha
MOBEPXHOCTU 3alIMIAEMOro MeTajlja, Co37aBas TPaHMIly MEXKIYy METAIJIOM U arpecCUBHOMN
cpenoii. B pe3ynbraTe MeTai 3alUIIeH, TaK Kak He HAXOJAUTCS B arpecCUBHOI cpene. B cBs3u ¢
STHM TIPH BHIOOpE MHTHOMTOpA HEOOXOAMMO CTApaThCs COOTBETCTBOBATh arpeCCUBHOM cpene U
3alIUTHOMY MOTEHLMANy MeTajlla, a MeTalll MakKCUMaJbHO HE TIOJIBEpraeTcsi KOPpPO3UHU B
arpeccUBHON cpeJie.lPeNOUTUTENIbHEE UCIO0Ib30BaTh OPraHUYEeCKHe, a30THbIE MHIMOUTOPHI Ha
ocHoBe. BpIOOp Tuma MHruOMTOpa 3aBUCUT OT COCTaBa arpecCMBHONM KOPPO3HMOHHOM Cpeibl.
Haubonee omacHOi KOPpO3MOHHOW cpenod B HedTera3oBOd OTpaciu SBISETCS cpeda ¢
MOBBIIIEHHBIM COZIEp)KaHUEM CEPOBOJIOPOJIA M YTIIEKUCIIOro ra3a. B aToMm ciryuae nenecooOpasHee
UCIOJIb30BaTh  KOMIIO3MIIMM  Pa3IMYHBIX HMHTUOMTOpPOB. B pe3ynbTare mpoOBENEHHBIX
HCCIEAOBAHUIN JIEMCTBUE KOMITO3ULIMM TOKA3bIBACT JIYYIIHE PE3YyJbTaThl MO CPaBHEHUIO C
OTJENbHBIMU MHTHOUTOpaMH. 3allliTa YCTaHOBOK M O0OpY/IOBaHUS OT KOPPO3UH, BBI3BIBAEMOI
arpecCUBHBIMHM CpEJIaMH, SIBISIETCS OJHOW M3 BaXXHBIX 3a7ad, CTOSUIUX IMEpe]l WHKEHEepaMu-
He(TssHUKaMU. B HacTosiiee Bpemsi UCI0Ib30BaHNE HHTMOUTOPOB CUNTAETCS OJHUM U3 Haubosee
3¢ (EeKTUBHBIX METO/0B OOpPHOBI C KOpPpO3HMEH METAUIOB B Pa3IMUHBIX arpecCUBHBIX CpEAax.
BnepBeie unrubupytomme cBoiictBa peareHta C-1 uccienoBaHbl B J1a0OpaTOPHBIX YCIOBHSIX
pa3aesbHO B CEPOBOJIOPO/IE U YIJIEKUCIIOM rase, a TakKe B IJIACTOBBIX BOAAX, COAEPKAIIUX Kak
CEpOBOJIOPOA, TaK W yriekucnelii ra3. Konmenrpamuum pearenta 10, 15, 20, 25 u 30 wmr/a
WCIIOIH30BAJIUCH TIPHU TTPOBEJICHUH YKCIIEPUMEHTOB B JUHAMUYECKUX YCIOBUSAX B TEUCHHUE IIECTH
gacoB. [l cpaBHEHHS OSKCIEPUMEHT M0 H3YYCHHIO WHTHOUPYIOIIETO CBOMCTBA TakkKe ObLI
npoBeJieH B cpene Oe3 mHrubutopa. B Xoje ucnbITaHMs H3ydaluCh COBMECTHO KakK IOTEps
MeTanna, Tak U 3PQPEKT 3aMeJIeHUs] KOPPO3UHU, a TaKXKe 3aIMUTHBIA dPQPEKT MpH yKa3aHHBIX
KOHIICHTpAIUSX. Y CTAaHOBJICHO, YTO YBEIWYCHUE KOHIIeHTparuu pearenta ¢ 10 mr/m mo 30 mr/n
MPUBOJUT K TMOBBIIEHUIO 3(PPEKTUBHOCTH €ro 3alluThl BO BCEX TPEX KOPPO3ZHOHHBIX
Cpenax.pe3ysbTaThl IKCIIEPUMEHTOB TOKa3aJid, 4TO HauOonbmui 3¢hdexT HabmromaeTcs mnpu
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koHueHTpauuu 30 wmr/n  unruburopa C-1 yCTaHOBJIEHO, YTO CKOPOCTb KOPPO3UH B
CEpOBOIOPOAHON cpene mpu KouneHTpamuu 30 mr/n marudbmropa cocrasuser 0,0864 r/m2-4, a
3anuTHBIA 3¢ ekt (Z) paBeH 98,2%, cCKOpoCTh KOPpO3WHM B Cpele IBYOKHCH Yyriepoja
cocraBmusieT 0,1512 r/m2-4, 3ammtHbI 3 dexT cocTaBmsier 95,8%, a B KaXI0H MIaCTOBOUM BOJIE,
I7Ie COCYIIECTBYIOT JBa raza, CKOpocTh Kopposuu coctaBisieT 0,252 r/m2-4, a 3amuTHBINA 3P HeKT
cocrasisgeT 96,5%

KiroueBble cj10Ba: HHTHOUTOP, peareHT, KOPpo3us, IIacTOBast BOJA, CEPOBOIOPO, YTIACKUCIBIN
ra3, 3almTHEIN ) PeKT, CKOPOCTH KOPPO3UH.
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DETERMINATION OF WIND SPEED AND DIRECTION IN THE
ATMOSPHERE USING ULTRASONIC ANEMOMETER, TRANSFER OF
MONITORING DATA TO THE SYSTEM

Revan Isayev!, Fakhraddin Aghayev?

1Azerbaijan State Oil and Industry University, !Department of Instrumentation Engineering
2Institute of Space Research of Natural Resources

IMaster's degree, E-mail: revann.sayev.99@gmail.com

2Director of the Azerbaijan National Aerospace Agency, professor, Email: agayev-tekti@mail.ru

ABSTRACT

The study of physical phenomena and processes occurring in the lower layer of air where a person
lives and works, it is customary to subdivide various types of measurements into direct, indirect.
As a rule, when creating and implementing indirect measurement methods, (direct), local (in situ)
and remote (remote). There are very few direct measurement methods in physics, and in
atmospheric physics in particular, at present. Most measurements are indirect. These methods use
well-studied laws and relationships between various physical parameters, special calibration using
already proven methods of atmospheric layer measurements (standards). Local (contact)
measurements are carried out using certain sensitive elements (sensors) placed in the investigated
point (limited volume) of the atmosphere. With the help of contact methods, a large number of
measurements of various atmospheric and surface parameters are carried out (for example,
measurements of temperature and humidity using regularly launched radiosondes). However,
using these methods to obtain detailed information about the state of the Earth's atmosphere on a
regional and, especially, global scale is difficult and very expensive, in reality it is impossible.
Adjacent to the earth's surface, it is studied mainly on the basis of observations of meteorological
stations at many points on the circumference of the earth. That is why the main part of the physics
of the atmosphere is meteorology, more precisely the movement of air masses, the measurement
of temperature, humidity, the study of precipitation and the destruction of the ozone layer, etc. is
devoted to the study of such issues. These listed works necessitate regular forecasts and
observations of the state of the atmosphere, and the necessary measurements are carried out with
the help of meteorological stations.
The process of many global climate changes taking place on the planet can also cause serious
problems in weather management and forecasting, as well as in long-term monitoring of
atmospheric parameters. In particular, more attention is paid to improving weather stations,
making measurements with more efficient methods than it is predicted that such processes will
exist in the future. It is known that in the process of measuring the physical parameters of the
atmosphere by ultrasound, the speed of propagation of sound waves in air depends on the
properties of the air, its temperature and density. The temperature dependence of the speed of
sound waves propagating in air at normal atmospheric pressure is approximately determined by
the following relation.

V =33145m/s+0.6T
Here T is the air temperature in degrees Celsius. In air, if the sound propagates in the opposite
direction of the wind, then it increases depending on the speed (Numerical value) of the wind
when it travels any distance. The main part of the system for measuring the physical parameters of
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the atmosphere is meteorology, more precisely, the movement of air masses, the measurement of
temperature, humidity, the study of precipitation and the destruction of the ozone layer, etc. is
devoted to the study of such issues. Serious care is felt in this sphere in our republic. This sphere,
important for the life and activity of people, is always under the control of our state. For this
purpose, | can offer an acoustic anemometer (a device that determines the speed, direction,
temperature of the wind). This device can telemetrically connect to the system and send data to

the processing center at specified intervals.
Keywords: Ultrasonic anemometer, Forecasting, Acoustic anemometer, Global climate changes

ULTRASOS ANOMOMETRI VASITOSI iLO ATMOSFERDO KULOYIN
SUROT VO ISTIQAMOTININ TOYIN EDILMOSI, MONITORINQ
MOLUMATLARININ SISTEMO OTURULMOSI

Ravan Isayev!, Foxraddin Agayev?

1Azarbaycan Dovlot Neft vo Sanaye Universiteti, 1“Cihaz miihandisliyi” kafedrasi
2Azorbaycan Milli Aerokosmik Agentliyi, Tobii Ehtiyatlarin Kosmik Tadqigi Institutu
Imagistr, E-mail: revann.sayev.99@gmail.com

Zdirektor, t.e.d., professor, E-mail: agayev-tekti@mail.ru

XULASO

Insanin yasadig1 vo islediyi havanin asag1 tobaqoesinda bas veron fiziki hadisolorin vo proseslorin
Oyronilmoasi zaman1 miixtalif 6lgmo novlorini birbasa, dolay1 olaraq bélmokls dyronir.Bir qayda
olaraq, dolay1 6lgmo dsullar1 yaradilarkon vo hoyata kegirilorkon, (direct) , yerli (in situ) vo
uzaqdan (remote). Hazirda fizikada, xiisuson do atmosfer fizikasinda birbasa 6lgms iisullar ¢ox
azdir. Olgmolorin oksariyyati dolayidir. Bu iisullar yaxs1 dyronilmis qanunlardan vo miixtolif fiziki
parametrlor arasindaki olagolordon, atmosfer gatinin 6lgiilmasinin (standartlarinin) artiq subut
edilmis tsullarindan istifado etmoklo xiisusi kalibrlomodon istifads edir. Yerli (olago) 6lgmoalor
atmosferin todqiq edilon noqtosindo (mohdud hocmdo) yerlosdirilon miioyyon hossas
elementlordon (sensorlardan) istifado etmoklo hoyata kegirilir. Kontakt tisullarinin kémoayi ilo
miixtalif atmosfer vo soth parametrlorinin ¢oxlu dl¢iilori aparilir (masalon, miintozom olaraq igo
salinan radiozondlardan istifado edorak temperatur vo riitubotin 6l¢iilmasi). Lakin bu sullardan
istifado edorok Yer atmosferinin vaziyysti haqqinda regional vo xiisusilo qlobal miqyasda otrafll
molumat aldo etmok ¢otin vo ¢ox baha basa golir, aslinds 1so miimkiin deyil.

Yer sothino bitisik, osason yerin ¢evrosinin bir ¢ox ndqtelorinde meteoroloji stansiyalarin
miisahidolori osasinda Oyronilir. Mohz buna gors do atmosfer fizikasinin osas hissasini
meteorologiya, daha dogrusu hava kiitlolorinin horokoti, temperaturun, riitubstin Ol¢tilmosi,
yagintilarin todqiqi vo ozon tobagosinin mohv edilmasi vo s. kimi masalolor. Sadalanan bu islor
atmosferin voziyyetinin miitomadi olaraq prognozlagdirilmasini vo miisahidesini zoruri edir,
meteoroloji stansiyalarin komoyi ilo lazimi Slgiilor aparilir.

Planetdo bas veran bir cox qlobal iglim doyisikliklori prosesi hom do hava soraitinin idare
edilmosi vo prognozlasdirilmasinda, eloco do atmosfer parametrlorinin  uzunmiiddotli
monitoringinde ciddi  problemlor yarada bilor. Xiisusilo, meteoroloji  stansiyalarin
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tokmillogdirilmasine, dlgmolorin daha somorali tisullarla aparilmasina golocokdo belo proseslorin
olacag1 proqnozlasdirildigindan daha ¢ox diqqat yetirilir.

Molumdur ki, atmosferin fiziki parametrlorinin ultrasoslo 6lglilmasi prosesindo sos dalgalariin
havada yayilma siirati havanin xiisusiyyatlorindon, temperaturundan vo sixligindan asilidir.
Normal atmosfer tozyiqindo havada yayilan sos dalgalarinin siirotinin temperaturdan asililig
toxminon agagidaki alags ilo miioyyan edilir.

V =331.45m/san+0.6T

Burada T havanin temperaturu Selsi ilo ifado edilir. Havada sos kiiloyin oks istigamotindo
yayilirsa, o zaman hor hansi mesafoni got etdikds kiiloyin siiratindon (raqom doyorinden) asili
olaraq artir. Atmosferin fiziki parametrlorinin 6lg¢iilmasi sisteminin asas hissasini meteorologiya,
daha doqiq desok, hava kiitlolorinin horokati, temperaturun, riitubotin Olgiilmasi, yagintilarin
Oyranilmasi va ozon tobagasinin mohv edilmasi va s. kimi masalslorin dyronilmasi.
Respublikamizda bu sahays ciddi qayg1 hiss olunur. insanlarin hayat1 va faaliyyati {igiin miithiim
ohomiyyat kasb edon bu saha daim dovlstimizin nazaratindadir. Bu magsadlo akustik anemometr
(kiiloyin siiratini, istiqgamotini, temperaturunu toyin edon cihaz) toklif edo bilorom. Bu cihaz
telemetrik olaraq sistema qosula vo miioyyon edilmis intervallarla malumatlar1 emal markozino
gondora bilor.

Acar sozlor: Ultrasos anemometri, Prognozlasdirma, Akustik anemometr, Qlobal iqlim
doyismolori

Giris

Tabiotdo flora vo faunanin, xiisuson canlt alomin hoyat1 Yer kiirosini ohato edon hava qatinin —
atmosferin igorisindo bas verir vo bu, hava gatinin, o ciimlodon fiziki voziyyatindon do ¢ox
asilidir. Bas veron qasirga, tufan hadisolori iso hatta 6liimlo naticolonan dagintilara da sobab ola
bilir. Bundan basqa fasil doyismalari ilo alagodar olan musson va passat kiiloklorinin gomigiliya,
kond tosarriifat: iglorinin aparilmasina tosiri halo orta osrlordon moalumdur. Mohz ona goéro do
atmosfer fizikasinin asas hissasi meteorologiya-daha doqiq desak hava kiitlslorinin yerdayismasi,
temperatur Slgmo islori, riitubetlilik, yagmtilarin vo ozon yirtiqlarinin todqiqatt vo s. kimi
mosalalorin dyronilmosing hosr edilir. Sadalanan bu islor atmosfer halinin miitomadi prognoz vo
nozaratini icra etmok zorurotini yaradir ki, meteostansiyalar vasitosi ilo zoruri Olgiilor aparilir.
Tufan, qasirga, tornado kimi tobii folakotlor hagqinda ovvalcodon verilon xoboardarliq, bu
folakotlordon bas vero bilacok fosadlart minimallasdirmagq, onlarin térads bilocayi insan tolofatinin
qarsisin1 almaga komok edir. Lakin toassiiflo qeyd etmok lazimdir ki, bu tabii hadisalordon Yer
kiiresinin miixtolif regionlarinda yiizlorlo insan tolofati olur. Hor il iso iqtisadi zoror miixtolif
Olkolordo bir neg¢o milyard dollar1 asir. Qeyd etmok lazimdir ki, hotta tobii folakot kimi
qiymatlondirilmayon miioyyan hava hadisalori (dolu, giiclii kiilok, normadan artiq yagintt va s.)
miixtolif tosorriifat saholorinin somoarali foaliyyot gdstormasine shomiyyatli doracads tasir edir.
Planetds bas veran bir ¢ox qlobal iqlim doyismalari prosesi do havaya nazarot vo prognozlasdirma
mosalolorindo, atmosfer parametrlorinin uzunmiiddotli monitoringi isindos ciddi problemlor yarada
bilir. Xiisuson golocokds do bu nov proseslorin olmasi prognozlasdirildigindan daha somarali
iisullarla 6lgmalori aparilmasi, meteoroloji stansiyalarin tokmillosdirilmasina digget artirilir. Son
dovrds ozon qatinin dagilma vo yer igliminin doyigsmasina texnologiyalarin istismar1 naticosindo
olmas1 fovgolado vo aktual bir masoloya cevrilib. Bu proseslor belo davam etso arzuedilmoz
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ekoloji, igtisadi vo sosial fosadlar1 olan noticolora (yoni, global temperatur doyismolori, yaginti
miqdarmin doyigmosi, diinya okeaninin sothinin qalxmasi, yer sothinin isiqlanmasinda
ultrabandvsayi isiglanmanin artmasi vo s.) gatira bilor.

Bu ndv problemlorin qarsisini almaq, fosadlarini minimallagdirmaq moagsadi ilo bir sira
beynolxalq razilasmalar aldo olunub:

-Yerin iqliminin doyismesi haqqinda BMT-nin ¢or¢ive sazisi (UN Framework Convention on
Camate Change-FCCC);

Ozon qatinin qorunmasi haqqinda Vyana konvensiyast,

Istixana gazlar1 vo s. tullantilarin atilmasinin mohdudlasdirilmasi barado;

Kioto protokolu.

Respublikamizda da bu sahayo ciddi qaygi hiss edilir. Insanlarin yasami vo foaliyyati iigiin
ohomiyyatli olan bu saho daim dovlotimizin nozarati altindadir. Lakin 6lkomizo edilmis hoarbi
tocaviiz noticosinds Qarabag orazisindo movecud olan meteomontagolor dagidilmis moalumatlarin
alinmasinda monitoringin miitomadi aparilmasinda miioyyon ¢atinliklor yaranmigdir. Homin
orazinin dagliq zonada yerlosdiyini nozors alsaq, yoni montoqado qurasdirilacaq cihazlar iqtisadi
somaraliyi liglin daha az enerji istifado edon cihazlardan ibarot olmasi daha effektiv olardi. Bu
mogsadlo akustik anemometri (yoni kiiloyin siirot, istigamset, temperaturunu toyin edon cihaz)
toklif eds bilorom. Bu cihaz telemetrik olaraq sistemo qosularaq miioyyon olunmus intervallarla
molumatlari emal markozina gondars bilor.

Moagqsad

Atmosferin fiziki parametrlorinin ultrasas iisulu ilo 6lculmasi.

Molumdur ki, havada sas dalgalarinin siiroti havanin xassolorindon, onun temperaturu vo
sixligindan asilidir. Normal atmosfer tozyiqinds havada yayilan sas dalgasinin siiratinin
temperaturdan asililig1 toqribi olaraq agsagidaki miinasibatlo miioyyon olunur

V =331.45m/san+ 0.6T

Burada, T —havanin selsi doraca ilo temperaturudur.

Havada, agor sas kiiloyin oks istiqgamatinds yayilirsa, onda onun har hans1 masafani 6tiib kegma
zaman kiiloyin siiretindon (9dadi giymatindon) asili olaraq boyiiyiir. Oksing sos kiiloyin
istigamatinds yayilarsa onda onun bu masafoni 6tiib kegmo zamani kigilojok.

Belo ki
d
t, =—— 1)
?oc4v
d
t, = CTV (2)

Minasibatlari ilo miioyyan olunur

Burada,

d - Siialandirij1 vo qobuledici arasindaki mosafa;
C - Sosin siirati;

V - Kiiloyin siiratidir;

Metodlar
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Istonilon istigamotds kiiloyin V Siratinin slaqa qaydasini doyisib sonra iso 1) den 2) ni ¢ixmagqla

tapmagq olar.
V:d(l_lj .
2 t12 t21

Bu miinasibat gostarir Ki, kiiloyin siirati temperatur, tozyiq va sixliqdan asili deyil.
Burada v, v, Ilo kiiloyin V Siirat vektorunun 1,2 vo 3,4 oxlar1 lizro komponentlorini igars etsok,

onda
V=V, +V,

Aydindir ki, bu halda siialandirict vo gobuledicilarin ciit ciit qarsiligl perpendikulyar oxlar
iizorinds yerlosmosindon (Sak.1) kiiloyin siirat vektorunun adodi qiymati

V= v+ (4)

Kimi toyin edilir. Buradan alav, Sok.1 don aydindir ki:

d (|1 1
"ol
qs sq (5)
d (1 1
V = —+| — — —
’ 2 tCS tSC

Burada:
t.. - Signalin gorbdon sorqo yayilma miiddati;

- Signalin sargon gorbe yayilma miiddati;

t.. - Signalin simaldan jonuba yayilma middati;

t.. - Signalin jonubdan simala yayilma miiddati.

S
A\
v A-simal
sarqdan
UY
3
=
C
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Sakil 1. Kilayin siirat va istigamatinin ultrasas tisulu ilo 6l¢iilmasinin sxemi
Eyni zamanda 6l¢ms aninda polyar vo ya faza bujag: adlanan ¢ Bucagint OAB diizbujaqlt
ticbujagindan

. AV
@ =arcsin—= (6)
v
Miinasibaotindon toyin etmok olar. A ndqtasindos kiiloyin siirati adadi qiymatjo
m
V=V (7)
san
Vaya
km
V=36 "
saat
olacag.

Ultrasas anemometrla kiiloyin siiratini 0,1 m /san- don 50 m/ san- o gadar va istigamatinin 0- dan
359 doaracaya godar doyismo sorhaddinds 6l¢mo aparmalidir. Qurgunun asas elementlorindon biri
iki oksistiqamaotli ultrasas siialandiricisi, gobuledicidir ki, onun orta is¢i tezliyi 40 kHs dir, ardicil
va paralel rezonanslarin tezliyi 1 kHs don artiq forqlonmirla.Istehsal olunan bels bir otiirticii
MAJ4OE7S- 1 markirovkasina malikdir v sokil 2- da gostorilmisdir.

c—{oe:

Sokil 2. MA40E7C-1 6tiricu
Pyezodtiiriicliniin gobuletms siialanma somt diaqgrammu sakil 3- do gostorilmisdir.

Verilmis diagramdan goriintir ki, 30° lik bucaq altinda otiiriilon (Qoabul edilon) signalin
zoiflonmosi gostorilmis stialandirict tiglin 5 dB-li agsmir vo ya 2 dofo az olur. Elementar sos
dalgasinin siirlismo bucagi 30° oldugda hava miihitinin horakot siiratini (Kiiloyin siirati) toyin
etmok olar. Sos dalgasinin yayilma vektoruna perpendikulyar olan vektoru hava kiitlosinin
harakati kimi qabul edarak, hipotenuza vo Ona bitisik katet arasindaki bucagi 30° olan diizbucaql
licbucaq quraq. Belo iighucagda molumdur ki, 30°, li bucaq qarsisindaki katet hipotenuzun
uzunlugunun yarisina borabordir.

Hava miihitindo 20 °J do sosin yayilma siirotini 340 m san qobul etsok, hava miihitinin horokot
stiratini 0,5 x 340 = 170 m san aliriq ki, bu da 6lgiilon siirotin maksimal giymotindon oldugja
coxdur. Belolikla, signalin siiriigmosindon onun zaiflonilmasi oldugja kigikdir.

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 33




ISSN: 1609-1620; E-IS5N: 26T4-5224
E-ISSN: 2674-5224
,. PAHTEI
- VOLUME 24 ISSUE 01 2023

REFERRED & REVIEWED JOURNAL

MA40E7S-1

30 30°

Attenuation (dB)

60; L 20 50"

+-30

90° 90"

Sakil 3. Pyezodtiiriiciiniin gobuletma, siialanma samt diaqrami

Natico

Aparilan arasdirmalar gostsrmisdir ki, Qarabag orazisindo movcud olan meteo montagolordo
monitoringin mutomadi aparilmasinda muoyyon catinliklorin yaranmamasi ucun vo homin
orazinin dagliq zonada yerlosdiyini nozors alsaq, montoqado qurasdirilacaq cihazlar iqgtisadi
somoaraliyi mogsadi ilo azimiiddatli enerji istifado edon cihazlardan ibarot olmasi daha effekti
olardi. Ultrases anemometrinin sistema daxil edilmosi mogsado uygundur. Atmosferin fiziki
parametrlorinin Slgiilmosi liglin sistemin osasini toskil edon ultrasos anemometrin  maketi
hazirlanmasinda MA40E7S 1 piyeza oturucu, gobul edicinin todbiqi onun elektron sxemindo vo
program tominatinda istifado edilmasi ucun yararlidir.
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PE3IOME

N3yyeHne ¢u3nyecKkux SIBICHUH U MPOLECCOB, NMPOUCXOSNIIMX B HIDKHEM CIIO€ BO3ZyXa, TIC
KHUBET U paboTaeT YeloBeK, MPUHATO MOAPA3CIATh pa3IMYHbIe THUITBI MU3MEPEHUH Ha TpPSMBIC
,JkocBeHHble .Kak mpaBmio, mpu CO3AaHMHM M pealn3alid KOCBEHHBIX METOJOB H3MEpEHUI
ocymectBisiercst (direct), mokanpHbie (in situ) ¥ aucTaHnuoHHBIE (remote). [IpsMBIX MeTomOB
U3MepeHnil B ¢u3mke, U B (pU3UKe aTMOchepbl B YaCTHOCTH, B HACTOAIIEE BPEMsl CYIECTBYET
OYCHb Majo. BOJBIIMHCTBO W3MEPEHU KOCBEHHBIE. ODTH METOABI HCIOIB3YIOT XOPOIIO
U3y4YCHHBIC 3aKOHBl ¥ COOTHOLICHUS MEXKIy pPa3IUYHBIME (U3UYECKHIMHU TapaMeTpaMu
CrenuanbHas TPagyHpOBKa C IOMOIIBIO YK€ ampoOMPOBAaHHBIX METOMOB  CJIOE€ aTMoc(epsl
u3MepeHnil (3TanoHoB). JIokanabHbIE (KOHTAKTHBIE) M3MEPEHHUS OCYILECTBISIOTCS C IOMOIIBIO
OTIPENIeICHHBIX YYBCTBUTEIIBHBIX 3JEMEHTOB (IaTYMKOB), MMOMEUICHHBIX B HCCIEAYEMYIO TOUYKY
(orpanuuyeHHbIi 00beM) arMmocdepbl. C TOMOIIBI0 KOHTAKTHBIX METOJOB OCYIIECTBIISETCS
00JIBIIIOE KOJNMYECTBO W3MEPEHUH pa3iMyHBIX MapaMeTpoB aTMochepbl W MOBEPXHOCTH
(HampuMep, W3MEpEeHHUs TEeMIepaTypbl M BIAXHOCTH C IOMOIIBIO PETYISPHO 3aIyCKAEMBIX
paaro3oHa0B). OHAKO,MONYYUTh C IMOMOINBIO 3TUX METOJOB MOAPOOHYI0 HHPOpMAIMIO O
COCTOSIHUU aTMOc(epbl 3eMIIM B perHOHAILHOM U, TeM Ooliee, B I100aIbHOM MacuITabax TPyAHO
¥ OYEHB JI0POTO, B PEaTbHOCTH — HEBO3MOKHO.

[TpuneraromemM K 3eMHOW MOBEPXHOCTH, M3y4yaeTcsl INIaBHBIM O00pa3oM Ha OCHOBE HaOIIOAECHUM
METEOPOJIOTUIECKAX CTAaHIMI BO MHOTHX ITyYHKTaxXx Ha OKpPYKHOCTH 3emsd. IMEeHHO mosTOMy
OCHOBHOHM 4YacThlO (PM3UKU aTMOC(EpHI SBISAETCS METEOPOJIOTHUS, TOUHEE IBUKEHHE BO3/YIIHBIX
Macc, U3MepeHre TEMIepaTyphbl, BIAKHOCTH, H3yUEHUE 0CAAKOB M Pa3pyLICHUS 030HOBOTO CIIOS U
T. . TIOCBAIIEH H3YyYEHHUIO MOAOOHBIX BONPOCOB. ODTHU MNEPEUYMUCICHHBIE PAOOTHI BBI3BIBAIOT
HEOOXOIMMOCTh TIPOBEICHHSI PETYJIIPHBIX IPOTHO30B U HAOIOICHHH 32 COCTOSTHUEM aTMOC(epHI,
a He0OXOIMMBbIE U3MEPEHHUS OCYIIECTBISIOTCS C TOMOIIBIO METEOCTAHIIUH.

[Tporiecc MHOTHX TIIOOATBHBIX KIUMATHYECKUX U3MEHEHH, MPOUCXOMIINX HA IJIAHETE, TaKKe
MOYKET BBI3BATh CEPbE3HbIE MPOOJIEMBI B BOIIPOCAX YNpPaBJIEHUS M MPOTHO3MPOBAHUS MOTOJBI, a
TaKXe B JIOJITOCPOYHOM MOHHTOPWHTE MapamMeTpoB armochepsl. B wacTHOCTH, O0JTbIIIe BHUMAHHS
yZIeJIsIeTCsl COBEPILIEHCTBOBAHUIO METEOCTAHIIUH, TPOBECHNUIO U3MepeHHit Ooee 3P PpeKTUBHBIMU
METO/IaMH, YEM MTPOTHOZUPYETCS, YTO TaKKE TPOIIECCH OYAyT CYyIECTBOBAThH B Oy IyIIEM.
W3BecTHO, 4TO B mpolecce U3MEpeHus (PU3NYECKHX MapaMeTpoB aTMoc(epsl yIbTPa3BYKOM
CKOpPOCTh PAacCHpOCTPAHEHHUS] 3BYKOBBIX BOJH B BO3IyXE 3aBHCHT OT CBOMCTB BO3IyXa, €ro
TEMIepaTypbl W IUIOTHOCTU. TemmeparypHas 3aBUCHUMOCTb CKOpPOCTH 3BYKOBBIX BOJIH,
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pPacHpoCTPaHSIOIIUXCS B BO3AyXe IpPH HOPMAIbHOM aTMOC(EepHOM JaBlIEHWHU, MPUOIHKEHHO
OIIpEAEIIAETCS CAEAYIOIHUM COOTHOLLIEHUEM.

V =331.45m/san+0.6T

3necs T — Temneparypa Bo3nyxa B rpagycax Llenascus. B Bo3ayxe, eciiu 3ByK paciipoCTpaHsieTCs B
HaIpaBJIEHUHU, MPOTHUBOIOJIOKHOM BETPY, TO OH YCHJIMBA€TCA B 3aBHUCHUMOCTH OT CKOPOCTH
(UmrcnoBoro 3HaYCHHS) BETPA MPH MPOXOKIACHUH UM JIFOOOTO PACCTOSHUSI.

I'maBHOIl 4YacThiO CHCTEMbl U3MEpeHHs (U3MYECKUX TapaMeTpoB arMmochepsl SBISETCS
METEOpOJIOrusl, TOYHEE, IEPEMELICHHS BO3AYIIHBIX MacC, U3MEPEHUS TEMIIEPATYpPhl, BIAKHOCTH,
UCCIIETOBAHMS OCAJKOB M pa3pylICHUs 030HOBOTO CJIOS U T. JI. MOCBAILIEH M3yUYEHUIO MOJT0OHBIX
BONIPOCOB. B 370l cdepe B Hamiell pecmyOinke 9yBCTBYETCSl cephe3Has 3a00Ta. JTa BakHas s
KHU3HU U JESATeNIbHOCTH JItoJiel cdepa Bcerja HaXOAUTCs MO KOHTPOJIEM HaIIero rocy/iapcTBa.
JUis 3TOM 1enM MOTry HpeUIoXKUTh aKyCTUYECKUN aHeMoMmeTp (mpubop, Oompenessromuii
CKOpOCTb, HalpaBJCHHE, TEMIepaTypy BeTpa). IDTO YCTPOHCTBO MOXKET TeJIEeMETPUUYECKU
MOJKIIIOYAThCS K CHCTEME W OTIHPABIATH JaHHBIE B LEHTp 0O0pabOTKM depe3 3aJaHHbIC
MIPOMEXYTKH BPEMEHHU.

KuroueBble cjioBa: yibTpa3ByKOBOl aHEMOMETp, POTHO3UPOBAHUE, aKyCTUYECKUN aHEMOMETD,
rio0anbHbIe N3MEHEHUS KIuMaTa
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INCREASING THE EFFICIENCY OF THE OPERATIONAL PROCESS
BASED ON THE DYNAMIC ANALYSIS OF THE INTERACTION OF
OPERATIONAL OBJECTS

Leyla Hojjatlit, Arif Suleymanov?

12 Azerbaijan State Oil and Industry University, 12 Department of oil and gas engineering
!Master, Email: leyla.hoccetov@gmail.com

2Doctor of Technical Sciences, Professor, Email: petrotech@asoiu.az

ABSTRACT

In the process of oil extraction, the degree of utilization of oil layers and the ways of movement
and filtration of liquid are mainly determined through hydrodynamic and geophysical studies.
However, often the complex conditions of the oil extraction process, the limitations of the
conducted studies and the lack of geological mining data make it difficult to answer questions
about the change in the dynamics of water-oil flows. and allows you to give complete answers.
For this reason, indirect methods of dynamic analysis of mining data, which allow to reliably
diagnose the current state of development both for individual objects and for the entire deposit,
are of great importance.

For this purpose, an approach based on management and control of field development, cybernetic
principles of analysis obtained from the process of development and exploitation of oil and gas
fields, and interpretation of geological-mining data is used.

During the development of hydrocarbon fields, one of the main approaches to the analysis of the
oil and gas extraction process should be considered as a complete unit.

The traditional approach to the organization of the work of the production system presupposes
conducting a complex of hydrodynamic studies. The complexity of conducting such studies, as
well as the large volume of mining activities, often do not have an operational array for analysis
and reporting.

In this regard, it is used in mathematical-statistical methods that allow to make a decision by
knowing the amount of oil, water flow and liquid injected in the dilution process in the limited
amount of current geological-mining data.

A distinctive feature of this approach is that it is possible to improve the development system
based on revealing their characteristics during the development of the layer system. Such an
approach is important in the regulation of non-stationary processes of production.

Numerous geophysical and geological-mining studies indicate the presence of fluid flows in
productive objects of multilayer hydrocarbon deposits.

The reasons for the above are the characteristics of the geological structure, the formation of the
initial pressure gradient, the filtering of multiphase flows, non-equilibrium effects, and so on.

The existing methods, which include hydraulic injection, marked fluid injection, and well impact
elements, do not allow simultaneous assessment of the impact on the wells as a whole from a
single system position.

The applied method does not have the mentioned shortcoming, as it allows determining the degree
of interaction for any number of objects in the considered time interval. Time series of liquid, oil,
water and irrigation effect debits are used as the data array provided here, and exploitation due to
their change dependence the degree of interaction of objects is determined.
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It should also be noted that some difficulties occur during the long-term forecasting of the
technological indicators of development, so that it is not always possible to take into account
many parameters in practice, mainly in fields with heterogeneous collectors. This predetermines
the application of the model description of the dynamics of the process in oil and gas extraction.
The given approach allows for a better justification of long-term forecasting procedures, taking
into account the dynamics of the interaction of the operating objects under consideration, making
decisions for the change of development tactics and strategies, which allows to increase the
efficiency of the development of multilayer deposits.

Keywords: hydrodynamic study, multi-layered oil fields, monitoring, prediction, interpretation

ISTISMAR OBYEKTLORININ QARSILIQLI TOSIRININ DINAMIK
TOHLILI OSASINDA ISTISMAR PROSESININ SOMOROLILIYININ
ARTIRILMASI

Leyla Héccatlit, Arif Stileymanov?

12Azarbaycan Dovlet Neft vo Sonaye Universiteti, 1?*“Neft-qaz miithondisliyi” kafedrasi
'magistr, Email: leyla.hoccetov@gmail.com

2 texnika elmlori doktoru, professor, Email: petrotech@asoiu.az

XULASO

Karbohidrogen yataqlarinin iglonmosi zaman1 neftqazgixarma prosesinin tohlilino asas yanagma
Usullarindan biri istismar obyektino tam vahid kimi baxilmalidir.Neftqaz¢ixarma prosesi,verilon
yanasmada garsiligh tosir edon va garsiligli alagali proseslor kompleksinin olmasi ilo toyin olunur.
Homginin qeyd etmok lazimdir ki,islonmonin texnoloji gostaricilorinin uzunmiiddatli prognozu
zamani bozi c¢otinliklor bas verir,belo ki,tocriibado homiso c¢oxlu parametrlori nozors almaq
miimkiin olmur,ssason do geyri-bircins Kollektorlara malik yataqlarda.Bu iso neftqaz¢ixarmada
prosesin dinamikasinin model tasvirinin totbiqini gabaqcadan toyin edir.

Verilon yanagsma uzunmiiddotli proqnoz prosedurlarinin daha yaxsi osaslandirmaga,baxilan
istismar obyektlorinin qarsiliqlt tesir dinamikasint nozora almaqla islonmonin taktika vo
strategiyasinin doyismosi {iglin qorar gobul etmoyo imkan verir ki,bu da g¢oxlayli yataqlarin
islonmoasinin somoraliliyinin artirilmasina imkan verir.

Acar sozlor: hidrodinamik todqgigat, coxlayli neft yataglari, monitoring, prognozlasdirma,
interpretasiya

Giris

Neftcixarma prosesinds neft laylarmin istifado doracesinin vo mayenin harokot va siiziilmo
yollarin1 asason  hidrodinamik vo geofiziki todqiqatlar yolu ilo toyin edirlor.Ancaq,tez-tez
neftcixarma prosesinin miirokkob soraiti,aparilan todqigatlarin mohdudlugu vo geoloji madon
molumatlarinin ¢atismamazligi su-neft axinlarinin dinamikasinin doyismasi ilo slagadar suallara
solist vo tam cavablar vermoyo imkan verir.[1]

| PAHTEI
| 38 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




ISSN: 1609-1620; E-ISSN: 2674-5224
E-ISSN: 2674-5224
—_—r——— A 2" PAHTEI
VOLUME 24 ISSUE 01 2023 . .f

REFERRED & REVIEWED JOURNAL
Bu sobobdon islonmonin cari voziyyatini hom ayri-ayr1 obyektlor,hom biitdv yataq tlizro lazimi
doracados etibarli diagnozlagdirmaga imkan veron madon malumatlarinin dinamiki tohlilinin dolay1
tisullar1 mithiim shomiyyat kasb edir.
Bu mogsadls yataqlarin islonmasinin idars olunmasi vo nazarato,neftqaz yataqlarinin islonmosi vo

monimsanilmasi  prosesindon alinmis tohlilin kibernetik prinsiplorino  va geoloji-madon
molumatlarinin interpretasiyasina asaslanmis yanasmadan istifads olunur.[3]

Moaqsad
Problemin aktuallig1 va slagali tadqiqatlar.
Dinamik tohlili metodikasi 6ziinde ndvbati prosedurlar ardicilligini birlosdirir:

- istismar obyektlorinin qarsiligl alagosinin xarakteristik xiisusiyyatlorinin izo ¢ixarilmasi;

- onlarin islonmasinds xarakter xiisusiyyatlorinin diagnozlagdirilmast;

- neftqgazgixarma prosesinin qarsiliglt tosir vo qarsiliglt alage kompleksini nozora almagqla

islonmonin strategiyasinin se¢ilmasina gorar goabulu.

Hasilat sisteminin isinin togkilino ononovi yanasma hidrodinamik todqiqatlar kompleksinin
aparilmasini forz edir.Belo todqiqatlarin aparilmasinin miirakkobliyi,homginin kecirilon madon
tadbirlorinin boyiik hacmli olmasi,gox vaxt tohlil vo hesabat aparmagq ti¢iin operativ massivo malik
olmur.[2]
Bununla slagodar mohdud hocmds cari geoloji-madon malumatlari soraitinds, yoni neft,su debiti
vo sulagsma prosesinds vurulan maye miqdarint bilmaklo gorar gobul etmays imkan veran riyazi-
statistika tUsullarinda istifads olunur.
Geoloji-madon molumatlarin tohlili prosesinds vo hasilat-suvurma sisetmi samarali toskilindo
gorar gobulu gostorilon diagnostika ktriteriyalar1 kompleks soklindo istifado olunur.Bu zaman
ndvbati kriteriya qruplari ayrilir.

- obyektlorinin qarsiliqh tosiri vo iglonmanin cari voziyyatinin toyini iglin;

- istismar obyektlorinin isinin texnoloji xiisusiyyatlorinin tohlili ii¢iin
Bu yanagsmanin forqli xiisusiyyoti lay sisteminin iglonmosi zamani onlarin xarakter
xUsusiyyarlorinin 1izo ¢ixarilmasi osasinda islonmo sistemini tokmillogdirilmosinin  miimkiin
olmasidir.Belo yanagma hasilatin geyri-stasionar proseslorin tonzimlonmosindo shomiyyaetlidir.[5]
Coxsayli geofizik vo geoloji-madon todqiqatlart ¢oxlayli karbohidrogen yataglarinin mohsuldar
obyektlarinds fluidlorin axinlarinin méveud oldugunu gostorir.
Gostorilonlora  sabob 1s0 geoloji qurulusun xiisusiyyetlori, baglangic tozyiq qradientinin
yaranmasi,¢oxfazali axinlarin siiziilmasi qeyri-taraz effektlor vo sairadir.
Oziinds hidroqulagasma,isaro olunmus maye vurulmasi,quyularin tosir elementlori olan mévcud
metodlar vahid sistem pozisiyasindan biitovliiklo quyulara tosiri eyni vaxtda giymatlondirmaya
imkan vermir.[6]
Totbiq edilon tisulda geyd edilon catismamazliq yoxdur, belo ki baxilan zaman intervalinda
istonilon sayda obyektlor liclin qarsiligh tosir doracasini toyin etmoys imkan verir.Burada verilon
molumat massivi kimi maye,neft,su vo suvurma tosiri debitlorinin zaman {lizro siralan istifado
olunur vo onlarin doyismo asililigina gore istismar obyektlorinin qarsiliqlt tosir doracasi tayin
olunur.
Qeyri stasionar hasilatin tonzimlonmasi iiclin obyektlorin toyin olunmasi konkret obyekto vo lay
sistemina biitovliikdo xas olan xarakter xiisusiyyatlori vo neftgixarmanin kecid proseslorini nozors
almagqla toyin olunur.[2]
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Metodlar
Istismar obyektlorinin qarsiligl tosir doracasini giymotlondirmok {igiin isdo Spirmenin (r,) rang

korelyasiyas1 amsal1 totbiq edilir,tohlil edilon parametrlorin miitloq qiymstlori uygun ranglarin
qiymatlori ilo doyisilir
6-» d?
r.=1- z

° n-(n2-1)’

burada d :(RX —Ry) -X vo Y qiymotlori ilo bagh ranglar arasinda forg, R - X qiymsotinin
ranglari, R - Y qiymatlorinin ranglari, N - siranin ciit saylarinin say1.

Quyulararast slagonin doracosinin toyin edilmosinin hesabat proseduru asagidaki ardicilligla
aparilir:

- coxlayl yataglarin horizontlarinin texnoloji gdstaricilorinin miioyyon zaman intervalinda rang
gostaricilorinin clit amsallari rs hesablanir.

- rang korrelyasiyasinin doyar gostoricisi osasinda horizontlarin qarsiliqlt slaga doracasi toyin
edilir.

Eyni istismar obyekti hom asagi vo hom do yuxarida yerloson obyektlorlo qarsiligh alagads ola
bildiyi Giclin goxsayli korrelyasiya omsallarindan istifads etmok zaruridir.

Bir nego obyektin qarsiligh slagasi zamani,qosa slagalorin | vo J obyektlorinin xatti sistemindo
tohlili ticlin xiisusi korrelyasiya omsali rij,m (m = i, J) istifada edilir ki , o da sistemin alavo

elementlorinin tosirini logv etmoyo imkan verir.Coxsayli korrelyasiya amsali r-i,m (m = |) , bir

komiyyatls biitiin galan komiyyatlor arasindaki slagoni ifads edir,vo onun doyisilmasi biitlin basqa
komiyyatlorin bir yerds dyronilon komiyyato alago doracosini doyismosini xarakterizo edir.[1]
Olavo tohlillor olmadan ¢oxsayli korrelyasiya omsallar1 obyektlorin qarsiliqli hidrodinamik slage
doracasinin komiyyoatco giymatlondirilmosinds istifado oluna bilmoz,0 keyfiyyot xarakteri dasiyir
,qarsiligh tosirin osas tendensiyalarini toyin etmoya,neftgixarma prosesinin inkigaf xarakterini
miioyyon etmayd,laya tosirin tonzimloma yollarinin se¢gmaya imkan verir.

Tohlilin asas1 kimi hasilat vo suvurmanin ayriliqda horizontlar {izro zaman siralart gotiirtiliir.

I sayli quyunun onun M obyektlori ilo garsilighh olagesinin goxsayli korelyasiya omsali
asagidaki nisbotdo gotiiriiliir

Burada R; - korrelyasiya matrisinin I sayli elementinin minoru, R - korelyasiya matrisinin
determinantidir

l r-12 rln
R=detlr]r, n, ..,
rn1 rn2 1
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M obyektdon ibarot basqa obyektlorlo qarsiliqli tasiri nozers alinan iki I vo ] obyektlarinin
toyini asagidaki formula ilo aparilir:

R..

J

ri',m = -
J VRiRj;

Tahlil edilon obyekt kimi, «Palgiq Pilpilesi» yataginin horizontlarinin islonma gostoricilaring
baxilmisdir.Hesabatlar osasinda obyektlor arasindaki qarsiligli slagonin xarakter xiisusiyyotlori
miioyyon edilmisdir.[4]

Niimuno kimi doniz neft yataginin QalLDi horizontunun islonilmasi,onun 6ziindon asagida
yerlogon (QalLDzhorizintu) vo ondan iistdo yerloson (QAshorizntu) obyektlorlo qarsiligl
olagosi,homginin QA3 horizontunun islonmosi,ondan yuxaridaki (QA2 horizontu) obyektlo
qarsiligh slagesine baxaq(sokil 1).

0.8
0.6
0.4

0.2

0 . N ~
X o

-0.2 J———200 50 2600 256 300
-0.4 AN —

0.6
0.8 N

H,

Zaman, ay

|1 -2 3]

Sokil 1. Rang korrelyasiast omsalinin dinamikasi: 1 — QaLD1-QalDy; 2 — QaLD1-QAsz; 3 — QA»-
QAs.

Alinan noticolordon goriiniir ki,baxilan vaxt intervalindan asili olaraq korelyasiya omsalinin
giymotinin dayisilmasi miisahido olunur.150 ay tohlil olunan islomonin zaman intervalinda
baxilan obyektlor(QaLD1 vo QA?) arasinda olags miisahido olunmur,bu miiddotds onlara miistoqil
obyekt kimi baxaq.Islonmo prosesinin inkisafi ilo olagodar lay sisteminin voziyyotindo qeyri-
borabar doyisikliklor bag verir ki,bu da obyektlor arasinda axin omolo golmosine sobob olur vo
0zUn0 korrelyasiya omsalinin qiymat doyismasinda gostarir.

Tohlil olunan 150 ay miiddatindon sonra korrelyasiya omsalinin qiymati nozars garpacaq qodor
artmis,210 ayda toqribon-0,79 toskil etmisdir ki,bu obyektin islonmosino vahid obyekt kimi
baxmaga imkan verir.Rang korrelyasiyasinin monfi qiymoti bir horizont iizro neft hasilatinin
artmasi o biri horizont {izro onun azalmasina gotirir.

QaLD1vo QA3 horizontlarinda aparilan analoji tohlil gostordi ki,islonma prosesi zamani qarsiliqlo
olagoli is dovrlori miisahids edilmir vo onlara miistoqil obyekt kimi baxmaq olar.Halbuki QAs vo
QA: horizontlarinda aparilan tohlil islonma prosesinin 120-ci ayindan baslayaraq obyektlor
arasinda azaciq qarsiligh slago miisahido edilmoya baslayir.
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Alinan naticolor ¢oxsayli korrelyasiya omsallar1 hesabatlarinin naticolori ilo uygun golir.Baxilan
obyektlordo (QaLD: voQaLD: horizontlari) ¢oxsayli korrelyasiya omsalinin qiymati 0,15dirsa,
sonraki zaman intervalinda -0,87-dir.

. - - . - —at . .
Alinan noticalor diizgiin oldugunu tosdiq etmok iiin Y = A+ Be “ eksponensial modeli
osasinda baxilan horizontlar iizro hasilat arttminin tempi dinamikasina baxilmigdir.

Burada A, B O - modelin omsallaridir Burada X omsali hasilat artiminin tempini
xarakterizo edir.

Sokil 2-do QaLD: vo QalLD: horizontlar1 lizro garsilighi oalago olan zaman intervalinda neft
hasilatinin artim tempinin dinamikasina baxilmisdir.
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Sokil 2. Neft hasilati inkisaf tempinin dinamikasi: 1 — QalLDg; 2 — QaLD,.

Toqdim edilon asililiglardan hasilat tempininin asinxron oldugu goriiniir,yoni bir horizontda
hasilat tempinin artmasi o birindo azalmaya gotirir.Bu iso neft¢ixarma prosesinds horizontlar arasi
garsiligli alagonin oldugunu siibut edir,bu da miioyyon zaman intervalinda onlara vahid obyekt
kimi baxmaga imkan verir.QAsz vo QA horizontlarinda hasilat templorindo oxsar asinxronluq
miisahido edilir, bu iso onlarin zaif qarsiliql tosirini gostarir,asililiq qrafikde gosterilmir.Homginin
QaLD: vo QA3 horizontlar iizra neft¢ixarma prosesinin miistoqilliyini gostorir,isbat edir ki,onlar
arasinda qarsiliqli slage movceud deyil(sokil 3).

Alinan naticalorin daqiqliyini tasdiq etmak {i¢iin entropiyanin doyismasi tohlili va Cini amsalindan
istifado edilir ki, bu da lay sisteminin evolyusiyasini diagnozlagdirmaga imkan verir.

Entropiya gostoricisi istismar  obyektirin islonmo  prosesinin geyri-miioyyonlik o6l¢iisiinti
xarakterizo edir.

{pl, Py yeees pn} paylanma ehtimallarina malik islonmo gostaricilorini {Xl, Xy yeuns Xn} qiymotli
son ¢oxlugu verilmigso entropiyani asagidaki diisturla toyin edirlir:

S=-> plogp;.

| PAHTEI
| 42 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




ISSN: 1609-1620; E-ISSN: 2674-5224
E-ISSN: 2674-5224
—_—r——— A 2" PAHTEI
VOLUME 24 ISSUE 01 2023 . qf

REFERRED & REVIEWED JOURNAL

0.3
0.25
0.2
0.15
0.1

3 0.05 12>~
0 \\A
-0.051%6 1

Iy i LY

-0.2

F
q
‘\(
J
-
N
e
)
]
N
o

Zaman, ay

Sakil 3. Neft hasilat1 inkisaf tempinin dinamikasi: 1 — QaLDz1; 2 — QAa.

Ifadodon belo ¢ixir ki,entropiyanin inkisafi voziyyotin ehtimal inkisafi ilo olagedardir.Homda
entropiyanin artmasi voziyyetin ehtimal artimi kimi gostorilir,yoni nizamsizliq voziyyati
nizamlidan daha ehtimal olunandir vo oksino.

Miirokkaeb quruluslu ¢oxlayli neft yataglarinin islonmasi zamani istismar obyektlorinin garsiliglt
tosiri zamani entropiyanin gostaricilorinin dinamikasi eyni xarakter dasiyir.

Yatagin iglonmasi prosesinds entropiyanin doyismasi lay sisteminin gorarlasmis voziyyati istismar
obyektlori arasinda axinlarla,layin  qeyri-borabor  sulagmasi,qorarlasmamis  sixisdirma
xotti,immumi sistemdon su drenaji ilo izolyasiya olunmus qaliq neft saholori (horokotsiz zona) vo
s. ilo alagodar ola bilar.[3]

Sokil 4-do QalLDi vo QaLD: horizontlar1 lizro neft hasilatinin entropiya gostericilorinin
dinamikast tosvir edilmisdir.Alinan naticolorin  tohlilinde  gorilinlir  ki,miisyyon zaman
anindan,istismar obyektlorinin islonmosinin 150 aymna uygun vaxtda,QalLD-1 vo QaLD -2
horizontlarinda entropiya gostaricisinin dinamikasi eyni xatakter dasiyir.Bu notico korrelyasiya
tohlili ilo do tosdiq olunur.

2'24 N\ A
. A\

Entropiya

0.5

100 150 200 250

Zaman, ay

Sakil 4. Entropiya gostaricisinin dinamikasi: 1 —QaLD1; 2 — QaLD..
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Horizontlararas: tosir baslanmasindan qabaq entropiya gostoricilori arasinda korrelyasiya omsali
nozore alinmayacaq qodor qiymeto malikdirss,0,15 bu olagenin olmadigini gostorir,ancaq
islonmonin 150 ayindan sonra omsal toqribon 0,85-0 borabor olmusdur ki, bu da baslangic
qiymatindon yuxaridir va qarsiligli tesirin oldugunu gostarir.

QaLD: vo QA3 horizontlarinin neft hasilatinin entropiya gostoricisinin dinamikasinin  tohlili
onlarin xarakterinin forqli oldugunu gostarir,bu da avvalcodon onlar arasinda slagenin mévcud
olmadigin1 gostarir(sokil 5).

3
25 = ———
g N
(o
=
o
0.5
0
100 150 200 250
Zaman, ay

Sakil 5. Entropiya gostaricisinin dinamikasi: 1 — QaLDs; 2 — QAa.

Akademik A.X.Mirzocanzads torofindon geoloji-modon molumatlarinin interpretasiyast vo
coxlayli sistemlorin islonmo prosesinin cari vaziyyatinin diagnozlasdirilmasi ii¢iin Cini amsalinin
totbiginin miimkiin oldugu gostorilmisdir.

Cini omsali makro iqtisadi gostoricidir, iqtisadiyyatda ohalinin miixtalif tobagolorinin hoyat
soviyyasi,comiyyatin comi golirlorinin qeyri borabar paylanmasini 6lgmok {iglin istifado
edilir.Onun 6lg¢lsu 0-dan 1-o godar doyiso bilor.Galirlorin barabar paylanmasi zamani amsal 0-a
yaxinlagir,qiymat no qodor yuxarit olsa demok golir comiyyatdo bir o qoder geyri-barabor
paylanir.Cini omsali Lorens ayrisi ilo borabor paylanma oyrisi arasindaki nisbatdon yaranan
fiqurla,borabor paylanma oyrisindon asagidaki ticbucaga nisbatlo hesablanir.[2]

Buna analoji olaraqg,yatagin islonmosi nepiodlarinda neft hasilatinin paylanmasinda geyri-
barabarliyi tayin etmok olar.

Hoqigotdo faktiki hasilat paylanmasi diiz xottdon konara cixir,vo no qodor ¢ox c¢ixsa hasilat
paylanmasinda o qoador geyri-barabardir.Malumdur ki,faktiki hasilat oyrisi diiz xattdon no qodor
cox konara ¢ixsa Cini omsal1 vahido yaxinlasacagq.

Sokil 6-do QalLD1 vo QA3 horizontlar: iizra,sokil 7-do isa QalLD1 va QA3 horizontlari tizra Cini
omsalinin doyismo dinamikasi gdstorilmisdir.

Gostarilon asililiglardan goriiniir ki,qarsiligli tasir olan obyektlordo(Qal.D1 va QalLD2 horizontlar)
onlarin Cini omsallarinin  dinamikas1 adekvat xarakter dasiyir ki, bu QalLD: vo QAs
horizontlarinda miisahidos edilmir.
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Sakil 6. Cini omsalinin dinamikasi: 1 — QaLD1; 2 — QaLD,.
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Sakil 7. Cini omsalinin dinamikasi: 1 — QalLDz1; 2 — QAs.

Belo ki, QaLD-1 vo QA3 horizontlart {iglin istismar obyektlorinin iglonmasinin tohlili vaxti
korrelyasiya omsallar1 0,1-5 yaxin,ohamiyyatsiz qiymoto malikdirso,bu slagoenin olmadigini
gostorir.Homginin,QaLD:1 vo QaLD: horizontlar1 iigiin korrelyasiya omsali igslonmonin 150-Ci
ayindan toqribon 0,88 toskil edir ki,o da gostorilon horizontlar arasinda neft hasilati prosesindo
ohamiyyatli godor qarsiliglh tasirin oldugunu gostorir.

Belalikla,islonmanin texnoloji gdstaricilorinin kegirilmis kompleks tshlili geyri-bircins ¢oxlayli
yataglarin iglonmasinin texnoloji gostaricilerinin rang vo c¢oxsayli korrelyasiya metodu totbiq
etmoklo,eksponensial modeldon istifado etmokls fluidlorin hasilat tempinin dinamikasinin
qiymatlondirilmasi,entropiya tohlili vo Cini omsalinin totbiqi ilo aparilmis kompleks tohlili
istismar obyektlorinin qarsiligh tasirinin xarakterik xiisusiyyslorini 1izo ¢ixarmaga imkan verir
ki,bunlar1 da ¢oxlayl yataqlarinin islonmasi zamani nazors almagq zaruridir.
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Natica

Coxsayli qarsiligl tosir metodlarinin, miirokkob sistemlorin fenomenoloji modellorinin, entropiya-
informasiya tohlili vo texnoloji parametrlorin geyri-barabar paylanmasinin qiymotlondirilmasinin
istifadosi ilo qeyri-bircins ¢oxsayli yataglarin kompleks tohlilinin aparilmasi mohsuldar
horizontlarin qarsiligh tosirinin xarakterik xtiisusiyyotlorinin, onlarin vahid istismar obyektindo
birlogdirilmasinin  asas prinsiplorinin islonmosinin ¢oxsayli yataqlarin ¢ixarilabilon neft
ehtiyatlarinin iglonmasi vo prognozlagdirilmasinda nozors almaq lazimdir.

Toklif edilon yanagma lay sisteminin voziyyatinin diirlist prognoz qiymsatlorinin olmasina vo
neftqaz yataglarinin islonmosinin idaro edilmosi vo strategiyanin sec¢ilmosi lizro operativ qorar
qobul edilmasinog imkan verir.
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PE3IOME

IIpu pa3paboTke MECTOPOXAEHUH YTIIEeBOJOPOIOB OJHUM M3 OCHOBHBIX MOAXOJIOB K aHAJIHU3Y
nporecca J00bMM HeTH U ra3a CleIyeT CYUTATh [EIOCTHOE 3BEHO.

Taxke cnemyer OTMETHTb, 4YTO IMpPH JOJITOCPOYHOM TPOTHO3UPOBAHUHU TEXHOJIOTUYECKUX
MoKasaTtene pa3pabOTKH BO3HMKAIOT ONpPEENCHHBIE TPYAHOCTH, TaK YTO HE BCETAA yAaeTcs
y4ecTb MHOTHE MapaMeTpbl Ha MPaKTHKE, B OCHOBHOM Ha MECTOPOXICHUSAX C HEOIHOPOIHBIMHU
KOJJICKTOPaMHU, YTO TPEAONpeessieT MPUMEHEHHE MOJENIbHOE ONKMCaHue JWHAMHUKHU Tpolecca
J00bIYM HEPTH U rasa.
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ABSTRACT

According to reporting of international economic institutions there are risks of economic
recession worldwide at present. Actually, there are some challenges for the management process
which is a critical in operations of cement enterprises frequently. In view of management there are
demanded advanced methods of planning and control of cement enterprises in the cement industry
4.0. In addition to this there are some new trends and requirements for sustainability, environment
protection, occupational health and safety, quality and social responsibility. As regards the
Holcim Group there are some references for the sustainable construction industry by 2030 and
2050. [6-12, pp.1-2] In case of the adaptive management and operations there are required
applications of the advanced IT technologies to improve the Condition-based Maintenance (CBM)
in the cement enterprises. This approach will work with application of specific and measurable
Key Performance Indicators (KPI) together with online Condition Monitoring Systems (CMS),
Computerized Maintenance Management Systems (CMMS), Fuzzy Recurrent Neural Networks’
technologies to improve the prediction process for production and sales, the optimization process
for the planning and maintenance accordingly. Therefore, there have been successful proven
practical results of application of the above-mentioned techniques and advanced methods of
adaptive management in the cement enterprises to achieve the sustainability.

Keywords: Condition-based Maintenance (CBM), online Condition Monitoring Systems (CMS),
sustainability, adaptive management, Key Performance Indicators (KPI), Environmental, Social
and Governance (ESG), Construction and Demolition Waste (CDW), Biodiversity Indicator
Reporting System (BIRS), International Union for Conservation of Nature (IUCN), Computerized
Maintenance Management Systems (CMMS), Fuzzy Recurrent Neural Network (RNN).

Introduction

According to continued risks of the global recession, supply chain crisis and energy supply
instability there are some additional challenges for the cement enterprises in view of the adaptive
management implementation. Taking into consideration these risks there are expected
interruptions in supply chain and low sales in the market accordingly. The adaptive management
process can be improved by means of continued application of new advanced procedures,
techniques and technologies like CMMS, KPIs, CBM, Fuzzy RNN, balanced planning and online
CMS in addition to application of the concept of sustainability in the cement enterprises and
industry 4.0. In case of application of traditional organizational and economic procedures in
addition to the advanced IT technologies as well as CMMS, KPIs, CBM, Fuzzy RNN, balanced
planning and online CMS this approach will also result in the synergetic effect and efficiency of
the maintenance of the cement enterprises directly. The Holcim Group implements the sustainable
building solutions. [6-12, pp.1-2] These initiatives can be applied in the group taking into account
the best practical results of the cement enterprises including the above-mentioned procedures,
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techniques and technologies at the level of cement enterprises too. For example, in case of
application of the Fuzzy RNN this will result in accurate inputs and outputs for KPIs, CBM and
balanced planning which depend on the advanced prediction technique. The concept and
principles of fuzzy neural networks were given in the works of many researchers, in particular in
the research of the Doctor of Technical Sciences Professor Aliev R.A. [1, pp. 2553-2566] and [3,
pp 860-869]. Prediction results were considered for the cement market of the Republic of
Azerbaijan in the manuscript and scientific work. [2, page 6] and [5, pp. 272-279] There were
also implemented the practical applications of the on-line CMS using a Fuzzy RNN. As the result
the maintenance was improved in view of the balanced planning, optimization of the maintenance
costs. Therefore, RNN, CMS and CBM suggested the savings on maintenance costs and robust
results to improve the adaptive management in the cement enterprise in the Republic of
Azerbaijan. [4, pp. 14-16]

The paper is structured as follows. The section 2 is devoted to common principles and the best
practice of the CMMS, KPIs, CBM, online CMS, planning and sustainability in the cement
industry. The section 2.1 is devoted to CMMS and planning concepts in the cement industry. The
section 2.2 is devoted to application of principles and techniques of KPIs. The section 2.3 is
devoted to description of the advanced CBM, online CMS and adaptive management results in the
cement enterprises.

Objective

Therefore, according to the existing trends well-defined principles and application of the concept
of sustainability make CMMS, KPIs, CBM, Fuzzy RNN, balanced planning and online CMS the
main and accurate technologies and procedures in the improvement of the adaptive management
in the cement enterprises and industry 4.0. In case of the sustainability, it is reasonable to
implement the ESG standards, the circular economy, protection of environment, biodiversity and
freshwater resources, provision of social responsibilities, human rights, a healthy and safe work
environment via advanced products and solutions in the cement enterprises. The cement industry
has new technologies to provide the energy efficiency, to minimize the clinker factor etc.
Principles of sustainability include also realization of advanced technologies. Actually, the
Holcim Group ensures operations to provide the best environmental, social and governance (ESG)
standards. [12]

On the basis of the above-mentioned practice the Holcim Group has introduced and implemented
directives and polices to provide the OH & Safety, quality, environment protection, transparency,
social responsibility to ensure implementation of the ESG standards resulted in implementation of
the advanced technologies and procedures including CMMS, KPIs, CBM, Fuzzy RNN, balanced
planning and online CMS by means of the improvement of the efficiency of the adaptive
management successfully.

Methods of modern CMMS and planning in the cement industry 4.0

In order to improve the adaptive management, there were applied CMMS for effective production
and maintenance planning of the work orders, services and spare parts as well as qualified
optimization and scheduling. The inputs, reporting and statistics were applied to ensure the
planning process and the feedback to ensure the efficiency of the CMMS technology. Actually,
this approach ensured the decision-making and adaptive management taking into consideration
priorities and balanced planning. Concepts of the SAP business planning, the principles of the
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advanced SAP software platform and CMMS were described and applied in many enterprises
including the cement enterprises. [15, 16, pp. 375-431] CMMS provides the efficient application
of the planning, scheduling, control, reporting, feedback and updates of operations in case of the
dynamic process of technical and commercial data in a cement enterprise in the market.

Work
Production N
Plan requirement I
Notification

Feedback

Work planning

Resources
available

k2
Request for
resources
Preventive
Maintenance

Work Execution

s
L

Work Schedule

Daily 'Weekly plan

Figure 1. General planning and scheduling. [15, 16, pp. 375-431]

Methods of application of KPIs in the cement enterprises

This implementation resulted in the effective adaptive management. [4, pp. 14-16] Actually, the
specific, measurable and achievable maintenance KPIs ensure the efficient balanced planning and
operations in the cement enterprises. The maintenance KPIs were confirmed on the basis of the
Holcim Maintenance Indicator Guide. [14, pp.9-34] The maintenance KPIs ensure
implementation of the adaptive management. There are the following maintenance KPIs which
are applied by the cement enterprises of the Holcim Group. [14, pp.9-34]

This maintenance indicator is applied for the control of the scheduling compliance [%] by the
cement enterprises. [14, pp.9-34] The objective is also the following:

Scheduling compliance [%] = (Number of operation performed as scheduled | Total
number of scheduled operation) x 100

Scheduling compliance target [%] — > 85%

This maintenance indicator is applied for the control of Mean Time Between Failure [/] by the
cement enterprises. [14, pp.9-34] The objective is also the following:

Mean Time Between Failure [h] = Actual operating time [h] / Failures [#]

MTBF target (h) is according to the technological lines.

This maintenance indicator is applied for the control of Net Availability Index [%] by the cement
enterprises. [14, pp.9-34] The objective is also the following:

Net Availability Index [%] = ((Operating time [h] + Idle time [h]) / Calendar time [h]) x
100

Net Availability Index target (%) — > 90% for all relevant assets

This maintenance indicator is applied for the control of Maintenance Cost [%] by the cement
enterprises. [14, pp.9-34] The objective is also the following:
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Maintenance Cost (A% to Reference Value) [%] = ((Actual specific maint. cost — Reference
value) | Reference value)) x 100
Maintenance Cost target [%] — < 0%
This maintenance indicator is applied for the control of Preventive Maintenance Routines (PMR)
[%] by the cement enterprises. [14, pp.9-34] The objective is also the following:
Preventive Maintenance Routines (PMR) % = (actual labor hours on final confirmed
operation from PM02 WO | Total maintenance work performed) x 100
PMR % target — Between 15% and 30%
This maintenance indicator is applied for the control of PMR efficiency [%] by the cement
enterprises. [14, pp.9-34] The objective is also the following:
PMR Efficiency [%] = (# Maintenance request generated from PM02 WO | # of
Maintenance request) x 100
PMR Efficiency (%) target — > 35%
This maintenance indicator is applied for the control of Planning accuracy [%] by the cement
enterprises. [14, pp.9-34] The objective is also the following:
Planning accuracy [%] = 100 x (1 — (3ABS (Est. — Actual) Labor h all confirmed scheduled
ops [Actual labor h on all completed scheduled ops))
Planning accuracy target [%] — > 90%
This maintenance indicator is applied for the control of Outstanding work [week] by the cement
enterprises. [14, pp.9-34] The objective is also the following:
Outstanding work [week] =Y Estimated hours | Weekly average available capacity
This maintenance indicator is applied for the control of Overdue [h] by the cement enterprises.
[14, pp.9-34] The objective is also the following:
Overdue [h] = Y Estimated labor hours on all overdue work orders
This maintenance indicator is applied for the control of Schedule Ratio [%] by the cement
enterprises. [14, pp.9-34] The objective is also the following:
Schedule Ratio [%] = (Total estimated hours on scheduled work orders | Total estimated
available own labor hours) x 100
Schedule Ratio target (#) — > 95%
This maintenance indicator is applied for the control of PMR not performed [%] by the cement
enterprises. [14, pp.9-34] The objective is also the following:
PMR not performed [%] = (PMR not performed | Total PMR) x 100
PMR not performed target [%] — < 5%
This maintenance indicator is applied for the control of Bill of Material (BOM) Material PR ratio
[%] by the cement enterprises. [14, pp.9-34] The objective is also the following:
BOM PR ratio [%] = (# PO item on maintenance material not attached to BOM [ Total #
PO item on maintenance material) x 100
BOM Material PR ratio target [#] — < 15%
This maintenance indicator is applied for the control of Aging Maintenance Request [#] by the
cement enterprises. [14, pp.9-34] The objective is also the following:
Aging Maintenance Request [#] = # Maint. request older than 10d not in process
Aging Maintenance Request target [#] — <5
This maintenance indicator is applied for the control of PM01 without Maintenance request [%]
by the cement enterprises. [14, pp.9-34] The objective is also the following:
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PMO1 without Maintenance request [%] = (# of PM01 WO without maintenance request /
Total #PM01 WO0) x 100

PMO1 without Maintenance request target [%] — < 1%

This maintenance indicator is applied for the control of Material reservation usage [%] by the
cement enterprises. [14, pp.9-34] The objective is also the following:

Material reservation usage [%] = (# of maintenance material reserved | Total #of
maintenance material issued) x 100

Material reservation usage target [%] — > 50%

This maintenance indicator is applied for the control of Aging Work Order [#] by the cement
enterprises. [14, pp.9-34] The objective is also the following:

Aging Work Order [#] = # Work Order not technically completed

Aging Work Order target [#] — < 30

This maintenance indicator is applied for the control of PM02 manual call ratio [%] by the cement
enterprises. [14, pp.9-34] The objective is also the following:

PMO02 manual call ratio [%] = (# of PM work orders manually generated | Total #of
preventive maintenance work order) x 100

PMO02 manual call ratio target [%] — < 5%

This maintenance indicator is applied for the control of Unplanned [%] by the cement enterprises.
[14, pp.9-34] The objective is also the following:

Unplanned [%] = (Actual work confirmed on unplanned operations | Total maintenance
work performed) x 100

Unplanned target [%] — < 10% [14, pp.9-34]

The implementation of the maintenance KPIs were efficient due to the systematic approach and
reviewed timely. The sustainability and adaptive management were ensured by means of efficient
operations as well as via introduction and application of the balanced planning, CMMS, KPIs,
CBM, Fuzzy RNN and online CMS on the example of the cement enterprise in the industry 4.0.
[4, pp. 14-16] and [5, pp. 272-279]

Methods of application of CBM and CMS in the cement enterprises

As the result the online CMS technologies provided the qualified balanced planning, CBM,
savings on the maintenance costs as well as prevention of interruptions in the production process.
Therefore, Holcim (Azerbaijan) also confirmed the equipment reliability, ensured production
availability, and reduced the maintenance costs. Actually, prior to the online CMS the total cost of
the maintenance was Euro 51803.

The objective was to minimize the maintenance costs to Euro 14500, which is 3.6 times.
According to the results of CBM the amount of maintenance costs was Euro 2134. Actually, the
maintenance costs reduced by up to 4% in comparison with the original status. [4, pp. 14-16].
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Figure 2. Maintenance cost savings. [4, pp. 14-16]
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Figure 3. Decreasing of duration, frequency of unplanned stops and repair work. [4, pp. 14-16]
Therefore, there were also improvements in the production process as regards the decreasing of
duration, frequency of unplanned stops and repair work. (Figure. 3)

Conclusion

Actually, the cement enterprises provide the efficiency of the adaptive management via the advanced
methods and CBM technologies to survive in the cement market. Therefore, the advanced IT technologies
as well as CMMS, KPIs, CBM, Fuzzy RNN, balanced planning and online CMS are efficient for
improvement of the adaptive management to achieve the sustainability. These technologies have been
confirmed in the cement enterprise in the Republic of Azerbaijan and worldwide. [4, pp. 14-16] and [5, pp.

272-279]
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Beynolxalq iqtisadi qurumlarin hesabatlarina goro, hazirda biitiin diinyada iqtisadi tonozziil
risklori mévcuddur. Oslinds, sement miisssisalorinin foaliyyotinds kritik olan idaroetma prosesi
{iciin miloyyon cotinliklor yaranir. Idaroetmo baximindan 4.0 sement sonayesindo sement
miiossisalorinin planlagdirilmast vo nozarstinin qabaqcil tsullart tolob olunur. Bundan olavo,
davamliliq, otraf miihitin miihafizosi, omoyin miihafizosi vo tohliikesizliyi, keyfiyyat vo sosial
mosuliyyat iiclin bazi yeni tendensiyalar vo talablor mévcuddur. Holecim Qrupuna goldikds iso,
2030 va 2050-ci ilo godar dayanigl tikinti sonayesi ti¢lin bazi istinadlar var. [6-12, s.1-2] Adaptiv
idaroetmo vo omoliyyatlar zamani qgabaqcil IT-nin tolob olunan tatbiglori var. Sement
miiossisolorindo Avadanliglarin Texniki Voziyyatino osaslanan Istismar1 (CBM) yaxsilasdirmagq
uclin texnologiyalar movcuddur. Bu yanagma ovvalcodon tokmillogdirmok ii¢iin onlayn Voziyyot
Monitorinq Sistemlori (CMS), Kompiiterlosdirilmis Baxim Idaroetmoa Sistemlori (CMMS), Qeyri-
solis Tokrarlanan Neyron Sobokolori texnologiyalart ilo birlikde xiisusi vo dlgiilo bilon Osas
Performans Gostoricilarinin (KPI) tatbiqi ilo isloyacok. Istehsal va satis prosesi, miivafiq olaraq
planlasdirma vo texniki xidmot Ugiin optimallasdirma prosesi movcuddur. Buna goro do
davamliliga nail olmaq tliglin sement miisssisalorinds yuxarida qeyd olunan texnoloqgiyalarin vo
miitoraqqi adaptiv idaraetmo tisullarinin totbiqinin ugurlu praktiki naticalori olds edilmisdir.

Acar sozlar: Voziyyoto osaslanan texniki xidmot (CBM), onlayn Avadanliglarin Texniki
Voziyyotino Nozarot Sistemlori (CMS), davamliliq, adaptiv idaroetmo, ©Osas Foaliyyot
Gostaricilori (KPI), Otraf Miihit, Sosial vo Idaroetmo (ESG), Tikinti vo Sékiintii Tullantilari
(CDW), Biomiixtaliflik Gosterici Hesabat

COBEPHIEHCTBOBAHUE AJJAIITUBHOI'O YIIPABJIEHUA
KOHIENIMENA TEXHUUECKOI'O OBCJIYXKUBAHUA 1O
COCTOSAHUIO HA HEMEHTHBIX HHPEATIPUATHUAX

Haszum I'yceiinoB

AzepOaiiKaHCKHI TOCYIapCTBCHHBIH YHUBEPCUTET HEPTH U IPOMBIIIUIEHHOCTH, Kadenpa “busnec
AnmvunucTpupoBanus”/ mporpamma MBA, aucceprant, nnctpykrop MBA, ORCID [0000-0002-7806-6347],
Email: nazim.huseynovl@gmail.com

PE3IOME

CornacHO COOOMICHUSM MEXTYHAPOJHBIX SKOHOMHUYECKUX MHCTUTYTOB, B HACTOAIIEEC BPEMS BO
BCEM MHpE CYILECTBYIOT PUCKHM SKOHOMHUECKOro cmajga. Ha camom pene, ecTb HEKOTOpBIE
npoOiemMbl JUIS TpoLecca YIpPaBICHUs, KOTOPBIH YacTO HMEET peIlaroliee 3HadeHHEe B
JEeSITeIbHOCTH LEMEHTHBIX mnpeanpustuidl. C TOYKM 3pEeHUs YHpPaBICHHUS BOCTPEOOBaHbI
nepeIoBbIe METOJIbI TUIAHUPOBAHUS W YIPABJICHUS IIEMEHTHBIMH TPEANPHATHSIMHU B IIEMEHTHOM
npombliieHHOcTH 4.0. B jomonHeHue K 3TOMY MOSBHIIMCH HEKOTOpbIE HOBBIE TEHACHLUHU U
TpeOOBaHMUS B OTHOUICHUH YCTOMYMUBOTO PAa3BUTHS, 3aLUTHI OKPYKAIOMIEH CpPelbl, OXpaHbl TPyAa
U TEXHUKH O€30MacHOCTH, KadyecTBa M COLMAIBLHON oTBeTcTBeHHOCTH. Uro Kacaercs Holcim
Group, To ecTh HEKOTOPHIE PEKOMEHAANNH 110 YCTOWIHBOMY CTpouTelbCcTBY K 2030 1 2050 rT. [6-
12, ctp. 1-2]. TexHonoruu yiydieHus TexHuueckoro ooOcmyxkuBanus (CBM) Ha meMeHTHBIX
OPEINPUATHIX. DTOT TOAXON OymeT padoTaTh ¢ NPUMEHEHHEM KOHKPETHBIX M W3MEPHMBIX
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KIroueBbIx Tokazarenei sddexruBHoctrn (KPl) BMmecTe ¢ OHnalH-cMCTeMaMM MOHHUTOPHHTA
coctossust  (CMS), KOMIBIOTEpPU3UPOBAHHBIMH  CHUCTEMaMH  YIPABJICHUS  TEXHUYECKUM
oocnyxxuBanueM (CMMS), TexHONOrMsAMH HEUETKMX PEKYPPEHTHBIX HEHPOHHBIX CETeH A
YIIy4IIeHUs] TPOTHO3UPOBAHMUS, MPOIECCa MPOM3BOJACTBA M MPOJAAX, IMpoleccd ONTHUMHU3ALUH,
IUIAHUPOBaHUS U OOCIY>KMBaHUS COOTBETCTBEHHO. TakuMm 00pa3oM, €ecTh YCIEUIHbIe
MIPOBEPEHHBIC MPAKTUYCCKUE PE3yIbTaThl IPUMEHEHHUS BBINICYKa3aHHBIX METOJOB M MEPEIOBBIX
METOJIOB  aJIaliTUBHOTO  YIPaBJICHHUS HA LEMEHTHBIX MPEANPUATHIX JUIS  JTOCTHXKEHUS
YCTOMYUBOCTH.

KioueBble cjioBa: TexHuueckoe oOciyxkuBaHue mo cocrosHuro (CBM), onnaitH-cUCTEMBI
mouutoputra cocrosaus (CMS), ycTOWYMBOCTH, aJaNTHBHOE YIPaBICHHE, KIIFOUCBBIC
nokazarenn s3ddexruBoctu (KPI), skomornueckue, couuanbhbie n yrpasiendeckue (ESG),
oTxonel cTpouTenbcTBa u cHoca (CDW), OwuopasHooOpasue, CucTeMa OTYETHOCTH II0
MMOKa3aTeJIsIM (BIRS), Mesx1yHapOaHbII CO103 OXpaHbI TIPUPOJIBI (IUCN),
KoMmbroTepr3UpOBaHHBIE CHCTEMBI yIpaBJIeHUs TeXxHUYeckuM obOcayxuBanuem (CMMS),
Heuetkas pexyppentras neiiponnas cetb (PHC/RNN).
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ABSTRACT

Thermal and one many thermocatalytic processes high temperature conditions is going This
consider taking raw material first tubular in ovens certain temperature up to is heated. Some in
processes the same as the tubular furnace at the time replace the reactor is doing In the oven
placed serpentine of pipes beginning part raw material it heats up. Next in pipes cracking process
goes. Raw material whom individual of hydrocarbons use when done unconverted raw material
live reaction environment to give too favorable. Catalytic isomerization process of 50-65%
isopentane from normal pentane is taken. 1-2% gas during the process hydrocarbons too doesn't
buy N- pentanm non-isomerizable the part live again to the reactor when returned of isopentane to
normal pentane according to it reaches 97-98%. According to the prepared model, the final
indicator of the output of the target products (propylene + ethylene) and the output of these
components relative to the total filling of the reactor were taken as optimality criteria during the
process study. The essence of the recirculation method is that the mixture of reacting and non-
reacting products enters the separator system after the reactor. Here they are separated from each
other, and then the unreacted part is mixed with fresh raw materials and fed back into the reactor.
In our case, only unreacted propane and ethane are given to recirculation, not all of the output
products from the reactor. Because only they are converted into the intended products - propylene
and ethane - by primary reactions. if a part of the devices included in the complex is not taken into
account in the mathematical modeling and optimization of the process, the obtained value of the
optimality criterion will be wrong. This can change the optimal value of the optimality criterion.
In the complex systems of the mentioned processes, the separating node is one of the main
conditions. A recirculation system usually consists of reactors, separators and other associated
units. An inversely related process is carried out with a continuous output of reaction products
between the steps and the input of the unreacted part of the previous raw material at each
subsequent step. It seems clear that process optimization considering recirculation and kinetics
simultaneously is usually not sufficient. To obtain realistic results, it is necessary to use the above
equations together with the equations of the processes taking place in the separator.In this work,
the results of the study of the preparation of the theoretical regularities of the adsorption-
separation junctions of recirculated chemical-technological complexes and their practical use are
shown. During the mathematical modeling, along with other nodes of the complex, the main
attention was paid to the adsorption node and additions to German results in practice.

Keywords: propane, cracking, n-pentane, isopentane, methane, hydrogen, hydrocarbon.

Introduction
Thermal cracking of paraffinic hydrocarbons belongs to a complex class of chemical
transformations. Their characteristic features are as follows: binary and triple reactions are
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observed during the process; reactions are strongly endothermic; reactions are characterized by
the formation of coke, as a result of which the diameter of the pipes decreases, as a result, the
pressure drop increases and the degree of conversion of raw materials decreases; the reaction
proceeds with an increase in volume, which leads to an increase in the linear velocity of the gas
flow; since the process proceeds with the recirculation of the part that is not converted into raw
materials during the reaction, it affects its dynamics and breaks the stationarity, so it is necessary
to create a relationship between reactants and reaction products during modeling. All these
complicate the optimization of the process and require the development of a special methodology.

Objective
The stoichiometric scheme of propane thermal cracking reaction follows the following
mechanism [1-4]:

CsHg =CH 4+ C2H 4,

C3sHg =C3Hes+ H2,

CsHg+H2—+ C2He+CHy4,

Co2Heg—=CoHas+tH 2, 1)
C3sHg+CH4 =C2Heg+C2H4+H2,
CsHeg+tH2—=C2H4+CH4,

CoH4+2H 2 —2CH 4

Process kinetic parameters calculation The model kinetic and thermodynamic parameters shown
in table. Mathematical to the model according to calculated experimental of data comparison
aside of deductions medium the price showed: to conversion according to - 4%; composition to
the parts according to: propane - 4.72%; propylene -1.75%; ethane - 0.4%; ethylene - 0.28%;
methane - 0.37%; hydrogen - 0.87%; pressure according to 8.74%; temperature according to -
0.33%. To the side of deductions the price of the real process processed math of the model
compatibility shows[3].

Processed math to the model according to of the process research during of optimality criterion
whom on purpose products speech total (propylene + ethylene) and this of components of the
reactor common road given to loading relatively output taken away recirculation the essence of
the method is from him i it is ready to react entered and reacted not entered products blood clot
from the reactor after separator to the system included it happens here they are from each other
leaves.

Then to work to the reaction not entering blood new raw material with is mixed and mixed to the
reactor is given [4-7].

Viewed case to recirculation from the reactor coming out products all no, only to the reaction not
entering propane and ethane is given. Because in the first reactions only they are on purpose to the
product - propylene and to ethylene they become.

The rest products again to the reactor to send expedient not. Kinetic studies continue by making
the following calculation results in hand has been done reactor in Figure 1-4 various in loading of
the spiral length throughout pyrogas molar composition change speed (kmol/hour) is shown.

As can be seen from Figure 2. as, of loading and of the mixture suitable entry temperature
increase with of the reactor length throughout propane break up speed increases and 36-72 m in
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length maximum at a price reaching, from this after decreases. Propylene creation of speed
relatively big price this to the field suitable comes.

Methods

Every suitable download during received maximums, mean can that is the same as decreases.
Ethane processing and of ethylene creation speed too of loading increase with more quickly
achieved from maxima pass ( of the reactor at the entrance most small in length). With that so,
ethylene creation of speed price of propylene creation of speed from the price important degree it
is big.

So that ethylene four reaction with arises , but one reaction with is processed. The same in time,
propylene as, only propane from dehydration forming with hydrogen merges and again ethylene
arises [8].

Table: The model parameters

15 < | 3 3 E
g s | = 5g P
S == u S o g
o 28 - 27 T
= 3 | B S g 4
° = 2 8§ 5]
S = o =3 o The reaction heat, AHr j , kcal/mol
L =] o X o
c 4 = = - <4
=2 g g = S =
S 3 85 8¢ 5 £
— Ls& < E 2 < n <
2 3 4 5 6
1 64260.16 11600 -1.87-0.00022T 19427 -1.87(T-298) - 0.0001 (T 2-298 2) + 19427
b 25033.76 11300 3.16 - 0.00329T 29699 3.16(T-298) - 0.001645(T 2-298 2) + 29 6 99
3 1162,027 8250 -7.24+ 0.000463T -13305 -724(T-298) + 0.0002315(T 2-298 2) - 13305
4 115509  [5640 5.37 - 0.00485T 32732 5.37(T-298) - 0.002425(T 2-298 2) + 32732
5 1220,584 (9980 3.93 - 0.00375T 34969 3.93(T-298) -0 .001875(T 2-298 2) + 34969
6 6.0671 4100 -5.03- 0.00307T -10272 -5.03(T-298) + 0.00153 5(T 2-298 2)- 10272
7 13086.02  [15300  [11.17+0.00838T  |-48274  |-11.17(T-298) + 0.00419(T 2-298 ?) - 48274

High pressure is typical for most chemical processing processes. These processes take place under
high pressure and in the presence of hydrogen. For example, catalytic reforming of gasoline and
hydrorefining processes of open oil products are carried out under pressure of 1-5 MPa,
hydrocracking process of 15-20 MPa.
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Spiral tube at different loads propanm Spiral tube at different loads the rate of
decomposition rate along its length formation of propylene along its length.
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Fig.1.- 3000 kq/saat; m - 3200 kg/saat Fig.2. ¢ - 3000 kq/saat; m - 3200 kg/saat;

A- 3400 kg / hour ; * - 3600 kg /
A- 3400 kg / hour ; x - 3600 kg / hour

Ethane consumption rate along the length of the spiral tube at different loadings
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Fig. 3. + - 3000 kg/saat; B - 3200 kg/saat;
A- 3400 kq/saat; * - 3600 kqg/saat

Ethylene formation rate along the length of the spiral tube at different loadings

1/ dl

T T
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Fig. 4. * - 3000 kg/saat; B - 3200 kg/saat; 3400 kg/saat; x - 3600 kg/saat.
Various in downloads spiral of the pipe length throughout of methane creation speed
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Fig. 5. + - 3000 kg / hour; m - 3200 kg/hour; A-3400 kg/hour ; « - 3600 kg/our.

Various in downloads spiral of the pipe length throughout of hydrogen creation
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Fig. 6. + - 3000 kg / hour ; m - 3200 kg/hour A- 3400 kg / hour ; x - 3600 kg / hour speed

At this time, the partial pressure of hydrogen in the gas phase is up to 90% of the total pressure
(volume), that is, the process takes place mainly in the hydrogen environment. For the main part
of the considered chemical processes, the thermal effect is equal to the sum of the reactions in the
process. The heat effect is divided into negative (in this case, it is necessary to spend some heat
from the outside for the process to proceed) or positive heat effect. In such cases, it is necessary to
remove heat from the reaction medium in order to maintain the isothermality of the process.
Methane for too analogous situation observation is being So that his creation speed at the price
according to of ethylene creation speed with comparison to be done knows. This is the process
stoichiometry with explain is being Up to 54 m of area which is in the part of hydrogen creation
speed down falls, then and from 100 m starting with of the reactor to the end up to all in
downloads the same with price increases

Conclusion

Research on modeling and optimization of the propane thermal cracking process allows the
following conclusions to be drawn. An analysis of the literature review was conducted and it was
determined that there are unsolved issues in the field of process modeling and optimization. For
example, one of them - there are problems in the mathematical modeling of the process of
separating the recirculate from the product. The scientific basis for calculating the technological
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and structural parameters of the propane thermal cracking process and equipment has been
developed. It was determined that the most likely version of the mechanism of chemical
transformations of the process consists of seven stages.

Based on this, the kinetic model of the process was developed and its parameters were calculated.
Taking into account the importance of recirculation in the propane thermal cracking process, its
mathematical model was developed. The process is completely mathematical model established,
his parameters calculated. Process optimization out was held. Of this for needed which is
optimization criterion as on purpose product which is ethylene+propylene maximum deduction
taken, of this for recirculate of your share and of the reactor at the entrance optimum values of
temperature in hand has been done.

The total annual productivity of adsorption units that partially remove water, methanol and heavy
hydrocarbons from natural gas is approximately 45 billion m3 in the CIS gas industry alone. 100
million in this way. Extraction of gasoline from m3 natural Baku gas allows to save 93333 AZN
per year. In this case, the savings due to gasoline produced by adsorption gas plants with a total
annual productivity of 45 billion, m3 in the CIS is approximately 42 million per year. will be
manat. It is clear from this that increasing the dynamic activity of adsorbents from the current low
level (about 50% of static activity) to 80% and more by the method proposed in this study
provides a positive effect of the proposal.

The total annual productivity of adsorption units that partially remove water, methanol and heavy
hydrocarbons from natural gas is approximately 45 billion m3 in the CIS gas industry alone. 100
million in this way.

Extraction of gasoline from m3 natural Baku gas allows to save 93333 AZN per year. In this
case, the savings due to gasoline produced by adsorption gas plants with a total annual
productivity of 45 billion, m3 in the CIS is approximately 42 million per year. will be manat. It is
clear from this that increasing the dynamic activity of adsorbents from the current low level
(about 50% of static activity) to 80% and more by the method proposed in this study provides a
positive effect of the proposal.
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PROPANIN TERMIKI KREKINQI PROSESININ PARAMETRLORININ
HESABLANMASI

Sevinc Quliyeval, Nurana Oliyeva?

12 Azarbaycan Dévlot Neft va Sonaye Universiteti, 12 “Neft-kimya texnologiyasi va sonaye ekologiyas1” kafedrasi
L dosent, t.0.f.d., Email: raoztun@mail.ru; https://orcid.org/0000-0001-5631-6563

2 magistrant

XULASO

Termiki vo bir ¢ox termokatalitik proseslor yiiksok temperatur soraitindo gedir. Bunu nozors
alaraq xammal ovvalca borulu sobalarda miioyyon temperatura qodor qizdirilir. Bazi proseslordo
borulu soba eyni zamanda reaktoru da avoz edir. Sobada yerlogdirilon ilanvari borularin baslangic
hissosi xammali qizdirir. Sonraki borularda krekinqg prosesi gedir.Xammal kimi fordi
karbohidrogenlordon istifads edildikds ¢evrilmoyon xammali birbasa reaksiya miihitino vermok do
alveriglidir.Katalitik izomerlosma prosesinds normal pentandan 50-65% izopentan alinir. Proses
zaman 1-2% qaz karbohidrogenlori do almir. N-pentanm izomerlosmayan hissasini birbasa tokrar
reaktora qaytardiqda izopentanin normal pentana goro ¢ixan 97-98%-o catir. Prosesin riyazi
modellosdirilmasi vo optimallasdinlmasinda kompleksa daxil olan qurgularin bir hissasi nozora
alinmasa, optimalligm kriteriyasinin alinmis qiymati sohv olacaq. Gostorilonlo oslagadar olaraq
qeyd etmok lazimdir ki, indiya godor resirkulyasiyali kimyavi-texnoloji sistemlorin riyazi tosviri
zaman1 adsorbsiyali- boliigdiiriici qovsagin modeli nezora alinmayib. Bu da optimalligm
kriteriyasinin optimal qiymatini doyiso bilor. Gostorilon proseslorin kompleks sistemlorinds
ayiriclt qovsaq asas sortlordon biridir. ©ks olagali proseslorin optimallagdinlmasi vo hesabatinin
tisullart vo alqoritmi islonilmisdir. Hemosorbsiya siizgacinin isinin, qapali sistemdo sirkulyasiya
edon miihitin regenerasiya sisteminin riyazi modeli islonilmisdir. Freon hermetik soyuducu
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masinlarin is¢i miihitinin nomlikdon vo tursu qarisiglardan adsorbsiyali tomizlonmaosi tofsilati ilo
Oyronilmisdir. Resirkulyasiya sistemi, adoton, reaktorlardan, ayirici qovsaqlardan vo onlarla
olagoali basqa aqreqatlardan ibaratdir. Oks olagoli proses pillolor arasinda reaksiya mohsullarinin
fasilesiz ¢ixis1 ilo vo hor sonraki pillode avvalki xammalin reaksiyaya girmoyan hissasinin daxil
olmasi ilo hoyata kegirilir. Aydin goriiniir ki, resirkulyasiya vo kinetikani eyni zamanda nozoro
almaqgla prosesin optimallagdirilmasi, adston, kifayat doracods olmur. Real naticalorin alinmasi
liclin, yuxarida gostorilon tonliklorin ayirici hissado gedon proseslorin tonliklori ilo birlikdo
istifadesi lazimdir. Isdo resirkulyasiya olunmus kimyovi-texnoloji komplekslorin adsorbsiyali-
ayirict qovsaqglarmin nazari qanunauygunluglarinin hazirlanmasi vo praktikada istifadasinin
todqiqinin naticolori gdstorilmisdir. Riyazi modellogdirmo zamani, kompleksin digor qovsaqlart ilo
birlikdo, adsorbsiya qovsagina vo praktikada alman naticalora alavelors asas diqqget yetirilmisdir.
Acar sozlar: propan, kreking, n-pentan, izopentan, metan, hidrogen, karbohidrogen.

PACYET NAPAMETPOB ITPOIHECCA TEPMHUYECKOI'O KPEKHHI'A
INPOITAHA

Cesunuxk I'yinesal, Hypana Anmesa?

12 AzepOaiiokaHCKUii TOCYIAPCTBEHHBI YHUBEPCUTET HE(YTU M TIPOMBINLIEHHOCTH, “2kadenpa «Herexumuueckas
TEXHOJIOTHSA ¥ TTPOMBILLICHHAS SKOJIOTHS
'k.1.1., nonent, Email: raoztun @mail.ru, https://orcid.org/0000-0001-5631-6563

ZMarucTpaHT
PE3IOME

Tepmuueckuii ¥ OAMH W3 MHOTHMX TEPMOKATAJIUTHYECKHMX MPOIECCOB IMPOTEKaeT B
BBICOKOTEMIIEPATYPHBIX YCIOBUSAX. DTO CUUTAIOT B3ATHUEM CBHIPhSI CHadaia TpyO4aThIM B Iedax
OIpeJIeIEHHON TemIeparypsl 10 HarpeBaHus. HekoTopble mpolecchl aHaJOTHMUHBI TpyOuaToi
MIeYX BO BPEeMs 3aMEHBI peakTopa. B meun pa3meniaror 3MeeBUKH U3 TpyO, HAUMHAas 9acTh CHIPbS,
KoTopoe HarpeBaercd. /[lanee B TpyOax wuuer mpouecc pacTpeckuBaHusi. CbIpbe, KOTOpOE
WCTIOJB3YIOT OTHENBHBIE YIIIEBOJOPO/BI, KOTJa JeTaeTcss HEempeoOpa3oBaHHOE CHIPhE, JKUBAs
peaKIMOHHAs cpefia JaeT CIUIIKOM OsiaronpusTHble yciaoBus. bepercs npoiiecc KaTaluTHUECKOM
m3omepuzaru  50-65% w3omeHTaHa W3 HOPMaJIBHOTO mNeHTaHa. 1-2% ra3a mpu mpoliecce
YTJIEBOIOPO/IbI TOKE HE MOKYMatoT N-MeHTaHM HeM30MepHu3yeMast YacThb BO3BPAILAETCsl B PEAKTOP
IpHU BO3BpaTe M30MNEHTaHA B HOPMAaJbHBIA TEHTaH mo Heill mocturaer 97-98% . Ecim wacth
YCTPOMCTB, BXOIAIIMX B KOMIUJIEKC, HE YUYHUTHIBaTh NPU MATEMaTHYECKOM MOJECIMPOBAHHM U
ONITUMH3AIMH TIpOIecca, TOTYYCHHOE 3HAUYCHHE KPUTEPHUST ONTUMAIBFHOCTH OyneT HeBepHbIM. B
CBSI3U C H3JIOKEHHBIM CJEIyeT OTMETHTh, YTO MOJIENb aJCOPOIMOHHO-PACIPEACTUTEIHLHOTO
nepexofa He YYHTHIBAJIACh NPU MAaTEMAaTHYECKOM ONHMCAHUHU PEIHPKYJSIIHOHHBIX XHMHUKO-
TEXHOJIOTUYECKUX cUcTeM 10 MHIuU. DTO MOXKET MU3MEHUTh ONTHMAIBHOE 3HAUEHUE KPUTEPHS
ONITUMAIILHOCTH. B CIIOKHBIX CHCTEMax YIOMSHYTHIX MPOIIECCOB Pa3ACIUTEIbHBIN Y3€i SBISETCS
OJHUM M3 OCHOBHBIX yclIOBHMH. Pa3zpa®oTaHbl METOJbl W AITOPUTMbBI ONTHUMH3ALMH M YydeTa
oOpaTHO  CBSI3aHHBIX  MporeccoB.  Pa3paborana  maTemaTHdeckas  MOJENb  pabOTHI
reMOCOPOIIMOHHOTO (UIBTPA, CUCTEMbI pPEreHepaluy LUPKYJIUpPYIOMeH cpelbl B 3aMKHYTOU
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cucteme. JleranbHo u3yuyeH (GpeoH Npu aAcopOLMOHHON OuMCTKE padouel cpellbl TepMETUYHBIX
XOJOAMIBHBIX MAIIMH OT BJIArM U cMmeceil kucnoT. CucremMa penupKysiiid OOBIYHO COCTOUT U3
PEaKTOpOB, CENapaTopoB M IPYIHX COMYTCTBYIOLUIUX ycTpoicTB. OOpaTHO CBSA3aHHBIN Mpoliecce
OCYLIECTBJISIIOT C HENPEPBIBHBIM BBIBOJIOM IPOJYKTOB PEAKIMHU MEXIY CTYIEHSMH U BBOJIOM
HENPOpearupoBaBIICii YacTU MPEbIIYIIEro ChIpbsl HAa KaXKI0W mocienytomniei crynenu. Kaxercs
OUYEBUJHBIM, YTO ONTUMM3ALUH IIPOLIECCA C OAHOBPEMEHHBIM YUETOM PELUPKYISIIMA U KHHETUKU
00BbIYHO HeAOCTAaTOYHO. 71 moMyUYeHus: pealuCTUYHbBIX Pe3yIbTaTOB HEOOXOIMMO UCIIOIb30BaTh
IIPUBE/ICHHBIE BBIIIE YpPaBHEHHS COBMECTHO C YPaBHEHMSIMHM IIPOLIECCOB, IPOTEKAIOIIMX B
cemapatope. B  manHoit paboTe mOKa3zaHbl  pe3yJbTaThl HU3YYEHHS  TEOPETHUECKHX
3aKOHOMEPHOCTEN paboThl aICOPOLMOHHO-PA3ACTUTEIbHBIX Y3JI0B PEHUPKYIISIUOHHBIX XUMUKO-
TEXHOJOTMYECKHX KOMIUIEKCOB M HMX MPAKTUYECKOTo HCIoJib30BaHuA. [Ipu marematmiyeckom
MOJICJIMPOBAaHUM Hapsily C JAPYTMMH Y3JaMU KOMIUIEKCA OCHOBHOE BHUMAaHHUE YJEJSIOCHh

a,I[COp6I_II/IOHHOMy Y31y U JOIIOJIHCHHUAM K HCMCUKUM PE3YJIbTaTaM Ha ITPAKTHUKE.
KirwueBble ci1oBa: IIpoI1aH, KPCKUHI', H-IICHTAaH, U30IICHTAH, METaH, BOAOPOd, YTJICBOJOPOI.

Publication history

Article received: 28.12.2022

Article accepted: 03.01.2023

Article published online: 23.01.2023

DOI suffix: 10.36962/PAHTEI24012023-57

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 65




ISSN: 1609-1620; E-I5SN:; 2674-5224 E-ISSN: 2674-5224

=
£ pAIiT: VOLUME 24 ISSUE 01 2023 66-73

.
REFERRED & REVIEWED JOURNAL

PROCESS DESIGN FOR RETENTION IN THE GAS PHASE OF
METHANOL LOSSES IN UNDERGROUND GAS STORAGE
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ABSTRACT

The presence of water, mineral salts and acid components (H.S, CO>) in underground gas storage
products and products operated from gas condensate fields creates technological difficulties in the
system (hydrate compounds, corrosion and salt deposits). This, in turn, disrupts the operation of
gas collection units, gas preparation units for transport, and the operation of main gas pipelines,
which creates an emergency situation leading to large gas losses and environmental pollution.
One of the main problems of underground gas storages is to improve the performance indicators
of storage facilities and increase the quality indicators of transported gas. In order to eliminate
these problems, it is necessary to apply modern technology, improve gas preparation and
transportation technology, optimize consumption norms of reagents, and increase the efficiency of
existing equipment. The sources of technological loss of gas collection and preparation for
transport, the regeneration of the reagents remaining in the gas phase and their return to the
system were investigated in order to reduce the consumption rates of spent surfactants.Gas
hydrates are in the form of ice crystals, their appearance is in the form of wet snow. According to
the nature of formation, gas hydrates are divided into natural and technogenic groups. Natural
hydrates are formed in places where the pressure is 0.17 MPa and the temperature is below 10 0C.
Technogenic hydrates are highly likely to form in gas production systems. They are formed in the
bottomhole zone, collectors, gas treatment plants, sections of main gas pipelines, gas distribution
stations and other places. At a certain pressure and temperature, the formation of a hydrate occurs
as a result of saturation of the gas with water vapor, and its dissolution occurs when the elasticity
of water vapor is lower than the partial elasticity of the hydrate under study. The occurrence of
hydrate crystallization in the processes of production, preparation, transportation and transmission
to the consumer of gas leads to disruption of the technological process and causes serious
problems. With the amount of acid gases in the produced gases H.S-3.5% and CO-5.6%,
hydration is accelerated. In order to prevent hydrate compounds formed by hydrocarbon gases,
active ingredients are injected into the gas collection and transport preparation system. During the
collection, storage and transportation of hydrocarbon gases, on the basis of the complications
arising from their physico-chemical and rheological properties, the increase in the consumption of
active substances used in the collection-transport technological system and the loss of the
intended product as a result of possible accidents, as well as damage to the ecological condition of
the environment brings Eliminating the damage to the environment, restoring the normal
operation of the collection and transportation preparation system requires the use of additional
financial resources. Thus, hydrocarbon losses occur, the environment is polluted, and the cost
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increases due to the expenditure of additional financial resources.To prevent the formation of
hydrate compounds by hydrocarbon gases, surfactants are introduced into the gas collection and
treatment system. In order to prevent problems associated with hydrates that occur in the gas
collection and preparation system for transport, detailed information is given on the results of
laboratory studies of methanol prepared on the basis of local chemicals and diethylene glycol,
which is used as an absorbent of the gas-methanol-water system. Based on the results of studies
conducted on the basis of samples taken from underground gas storages, it can be said that there
are many opportunities for optimizing the amount of reagents required for methanol consumption
operations to prevent the formation of hydrates. To correctly predict the need for reagents, it is
important to distribute the spent active ingredients between the gas and liquid phases.

In the process of gas conditioning, its dew point is significantly reduced due to the absorption of
moisture contained in it. At this time, the diethylene glycol used as an absorbent, while absorbing
the liquid vapor contained in the gas, will also absorb the methanol entering the gas phase. In the
next process, the methanol can be retained and reused through the diethylene glycol recovery unit.
It is possible to retain methanol from the gas phase and carry out the process of regeneration of
both the methanol itself and the absorbent-diethylene glycol and return it to the system.
Keywords: gas storage, hydrates, methanol, diethylene glycol, agent.

YERALTI QAZ ANBARLARINDA METANOL ITKILORININ QAZ
FAZALARINDA TUTULMASI TEXNOLOGIYASININ iSLONMOSI

Fikret Seyfiyevl, Moharrom Harbizada?, Murvat Mamisov?, Fuad Rustamov*

1234 Azorbaycan Dovlot Neft vo Sonaye Universiteti, 2>34” Neftin, qazin noqli vo saxlanmasi” kafedras:
1Texnika elmlori iizra folsofo doktoru, dosent, E-mail: fikratl7@mail.ru
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XULASO

Yeralti qaz anbarlarinin modonlorinds istismar edilon qaz vo qazkondensat yataglarinin
mohsullarmin torkibindos suyun, mineral duzlarin vo turs komponentlorin (H2S, CO2) olmasi
sistemdo texnoloji ¢otinliklor yaradir (hidrat birlosmalori, korroziya vo duz ¢okmolori). Bu da, 6z
novbasindo gazin yigilmasi, noglo hazirlanmasi qurgularinin vo magistral qaz komorlorinin is
rejimini pozmagqla yanasi, qoza vaziyyati yaratmagqla kiilli miqdarda qaz itkilorino va otraf miihitin
cirklonmasina gotirib ¢ixarir. Karbohidrogen gazlarinin saxlanma anbarlarinda yigilmasi va nagla
hazirlanmas1 qugularinin istismar gostaricilorinin yaxsilasdirilmasi va noql edilon qazin keyfiyyat
gostaricilorinin artirilmasi yeralti qaz anbarlarinin asas problemlorindon biridir. Bu problemlorin
aradan qaldirilmasi mogsadi ilo milasir texnologiyanin tatbiqi, qazin naqls hazirlanmasi vo noqli
texnologiyasinin tokmillogdirilmasi, reagentlorin sorf normalarinin optimallagdirilmasi, mévcud
avadanliglarin somoraliliyinin yiiksaldilmasidir. Qazin yigilmasi vo noaqle hazirlanmasi texnoloji
itki monbolori, sorf olunan sothi aktiv maddslorin sorf normalarinin azaldilmasi mogsadi ilo qaz
fazada qalan reagentlorin regenerasiya edilorak sistemo qaytarilmasi arasdirilmasi vacibdir. Qaz
hidratlar1 buz sokilli kristal formada olmagla, onlarin xarici goriiniisii sulu qar formasinda olur.
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Qaz hidratlar1 yaranma xarakterino goro tobii vo texnogen qrupa ayrilir. Tobii hidratlar 0,17 MPa
tozyiqdo vo 10 °C-don asag1 temperatur olan yerlordo amolo golir. Texnogen hidratlarin qaz-
modon sistemlorindo omolo golmo ehtimali yliksokdir. Onlar quyudibi zonada, kollektorlarda, qaz
hazirlanma qurgularinda, magistral qazotiiriicii sahslords, gqazpaylanma stansiyalarinda vo digor
yerlordo omoalo golir. Miioyyan tozyiq vo temperaturda hidratin omalo golmoasi gazin su buxari ilo
doymasi naticosinde bas verir vo onun dagilmasi o halda olur ki, su buxarinin elastikliyi todqiq
olunan hidratin parsial elastikliyindon asagi olsun. Qazin hasilati, hazirlanmasi, nogli vo
istehlak¢iya oOtiiriilmasi proseslorindo hidratkristallasmanin bas vermasi texnoloji amaliyyatin
pozulmasi ilo naticolonarak ciddi problemlorin yaranmasina sabab olur. Hasil olunan qazlarin
torkibinds turs qazlarin migdar1 H2S-3,5 % vo CO2- 5,6 % olanda hidratomologalmo siirotlonir.
Karbohidrogen gazlarimin amals gatirdiyi hidrat birlogsmalarinin qarsisini almagq {iglin qaz yigim vo
noglo hazirlanma sistemino sohti aktiv maddslor vurulur. Karbohidrogen qazlarinin yigilmasi,
saxlanmasi vo naqli zamani onlarin fiziki-kimyavi vo reoloji xiisusiyyatlorindon bas veran
miirokkoblogmalor asasinda y1gim-naql texnoloji sistemindo istifado olunan sohti aktiv maddolorin
sarfiyyatinin artmasi vo bas vera bilon gozalar naticosinds moagsadli mohsulun itkilori ilo yanasi,
hom do otraf miihitin ekoloji durumuna xolol gotirir. Otraf miihito doyon ziyanin aradan
qaldirilmasi, y1gim, noqlo hazirlanma sisteminin normal faaliyyatinin barpa edilmosi iso slavo
maliyyo resurslarinin sorf olunmasini tolob edir. Beloliklo, hom karbohidrogen itkilori bas verir,
hom otraf miihit ¢irklondirilir, hom do slave maliyya vasaitlorinin xorclonmasi hesabina maya
doyari artir.

Qazlarin yi1gilmasi, vo noqle hazirlanmasi zamani sistemdo yaranan ¢atinliklorin qarsisini almaq
ucun yerli kimya mohsullar1 osasinda hazirlanmig hidrata qarsi metanolun vo gaz—metanol-su
sistemi absorbent kimi istifado olunan dietlienglikol laboratoriya goraitindo todqiqinin noticolori
barasindo atrafli molumatlar verilmisdir. Yeralt1 qaz anbarlar1 idarasinin moadanlorindon gotriilmiis
niimunalor osasinda aparilmis todqiqat islorinin noticolorine asason demok olar ki, hidratin amals
golmasino qarsist metanolun sorfi i soraitino osason tolob olunan reagentlorin miqdarini
optimallagdirmaq ticlin bir ¢ox imkanlar moévcuddur. Reagentloro tolablori diizglin sokildo
prognozlasdirmaq Ttgciin Sorf olunan sohti aktiv maddslorin qaz vo maye fazalar1 arasinda
paylanmas1 vacibdir. Qazlarin naqlo hazirlanmasi zamani torkibindo olan namliyi absorbsiya
edorok onun seh ndqtasini shomiyyatli doracads asagi salinir. Bu zaman absorbent kimi istifads
olunan dietilenglikol vasitasilo qazin terkibinds olan maye buxarlarini absorbsiya edorkon, qaz
fazasmma daxil olmus metanol da dietilenglikol torofindon absorbsiya olunacaqdir. Novbaoti
prosesdo iso dietilenqlikolun regenerasiyast qurgusu vasitosilo metanol tutularaq yeniden
istifadoya verilo bilor. Metanolun gaz fazasindan tutulmasi vo hom metanolun 6ziiniin, ham da
dietilenglikol absorbenti regenerasiya olunaraq sistemo qaytarilmasi prosesini hoyata kegirilmasi
mumkunddr.

Acgar sozlar: yeralt1 qaz anbarlarinin, hidrat, metanol, dietilenglikol, reagent.

Giris

Karbohidrogen qazlarinin yeralti qaz anbarlarinda yigilmas: vo naqle hazirlanmasi qugularinin
istismar gostaricilorinin yaxsilagdirilmast vo naql edilon qazin keyfiyyat gostaricilorinin
artirilmasi anbarlarin asas problemlorindon biridir. Bu problemlorin aradan qaldirilmasi mogsadi
ilo miasir texnologiyanin totbiqi, qazin noglo hazirlanmasi vo noqli texnologiyasinin
tokmillogdirilmasi, reagentlorin sorf normalarinin optimallasdirilmasi, mdévcud avadanliglarin
somoraliliyinin yiiksoldilmosidir. Qazin yigilmasi vo noglo hazirlanmasi texnoloji itki monbalori,
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sorf olunan sathi aktiv maddolorin sorf normalarinin azaldilmasi moagsadi ilo qaz fazada galan
reagentlorin regenerasiya edilorok sistemo qaytarilmasi aragdirilmalidir. Yeralti qaz anbarlariin
maodonlorinds istismar edilon qaz vo gazkondensat yataglarinin mohsullarinin torkibindo suyun,
mineral duzlarin va turs komponentlarin (H2S, CO>) olmasi sistemda texnoloji ¢atinliklor yaradir
(hidrat birlogmolori, korroziya vo duz ¢okmolori). Bu da, 6z ndvbasindo qazin yigilmasi, naglo
hazirlanmas1 qurgularmin vo magistral qaz komorlorinin i rejimini pozmaqla yanasi, qoza
voziyyeti yaratmaqla kiilli miqdarda qaz itkilorino vo otraf miihitin ¢irklonmasino gotirib ¢ixarir.

Qazlarin omolo gotirdiyi hidrat birlosmolorinin qarsisin1 almaq iiclin qaz yigim vo noglo
hazirlanma sistemina sohti aktiv maddslor vurulur.

Moagqsad

Problemin aktuallig va alaqgoli tadqiqatlar

Sohti aktiv maddolor ugucu xassali vo qaz fazada yaxs1 hall olmasi sobabinden karbohidrogenlarlo
tomasda oldugda onun toxminon 50% - don coxu itkiys gedir. Hidrat omolo golmoasino qarsi
istifado olunan metanol qaz fazasinda olan su buxarlarini karbohidrogen qazlarinin torkibindon
udur.

Tatbiq edilon sothi aktiv maddonin qaz fazada bir hissesi, maye fazada iso qalan digor hissasi vo
kondensat karbohidrogenlorinds hall olur. Bu baximdan sothi aktiv maddanin sarfiyatint miioyyon
etmak ti¢iin biitovliikkds bunlarin nazars alinmasi vacibdir [1,2,3].

Umumi sorf normasi sohti aktiv madds asagidaki yazilmis riyazi ifadelor osasinda tapalir.

Yoni burada, C — sohti aktiv maddo timumi sorfi; ﬁ: D,, — sohti aktiv maddonin maye
. kg
fazadaki sorfi, Too0eE
. . . k . . .
D, — sohti aktiv maddonin qaz fazadaki olan sorfi, ﬁ: Dy—sohti aktiv maddonin

karbohidrogen kondensat fazasinda olan itkisi, ﬁ:

Qaz fazasinda olan sohti aktiv maddo osason, karbohidrogen qazlarinin torkibindo olan
riitiibatlikdon vo reagentin qatiligindan asilidir vo asagidaki kimi toyin olunur [6].

= %‘fg”“ +0,001C,a )

D
& c‘_ I

W, , W, — sohti aktiv madde (Metanol) vurulmamisdan ovvol vo sonraki qaz fazasinda olan
iitiibotlivi iadarid ka |
ritiibatliyin miqdaridir, ——;

C,,C; — qaz axmina vurulmasina eytiyac duyulan yeni va islonmis sohti aktiv maddenin qatiligi,
%-kiitlo; @ — qaz fazasinin sohti aktiv maddos ilo doymasina sorf olunan miqdarinin sorf edilmis
regentin sulu qatiliginda olan miqdarina nisbatidir.
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Karbohidrogen gazlarinda hidrat birlosmoalorin yaranmasinda temperatur soraiti molum
oldugundan asagida verilmis riyazi ifadodon istifado etmoklo sohti aktiv maddonin maye mohlulda
qatilig haddini miioyyon etmok miimkiindiir:

22 . 100 3)

27 K+Mar

Burada, C, —sohti aktiv maddonin (Metanol) istifado olunmus mohlulda qatilig1, % Kkiitlo;
M —sahti aktiv maddonin molekul kiitlasi; K — sohti aktiv maddonin ti¢lin omsal., K= 1220, At—
hidratin yaranma temperaturasinin depresiyasi, °C.

Aparilmis todqiqat islorinin osasinda sohti aktiv maddonin sorf normasi asagida gostorilon
morhalalors asaslanaraq hesablamalar aparilmalidir.

Karbohidrogen qazlarinin yigim vo noqlo hazirlanma texnoloji proseslorindo sistemin
termodinamiki soraitlorido nozordo tutulmahidir. Belo ki, karbohidrogen qazlarinda hidratin
yaranma temperaturlarinin asag1 diismasi asagida gostorilmis riyazi diistur ilo toyin olunur [3,4].

E"Tqﬂz = Thid - Thes (4)

Burada, AT,., — qazin hidrat omalogatirmo temperaturu, °C; T,;a — gazin baslangic noqtads
hidrat yaratma temperaturu, °C; Tj,.. — qazin hesabat néqtasindoki temperaturu, “C;

Beloliklo hazirki maqalonin maqsadi qazlarin naqlo hazirlanmasi zamani torkibindo olan nomliyi
absorbsiya edorok onun seh ndqtesini ohomiyystli dorocodo asagi salinmasi vo bu zaman
absorbent kimi istifads olunan dietilenqlikol vasitasilo qazin torkibindo olan maye buxarlarini
absorbsiya edorkon, qaz fazasina daxil olmus metanol da dietilenqlikol torafindon absorbsiya
olunacaqdir.

Metodlar

Texnoloji prosesdo iso dietilenqlikolun regenerasiyasi qurgusu vasitosilo metanol tutularaq
yenidon istifadoya verilo bilor. Cadval 1-do dietilenglikol vasitasilo qazdan absorbsiya edilmis
metanolun miqdar1 alinmig niimunalarin xromotografik analizi vasitasils toyin olunmusdur [5,7].
Cadval 1. Metanolun qaz fazasindan dietilenglikol vasitasils absorbsiya gostaricilori

Metanolun gaz Dietilenqlikolun terkibi, % kiitlo Qaz fazasindan
fazasinda Baslangic torkib Sonraki torkib udulmus metanolun
miqdari, qr/ m? — - — - miqdar1,% kiitla
Dietilengliko | Su Dietilenglik | Metanol Su
I ol
0,91 85,0 15 82,0 3,88 14,12 50,0
0,95 80,0 20 75,0 8,10 19,90 57,0
1,00 78,0 22 76,0 6,30 17,70 50,5

Coadvaldon gorarik ki, metanolun dietilenglikolun sulu mahlunda olan gatiligi (3,88 — 8,10)%
arasinda doyisir. Bu da o demokdir ki, qaz fazasinda yerloson metanolun taqriban 50% - nin
dietilenglikol vasitasilo regenerasiya edilib sistema qaytarilmisdir. Metanolun dietilenqlikoldan
ayrilmasi ligiin miixtolif temperatur yaradilmis vo ayrilmis metanol buxarlarinin mayeyo
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¢evrilmasi U¢lin (10-12)°C temperatur verilmisdir. Regenerasiya prosesini temperaturunu 70 — 80
°C saxlamagla 90 — 92% - li metanolun ¢iximini tomin etmok olar. Regenerasiya olunmus

metanoldan hidratin yaranmasina gars1 miibarizo {li¢iin yenidon istifado edilmoasi miimkiindiir.
Tadqgiqatdan alinmis naticalor cadval soklinds asagidaki kimi verilmisdir (Codval 2).
Cadval 2. Regenerasiya olunmus dietilenglikol— metanol- su ( DEQ — CH; OH — H,0 ) sisteminin

gostoricilori.
Qaz fazasinda metanolu absorbsiya Kalonun Regenerasiya Metanolun regenerasiyasindan
etmis DEQ — in torkibi, % kiitlo yuxarisinda olunmus metanolun | sonra qaligin torkibi, %kiitlo
regenerasiya qatiligl, % kiitlo

DEQ CH;O0H | H,0 temperaturu,”C DEQ CH,O0H |H,0
82,0 3,88 14,12 70,0 90,0 85,6 1,10 13,30
75,0 8,10 16,90 78,0 93,0 80,0 1,30 18,70
76,0 6,30 17,70 72,0 92,0 78,0 0,70 21,30

Aparilmis todqiqat islorinin naticolorini nozars alaraq, metanolun regenerasiyasi dietilenglikol —
metanol — su qarigig1 li¢lin asagida gostorilmis prinsipal texnoloji sxem islonilmisdir (sokil 1).

3

DEQ — CH30H — H,0

\ A J

2

)

A

DEQ

CH,0H
EE———

Sakil 1. Metanolun regenerasiyasi dietilenqlikol — su — metanol qarisigi {iglin prinsipial texnoloji
sxem.

1 — metanolun regenerasiya aparati, 2 — qizdirict soba, 3 — su soyuducu, 4 — metanolun yigim
tutumu, 5 — dietilenglikolun y1gim tutumu.

Prinsipial texnoloji sxemo osason dietlienglikol — Su — metanol qarisig1 avvalco 1 desorber
aparatina daxil edilir vo temperatur nozords tutulmus haddo saxlanilir. Soraitdon asgh olaraq bu
vaxt ayrilan CH; — H, 0 buxarlar1 aparatin yuxarisindan 3 su soyuducusuna kecorok, maye fazaya

cevrilorok, metanolun yi1gim tutumu 4 yigilir vo yenidon prosesds istifado olunmasi {igiin sistemo
verilir. Bu texnoloji proseslori hoyata kegrildikdon sonra 1 aparatinda olan 75 — 85% qatiliginda
dietilenglikol — su mohlulu 5 tutmuna yi1gilir vo yenidon texnoloji prosesin fazilasiz iglomasi ti¢iin
sistemo verilir. Qeyd etmok olar ki, qaz fazasinda olan metanolun tutulmasi, regenerasiyasi vo

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 1




ISSN: 1609-1620; E-IS5N: 26T4-5224
E-ISSN: 2674-5224
,. PAHTEI
- VOLUME 24 ISSUE 01 2023

REFERRED & REVIEWED JOURNAL

homds dietilenglikol absorbentin regenerasiya olunaraq texnoloji proseso qaytarilmasi miimkiin
olmusdur.

Natico

1.Bas veron metanol itkilorinin qaz fazasinda azaldilmasi mogsadilo istifado olunmus
dietilenglikol absorbenti vasitasi ilo odularaq vo doymus absorbent regenerasiya edilorok yenidon
texnoloji proseso qaytarilmasi iislin laboratoriya soraitinds todqiqat islor aparilmigdir.
2.Laboratoriya soraitindo todqiqat islorinin noticesinde  yeni regenerasiya etmo rejimlori
hazirlanmis vo metanol itkilorinin qarsis1 almaq miimkiinliiyli 6yronilmisdir.

3.Qaz fazada metanol itkilorinin toxminan 50% - o qodor qarsisinin alinmas1 miimkiindiir.
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OpnHoM M3 OCHOBHBIX 3ajJ]ad IMOA3EMHBIX XPAHWIHI Ta3a SBISETCS YIydlleHHe IMoKa3aTesei
3G (HEKTUBHOCTH XpAaHEHUS © TPAHCIOPTUPOBKH YTJICBOJOPOJHBIX Ta30B B IMOIA3EMHBIX
XpaHWJIMINAX ra3a M MOBBIIICHHE KAaueCTBEHHBIX IOKa3aTeliell TpaHcHopTupyemoro raza. s
yCTpaHEHUsT JTHX  TpoOJieM  HEOOXOAMMO  MPUMEHSTh  COBPEMEHHBIE  TEXHOJIOTHUU,
COBEpIICHCTBOBATh TEXHOJOTHUIO MOJArOTOBKH U TPAHCHIOPTHUPOBKU Ta3a, ONTUMHU3UPOBATH HOPMBI
pacxoia TIOBEPXHOCTHO-aKTUBHBIX BEIIECTB, IMOBBIMATh A((HEKTHBHOCTh JEHCTBYIOMIETO
o0opynoBanus. VccnenoBanbl HCTOUHUKHM TEXHOJIOTMUYECKUX MOTEPh cOOpa M MOATOTOBKH ras3a K
TPAHCIIOPTY, PEreHepalysl OCTABIIMXCS B Tra30BOH (pa3e pearcHTOB W MX BO3BpaT B CHUCTEMY C
1IEJIbI0 CHIDKEHUSI HOPM pacxoja otpabotanHbix [TAB.
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BIOMEDICAL COMPLEX DETERMINING THE DIAGNOSIS USING
RHYTHMS BREATH AND HEART
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ABSTRACT

In essence, artificial intelligence and neural networks are attempts to simulate human behavior on
a computer. But people do not see the environment only in black and white, that's when the need
to use fuzzy logic arises. The hardware and software tools offered for assessing the state of the
heart are intended only for conducting studies in the field of the vascular system. The functioning
of new methods for diagnosing the cardiovascular system in the form of a biomedical complex is
considered. It has been shown that the study of respiratory parameters in combination with heart
rate allows for a more accurate diagnosis. It provides for the creation of a database and the
possibility of using it in diagnostics.

Currently, using this method, models are created in many areas of medicine, methods and
algorithms for forecasting are selected, and methods of diagnosis, prevention and treatment are
selected, which makes it possible to provide medical care at a high level. RD of heart rhythms
over time and the breathing curve are analyzed together with certain indicators, and the results are
divided into classes according to the degree of disease according to the state of the cardiovascular
system and predictions are made. The effect of new methods for diagnosing the cardiovascular
system in the form of a biomedical complex is considered. Coding data on the norm of the
cardiogram, myocardial infarction, changes in mitochondrial hyperplasia, one can classify
according to the degree of the disease, changes in age limits and other indicators in the database
being created. Understanding the complex dynamics of cardio-respiratory coupling sheds light on
the underlying mechanisms governing the communication between these two physiological
systems. Previous research has predominantly considered the coupling at respiratory rates slower
than the heart rate and shown that respiratory oscillations lead to modulation and/or
synchronization of the heart rate. Whereas the mechanisms of cardio-respiratory communication
are still under discussion, peripheral nervous regulation is considered to be the predominant
factor. This work offers a novel experimental design and applies the concept of instantaneous
phase to detect cardio-respiratory entrainment at elevated respiration rates, close to the resting
heart rate. If such 1:1 entrainment exists, it would suggest direct neuronal communication
between the respiration and heart centres in the brain. We have observed 1:1 entrainment in all
volunteers, with consistently longer synchronization episodes seen in physically fitter people, and
demonstrated that cardio-respiratory synchronization at both low and high respiration rates is
associated with a common underlying communication mechanism.

The complex explores the relationship between heartbeat and breathing. For this, a breathing
curve is simultaneously formed to assess the cardiovascular system using the developed hardware
and software program in one of the EX outputs. The algorithm of the respiratory curve is based on
a change in the direction vector of the electric dipole of the heart, resulting in a change in the
amplitude of the pacemaker. The NAA algorithm manifests itself in 3 main parts.
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The information obtained is archived and allows you to create a database. Using this database to
determine the correct diagnosis when patients come in, makes it possible to compare and study
the dynamics of the disease in patients who applied at certain times. This also makes it possible to
make a more accurate diagnosis by conducting a comparative analysis of different patients and
relying on the opinion of specialists, and even prevent the occurrence of events and correctly
organize preventive work. The effect of new methods for diagnosing the cardiovascular system in
the form of a biomedical complex is considered. Coding data on the norm of the cardiogram,
myocardial infarction, changes in mitochondrial hyperplasia, one can classify according to the
degree of the disease, changes in age limits and other indicators in the database being created.

In essence, artificial intelligence and neural networks are attempts to simulate human behavior on
a computer. But people do not see the environment only in black and white, that's when the need
to use fuzzy logic arises. The hardware and software tools offered for assessing the state of the
heart are intended only for conducting studies in the field of the vascular system. The functioning
of new methods for diagnosing the cardiovascular system in the form of a biomedical complex is
considered. It has been shown that the study of respiratory parameters in combination with heart
rate allows for a more accurate diagnosis. It provides for the creation of a database and the
possibility of using it in diagnostics.

Keywords: cardiovascular system, RD of heart rhytms, EX outputs, NAA
algorithm,mitochondrial hyperplasia, myocardial infarction,entrainment,instantaneous phase.

NOFOSALMA VO UROK RITMLORININ KOMOYI ILO DIAQNOZU
TOYIN EDON BiOTiBBI KOMPLEKS
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XULASO

Miiasir diinyada iirok damar xostoliklorinin artimi tibbi-sosial problema c¢evrilmisdir.Bu
tendensiyanin artan xott {izro horokot etmosi, xastoliyin cavanlagmasi (yani artiq 25-30 yaslarinda
belo infakt vo insult kimi xosto saymnmn artmasi ) ilkin morhslods diagnostikanin yeni,daha
somarali Gisullarinin axtariimasini aktual edir.

Problemin halli yollarindan ohomiyyatlisi hamin xasotaliklorin baslanma orafasinde xastaliyin
doqiq diaqgnostikasi vo profilaktikasinin togkilidir.Bu mogalodo miiasir dovrdo do insan
orqanizminin voziyyati barado real zaman migyasinda molumat almaq {igiin iirok ritminin
doyismosi metodunun aktuallig1 gdstorilir.Urak ritmlori vo nofos alma variasiyalar1 arasinda
asililig olmasi noazoriyyasino osaslanan biotibbi kompleksin isi aragdirilir.Miiasir biotibbi
komplekslor intellektual diagnostika etmo tisul vo vasitolorinin islonmasi ,diagnozun toyin
edilmasi isi,aparilan miiayinalorin arxivlogdirilmasi ilo yanasi miialiconi daha samerali aparmaga
imkan yaradir.
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Hazirda tibbin  bir ¢ox saholorindo bu metoddan istifado etmoklo ,modellor
yaradilir,prognozlasdirma metod vo alqoritmlori homginin diagnostika ,profilaktika vo miialica
tisullart segilir.Bu proses qorar gobul etmok {igiin avtomatlagdirilmis idars olunan kompleks
toraofindon hokimlorin kdmoyino golorok ,qeyri-miioyyon vo tam olmayan tosovviir yaratmayan
soraitdo yliksok tibbi xidmot gdstormoyo imkan verir.Moqalodo bu metoda osaslanaraq, zamana
goro RR iirok ritmlorinin siralanmasi,nafos alma oyrisi ilo birgs analiz edilorak bu vo ya diger
gostaricilar hesablanir vo naticalar tirok-damar sisteminin halina uygun olaraq, xastalik doracasine
goro siniflors ayrilir, proqnoz formalasdirilir.

Urok-damar sisteminin yeni diaqnostika iisullarinin biotibbi kompleks soklindo islomosine
baxilmigdir.Yaradilacaq verilonlor bazasinda normal kardioqram,miokard infakt,doyisikliklor
inoxondriya hiperlogsmasi lizro molumatlar1 kodlasdirmaqla, xostolik doracosi, yas hadlorindo
dayisikliker vo sair gdstariciloro goro siniflosdirmo aparmagq iiciin imkan yaramr. Urok tonoffiis
sisteminin miirokkab dinamikasin1 basa diismok, bu iki fizyoloji sistem arasindaki olageni idars
edon osas mexanizmloro igiq salir.Ovvolki todqiqatlara osason tonoffiis horokatlorinin iirok
ritmlorinin siirotindon daha yavas oldugunu diisiinmiis vo tonaffiis horokatlorinin iirok ritmlorinin
siirotinin modulyasiyasina vo yaxud sinxronlasmasma sobob oldugunu gostordi.Urok-tonoffiis
sisteminin mexanizmlori halo do miizakirs olundugu halda, periferik sinir sisteminin tosiri
istlinliik toskil edon asas amil hesab olunur.Bu todqiqat yeni eksperimental dizayn toqdim edir vo
sakitlik zamani trok ritmino yaxin yiiksok tonoffiis horokotlorinds iirok-tonoffiis sisteminin
sirkadial ritmini agkar etmok {igiin ani faza konsepsiyasin totbiq edir. ©gor 1:1 nisbati varsa,bu,
tonoffiis vo lirok markazlori arasinda birbaga neyron alagasi oldugunu gostorir. Biitiin koniilltilords
1:1 nisbotindo sirkadiyal ritm miisahido olundu,fiziki cohstdon saglam insanlada ardicil olaraq
daha uzun sinxronizasiya epizodlarn1 miisahido etdik vo gostordik ki, hom asagi hom do yiiksok
tonoffiis  siiratlorindo  {irok-tonoffis ~ sinxronizasiyasi imumi osas rabito mexanizmi ilo
olagolondirilir.

Kompleksdsa iirok doyiintiilori vo nofssalma arasinda bagliliq arasdirilir. Bu mogsadla eyni
zamanda islonmis aparat-proqram vasitosilo iirok-damar sisteminin qiymotlondirilmosi {igiin
nofosalma oyrisinin do formalagdirilmast EKS-nin bir ¢ixisinda icra edilir. Nofosalma oyrisinin
alqoritmi {iroyin elektrik dipolunun istigamet vektorunun doyismesino osaslanib vo bunun
noaticasindo EKS-nin amplitudasi doyisir. NAO-nin alqoritmi 3 osas hissado 6ziinii tozahiir edir.
Allnmig molumatlar arxivloegdirilorok verilonlor bazasi yaratmagina imkan verir.Pasientlor
miraciot etdikdo dogru diagnoz miioyyan edilmasi iigiin bu bazadan istifado edorok miiqaiso
aparmag,ayri-ayri tarixlorado miiraciot edon xastolords xastaliyin dinamikasini aragdirmaq imkani
yaradir.Verilonlor bazasi miiqayisoli sokildo xostoliyin inkisaf dinamikasini izlomoys imkan
verorok, miialiconi daha somorali aparmaga imkan verir. Bu hom do miixtolif xostolorin
miiqayisoli tohlili aparilmaqla vo ekspert rayino osaslanaraq diagnozun daha doqiq verilmosina,
hotta hadisoalori qabaqlayaraq profilaktika isinin diizgiin qurulmasina imkan yaradir.

Urak-damar sisteminin yeni diagnostika Usullarmin biotibbi kompleks soklinda islomasina
baxilmigdir.Yaradilacaq verilonlor bazasinda normal kardiogram,miakard infakt,doyisikliklor
inoxondriya hiperlosmosi lizro molumatlar1 kodlagdirmaqla, xostolik dorocesi, yas hadlorindo
doyisiklor vo sair gostaricilora gora siniflogdirma aparmagq ticiin imkan yaranir.

Oslindo siini intellekt vo neyron sobokolor insanin davranigini kompiiterdo modellogsdirmok
cohdidir. Lakin insanlar otrafi yalniz ag-qara gérmiir, mohz onda qeyri-solist montigdon istifado
zorurati yaranir.
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Urayin voziyyatini giymetlondirmok iigiin toklif olunan aparat vo proqram vasitolori ancaq damar
sistemi sahosindo aragdirma aparmaq l¢iin nazords tutulmusdur . Urok-damar sisteminin yeni
diagnostika tisullarinin  biotibbi kompleks soklindo islomasino baxilmisdir. Tonoffiis
parametrlorinin iirok doylintiilori ilo birge arasdirilmasi diagnozun daha tokmil aparilmasina
imkan verdiyi gostorilmisdir. Verilonlor bazasinin yaradilmasi vo diagnostikada istifado imkanlari
verilmigdir.

Acar sozlar: Urok-damar sistemi, RD irok ritmlori , EX ¢ixislari, NAA alqoritmi, mitoxondrial
hiperplaziya,sirkadiyal ritm,ani faza,miokard infarkt1.

Giris

Miiasir dovrde timumi 6liim hallarmin toxminon 60%-1 iirok-damar xostoliklori ilo baglidir.
Diinyada bir tibbi-sosial problem kimi bu nov xastoliklorin artim tendensiyasi miisahido edilir.
Problemin holl yollarindan vacibi homin xosatoliklorin  baglangic  orofslorinds  onlarin
diaqnostikasi vo profilaktikasinin togkili mosalosidir. Bu isin toskili {igiin tibbin osas istiqgamati
yeni aparat-program Vasitalorinin islonmasidir ki, tirok-damar xastoliklorinin miiasir diagnostika
metodlarini realizo etmoya vo lirok xastaliklorinin ilk stadiyalarinda agkar edorok, somorali gokildo
profilaktikasinin vo miialicasinin togkiline imkan verir.

Vaziyyatlorini diferensial sokildo tohlil holo qodim zamanlardan nabzin yoxlanmasi, yoni {irok
ritmlorinin voziyyatinin analizi bir diaqnostika vasitasi kimi istifado edilir. Tobabotdo miiasir
dovrds do orqanizm haqqinda real zaman miqyasinda {irok ritminin doyismasi ilo molumat veran
bu metod 6z aktualligin1 saxlayir. Bu metoda osaslanaraq, zamana géro RR intervallar siralamasi
aparilaraq bu vo ya digor gostaricilor hesablanir vo naticalor {irok-damar sisteminin halina uygun
olaraq, xostolik doracosine gors siniflore ayrilir, prognoz formalasdirilir. Lakin, tirok ritmlori
variasiyalarinin (URV) analizino osaslanan ¢ox sayda voziyyotlorin tohlininin aparilmasi ilo
olamat hallarmin azhif1 tozad toskil edir. Urok ritmlorinin todqigati islorinin analizi gdstorir ki,
osason ¢ox sayda olmayan parametrlordon istifads edilir, hansilar ki, hom funksional olaraq, bir-
biri ilo vo korrelyasiya asililigi ilo bagli ola bilorlor. Aydindir ki, az sayda asili olmayan
parametrlordon istifado tam ominlikls {irok-damar sisteminin miixtolif etmoyo imkan vermir.

Maqsad

Urok Ritmlori Variasiyalarinin analizi metodu vo nofasalma oyrisinin tohliline osaslanan Biotibbi
kompleksin islomo metodunun vo onun verilonlar bazasinin yaradilmasinin iisullarinin
arasdirilmasi.

Metodlar

Urok Ritmlori Variasiyalarinin analizi metodunun imkanlarmin artirilmasi yollarindan biri
nofosalmanin {irok ritmlorine tesir etmosi ilo baghdir. Moalumdur ki, saglam pasientlorlo
miigayisodo miokard infarkti kecirmis pasientlords iirayin sol madociyindon ganin atilmasinin
zoiflomasi ilo kardior- rsperator sinxronlagma pozulur. Bu zaman URV har iki qrupda forqlonmir.
Stibut olunmusdur ki, nafas alma ilo tirak ritmlorinin arasindaki alaqs nazarat qrupu (saglam qrup
) ilo miokard infarkt1 kecirmis qrup arasinda ayirmani yaxsilasdirmaga imkan yaradir. Beloliklo
irok ritmlorinin nofos alma oyrisi ilo birgo geyd edilmosi, onlarin sonraki emali ilo birlikdo
diagnostikada doqiqliyi artirmaga va diagnostikanin yeni metodlarinin iglonmasine imkan yaradir.
Nofosalma oyrisini miixtolif isullarla qeydo almaq olar. Misal iiglin,homin oyrini intranazal
temperatur sensorunun komaoyi ilo diiz xotlors bolmak olar. Lakin bu {isulun hoyata kegirilmaosi
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ticlin olavo 6l¢ii kanallarinin olmasi tolob olunur ki, bu aparat avadanliginin miirokkoblogdirilmasi
vo onlardan istifadenin ¢atinliyine gotirir. ©lave 6lgma kanallar1 tolob olunmayan diger tisul ise
nofasalma oyrisinin elektrokardio signaldan ayrilmasidir. Bu halda EKS-nin iki ortoganal ¢ixislari
nofosalma oyrisinin alinmasi ii¢iin istifade olunur.

Islonmis aparat-proqram vasitosinda iirok-damar sisteminin giymotlondirilmosi {i¢iin nofasalma
oyrisinin formalasdirilmast EKS-nin bir ¢gixisinda icra edilir. Nofasalma oyrisinin alqoritmi {iroyin
elektrik dipolunun istigamot vektorunun doyigsmosine asaslanib vo bunun noticesindo EKS-nin
amplitudas1 doyigir. NAO-nin alqoritmi 3 asas hissads 6ziinii tozahiir edir:

Islonmis aparat-program vasitolorindo iirok-damar sisteminin voziyyatinin qiymotlondirilmosi
ticiin nofos oyrisinin formalagdirilmasi elektrokardio signalin bir ayrilmasinda icra edilir. Nofos
oyrisinin alinmasi nofas almada iiroyin elektrik dipoluna ekvivalent olan vektorun istigamat
doyismosino osaslanir vo naticads elektrokardiosignalin amplitud doyismosi 3 osas morholoya
boltndr:

1. Elektrokardiosignalin R-dislorinds amplitudun kilyadavamli qiymsatlondirilmasi,

2. Interpolyarizasiyast

3. Nofos ayrisinin faza siiriismolori korrelektrokardiosignaliyasi.
Nofosalma Oyrisinin gostorilmasi Apneq-ECG bazasinin verilonlori asasinda qurulur.
Nofosalma Oyrisinin alqoritmi iginin ilk marholosinds elektrokardiosignalin  R-dislorinin
amplitudunun maksimal dogrulugu

j=ittn,, L.
A — Xj—i—nXj+iSi 1
1=

—-n-i

diisturu ilo miioyyan olunur.
Burada k- elektrokardiosignalin hesabati, Si-dayaq signali hesabati, n- siirligon pancaranin yarim
enidir.

h‘ “ "Hi’i%’{l’fﬂmH’*‘*‘fl’i‘-l‘”" I

Sak 1.Elektrokardiosignalin qrafiki (biitov xatt) ve nafas ayrisinin sinxronlasdirilmasi (qiriq
xoattlar)
Algoritmin ortalama vasitasilo daha ¢ox reprezentiv komplelektrokardiosignali vasitasilo
sazlanma morholasinds dayaq signali formalasdirilir. Bu isin naticasi sokilds verilmisgdir.
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Bu grafik asagidaki kimi sokilds tosvir alir:

Sak. 2 (1) diisturuna asasan emal edilmis nafasalima ayrisinin (yuxaridaki) qrafik goriiniisii

Sokildo emal edilmis elektrokardiosignalin vo nofasalma oyrisinin faza iizro siirligmosi aydin
gorsonir. Bu uygunsuzluq tiroyin diskret yigilmasi vo bu prosesin elektrokardiogrammanin inikas
edilmosi ilo baghdir.

Son morholods intranazal sensor vasitasils alinmis vo elektrokardiosiqnaldan ayrilan nofas oyrilari
arasinda olan faza siirlismolorinin aradan qaldirilmasi mogsadilo lokal maksimumlari
interpolyasiyadan sonra K ndqtolorinds elektrokardiosignalin noafos ayrilorindon  stirtismo
vasitosilo doqiqlosdirilmo aparilir. Elektrokardiosignalin nofos oyrisindon secilmis siirlismo
noqtolorinin sayr R- dislorin amplitudas1 siirstinin doyigmoasing tors miitonasibdir vo RR
intervallarina uygun miiddatine ise diiz miitonasibdir. (sokil 3)

Sok. 3. Interzonal sensorun kémayila almmus nafasalma ayrisinin qrafiki goriiniisii (biitov xatla)

Aparat hissosinin qurulmasinda osas prinsip aparat diiylinlorinin uzlasan olmasidir. Miivafiq
olarag, EKS-nin daxiletma qurgusu vo EKS-nin qeydetmos qurgulart personal komputerin USB-na
uygun islonmisdir.

Daxiletmo qurgusu- ixtisaslagdirilmis USB  kontrollerinin  mikrosxemindon idarosedici
mikrokontrollerinin mikrosxemindon idaraedici mikrokontroller, galvanik ayirdetmo qurgusundan
ibarotdir.  Baza variantindan qeydetmo qurgusuna EKS-i giiclondiricisi, mikrokontroller,
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enerjidon asili olmayan flag yaddas, real zaman saati, enerjinin idaro edilmosi sistemi daxildir.
Qeydedicinin enerjisi N1- Cq akkumlyatorlar1 vasitasilo hoyata kegirilir. Enerjinin akkumlyator
torofindon verildiyi nozora alinaraq element bazasimna vo geydedicinin sxemotexniki hoallo olan
osas tolob onlarin az enerji islotmolori olmusdur. Bu sortin hoyata kegmaosi tigiin gézlomas rejimini
tomin edon mikrosxemlordon element bazasi ¢ox asagi enerji tolobath istifads edilmis, homg¢inin is
vaxti funksionallifi tolob olunmayan enerji sorf edon hissalorin sondiiriilmesi nozorde
tutulmusdur.

Alinmig molumatlar arxivlosdirilorak verilonlor bazasi yaratmagina imkan verir.Pasientlor
miiraciot etdikdo dogru diaqnoz miioyyon edilmasi ii¢lin bu bazadan istifado edorok miiqayiso
aparmag,ayri-ayr1 tarixlorodo miiraciot edon xastolordo xastoliyin dinamikasini aragdirmaq imkani
yaradir.Verilonlorin y1gilmasini asagidaki kimi toskil etmok olar.

ptbxl

— ptbxl_database.csv

|—— scp_statements.csv

— records100

— 00000
— 00001 _Ir.dat
— 00001 Ir.hea
— 00999 Ir.dat
L— 00999 Ir.hea

F—.
L— 21000
— 21001_Ir.dat
— 21001 _Ir.hea
—21837_Ir.dat
L— 21837 Ir.hea
L— records500
— oooo0
— 00001_hr.dat
— 00001_hr.hea

|
|
I —
|

— 00999 _hr.dat
L— 00999 _hr.hea

L— 21000
— 21001_hr.dat
— 21001_hr.hea

— 21837_hr.dat
L— 21837 _hr.hea

Yaradilacaq verilonlor bazasinda normal kardiogram,miokard infarkti, doyisikliklor inoxondriya
hiperlosmasi lizro molumatlar1 kodlasdimagqla xoastalik doracasi yas hadlorindo doyisikliklor vo sair

gostaricilort gors siniflogdirmo aparmagq {istin imkan yaranir.

Natica
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Oslindo siini intellekt vo neyron sobokolor insanin davranmisini kompiiterdo modellogsdirmok
cohdidir. Lakin insanlar otrafi yalniz ag-qara gormiir, mohz onda geyri-salist montiqdon istifado
zorurati yaranir.

Urayin vaziyyatini qiymotlondirmok {iciin toklif olunan aparat vo program vasitolori ancaq damar
sistemi sahosindo arasdirma aparmaq iiciin nozordo tutulmusdur. Urok-damar sisteminin yeni
diagnostika Gsullarinin  biotibbi  kompleks soklindo islomosine baxilmisdir.  Tonoffis
parametrlorinin iirok doyiintiilori ilo birgo arasdirilmasi diaqnozun daha tokmillogsmasino imkan
verdiyi gostorilmisdir. Verilonlor bazasinin yaradilmasi vo diagnostikada istifado imkanlari
verilmisdir.

ODOBIYYAT

1. OpenStax, Anatomy and Physiology.- Houston, Texas: OpenStax College, 2013.

2. Farmer, D. G. S., Dutschmann, M., Paton, J. F. R., Pickering, A. E. & McAllen, R. M,
Brainstem sources of cardiac vagal tone and respiratory sinus arrhythmia.// J. Physiol.-
2016, 594(24), P. 7249-7265

3. Pokrovskii, V. M. & Polischuk, L. On the conscious control of the human heart. //J. Integr.
Neurosci. -2012, 11(2), p.213-223

4. Kralemann, B. et al. In vivo cardiac phase response curve elucidates human respiratory
heart rate variability. /Nat. Commun.- 2013, vol. 4, p. 2418

5. Penzel, T. et al. Modulations of heart rate, ECG, and cardio-respiratory coupling observed
in polysomnography. //Front. Physiol. -2016, vol. 7, p.460

6. https://www.nature.com/articles/s41598-018-38058-5

BUOMEIUIIMHCKHNI KOMIUIEKC ONPEAEJISTIOIMI TMATHO3
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PE3IOME

[lo cyTu, UCKYCCTBEHHBIN HHTEJUIEKT MU HEHPOHHBIE CETH — 3TO MOMNBITKH CMOJEIUPOBATH
MOBE/IEHNE YelloBeKa Ha KoMmbioTepe. Ho jroan He BUAST OKpPYKAIOILYIO Cpely TOJIBKO B UEPHO-
0emoM I1BeTe, MMEHHO TOTJa BO3HHMKAET MOTPEOHOCTh B HCIOJIIL30BAHUM HEUETKON JIOTHKU.
AmnmapaTHO-TIpOTpaMMHBIE  CPEJCTBA, MpejiaraeMple JJIS  OIEHKH COCTOSHUSA  Cepjla,
MpeIHa3HaYeHBbl TOJIBKO ISl TMPOBEICHUS HCCIECNOBAaHMN B OOJACTH COCYIHCTONH CHCTEMBI.
PaccmoTpeHo GpyHKIIMOHMPOBAaHUE HOBBIX METOJ/IOB AMATHOCTUKH CEPACYHO-COCYTUCTON CUCTEMBI
B BHJIe OMOMETUITMHCKOTO KOMIUIeKca. bbiio moka3aHo, 4To UCCIeIOBaHUE MapaMETPOB JbIXaHUS

PAHTEI [
PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS | 81




ISSN: 1609-1620; E-IS5N: 26T4-5224
E-ISSN: 2674-5224
,. PAHTEI
- VOLUME 24 ISSUE 01 2023

REFERRED & REVIEWED JOURNAL

B COYETAHUU C YACTOTOH CEplIEYHBIX COKPALICHHUI MO3BOJIAET MOCTAaBUTh 0OJIee TOUHBINA TUArHO3.
[IpenycmoTrpeno co3aanue 6a3bl JaHHBIX U BO3MOXKHOCTH MCIIOJIb30BAaHMS B JHATHOCTHKE.

B nacrosiiee Bpemsi ¢ MOMOIIBIO 3TOIO METOAAa BO MHOTHX OOJAcTAX MEIUIIMHBI CO3JIAI0TCS
MO/IENIM, BBIOMPAIOTCS METOJBI U aJTOPUTMBI MIPOTHO3UPOBAHMS, a TaK)KE BHIOMPAIOTCS METOJIBI
JUArHOCTUKH, MPOPHIAKTUKN U JICYCHUS, YTO MO3BOJIAET OKA3bIBaTh MEAMIIMHCKYIO ITOMOIIbL Ha
BBICOKOM YypoBHe. Pl pUTMOB cep/iia 1o BpEMEHU U KpUBas AbIXaHUs aHAJIN3UPYIOTCS BMECTE C
TEMHU WM UHBIMH [TOKA3aTesIMH, a PE3yJIbTaThl JAENATCA Ha KIACCHl 110 CTENEHU 3a00IeBaHus MO0
COCTOSIHUIO CEPAEUHO-COCYIUCTON CUCTEMBI U JIENAI0TCs IPOrHo3bl. Kommieke uccienyer cBssb
MeXy cepiiieOreHrneM u abixanueM. JlJisg 3Toro 0IHOBPEMEHHO OCYIIECTBIsIeTCS (OPMUPOBAHKE
KPUBOW JbIXaHHUS JJISi OICHKH CEpACYHO-COCYIUCTOH CHUCTEMBI C IMOMOINBIO pa3paboTaHHON
anmnapaTHO-POrpaMMHOM IMporpaMMbl B 0JHOM M3 BbIxo0B OKC. Anroputm asixaTenbHOU
KpUBOM OCHOBaH Ha W3MEHEHUM BEKTOpa HAMpaBICHUS >3JIEKTPUUECKOro IUMOIS cepAla, B
pe3yabTate yero uaMmensercs ammautyaa OKC. Anroputm HAA mnposiBiasiercss B 3-X OCHOBHBIX
qacTax.

[Tonmyuyennas uHbopMallMs apXUBUPYETCS U MO3BOJSET co3laTh 0a3y AaHHBIX. VMcmonb3oBaHue
9TOW 0asbl JAHHBIX JUISl ONPEAEICHUS] IPAaBUJIBHOIO JAMAarHo3a Mpu oOpalleHUH MalMeHTOB JaeT
BO3MOXXHOCTh CPaBHHUTh M HM3yYWUTh JUHAMHKY 3a00J€BaHHUS y MAIlMEHTOB, OOpPATUBIIMXCS B
OTACNbHBIE CPOKH. DTO TaKXkKe TIO3BOJIsSIET OoJiee TOYHO IOCTaBUTh JHArHO3, IIPOBE.S
CpPaBHUTEJIbHBIA aHAINU3 PA3HBIX MAIMEHTOB U OMUPASCh HA 3aKIIOYCHHE CIEIUAINCTOB, U JaXKe
MPEJOTBPATUTh BOSHUKHOBEHHE COOBITUH M MPABWIIBHO MOCTABUTH MPOQPHIAKTHIECKYIO padoTy.
PaccMOTpeHO J€HCTBHE HOBBIX METOJIOB JUArHOCTHKU CEPIAEYHO-COCYIUCTOM CHCTEMBI B BHJE
OoroMeauIMHCKOro KomIuiekca. Konupys naHHble 0 HOpME KapIuorpamMmbl, HH(apKTe MUOKapaa,
W3MEHEHUSX WHOXOHJPHAIBHOM THUIEPIUIa3ud, MOXKHO KIACCH(PUIMPOBATh IO CTENEeHH
3a00JieBaHUs, W3MEHEHMs BO3PACTHBIX TIPAaHULl U JIpyrHe IoKa3aTeld B co3JaBaeMod 0Oaze
JAHHBIX.

[To cyTu, MCKYCCTBEHHBIN HHTEIJICKT M HEWPOHHBIE CETH — O3TO MOMNBITKH CMOJIEINPOBATH
IIOBE/ICHNE YeJIOBEKa Ha KommbloTepe. Ho Mo HE BUAAT OKPYKAIOIIYIO CPENY TOJIBKO B YEPHO-
O0emoM 1BeTe, MMEHHO TOTJa BO3HHMKAET IMOTPEOHOCTh B HCIIOJIb30BAHWU HEUETKOW JIOTHUKH.
AnnapaTHO-IpOrpaMMHBIE  CpPEACTBA, MpeajgaraeéMmble JUIsl OLEHKH COCTOSIHUS — cepAla,
IpeHa3HaYeHbl TOJIBKO JUJISl IMPOBEAEHHUS HCCIENOBAaHUN B 00JIACTH COCYIUCTOM CHUCTEMBI.
PaccMmoTpeHo (hyHKIIMOHMPOBaHKWE HOBBIX METOAOB AUArHOCTHKH CEPJIEYHO-COCYAUCTON CHCTEMBI
B BHJIe OMOMEIMIIMHCKOTO KOMIUIeKca. Bplio mokasaHo, 4To uccieloBaHHE apaMeTpOB IbIXaHUs
B COYETAHUU C YACTOTOM CEpJICYHBIX COKPAIICHHUI MO3BOJISET MOCTAaBUTH 0OJIee TOUYHBINA TUATHO3.
[IpenycmoTpeHo co3anue 6a3bl JaHHBIX U BO3MOXKHOCTH MCIOJIb30BAaHUS B IMarHOCTUKE.
KuroueBrble ciioBa: cepaeuHo-cocyaucras cuctema, P/l purtmos cepaua, OKC, anroputm HAA,
MUTOXOH/JIpHaJIbHAs TUIIEPILIa3Usl.
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ABSTRACT

In this study, nanostructured complexes with memory shape of doxorubicin with pH sensitive
hydrogels based on natural and synthetic polymers previously synthesized by us were obtained.
Hydrogels synthesized by us were based on poly-N-vinylpyrrolidone (PVPr) and its metal gel-
complexes, polyacrylic acid (PAA), polyacrylamide (PAA), arabinogalactane (AG), gummiarabic
(GA) and graft copolymer chitosan with PVPr and poly-4-vinylpyridine. The obtained pH-
sensitive hydrogels have the ability to swell by absorbing medium molecules in buffer systems.
Shape-memory gel complexes of polymers were made using the regular method
[1,2].Homogeneous complexes of the studied polymers with doxorubicin were first obtained, then
the samples were cross-linking with N,N-methylenebisacrylamide (MBAA). The structural
analysis of the doxorubicin-polymer gel systems obtained for all polymer samples and the
presence of the biologically active substance were studied in the previous studies [3-5]. Since the
doxorubicin antibiotic belongs to the anthracycline series, its molecule is quite resistant to
chemical, thermal and radiation influences. From this point of view, as a result of cross-linking
reactions, the antibiotic molecules maintain their original chemical structure in the internal
structure of the gel. When treating the doxorubicin-polymer gel system with 1 M HCI acid, the
antibiotic was desorbed by 90-96%, and as a result, holes-gaps of the size specific to the drug
were formed in the structure of the gel. After those gels were washed with distilled water and
dried, immobilization of doxorubicin was carried out and the degree of immobilization and the
antibiotic capacity of the shape-memory gels were calculated, and the results were given in the
table below.

Table 1. Loading parameters of doxorubicin immobilized on gels based on memory-based natural
and synthetic polymers.

Memory based Non memory based
Immobilization degree, Hydrogel Antibiotic Capacity, | In pH=7-8 medium
Hydrogel ID, % HAC, mgxgr?
Samples pH 0.9% | 0.1% pH 0.9% | 0.1% ID, GAT,
7-8 NaCl glucose | 7-8 NaCl | glucose % mgxgr?
“PVPr 10 kDa 10%- | 10.76 | 8.24 9.32 21.52 16.48 | 18.64 9.52 19.04
cr.
PAT 10 kDa 10% -cr | 854 | 6.12 7.25 17.08 12.24 | 14.50 6.84 13.68
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PAA 80 kDa 10% -cr | 24.65 | 18.61 20.14 49.30 37.22 | 40.28 18.88 37.76
PVPr 40 kDa Cu?*-cr | 19.18 | 10.42 13.37 38.36 20.84 | 26.79 22.50 45.00
PVPr 40 kDa Co?*-cr | 18.51 | 10.76 12.83 37.02 21.52 | 25.66 21.56 43.12
PVPr 40 kDa Ni**-cr | 17.73 | 11.53 13.04 35.46 23.06 | 26.08 21.84 43.68
*AQ-PVPr5%-1% -cr | 39.55 | 28.62 31.34 79.10 57.24 | 62.68 27.94 55.88
QA-PVPrs%-1% -cr | 37.84 | 26.44 29.12 75.68 52.88 | 58.24 25.46 50.92
XZ-PVPr/P4VP1%- | 48.74 | 32.07 35.51 97.48 64.14 | 71.02 33.52 67.04
cr

“PVPr 10 kDa 10%-cr - was a hydrogel obtained from the cross-linking of PVPr an average
molecular mass 10 kDa with 10% (w/w) MBAA.

“AQ-PVPr5%-1%-cr - It was a hydrogel obtained from the cross-linking (by 1% MBAA) of graft
copolymer of AG with 5% (w/w) PVPr. The composition of other hydrogel samples were similar.

As can be seen from the table, when a pore according to the antibiotic molecule sizes was created
in the structure of the gel, the sensitivity of the matrix to the drug increases and it has a greater
immobilization capacity. For example, chitosan-based gel in its classical form absorbs 33.5% of
doxorubicin and has a capacity of 67 mg/g. After forming the memory-shape complexes, the
immobilization degree increases to 49%, and the capacity of the gel increases to 97 mg/g. It was
also found that the gel became more selective for doxorubicin after it had been treated with
memory-shape for doxorubicin.

At the same time, it was determined that when a system with memory-shape were created with the
presence of metal ions, the immobilization degree and capacity of metal-gel complexes decreases
on the contrary. Thus, in the case of classical the gel-complex of copper ions has a 45 mg/g
capacity and an immobilization degree 22.5% for doxorubicin, while in rooting in memory-shape
it has 38.3 mg/g and 19.1%, respectively. This could be explained by additional oxidation-
reduction reactions during the cross-linking of the system after obtaining a homogeneous metal
complex of polymers with doxorubicin. Thus, the metal ions occupying the main internal pores of
the gel structure create an obstacle to the internal diffusion of the antibiotic, and as a result, the
main mass of the antibiotic was immobilized on the surface. In addition, both the functional
groups of the gel and unexpected reactions between the antibiotic and metal ions deactivate the
main functional groups of the drug, which were involved in the interaction. As a result,
doxorubicin could not interact with metal ions and gel structure. This was also confirmed by the
kinetic results during the release of the antibiotic into the medium in the next studies. Thus, the
antibiotic immobilized on the surface of the metal-gel complex was released into the medium in a
short time in larger quantities.

The doxorubicin release from memory-shape carriers formed by both metal ions and other
polymers occurs by a different mechanism and in a more controlled behaviour. It was determined
that 36% of the immobilized antibiotic was released from the memory-shape Cu(ll) ion fixed
metal-gel complex within the first 3-5 hours. In the same period, 31% of the antibiotic was
released from the chitosan-based memory-shaped gel. However, in unmemory-shaped gel
samples, this separation was 8.9 and 15%, respectively. Also, the doxorubicin release from the
memory-shaped gel samples occurs with smaller portions and over a longer period of time.
According to the release kinetic data, after 12 hours, the antibiotic release begins to become
linear, which was more favorable from the point of view of drug delivery and long-term targeted.
Keywords: hydrogel; immobilization; doxorubicine; memory-shape; metal-gel complexes
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XULASO

Todgiatda torafimizdon sintez edilmis tabii vo sintetik asasli miihitin pH-na hassas hidrogellor ilo
doksorubisinin yaddsa malik nanostrukturlasdirilmig téromalori oldo edilmisdir. Miioyyan
olunmusdur ki, hidrogel niimunalorinin strukturunda ovvalcadon antibiotiko xarakterik olan
mosamoalaor yaratdigda sonradan homin matrisanin preparata qarsit hossasligi artaraq daha ¢ox
miqdarda immobilizo olunmasina gatirib ¢ixarir. Tobii biopolimer olan xitozan osasli gel klassik
formada doksorubisini 33.5% absorbsiya etdiyi vo 67 mq/qr tutuma malik oldugu halda, yaddasa
tanitdigdan sonra immobiliza doracasi 49%-s, gelin antibiotika gors tutumu iss 97 ma/gr-a goador
artmig olur. Homginin gostorilmisdir ki, metal ionlarinin istiraki ilo yaddasa malik sistem
yaratdiqda metal-gel komplekslarinin antibiotika goéro immobilizo daracasi va tutumu isas aksina
olaraq azalir. Metal-gel kompleksloro immobilizo olunan antibiotikin muhito ayrilmasi qisa vaxt
arzinds daha boyiik migdarlarla bas verdiyi miisahido olunmusdur.

Acar sozlar: hidrogel; immobiliza; doksorubisin; yaddasa koklonmis; metal-gel kompleks

Giris

Problemin aktuallig va alagoli tadqgiqatlar

Moalumdur ki, istor dorman maddalarinin, istarso do metal ionlarinin effektiv sorbsiyasi, daha gox
preparat tutumuna malik hidrogelin aldo olunmasi tiglin hafizoys kdklonmis sistemlarin tadqiqi
ohomiyyatli yer tutur [1]. Bu kimi tadgigatlara AMEA-nin marhum akademiki Ayaz ofondiyevin
aragdirmalarinda genis rast golinir. Belo ki, tullanti sularindan mis, kobalt vo nikel ionlarmnin
effektiv vo selektiv sorbsiyasi har bir metal ionu Gglin secici olan poli-4-vinilpiridin (P4VP) osashi
sorbentlar sintez etmislor [2].

Ovvolco homin metal ionlarinin polimer vo ya onun monomeri ilo homogen sistemda
komplekslori alinmig sonra gel formasma strukturlagdirilmisdir. Metal gel komplekslordon
kationlarin desorbsiyasi ila gelin strukturunda har bir metal ionu ii¢iin onun ion 6l¢iilorine moxsus
foza-bosluglar omolo golir.

Noticodo hansi kationa avvalcadon kéklonmisss homin metal ionunu daha ¢ox miqdarda sorbsiya
edir vo daha selektiv olur. Bu kimi yaddasa malik sistemlorin yaradilmasi bioloji aktiv
birlogsmoalorin immobilizo olunmasinda da totbiq edilmis vo miikommal naticolor oldo edilmisdir
[3]. Anoloji tadgigatlarin bioloji aktiv birlogsmalar tiglin aparilmasi boyiik maraq kosb edir. Hansi
ki, belo sistemlor dorman maddslorinin kicik miqdar1 ilo uzun miiddstli tesirine nail olmaqla
effektiv miialico formasi yaratmaq miimkiin olur.
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Umumiyyatlo har bir preparat {i¢iin miialica tosiri gdstaron qatiliq haddi var. Dgar BAB-nin ganda
miqdart homin qatiliqdan asagi hoddos olarsa miialico effekti yarada bilmir, yuxari hadds olarsa
oks tosirlor gostorir. Qobul edilon preparatin miioyyon zaman periodunda qanda qatilig1 elo
tonzimlonmalidir ki, o terapevtik tosir oblastina diigo bilsin vo mualico effekti gostorsin.
Goriindiiytli kimi bir dofs yiiksok dozada gobul edilon dormanin gatilig1 terapevtik haddi kegir vo
toksiki tosir gdstormokls bir miiddat sonra onun qatiligi kaskin asagr diistir. Tokrar bir nega giin
orzinds gobul edilon dormanin miqdar1 terapevtik zonaya diisso do onun gatilig1 spontan olmayib,
artma-azalma kimi davam edir. Hidrogelloro immobilizo olunmus dorman maddslorinin miihito
ayrilmasi ilo qatiliglart iso miioyyon vaxt intervalinda terapevtik hoddo olub eyni miqdar
tortibindo gala bilir. Bu miialico tosirinin daha miikommal vo effektiv olmasina gotirib ¢ixarir

[4,5].

Moaqsad

Antrasiklin siras1 antibiotiklordon xar¢ong xastoliyi tiglin genis istifado olunani doksorubisindir.
Sarbest formada istifadesi giiclii toksiki tesirlora malik vo monfi kardio effektloro malikdir. Bu
baximdan doksorubisinin miixtalif hidrogellorlo alternativ biokomplekslorinin yaradilmasi uzun
miiddot todqigatgilarin diqgoet morkozinds olmus vo hazirda da miihiim aktual mosalolordondir.
Doksorubisin kicik molekullu birlosma (Sakil 1) kimi miixtalif kimyavi reaksiyaya vo rabito
yaratmaga qadir funksional qruplara malikdir [6,7].

Sokil 1. Doksorubisinin kimyavi qurulusu, *-deprotonlaga bilon, **-protonlasa bilon funksional
qruplardir.

Molumdur ki, canli orqanizmlorde metal ionlarmnin rolu danilmazdir vo onlar miixtolif név
biokimyavi reaksiyalarda istirak edirlor. Bu baximdan metal ionlarmin tobii vo sinetik osasl
polimerlarls torkibinds metal ionlarinin miqdar1 mkq tortibinds olan komplekslorinin alinmasi va
onlarin oksidlogma, kataliz vo fermentativ reaksiyalarda istiraki yoxlanilmisdir [8]. Odur Ki,
polimer materiallarin metal ionlar1 vo onlarin nanohissaciklori ilo kompleks halinda dorman
maddolorinin daginmasi moaqsadi il istifadasi aktualliq kasb edir vo bdyiik maraq dogurur.

Metodlar

Torofimizdon sintez edilmis tobii va sintetik polimerlor osasli miihitin pH-na hossas hidrogellora
yaddasa koklonmis formada [9,10] doksorubisin antibiotikinin immobilizasiyasi sads iisul ila
apariimisdir. Hidrogel — makromolekul zancirlarinin ki¢ik molekullu bifunksional birlogsmalarla
reaksiyasindan alinan materiallardir. Belo sistemlor miihitin tursuluq gostorici vo temperaturu,
eloca do ion giicli vo mexaniki tasirlorine qarsi cavab vermok qabiliyyatine malik olurlar.
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Noticodo torkibindo saxladigisi maddoni miihitin xarakterindon asili olaraq 06zlindon
konarlagdirmaga baslayir. Yaxud bu proses torkibdoki aktiv preparatin miihito diffuziya olunaraq
hall olmas1 mexanizmi ilo do bas vers bilir.

Todqiq etdiyimiz hidrogel sistemlori poli-N-vinilpirrolidon (PVPr) va onun Cu?*, Co®*, Ni®*
ionlar1 ilo metal gel komplekslori, poliakril tursusu (PAT), poliakrilamid (PAA), tobii polimer
olan arabinoqalaktan (AQ) vo qummiarabikin (QA) PVPr ilo, eloco do xitozanin PVPr vo P4VP
ilo calaq sopolimerlori osasinda hazirlanmis materiallardir. Polimer vo calaq sopolimerlorin
doksorubisin ilo avvalco homogen komplekslori aldo edilmis sonra sistem MBAA ilo tikilmisdir.
Butln polimer nimunalari {iglin aldo olunan doksorubisin-polimer/sopolimer gel sistemlorin
ovvalca struktur analizi vo bioloji aktiv maddonin mévcudlugu avvalki todgiqatlarimizda otrafli
Oyronilmisdir [3,9]. Doksorubisin antibiotiki antrasiklin sirasi preparatlara aid oldugundan
molekulu kifayat qodor kimyovi, termiki vo siia tosirlorino qarst davamlidir. Bu baximdan onun
polimerlor ilo yaradilan homogen komplekslorinin sonradan MBAA ils tikilmosi naticoesindo
antibiotik gelin daxili strukturunda ilkin kimyovi qurulusunu saxlayir. Sonradan homin
doksorubisin-polimer gel sistemini 1 M HCI tursusu ilo islonmosi naticosindo gel torkibindoki
antibiotik 90-96% desorbsiya olunur va naticads bosalmis gelin strukturunda preparata xas olgiido
yuvaciqlar-bosluglar yaranir. Homin gellorin etil spirti, dietil efiri vo destillo suyu ilo yuyulub
qurudulmasindan sonra yenidon doksorubisinin immobilizo olunmasi hayata kecirilmis vo har bir
gel nlimunosi ticlin immobilizs doracasi va antibiotik tutumu hesablanilmigdir (Cadval 1).

Cadval 1.Yaddasa koklonmis tabii vo sintetik polimer osasli gellora doksorubisinin immobilizo
olunmasinin miqdari gostaricilori

Yaddasa koklonmis Yaddasa
koklonmomis
Hidrogel Tarazliq Immobiliza darocasi, ID, Gelin antibiotik tutumu, pH=7-8
qatiligs, % GAT, mg/qr miihitinds
ma/l, pH 0.9%-li | 0.1%-li pH 0.9%-li | 0.1%-li ID, GAT,

pH=7-8 7-8 NaCl | glukoza | 7-8 NaCl | glikoza % | ma/gr
PVPr 10 kDa | 44620 | 10.76 | 8.24 9.32 2152 | 16.48 18.64 9.52 | 19.04
10%-t
PAT 10 kDa 10% -t | 457.30 8.54 6.12 7.25 17.08 12.24 14.50 6.84 | 13.68
PAA 80 kDa 10% - | 376.75 | 24.65 | 18.61 20.14 | 49.30 | 37.22 40.28 | 18.88 | 37.76
t
PVPr 40 kDa Cu?*- | 404.10 | 19.18 | 10.42 13.37 | 38.36 | 20.84 26.79 | 22.50 | 45.00
t
PVPr 40 kDa Co?- | 407.45 | 1851 | 10.76 12.83 | 37.02 | 21.52 25.66 | 21.56 | 43.12
t
PVPr 40 kDa Ni?*-t 411.35 17.73 11.53 13.04 35.46 | 23.06 26.08 21.84 | 43.68
“AQ-PVPr5%-1% - | 302.25 | 39.55 | 28.62 31.34 | 79.10 | 57.24 62.68 | 27.94 | 55.88
t
QA-PVPr5%-1% -t | 310.80 | 37.84 | 26.44 20.12 | 75.68 | 52.88 58.24 | 25.46 | 50.92
XZ-PVPrP4VP1%- 256.30 48.74 | 32.07 35.51 97.48 | 64.14 71.02 33.52 | 67.04
t

“PVPr 10 kDa 10%-t — orta molekul kiitlosi 10 kDa olan PVPr-nun kiitlosinin 10%-i miqdarinda
MBAA ils tikilmasindon alinan hidrogeldir.
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“AQ-PVPr5%-1% - AQ-nin 5% (kiitlo) migdarinda PVPr ilo calaq sopolimerinin 1 % Xkiitlo
miqdarinda MBAA ils tikilmasindan alinan hidrogeldir. Digor hidrogel niimunalorinin torkibi da
anolojidir.

Coadvaldon goriindiiyii kimi gel niimunoasinin strukturunda ovvalcodon antibiotiko xarakterik olan
mosamolor yaratdigda sonradan homin matrisanin preparata qarst hossasligi artaraq daha cox
miqdarda immobilizo olunmasma gotirib ¢ixarir. Mas. xitozan osashi gel klassik formada
doksorubisini 33.5% absorbsiya etdiyi vo 67 mgqg/qr tutuma malik oldugu halda, yaddasa
tanitdigdan sonra immobiliza doracasi 49%-9, gelin antibiotika gora tutumu isa 97 mag/gr-a qodor
artmis olur. Homg¢inin miisyyon olunmusdur ki, geli doksorubisine goro yaddasa koklodikdon
sonra hidrogellor doksorubisins daha selektiv olur.

Homginin miioyyon olunmusdur ki, yaddasa malik gel sistemlorino doksorubisinin immobilizao
olunmas1 miihitds ion qiivvesi artdigda (0.9%-li NaCl mohlulunda) dasiyicinin tobistindon asili
olaraq 2-3, bozon 12-14% azalir. Qeyri-elektrolit kimi 0.1%-1i gliikoza mohlulunda funksional
qruplarin ionlagsmasi bas vermadiyindon immobilizo prosesine manegilik olmur vo immobilizo
qiymatlori artmis olur.

Gostorilmisdir ki, metal ionlarmin istiraki ilo yaddasa malik sistem yaratdigda metal-gel
komplekslorinin antibiotiko goérs immobilizo doracasi vo tutumu oksino olaraq iso azalir. Belo ki,
yaddasa koklonmis halda mis ionlar1 gel-kompleks 45 mgq/qr tutuma vo 22.5 % immobilizo
doracasino malik oldugu halda, yaddasa koklonmomo zamani iso uygun olaraq 38.3 mq/qr vo
19.1%-5 malik olur. Bunu polimerlorin metal ionlar1 ilo homogen komplekslorini olds etdikdon
sonra doksorubisin ilo birlikdo sistemin tikilmosi zamani olavo oksidlogsma-reduksiya
reaksiyalarinin getmosi ilo izah etmak olar [6]. Belo ki, gel strukturunun asas daxili mosamalarini
tutan metal ionlar1 antibiotikin daxilo diffuziyasina manegelik yaradir vo noticods asas antibiotik
kiitlasi sathde immobilizo olunur. Bundan bagqa ham gelin funksional qruplari, hom do antibiotik
ilo metal ionlar arasinda bas veron oksidlogsmo-reduksiya reaksiyalar1 preparatin garsiligh tosirdo
istirak edon osas funksional qruplarini deaktivlogdirir. Noticodo doskorubisin metal ionlar1 vo gel
strukturu ilo qarsiliglt alagoys daxil ola bilmir. Bunu novbati tadqigatlarda antibiotikin miihita
ayrilmas1 zamani kinetik naticalor do tosdiqloyir. Beloki metal-gel kompleksin sothina immobilizo
olunan antibiotikin miihito ayrilmasi qisa vaxt orzindo daha boyiik miqdarlarla bag verir (Sakil 2).
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Sakil 2. Yaddasa koklonmis PVPr-nun metal va digar tabii polmer gellorindon doksorubisinin
miihito ayrilmasinin kinetikasi.
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Yaddasa koklonmis hidrogel vo metal-gel dasiyicilardan doksorubisinin ayrilmasi forgli
mexanizmlo vo daha nozarotli torzdo bas verir. Miioyyan olunmusdur ki, yaddasa koklonmis
metal-gel kompleksdon immobilizo olunan antibiotikin ilkin 3-5 saat orzinds Cu(Il) ionu olan
sistemdo 36%-1, digor polimer gellordon iso mos. xitozan osash geldon iso 31%-i miihito ayrilir.
Halbuki koklonmomis gel niimunslorindo bu ayrilma uygun olaraq 8.9 vo 15% toskil edirdi.
Homginin koklonmis gel niimunslorindon doksorubisinin ayrilmasi novbati miiddotdo daha kigik
porsiyalarla vo uzun zaman orzindo bas verir.

Ayrilmanin kinetik asililigina baxdiqda 12 saatdan sonra antibiotikin ayrilmasi diizxattli xarakter
almaga baglayir vo miihitdo nozarotli qatiliq qiymoti ilo miisahido olunur ki, bu da dorman
maddalarinin daginmasi vo uzun miiddstli tinvanl c¢atdirilmasi néqteyi nozordon daha olverislidir
[10].

Natica

Poli-N-vinilpirrolidon vo onun Cu?*, Co?*, Ni?* ionlar1 ilo metal gel komplekslori, poliakril
tursusu, poliakrilamid, tobii polimer olan arabinogalaktan vo qummiarabikin poli-N-
vinilpirrolidon ils, eloco do xitozanin poli-N-vinilpirrolidon vo poli-4-vinilpiridin ilo calaq
sopolimerlori osasinda miihitin pH-na hassas hidrogellor sintez edilmisdir. ©lds olunan
materiallara sorbsiya {isulu ilo xorcong hiiceyrolorini mohv etmok qabiliyystine malik
doksorubisin antibiotiki yaddasa malik formada immobilizo olunmugdur. Prepaatin hidrogellora
yiiklonmasi effektiv vo daha selektiv olmagqla yiiksok immobilizo doracasi va tutum ilo xarakterizo
olunmusdur. Gostorilmisdir ki, immobilizoe mihitinin xarakterini doyigsmoklo dasiyicilara miixtolif
miqdarda antibiotik immobilizo etmok miimkiindiir. Noticodo forqli miialico dozasina malik
farmakoloji formalar yaratmaq olar ki, belo sistemlor miixtolif xostoliklor doracasi va tipi li¢lin
effektiv ola bilor. Homginin alinmig yaddasa malik doksorubisin-hidrogel komplekslorindon aktiv
preparatin miihito ayrilmasi stabil vo daha c¢ox birinci tortib ayrilma kinetik modelino ehtimal
olunur ki, bu da uzun miiddst stabil ayrilma miqdari ilo gonastbaxs miialico effekti demoakdir.
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PE3IOME

B xone uccnenoBanuii ObuUIH MOTy4YeHBI HAHOCTPYKTYPUPOBAaHHBIE MPOU3BOJIHBIE TOKCOPYOUIIMHA
Y THAPOTeNe, YyBCTBUTENbHBIX K pH cpene, CHHTE3UpOBaHHbBIE HA PUPOTHON U CUHTETUYECKOU
OCHOBEe W oOjamarorue 3¢pGeKToM maMmsaTH. BbUIO yCTaHOBJIEHO, YTO B CTPYKType 0OOpas3iioB
THAPOTENS TPEABAPUTEIHLHO CO3[1aB MOPbI, XapaKTepHbIE sl aHTUOMOTHKA, HAONIOJaeTcs
IMMOBBIIICHNUEC YYBCTBUTCIIBHOCTH 3TOU MaTpulbl K Iperapary, 4TO BIOCICACTBUU IIPUBOAUT K €r0
UMMOOUIM3alMl B OOJbIIEM KOJIHYECTBE. B TO Bpems, Kak Trellb Ha OCHOBE XHTO3aHa,
MPEACTABIISIIONUNA COO0M TPHUPOAHBIM OMOTIONMMEp, B €ro Kiaccuieckoil (opme abcopOupyer

33,5%

JOKCOPYOUIIMHA U HMMEeT a0COpPOIMOHHYIO €MKOCTh 67 MI/T, TIOClie BBEICHUS MaMSTH

CTeNeHb WMMOOWIM3auu Bo3pacTaetr a0 49%, a abcopOmMOHHAs CHOCOOHOCTH TeNls K
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aHTHOMOTHUKY yBenuuuBaeTcs 10 97 mr/r. Taxke ObUIO MOKa3aHO, YTO MPH CO3/IaHUU CUCTEMBI C
ahdekToM TnamATH C y4acTHEM HWOHOB METaNIOB CTETNCHh HMMMOOWIM3AMA U EMKOCTh
METaJUIOTEJIEBBIX KOMILUIEKCOB 10 OTHONICHHIO K aHTHOMOTHKaM, HA00OpOT, CHWXkKaercs. Bpuio
OTMEUEHO, YTO AHTUOMOTHK, WMMOOWIM30BAaHHBI B  METaJUIOTEIICBBIE  KOMILICKCHI,
BBICBOOOXKIACTCS B CPEy B OOJIBIIMX KOJMYECTBAX 32 KOPOTKHUE CPOKH.
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ABSTRACT

The activity of binary tungsten-vanadium oxide catalysts in the reaction of ethanol oxidation was
studied in this work. Ethylene and acetic acid have been found to be the main products of the
vapor-phase oxidation of ethanol on tungsten-vanadium oxide catalysts. Depending on the
reaction temperature, acetaldehyde and carbon dioxide are also formed in significant quantities. It
is shown that acetic acid is the main product of ethanol oxidation at low reaction temperatures,
while ethylene is the main product at high temperatures. The influence of the composition of
binary tungsten-vanadium oxide catalysts on their activity in the ethanol oxidation reaction has
been studied. The studies performed have shown that with an increase in the atomic ratio of
tungsten to vanadium, the yield of acetic acid decreases, while the yields of acetaldehyde and
ethylene increase. X-ray diffraction studies of binary vanadium-containing catalysts have been
carried out. It has been established that three phases are formed in the W-V-O system: two
modifications of WO3 and one V205. The degrees of crystallinity of the studied catalysts were
also calculated. The degrees of crystallinity and activity of binary tungsten-vanadium oxide
catalysts in the ethanol oxidation reaction are compared. It has been established that an increase in
the degree of crystallinity of the catalyst contributes to a change in the direction of the ethanol
oxidation reaction towards the formation of ethylene and acetaldehyde.

Keywords: ethanol, acetic acid, ethylene, binary catalysts, vanadium oxide, tungsten oxide

Introduction

In recent years, more and more attention of scientists has been drawn to the reactions of the
conversion of ethanol into various monomers such as acetaldehyde, acetic acid, acetone, ethyl
acetate, etc. [1-3]. This is due to the fact that ethanol in large quantities is obtained from biomass,
which does not lead to a negative impact on the environment [4-5]. Catalysts based on vanadium
and tungsten exhibit high activity in the reactions of partial oxidation of organic compounds [6—
8]. In this regard, we studied the effect of tungsten on the activity of a vanadium-containing
catalyst in the ethanol oxidation reaction. It is also known from periodic literature that the activity
of a catalyst can be affected by its phase composition and structural properties [9-11]. Therefore,
we also studied the phase composition of the synthesized samples by X-ray diffraction and
studied the effect of their crystallinity on the catalytic activity in the ethanol oxidation reaction.

Experimental part

Tungsten-vanadium catalysts of various compositions were prepared by coprecipitation from
aqueous solutions of ammonium tungstic acid and ammonium metavanadate. The resulting
mixture was evaporated and dried at 100-1200C, decomposed to complete release of nitrogen
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oxides at 250°C, and then calcined at 500°C for 10 hours. Thus, 9 catalysts were synthesized with
an atomic ratio of elements from W:V=9:1 to W:VV=1:9.
The activity of the synthesized catalysts was studied on a flow unit at a space feed rate of 1800 h—
1 in the temperature range of 150-400°C. The Pyrex reactor was loaded with 5 ml of the
investigated catalyst with a particle size of 1.0-2.0 mm, and its activity in the ethanol oxidation
reaction was studied. The yields of ethanol conversion products, as well as the conversion of
ethanol, were determined on a chromatograph with a flame ionization detector and a 3-m column
filled with a specially treated Polysorb-1 sorbent. The amount of carbon dioxide formed and a
mixture of butene-1 and butene-2 was determined on a chromatograph with a 6-meter column
filled with a Celite brand sorbent coated with Vaseline oil.

X-ray studies were carried out on a D2 Phaser automatic powder diffractometer (CuKa-
irradiation, Ni-filter) from Bruker (Germany).

Results and discussion

The main reaction products of the vapor-phase oxidation of ethanol on tungsten-vanadium oxide
catalysts are ethylene and acetic acid. Depending on the reaction temperature, acetaldehyde and
carbon dioxide are also formed in significant quantities. We have studied the effect of temperature
on the activity of binary tungsten-vanadium oxide catalysts of various compositions. As an
example, Figure 1 shows the effect of temperature on the activity of W-V=1-9 catalyst in the
ethanol oxidation reaction. As can be seen from the figure, the ethanol oxidation reaction on the
studied catalyst starts at a temperature of 150C with the formation of 2.6% acetaldehyde and
12.3% acetic acid. As the reaction temperature increases, the yield of acetaldehyde passes through
a maximum. The highest yield of acetaldehyde (16.4%) is observed at 250°C and then decreases
with increasing temperature to 6.5% at 400°C. A similar character of the change in yield with the
reaction temperature is also observed for acetic acid. The maximum yield of acetic acid is
observed at 250°C and is equal to 55.4%. Figure 1 also shows that the yield of ethylene
monotonically increases with increasing temperature from 3.3% at 200°C to 36.6% at 400°C. A
similar dependence is also observed for the release of carbon dioxide with an increase in the
reaction temperature. As can be seen from the table, the yield of carbon dioxide gradually
increases, reaching 18% at 400°C.

The results obtained show that at low reaction temperatures, the main product of the ethanol
oxidation reaction is acetic acid, while at high temperatures, ethylene. Figure 1 also shows that at
temperatures above 300°C, ethanol is completely converted into reaction products.

The studies performed have shown that the activities of the studied catalysts strongly depend on
the ratio of the elements included in their composition. Figure 2 shows the dependence of the
activity of binary tungsten-vanadium oxide catalysts in the ethanol oxidation reaction at 250°C on
the atomic ratio of vanadium to tungsten. Figure 2 shows that with an increase in the atomic ratio
of tungsten to vanadium, the yield of acetic acid decreases from 55.4% on the W-V=1-9 sample to
20.3% on the W-V=9-1 sample. The yields of acetaldehyde and ethylene increase with an increase
in the atomic ratio of tungsten to vanadium. So, the yield of ethylene increases from 9.6% to
34.2%, while the yield of acetaldehyde will change from 16.4% to 26.4%. An increase in the
content of vanadium in the composition of the catalyst leads to a slight decrease in the yield of
carbon dioxide. Figure 2 also shows that with an increase in the atomic ratio of tungsten to
vanadium, the conversion of ethanol passes through a maximum and at 250C reaches up to
95.7%.
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Figure 1. Effect of temperature on the yields of ethanol oxidation reaction products on a catalyst
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Figure 2. Dependence of the yields of ethanol conversion reaction products over W-V-O catalytic
system on atomic ratio W/V.
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Influence of composition of tungsten-vanadium oxide catalysts on their activity. in the ethanol
oxidation reaction may be due to a change in the phase composition of binary vanadium catalysts.
In this regard, X-ray diffraction studies of binary vanadium-containing catalysts were carried out
in this work. The results of X-ray diffraction studies showed that three phases are formed in the
W-V-0 system: two modifications of WO3 and one V205, the crystallographic characteristics of
which are given in Table 1.

Table 1. Crystallographic characteristics of phases present in binary W-V-O catalysts.

Compound Syngony Grid parameters Z, number of molecules
a, A B,A c,A VYron®

WOs-I rhombohedral 7,384 7,512 3,846 - 4

WOs-11 monoclinic 7,306 7,540 7,692 90,88 8

V205 rhombohedral 11,510 4,369 3,563 - 3

As can be seen from Table. 1, WO3-1 differs from WO3-I1 in that they have different symmetry
and one of the parameters of the elementary nucleus is twice as large as the other, more precisely
CII=CI. The result of this is the variety of diffraction patterns of these modifications. On fig. 3
shows the X-ray diffraction patterns for nine W/V ratios put together. Tungsten and vanadium
oxides are also shown at the beginning and end of these diffractograms. Analysis of the obtained
X-ray diffraction patterns showed that the WO3 phase prevails on the catalyst W:V=9:1, but the
V205 phase is already present in small amounts. A further increase in the content of vanadium in
the composition of the catalyst leads to an increase in the content of the V205 phase and a
decrease in the amount of the WO3 phase. The W:V=1:9 catalyst essentially consists of the V205
phase, although the WO3 phase is still present in small amounts.

1 1W_8V.raw (Strip ka2) (Y-Offset)

| 2W_8V.raw (Strip ka2) (Y-Offset)

1 3W_7V.raw (Strip ka2) (Y-Offset)
4W_6V.raw (Strip ka2) (Y-Offset)

1 5W_5V.raw (Strip ka2) (Y-Offset)

1 6W_4V.raw (Strip ka2) (Y-Offset)
7W_3V.raw (Strip ka2) (Y-Offset)

1 8W_2V.raw (Strip ka2) (Y-Offset)
9W_1V.raw (Strip ka2) (Y-Offset)

1 V205_11072015.raw (Strip ka2) (Y-Offset)

WO3_11072015.raw (Strip ka2)

Counts

2Theta (Coupled TwoTheta/Theta) WL=1.54060
Figure 3. X-ray diffraction patterns of tungsten and vanadium oxides, as well as all nine W-V-O
catalysts.
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We also calculated the degree of crystallinity of all the catalysts we prepared, the results of which
are shown in Table 2. Crystallinity of samples in the W-V-O catalytic system

Atomic ratio W/V | Crystallinity, %
1W-9V 77,7
2W-8V 78,9
3W-7V 80,0
4W-6V 80,2
5W-5V 79,8
6W-4V 80,5
TW-3V 79,2
8W-2V 80,9
9W-1Vv 80,6

As can be seen from Table. 3, the crystallinity of the W-V-O system practically changes little with
changes in the composition of the catalysts.

We have compared the degrees of crystallinity and activity of W-V-O catalysts in the ethanol
oxidation reaction. Thus, Figure 4 shows the dependences of the yields of ethanol oxidation
reaction products on the degree of crystallinity of binary tungsten-vanadium oxide catalysts. It can
be seen from the figure that the conversion of ethanol and the yield of carbon dioxide practically
do not change with a change in the degree of crystallinity. As the degree of crystallinity increases,
the yield of acetic acid decreases, while the yields of ethylene and acetaldehyde increase. These
data show us that an increase in the degree of crystallinity of the catalyst leads to a change in the
direction of the ethanol oxidation reaction towards the formation of ethylene and acetaldehyde.

100
- . .
80 ®
S a0 eco2
—:;/_E'
< ® C2H4
40 CH3CHO
g —E® CH3COOH
e, _ Yo si
20 ) = u onversion
- *—* L oo
0
77 78 79 80 81

Crystallinity, %

Figure 4. Dependence of the activity of tungsten-vanadium oxide catalysts in the ethanol
oxidation reaction on the degree of crystallinity.

Conclusion
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At low temperatures, ethanol is mainly converted to acetic acid, while at high temperatures,
ethylene is the main reaction product.

All samples of the W-V-0O catalytic system consist of three phases: two modifications of WO3
and one V205.

An increase in the degree of crystallinity of the catalyst contributes to a change in the direction of
the ethanol oxidation reaction towards the formation of ethylene and acetaldehyde.
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XULASO

Bu isdo etanolun oksidlosmasi reaksiyasinda binar volfram-vanadium oksid katalizatorlarinin
aktivliyi tadqiq edilmisdir. Etilen vo sirks tursusunun volfram-vanadium oksidi katalizatorlarinda
etanolun buxar fazali oksidlogsmosinin osas mohsullart oldugu miioyyon edilmisdir. Reaksiya
temperaturundan asili olaraq asetaldehid vo karbon qazi da ohomiyyatli miqdarda amalo golir.
Gostorilmisdir ki, asagi reaksiya temperaturunda etanol oksidlogsmasinin osas mohsulu sirko
tursusu, yiiksok temperaturda iso etilendir. binar volfram-vanadium oksid katalizatorlarinin
torkibinin etanol oksidlosmo reaksiyasinda onlarin aktivliyine tesiri todqiq edilmisdir. Aparilan
todqiqatlar gostormisdir ki, volframin vanadiuma atom nisboti artdiqca sirks tursusunun ¢iximi
azalir, asetaldehid vo etilenin iso ¢iximlari artir. Binar vanadium torkibli katalizatorlarin rentgen
faza analizi aparilmisdir. Miioyyon edilmisdir ki, W-V-O sisteminds ii¢ faza formalagir: WOs-Un
iki modifikasiyas1 vo bir V20s. Todqiq olunan katalizatorlarin kristalliq dorocalori do
hesablanmigdir. Etanol oksidlosmoa reaksiyasinda binar volfram-vanadium oksid katalizatorlarinin
kristalliq dorocoalori vo aktivliyi miiqayiso edilmisdir. Mioyyon edilmisdir ki, katalizatorun
kristalliq derocesinin artmasi etanolun oksidlosma reaksiyasinin etilen vo asetaldehidin omolo
galmasi istiqgamotinda doyismasina kdmak edir.

Acar sozlar: etanol, sirko tursusu, etilen, ikili katalizatorlar, vanadium oksidi, volfram oksidi
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PE3IOME

B pabore u3yyeHa akTHUBHOCTh OMHAPHBIX BOJIb(paM-BaHAJAWN OKCHUIHBIX KaTaJlM3aTOPOB B
pEaKIuy OKUCICHHS 3TAHOJNA. YCTAHOBJIEHO, YTO OCHOBHBIM IPOJYKTOM PEAKIUH Mapo(ha3HOTo
OKHCJICHHS STaHOJIa Ha BOJb(ppaM-BaHAIUN OKCHUIHBIX KaTalu3aTopax SBISIOTCS STWIEH U
YKCYCHasl KHCJIOTa. B 3aBHCHMOCTH OT TeMIlepaTypbl pEakIH{ B 3HAYUTEIBHBIX KOJIMYECTBAX
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Takke 00pa3yloTCs, YKCYCHBIN anbleruj M Yriiekuciblii ras3. IlokazaHo, 4TO Npu HU3ZKUX
TEMIIEPATypax peakluyu OCHOBHBIM MPOAYKTOM pEaKLMU OKHUCIEHHS dTaHOJja SBJSETCS YKCyCHas
KHCJIOTa, B TO BpeMsl KaK MpH BBICOKUX TeMmIepaTypax STujieH. M3ydeHo BiusiHHE cocTaBa
OMHApHBIX BOJb(ppPaM-BaHAIUN OKCHIHBIX KAaTaJM3aTOPOB HA HX aKTUBHOCTh B PEAKIHUU
OKHCJIEHHUS »dTaHona. lIpoBedeHHble wHCCIeNOBaHUS TIOKa3aldM, 4YTO C POCTOM aTOMHOTO
OTHOILIEHHSI BOJb(paMa K BaHAAUIO BBIXOJ YKCYCHOW KHCJOTBI CHW)KAETCS, BBIXOJABI JKE
YKCYCHOT'O ajibieTujia U dTHIIeHa Bo3pacTatoT. [IpoBeieHbl peHTreHOCTPYKTYPHBIE HCCIIeI0BAHUS
OMHApHBIX BaHAJAUHCOMCPKAIIMX KATAIM3aTOPOB. YCTaHOBJIEH, 4Yro B cucreme W-V-O
obpasyroTtcs Tpu ¢asel: aBe mMoaudukanmun WO3 m ogna V205. PaccunTaHbl TakKe CTEICHH
KPUCTAJLIMYHOCTH M3YUYEHHBIX KaTain3aropoB. ComocTaBieHbl CTENEHH KPHUCTAUIMYHOCTU U
AKTUBHOCTH OWHApHBIX BOJb()pamM-BaHAIUN OKCHIHBIX KaTalU3aTOPOB B PEAKIUU OKHCICHUS
ATaHOJIA. Y CTAHOBJICHO, YTO YBEIMUYCHHUE CTETIEHN KPUCTAITMYHOCTH KaTaIn3aTopa CrocoOCTBYET
K M3MCHEHMIO HANpaBlICHHUS PEaKIMU OKUCICHHs 3TaHOJla B CTOPOHY 00pa3oBaHUS ATHIICHA U
YKCYCHOTI'O aJIbJIETU/1A.

KiloueBble cj10Ba: 3TaHOIN, YKCyCHas KHCIIOTa, JITHJIEH, OMHApHBIE KaTajlu3aTOPbl, OKCH]
BaHa¥s, OKCUJ] BoJIb(hpama
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Gunduz Naghiyev
Azerbaijan State Oil and Industry University. Phd student of Department of Energy Production Technologies
BA programs Internet Network Administrator, Email: gunduz.nagi9é@gmail.com

ABSTRACT

The problems covered by the theory of heat are examined either from a phenomenological or
statistical point of view. The aim of the study is to investigate the effect of critical heat flux on the
efficiency of evaporators. The study will be examined with reference to the theories of scientists.
Therefore, the theory of heat is divided into two parts under the name of thermodynamics and
statistical physics. The internal molecular-atomic structure of the object or system investigated in
thermodynamics and the mechanism of the occurring micro-processes are not considered at an
obvious rate. In solving the researched problems, the principles determined as a result of previous
experiments, as well as the known properties of objects or systems, are used. In statistical physics,
on the other hand, the molecular atomic structure of the investigated system and the mechanism of
microprocessors are based on apparent speed, and probability theory is widely used. As in other
fields of science, thermodynamics has historically been formed and developed as a result of the
demands of life, and practice, especially hydromechanics (heat engineering).

In the practice of designing boiling-type devices for nuclear power plants and several other power
plants, there are cases when heat-stressed surfaces are made in the form of horizontal tube panels.
During the flow of a vapor-liquid flow under the influence of gravity, there is often no phase
separation, which affects the laws of exchange processes and, in particular, the occurrence of a
heat transfer crisis. As a rule, the values of the critical heat flow in horizontal pipes are lower than
those in vertical pipes. To increase the critical power of the channel, various types of intensifiers
are used. The subject is the study of critical heat fluxes and hydraulic resistance in horizontal
pipes with a capillary-porous wall coating. The presence of a network structure near the heating
surface significantly changes the physical picture of the flow and heat transfer in the near-wall
boundary layer. This can lead to a significant change in both the critical steam content and
hydraulic resistance.

Keywords: thermodynamic, critical heat flux, evaporators, method

Introduction

Currently, thermodynamics is applied with great success to the study of phenomena that are not at
all similar to each other due to their physical nature. Thermodynamics is a part of theoretical
physics in a broad sense and covers various natural phenomena. It deals with the general
regularities of physical systems that exist in equilibrium and is very close to equilibrium.
Thermodynamics, in a narrow sense, talks about the mutual conversion of different forms of
energy, especially the conversion of mechanical energy into heat and vice versa. Although heat
and work play a central role in thermodynamics, current thermodynamics is based on the results
of statistical laws of all physical and chemical phenomena occurring in the microcosm. The
principles of thermodynamics are based on conclusions of experimental facts and their
generalized results. For this reason, the main principles of thermodynamics do not change
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depending on the various theoretical considerations put forward to interpret molecular thermal
phenomena and their change development. That is, the principles of thermodynamics are
generalized and absolute truth is important knowledge obtained from experiments, because, as K.
Marx (1818-1883) said, "the criterion of truth is practice.” The bodies or systems studied in
thermodynamics should be elementary-small in terms of their dimensions; they should be large
enough so that changes occurring in the microcosm cannot affect the thermodynamic state of the
system. Therefore, since the laws of thermodynamics are statistical, they cannot be applied to
issues that arise in the microcosm and determine the properties of individual particles on their
own.

The study of thermodynamic phenomena is based on the principle of energy conversion and
storage. This principle is the truest and most solid foundation stone of natural phenomena; no
event does not obey this principle. That principle is applied to thermal phenomena and is called
the first principle of thermodynamics. This principle also defines the relationship between thermal
and mechanical phenomena. Nevertheless, the first beginning of thermodynamics is not enough to
study thermal phenomena in depth. The reason for this is that thermal energy has a special
property and thus thermal energy differs from mechanical and electromagnetic energy.
Mechanical and electromagnetic phenomena can occur in direct and opposite directions. Thus, the
thermodynamic system is either in thermal equilibrium, and the event occurring in the system
goes in such a direction that the system approaches the state of equilibrium.

Objective

The study of the heat transfer coefficients averaged over the length of the channel during boiling
was carried out by many authors working both in the field of power engineering and refrigeration
engineering.

The initial data for calculating the average a, in addition to the properties of working substances
and pipe diameters, are flow rates (w0 or wp) [3].

In addition, you need to specify the length of the pipes. In this case, it is necessary to exclude
“steaming” of the surface at the outlet of the evaporator (“drywall” mode, often this is an
emulsion mode). To do this, it is more convenient to specify not the length of the pipe, but the
mass flow rate of steam at the inlet x1 and outlet x2. As a result, based on the results of the
calculation of heat transfer and the accepted values of X, it is easy to determine the lengths of the
evaporator tubes.

Figure 1. shows the characteristic dependence of the heat transfer coefficient during the boiling of
the refrigerant R134a inside a horizontal pipe on the value of the circulation rate [2].
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Figure 1. R134a boiling inside a horizontal pipe at to =10 C:

In this case, the heat transfer during in-tube boiling increases with an increase in the circulation
rate.

As the results show, for small values of g (which is most typical for refrigeration), the general
form of the calculated dependence for average values of a is as follows:

0,102 . 0406
acpzA-q- “Wp :

For approximate calculations, the formula of S.N. Bogdanov:

0,15 ' 7
%ep = qum P

n — empirical coefficient depending on the properties of substances. For
R22 - C=32,n=0,47; for R142-C=15,n=0,57.
For values gr above 2500 W / m?, the calculation should be carried out according to the equation

[6]

_ 0,6 02 ;-0
0:cp_A'qe.ﬁﬁf - wp -d '

Methods

e

| PAHTEI
| 102 | PROCEEDINGS OF AZERBAIJAN HIGH TECHNICAL EDUCATIONAL INSTITUTIONS




ISSN: 1609-1620; E-ISSN: 2674-5224
E-ISSN: 2674-5224
—_— A _2PAHTEI
VOLUME 24 ISSUE 01 2023 g

REFERRED & REVIEWED JOURNAL
Methods for calculating average o are simple and can be used for estimating calculations of heat
exchangers. From the point of view of the analysis of the physical meaning, attention should be
paid to the following.
The results of such an analysis are illustrated in Figure 1. For values of q < 1.5-103 W/m2, heat
transfer is mainly determined by convection due to the inlet velocity.
For g > 1.5+2 kW/m?, the role of nucleate boiling 0.6 increases and the role of convection
weakens.
An obvious disadvantage of the considered method of averages a is the accepted constant values
of the exponents at g and wp, which rigidly binds the calculated values of o to the conditions of

the experiments.
More interesting is the method for calculating the average values of the heat transfer coefficients

[2]:

aw — heat transfer coefficient for single-phase fluid convection, calculated by known formulas.
The equation takes into account the combined effect of two components - convection and boiling.
Moreover, the growth of the influence of one of them is accompanied by a decrease in the
contribution of the other. This approach is more in line with the physical nature of the processes
occurring during intratubal boiling [4].

Calculation of local heat transfer coefficients

Methods for calculating local heat transfer, in contrast to the previously considered methods for
calculating aav, connect the laws of heat transfer with flow regimes and hydrodynamic
characteristics of a two-phase flow. These are external parameters included in the uniqueness
conditions. This circumstance determines the imperfection of the method for calculating the
average heat transfer coefficients.

Accounting for regime parameters in the equations for calculating local heat transfer aloc is
carried out with varying degrees of approximation to the actual physical process.

Most authors offer calculated dependencies for two groups of flow regimes - wave and stratified
(I group), annular (11 group).

It should be noted that stratified and wave modes are typical for small values of x and low values
of velocity.

One of the fundamental methods:

L 079, 045, 049
. C e p
p 0,24 0,75
XA T AR S

c?

w 0,24
0.5 o 0,24 ’
e T R
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The equations are quite complicated, since they require additional information on the calculation
of the Chen parameters Fc and Sc, but nevertheless, unlike all the previous ones, they take into
account the mass flow rate x as the most important parameter of a two-phase flow.

A somewhat different principle is laid down in the works on the calculation of local values of the
heat transfer coefficients in the annular regime (group Il of flow regimes) [5].

S. Dengler's approach is interesting in that it uses the classical Martinelli-Nelson method, which
proposes the use of parameters Xi:

1 0.5
Y35
o, Xit
gﬂ = [[] x]-""'x]D’Q[P”r';pll.l_'.-"u”}U=1.
2 3/2

a=a. . [1+4]| 2o Wou 7P

- V. q

It is necessary to note the following most important feature of the annular and dispersed-annular
flows. In contrast to stratified and wave, in which heat transfer is largely determined by nucleate
boiling on the wall as,, and the convective component mainly depends on the fluid velocity
(wo'~wo), in annular flow, the vapor velocity plays a dominant role, and nucleate boiling on the
pipe surface is suppressed.

Guided by these considerations, the authors used we.v B as the determining value of the convective
component. Equation V.M. Borishansky and A.A. Andreevsky was obtained for steam-water
installations for heat power engineering conditions. These conditions are characterized by high

e
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speeds (compared to refrigeration equipment) and significantly higher values of the critical heat
flux density — up to 50 MW/m?. Under these conditions, the speed mixtures w., differs from the
true steam velocity by no more than 10-15% [7].
For refrigeration equipment at mass velocities wp < 100 kg/(s-m?), the difference in the true

velocity, the velocity of the mixture, as the sum of the reduced vapor and liquid velocities may in
some cases exceed 50% or more, especially at low temperatures [8].

(Wen T+ p') /@

- considered as the ratio of the velocity of the vapor-liquid flow in the center of the pipe

(wew is equal to w'') fluid velocity in the boundary layer due to the dynamics of formation
of vapor bubbles near the wall (q-r)/p’'.

The works considered above on the calculation of heat transfer during in-tube boiling, as a rule,

were obtained for the conditions of heat and power plants, for which the values of the mass

velocity are characteristic wp > 500 kg/(s-m?) and g~100+500 kWt/m?.

In addition, the properties of water as the main working substance of power plants differ

significantly from the properties of refrigerants.

The considered dependences of S.S. Kutateladze, V.M. Borishansky and A.A. Andrievsky are

very important from a methodological point of view, but their direct use for refrigeration

conditions leads to significant errors [9].

Calculation of heat transfer coefficients in slug, wave and stratified modes is proposed to be

carried out according to the equation[8]:

2
a=0,58] a - 1+[&‘5',”') x 019
a

To estimate the value of o, the dependence is proposed

, , 0.8 , 0,43
o A
a 0,023, "Re  Pr .
d?m‘li
d;;KH= l_ﬂ 'ftI:EH .
0,785

It is characteristic that the true velocity of the liquid is chosen as the determining one.
The calculation of the nucleate boiling component of freons is proposed to be carried out
according to the modified formula of G.N. Danilova [10]:
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The dependence includes the value of the mass flow rate vapor content x to the power of —0.19.
This is because, in the stratified and wave regimes, part of the surface near the upper generatrix of
the tube is in contact with steam, which reduces the heat transfer averaged over the tube cross-
section (local in x).

Calculation of heat transfer in the annular mode is proposed to be carried out according to the
method of V.M. Borishavsky and A.A. Andrievsky [11].

While maintaining the general principles formulated by these scientists, the equation uses the true
steam velocities:

a=0y,, 14365107 .| — P | | Zoe |

As already noted, the formula has the property of limiting transitions from the nucleate boiling
mechanism to the convection mechanism. Dependence can be recommended for calculation of
transient and wave-ring regimes [12].

Conclusion

The steam turbine (ST) is one of the main devices in the NPP. A steam turbine is a heat engine
that works with the power of steam, precisely in BT, the kinetic energy of steam is converted into
mechanical work. To evaluate the technical condition of the steam turbine, it is very important to
analyze its vibration condition. The direct source of the changes is the shaft drive, which rotates
on the oil belt of the wheels and through which the power is transmitted from the wheels and the
housing of the wheels to the machine. The vibrating housings of the wheels and the housings of
the cylinders associated with them cause the vibration of the fundamental unit. This, in turn, leads
to vibration of the main column and lower fundamental body. During vibration, the shaft rotates
in an inclined position, and thus friction of the rotating parts against the stationary parts can occur.
In case of significant friction, vibration can lead to accident situations. Experience shows that the
occurrence and development of most of the disturbances, as a rule, are caused by the change of
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vibration parameters of the turbine. Based on the information taken every two seconds, the base
is formed.
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KRITIK iSTILiK YUKUNUN BUXARLANDIRICILARIN
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XULASO

Istilik nozeriyyosinin ohato etdiyi problemlor ya fenomenoloji, ya da statistik baximdan todgiq
edilmisdir. Tadqigatin magsadi kritik istilik yikinin buxarlandiricilarin somoraliliyine tasirini
aragdirmaqdir. Tadqiqat alimlorin nozariyyoslorino istinad edilorok aparilmigdir. Buna goro do
istilik nozoriyyssi termodinamika vo statistik fizika adi altinda iki hissoys boliiniir.
Termodinamikada tadqiq edilon cismin vo ya sistemin daxili molekulyar-atom qurulusu vo bas
veroan mikroproseslorin mexanizmi agiq sokildo nozoro alinmir. Todqiq olunan problemlorin
hallinds avvalki tacriibalor naticesindo miioyyon edilmis prinsiplordon, habelo obyektlorin vo ya
sistemlorin moalum xassalorindon istifade olunur. Statistik fizikada iso todqiq olunan sistemin
molekulyar vo atom qurulusu vo mikroproseslorin mexanizmi goriinan siirato osaslanir vo ehtimal
nozariyyssindon genis istifado olunur. Digor elm sahslorindoe oldugu kimi, termodinamika da
tarixon hoyatin, praktikanin, xiisuson do hidromexanikanin (istilik miihondisliyi) toloblori
noticasinds formalagmis vo inkisaf etmisdir.

Atom elektrik stansiyalari vo bir ne¢o basqa elektrik stansiyalarinda istilik-miibadilo tipli
cithazlarin layiholondirilmesi praktikasinda istilik gorginliyi olan sothlor iifiiqi boru panellori
soklinda hazirlanmigdir. Caziba qiivvesinin tosiri altinda buxar-maye axininin axmasi zamani tez-
tez faza ayrilmasi olmur, bu da miibadilo proseslorinin qanunlarina vo xiisuson ds istilik 6tiirma
bohraninin yaranmasina tesir gostorir. Bir qayda olaraq, iifiiqi borularda kritik istilik axininin
doyorlori saquli borulardan daha asagidir. Kanalin kritik giiciinii artirmaq tigtin miixtalif nov
giiclondiricilordon istifado olunur. Movzu kapilyar masamoli divar ortiiyii olan 0fliqi borularda
kritik istilik axmnimin vo hidravlik miigavimotin dyronilmasidir. Qizma sothinin yaxinliginda
sobaka strukturunun olmasi divarin yaxinligindaki sorhod qatinda axinin va istilik kdglirmasinin
fiziki monzarasini shomiyyatli deracods doyisir. Bu, ham kritik buxar torkibinds, hom dos hidravlik
miiqavimatds shamiyyatli doyisikliys sabab ola bilar.

Acar sozlor: termodinamik, kritik istilik axini, buxarlandiricilar, tisul
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Azep0OaiiyKaHCKUI TOCYAapCTBEHHBIN YHUBEPCUTET HEPTH M IPOMBINIICHHOCTH, Kadeapa “TexHonoruu
IMMpOU3BOJACTBA 3Heprp11/1”, JOKTOpPAHT, aAMUHUCTPATOP UHTCPHCT-CCTU B IPpOrpaMmMe BHSHCC-aL{MHHHCTpHpOBaHI/Ie,
Email: gunduz.nagi9é@gmail.com

PE3IOME

[TpoGnembl, 0OXBaTbIBa€Mble TEOPUEH TEIJIOThI, pacCMaTPUBAIOTCS MO0 C (HEHOMEHOJIOIHUECKOM,
aMb0 CcO CTAaTUCTUYECKOW TOYKU 3peHus. llenbio paboThl sBISETCS MCCIEAOBAHUE BIIHUSIHUS
KPUTUYECKOIO TEIJIOBOTO IOTOKAa Ha 3¢¢eKkTuBHOCTh ucnapurenei. McciaenoBanue Oyper
PacCMOTPEHO CO CCBHUJIKOM Ha TEOpUM Yy4deHbIX. Teopusl Teria AENUTCS HAa JBE YacTH IO
Ha3BaHUEM TEPMOJMHAMUKA U cTaTHCTUYecKas ¢u3uka. BHyTpeHHee MOJEKyJIspHO-aTOMHOE
CTpOCHHE OOBEKTa WM CHCTEMBI, U3y4aeMOH B TEPMOJMHAMUKE, U MEXAHHU3M IPOHUCXOISIINX
MUKpPOIIPOLIECCOB HE PAacCMaTPUBAIOTCS C OYEBHIHOM CKOpocThio. [Ipu pemennn uccnenyemsix
3a/1a4 MCMOJIb3YIOTCSl IPUHLIMIIBI, ONIPEJIETICHHBIE B PE3YJIbTaTe MPEAbIAYIIUX dKCIEPUMEHTOB, a
TaK)K€ H3BECTHbIE CBOIICTBA 00BEKTOB WM cucteM. C Jpyrodl CTOpOHBI, B CTaTUCTUYECKOU
bu3uKke  MOJIEKYJIIDHO-aTOMHAas ~ CTPYKTypa  MCCIEJYyeMOW  CHCTEMbl M MEXaHHU3M
MHUKpPOIIPOLIECCOPOB OCHOBAaHbI Ha KaXYIIEHCS CKOPOCTH, U ILIMPOKO HCIOJIB3YETCSl TEOPHs
BeposiTHOCTeH. Kak u apyrue obiactu Hayku, TEPMOJMHAMUKA UCTOPUYECKH (popMHUpoBanace U
pa3BHBaJlacb B pe3yJibTaTe TpeOOBaHMM >KU3HU U NPAKTHUKU, OCOOEHHO THIPOMEXAHUKH
(TEeTIIOTeXHUKH).

B nmpaktuke mnpoexkTtupoBaHus anmaparoB kunsmero tuna a1 ADC u o psana  Ipyrux
DHEPreTUUECKUX YCTAHOBOK M3BECTHBI Cllydyau, KOTJa TEIUIOHANPSDKEHHBIE IIOBEPXHOCTH
BBITIOJHSIOTCS B BUJE FOPU30HTAJIBHBIX TpyOuaThlx maHeneil. [Ipu TeueHUM MmapoKuIKOCTHOTO
MOTOKA MOJ JEHCTBUEM CHIIBI TSHKECTH 4acTO HE MPOMCXOTUT paslieneHus (a3, uyTo BIUSAET Ha
3aKOHOMEPHOCTH OOMEHHBIX IpPOLIECCOB U, B YAacCTHOCTH, Ha BO3HUKHOBEHHE Kpu3Hca
teruiooomMena. Kak mpaBuiio, 3Haue€HUS] KPUTHYECKOTO TEIJIOBOIO TMOTOKA B TOPU30HTAIBHBIX
TpyOax HM)KE, 4YeM B BEPTHKAIbHbIX. [l MNOBBIIIEHUS KPUTHYECKOH MOIIHOCTH KaHala
UCIIONB3YIOTCSA — pa3iiMyHble TUlbl  ycwintened. IlpeagmeroM  uccienoBaHus — SBISETCS
UCCJIEIOBAaHUE KPUTHUUECKUX TEIUIOBBIX IIOTOKOB M THUIPABINYECKHUX CONPOTUBICHUH B
TOPU30HTAIBHBIX TPy0ax ¢ KamWUIPHO-NIOPUCTHIM IOKPHITHEM CTEeHKHU. Hammuume cerdaroit
CTPYKTYpbI BOJIM3U MOBEPXHOCTH HarpeBa CyIIECTBEHHO MEHsAET (U3NYECKYI0 KapTUHY TeUEHUsS U
TEIIO00OMEHa B MPHCTEHOYHOM MOTPAHUYHOM CJI0€. DTO MOXKET MPUBECTH K CYIIECTBEHHOMY
M3MEHEHHUIO KaK KPUTHUYECKOTO MapoCcoepaHus, TaK U THAPaBIMYECKOr0 COMTPOTUBIICHHUS.
KiroueBble cj10Ba: TEpMOJMHAMMKA, KPUTUYECKUH TETJIOBOW NIOTOK, UCIIAPUTENIN, METOJ.
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AIMS AND SCOPE
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access format. Accepted articles span the full extent of the social and behavioral sciences and the
humanities.
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Likewise, by not restricting papers to a narrow discipline, ICRET MTU PAHTEI Journal facilitates the
discovery of the connections between papers, whether within or between disciplines.

ICRET MTU PAHTEI Journal offers authors quick review and decision times; a continuous-publication
format; and global distribution for their research via ICRET MTU PAHTEI Journal Online. All articles are
professionally copyedited and typeset to ensure quality.
Those who should submit to ICRET MTU PAHTEI Journal include:
1. Authors who want their articles to receive quality reviews and efficient production, ensuring the
quickest publication time.
2. Authors who want their articles to receive free, broad, and global distribution on a powerful, highly
discoverable publishing platform.
3. Authors who want their articles branded and marketed by a world-leading social science publisher.

4. Authors who want or need their articles to be open access because of university or government
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Title of the Paper (14 point, Bold, Times New Roman)

First Author’s Name!, Second Author’s Name? , Third Author’s Name?, .......
IAffiliation (Department, Faculty/College, Institution/University, ORCID ID)

2 3Affiliation of other authors, if different (Department, Faculty/College, Institution/University, ORCID ID)
Corresponding author’s email:

(Affiliation1,2,3 Times New Roman, 10)

Article Type: Refer to the section policy of journal for acceptable article types.

ABSTRACT

(Times New Roman, 12)

The manuscript should contain an abstract within 300 words. The manuscript should have a self-
contained, citation-free abstract and state briefly the purpose of the research, methodology, key
results and major conclusions. Abstract should be in a single paragraph with running sentences.
Do not use any subheading or point list within the abstract. Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the
abstract itself.

Keywords: Authors are advised to writes 3-5 keywords related to the article, separated by
comma. These keywords will be used for indexing purpose.

Introduction (Times New Roman, 12)

Mostly Papers starts with introduction. It contains the brief idea of work, requirement for this
research work, problem statement, and Authors contribution towards their research. Sufficient
recent reference citation [1] from last 2 years should be included for showing the existing
challenges and importance of current work. This section should be succinct, with no subheadings
unless unavoidable [2, 3]. State the objectives of the work and provide an adequate background
related to your work, avoiding a detailed literature survey or a summary of the results.

Research Methodology (Times New Roman, 12)

This part should contain sufficient detail to reproduce reported data. It can be divided into
subsections if several methods are described. Methods already published should be indicated by a
reference [4], only relevant modifications should be described. Methodology should be written
concisely in detail by maintaining continuity of the texts.

Theory and Calculation (Times New Roman, 12)

A Theory section should extend, not repeat, the background to the article already dealt with in the
Introduction and lay the foundation for further work. In contrast, a Calculation section represents
a practical development from a theoretical basis. Do not add extensive basic definitions or well-
known theories, instead highlight theoretical background and its specific usages in view of your
work only.

Mathematical Expressions and Symbols (Times New Roman, 12)

Mathematical expressions and symbols should be inserted using equation tool of Microsoft word.
References may be added for used equations to support its authenticity, e.g. this result has been
analysed using Fourier series [5].
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Results and Discussion (Times New Roman, 12)
This section may each be divided by subheadings or may be combined. A combined Results and
Discussion section is often appropriate. This should explore the significance of the results of the
work, don’t repeat them. Avoid extensive citations and discussion of published literature only,
instead discuss recent literature for comparing your work to highlight novelty of the work in view
of recent development and challenges in the field.

Preparation of Figures and Tables (Times New Roman, 12)

Authors are supposed to embed all figures and tables at appropriate place within manuscript.
Figures and tables should neither be submitted in separate files nor add at the end of manuscript.
Figures and Tables should be numbered properly with descriptive title. Each Figure/Table must be
explained within the text by referring to corresponding figure/table number. Any unexplained or
unnumbered Figure/Table may cause rejection of the paper without being reviewed.

Formatting Tables (Times New Roman, 12)

Table should be prepare using table tool within the Microsoft word and cited consecutively in the
text. Every table must have a descriptive title and if numerical measurements are given, the units
should be included in the column heading. Formatting requirement has been summarized in the
Table 1.

Table 1: Summary of formatting requirement for submitting paper in this journal.
(Times New Roman, 12)

Layout Size Margin (Normal) | Header Footer
Single column A4 (8.27” X Top=1~ Do not add So not add
11.69”) Bottom=1” anything in the | anything in the
header footer
Left=1”
Right=1”
Font Article Title | Headings Subheadings Reference list | Text
Times New Times New Times New Times New Garamond, 11
Roman, 16 pt, | Roman, 11 pt, Roman, 10 pt, Roman, 8 pt, pt, Justified
Bold, centred | Bold, Left aligned | Bold, Left Justified
aligned
Line Spacing 1.15 1.15 1.15 1.15 1.15
Page number We will
format and
assign page
numbers
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Figure 1: Logo of the AIJR Publisher (Times New Roman, 12)

Formatting Figures (Times New Roman, 12)

All figures should be cited in the paper in a consecutive order, author may be asked to provide
separate files of the figure. Figures should be used in bitmap formats (TIFF, GIF, JPEG, etc.) with
300 dpi resolution at least unless the resolution is intentionally set to a lower level for scientific
reasons. If a bitmap image has labels, the image and labels should be embedded in separate layer.
Figure 1 shows the logo of AIJR Publisher.

Conclusions (Times New Roman, 12)

Each manuscript should contain a conclusion section within 250-450 words which may contain
the major outcome of the work, highlighting its importance, limitation, relevance, application and
recommendation. Conclusion should be written in continuous manner with running sentences
which normally includes main outcome of the research work, its application, limitation and
recommendation. Do not use any subheading, citation, references to other part of the manuscript,
or point list within the conclusion.

Declarations (Times New Roman, 12)

Study Limitations (Times New Roman, 12)
Provide all possible limitation faced in the study which might significantly affect research
outcome, If not applicable write, none.

Acknowledgements (Times New Roman, 12)

All acknowledgments (if any) should be included in a separate section before the references and
may include list of peoples who contributed to the work in the manuscript but not listed in the
author list.

Funding source (Times New Roman, 12)
Provide funding source, supporting grants with grant number. The name of funding agencies
should be written in full, if no funding source exist, write, none.
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Human and Animal Related Study (Times New Roman, 12)
If the work involves the use of human/animal subjects, each manuscript should contain the
following subheadings under the declarations section-

Ethical Approval (Times New Roman, 12)

Provide ethical approval authority name with the reference number. If ethical approval is not
required, provide an ethical exemption letter of not required. The author should send scan copy (in
pdf) of the ethical approval/exemption letter obtained from IRB/ethical committee or institutional
head.

Informed Consent (Times New Roman, 12)
Write a statement of informed consent taken from the participants to publish this research work.
The editor may ask to upload scan copy if required.
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