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XULASO

Azoarbaycamin Naxgvan Muxtar Respublikasimin Culfa rayonunun “Daridag” termal suyunun izobarik istilik
tutumunun ve sixigmin atmosfer tozyiginde ve miixtelif temperaturlardaki tocriibi neticelerinin analitik
timumilosdirilmis tohlili verilmisdir. Tacriibalor izobarik istilik tutumu {i¢lin Pyris 1 tipli differensial skaner
kalorimetrinde , sixhiq {iclin iso DSA 5000M vibrasiyali borulu densimetr qurgusunda yiiksek daqigilikle yerina
yetirilmisdir. Secilmis temperaturlardaki ¢, =f(p) tocriibi giymeotlerinden istifade ederek, termal sularm analitik
asiliiglar qurulmusdur. Alinmis giymatlar polinomial tonliklar vasitesi ilo tosvir edilmisdir.

Agar sozlar: barpa olunan enerji manbalari, izobarik istilik tutumu , sixlgq, termal sular.

SUMMARY OF EXPERIMENTAL DATA OF ISOBARIC HEAT CAPACITY AND DENSITY OF THERMAL
WATERS DARIDAGH, OF NAKHCHIVAN AUTONOMOUS REPUBLIC OF AZERBAIJAN

ABSTRACT

Analytical generalized analysis of experimental results of isobaric heat capacity and density of “Daridagh”
thermal water of Julfa region of Nakhchivan Autonomous Republic of Azerbaijan at atmospheric pressure and different
temperatures is given. The experiments were performed with high accuracy on a Pyris 1 differential scanner
calorimeter for isobaric heat capacity, and on a DSA 5000M vibrating tubular densitometer for density. Analytical
dependences of thermal waters were constructed using experimental values of cp = f (p) at selected temperatures. The
obtained values are described by polynomial equations.

Keywords: Renewable energy sources, heat capasity, density, thermal water.

OBOBIIEHUE DKCIIEPUMEHTA IbHBIX JAHHEBIX 110 MI3O5APHOM TEILIOEMKOCTU M IIOTHOCTI
AAPUAATCKUX TEPMA/IBHBIX BO 4 HAXUBIBAHCKOJ ABTOHOMHOM PECITYBAVKI
A3EPBATI/DKAHA

PE3IOME

JaH aHaAWTIYIeCKMii ODOOIIEHHBIN aHaAW3 DKCIIEPMMEHTaAbHBIX Pe3yAbTaTOB M300apHON TEILI0EMKOCTH
IIAOTHOCTM TepMaAbHON BOoAbl «Japmaar» JxxyappuHckoro parioHa HaxusiBanckoit AsToHOMHOI Pecrrybamku
AsepbaitakaHa Ipy aTMOCEPHOM JABAEHUM ¥ Pa3ANYHBIX TeMIlepaTypaX. DKCIIePUMEHTH BBIIIOAHEHE! C BBICOKOM
TOYHOCTBIO Ha AuddepeHrIabHOM CKaHMPYIOIeM KaaopyuMeTpe Tuma Pyris 1 4451 n3obapHOIT TEITA0eMKOCTHI U1 Ha
BUOpAaIIMOHHOM TpyOuaToM raotHoMepe DSA 5000M 4451 11A0THOCTU. AHAAUTHYECKIE 3aBYICMOCTY TePMaAbHBIX BO
IIOCTPOEHHI C YICII0Ab30BaHMeM SKCIIepYMEeHTaAbHBIX 3Ha4eHMIA ¢p = f (p)Tipu BRIOpaHHEIX TeMIlepatypax. [loaydenHsre
3HAYeHVIsI OIUCBHIBAIOTCA ITOAMHOMMAABHEIMY YPaBHEHIIMIL.

Karogesbie ca0Ba: BO30OHOBAsSIEMBIE MCTOUHUKI DHEPINY, M300apHas TEIL10€MKOCTh, ILI0THOCTh, TepMabHas
BOJA.
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1. Giris

Enerji monboloari istifade miqyasina ve ehtiyatlarina gors asas anenavi ve alternativ novlera
béliintirlar. Karbon va karbohidrogen ssasinda formalasan snanavi enerji manbalarinin tedricen
tiikkonmosi ve onlardan istifade olunduqda ekologiyaya vurulan zerari nazers alaraq hazirda
diinyada alternativ ve barpa olunan enerji monboalorine maraq nazers ¢arpacaq daracode
artmaqdadir. Bu tesadyiifi deyil, bels ki, bir ¢ox 6lkalar, xiisusen Avropa 6lkaleri, karbohidrogen
resurslarmin sahibi olan 6lkalarin enerji asiliiglarindan he¢ do mamnun deyillor. Ciinki, Qarb
demokratiyasmin fikrince daha ¢ox karbohidrogen resurslarma asasen geyri-demokratik rejimli
olkaler malikdir. Nazare alsaq ki, 2030-cu iledak diinyada enerjiys olan telebat daha 45% artacaq,
onda alternativ ve barpa olunan enerji manbalerindan istifadeye kecid prioritet masaloye
cevrilacoak.

Barpa olunmayan enerji monbalorinden istifade onlarin ehtiyatlarinin tiikkonme miiddatini
daha da azaldir. Digor torafden do basariyyetin enerjiys olan tolobat: ilbail artmaqda davam edir.
Ona gore ds, movcud enerji manbalarinden daha semarsli istifade edilmali, har seyden avval,
onlarm ehtiyatlar1 diizgiin qiymetlondirilmslidir. Bu magsadls, Beynoelxalq Energetika
Agentliyinin (BEA-nin) sessiyalarinda diinyanin enerji ehtiyatlar1 dovrii olaraq miizakirs edilir
va onlarin yenidan giymatlondirilmasi hayata kegirilir.

Hal-hazirda diinya shalisi artir ve hesablamalara gore cari asrin ortalarma yaxin 9 milyard
nafar togkil edacok. Bu godoar ohali kiitlesini komfortlu hayat seraiti ils, iqtisadi cohatdan sarfali
va ekoloji temiz enerji ils, isti menzills, rahat naqliyyat vasiteleri ils, tohsills, tibbi yardimla ve s.
ilo tomin etmak lazimdir. Oger an optimist prognozlara gore yarim asre kifayst edecek gader
enerji resurslarmin qaldigi nazere alinsa, maddi rifah hali azaldilmadan bagariyystin normal
tominat: {i¢lin zaruri olan enerji haradan alinmalidir?

Olbatts, {izvi yanacagin yandirilmasina alternativ atom energetikas: sayilirdi. AES-lorda
istehsal olunan atom enerjisi var-qiivve ilo atom buzqiran gemilarinds, atom sualti qayiqlarinda
vo s. istifads olunur. Lakin bu enerjini niive silahinin yaradilmasi iigiin ds istifads etmak olar.
Bali, zancirvari niive reksiyasi zamam uran niivesinin parcalanmasindan ayrilan enerjinin
totbiqinin tehliikesizliyi ve iqtisadi semarsliliyi strafinda miibahisalar coxdan sengimir.

Son illorde insanlarin alternativ energetikaya marag: artmisdir. Bu kaskin maraq o ideyaya
asaslanir ki, ager barpa olunan enerji resrurslarindan (giinas, kiilak, biokiitls, geotermal enerji)
istifade etmasok, onda 6ziimiiz liglin olmasa da, bizim usaqlarimiz ti¢lin, navelerimiz {igiin ise
daqiq olarag, diinya resurslar ugrunda ardi-arasi kesilmeyen miiharibslerden, achqdan,
yasamaq ugrunda miibarizalerdan ibarat olan kabusa cevrilacekdir.

Indi bageriyyst timumen alternativ energetikaya ve xiisusilo enerjiyo genast eden
texnologiyalarin hayata kegirilmasine ¢alisir. Alternativ enerji manbalorinin kdmoyi ilo energetik
kollapsin langidilmasine timidlor giicliidiir. Enerjiya gonaat edilmasi vo enerjinin somoraliliyi
maqsadi ilo alternativ energetika sahasinda ¢oxlu sayda layihalor hazirlanmisdir.

Bu istiqamatde Azerbaycanda da boyiik igler aparihir. Azerbaycan Respublikas:
Prezidentinin 2004-cii il 21 oktyabr tarixli Serancamu ils tesdiq edilmis “Azarbaycan Respub-
likasinda Alternativ ve barpa olunan enerji meanbaslarindan istifads olunmas: tizre Dovlst
Programi”na[l] uygun olaraq, Senaye vo Energetika Nazirliyindo Proqramin icrasi iizra
koordinator miiayyen edilmisdir. Dovlat Proqgraminda, bizim Respublika {i¢iin an semarali enerji
manbayi kimi kiilok enerjisinin potensialindan, hamginin giinas enerjisindon, geotermal sularin,
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dag caylarmin ve su kanallarmin hidroenerjisindan, habels biokiitlonin enerjisinden istifads ilo
alagodar tadbirlorin realizasi tizra asas istiqgamotlor miioyyen edilmisdir.

Dovlat Proqraminda alternativ ve barpa olunan enerji manbalarinin tatbiqi tizrs Azarbaycan
Respublikasinin hiiqugi bazasmin tokmillasdirilmasi, hamginin bu sahade normativ hiiquqi
sonadlorin hazirlanmasi da nezerde tutulmusdur. Bundan basqa, alternativ ve barpa olunan
enerji manbsalerinin istifadesi {izre layihelare investorlarmn calb edilmsasi, onlarin faaliyyati ticlin
miivafiq serait yaradilmasmin stimullagdirilmas: ve ilk névbade energetika bazarinda ekoloji
tomiz mohsulun satistnin tomin edilmasi istiqamatinds islorin aparilmasi nazerde tutulmus-
dur.Tadbirlar planinda, hemginin shalinin alternativ ve barpa olunan enerji manbaleri barade
moalumatlandirilmasi, bu sahadoe tadris vesaitlarinin hazirlanmasi, hemginin dyrodilmasi nazardes
tutulmusdur. Doévlet Proqraminin icrasi ils slagadar olaraq, investorlarm calb edilmasi, beynal-
xalq tacriibenin Oyrenilmasi, xarici istehsalginin 6lkeye davet olunmasi moagsaedilo Senaye vo
Energetika Nazirliyi torafinden beynalxalq maliyye institutlarmna, safirliklars, beynslxalq teskilat-
lara va bu sahadbs bdytik is tacriibasine malik olan xarici kompaniyalara miiracistlor edilmisdir.

Alternativ enerji sahasindaki diinya tacriibasindan istifads etmak {iclin Azarbaycan Respub-
likas1 10 iyun 2009-cu il tarixinde yeni yaradilmis Beynolxalq Barpa olunan Enerji Agentliyins
gosulmusdur. 2009-cu il 10 noyabr tarixli Azerbaycan Respublikasi Prezidentinin 182 sayl
formani asasinda tasis edilmis Senaye vo Energetika Nazirliyinin Alternativ Barpa olunan Enerji
moanbeolari tizra Dovlet Agentliyi bu sahenin fasilesiz isini tomin edacekdir. Qabul olunan Dévlat
Proqramlar1 asasinda 14-18 oktyabr 2009-cu ilde ATOT-in Baki ofisi tersfinden barpa olunan
enerji lizra hiiquqi ve normativ baza tiglin an yaxs1 tocriibeler iizrs beynslxalq seminar
kegirilmasi da bu sahadaki samarali islerin mantiqi naticasidir.

Diinya qarsisinda kegon asrin 90-a1 illarinde enerjiys qenast ve enerjinin semaraliliyi
problemi he¢ zaman olmadig1 kimi ¢ox kaskin sokilde dururdu. Niive energetikasi 6z poten-
sialin1 hols tiiketmomisdir, aydm oldu ki, niive energetikas: basariyyatin ucuz enerjiye olan
biitiin telabatin1 6demays qadir deyil.

2. Tadqiqatin maqsadi:

Azarbaycanin Naxcgivan Muxtar Respublikasi karbon anhidridi-karbonatli, karbon anhid-
ridi-xloridli, hemginin hidrogen sulfidi-sulfath sularin biitiin névlarini 6ziinds comlasdiren qiy-
matli geotermal enerji resurslari ilo zongindir. Bu regionun kurort yeri olmasi bir ne¢o mineral
manbanin mévcudlugu ilo miiayyan olunur. Geotermal enerji resurslarinin rongarangliyine gore
Naxgivan Muxtar Respublikast soziin haqiqi menasinda “geokimyeavi muzeyi” xatirladir. Alt
qrup menbs — Daridag, Sirab, Vayxir, Nahacir, Badamh ve Qizilveng igmali balneoloji kurortlar
ticlin févgalade hidromineral resurslardir.

Daridag menbalori an yiiksokdebitli arsenli mineral menbalordir. Bu suyun qiymeatli
miialicovi keyfiyyoati onunla sortlenir ki, kifayst qadar arsenls yanast o, bor tursusuna, litiuma,
boyiik migqdarda hidrogen qazina, yoda, broma, demirs va digar komponentlara malikdir.

Bu isin asas maqsadi — Azarbaycanin Naxgivan Muxtar Respublikasinin Culfa rayonunun

“Daridag” termal suyunun izobarik istilik tutumunun ve sixhigmin miixtalif temperaturlardak:
tacriibi naticalorinin analitik imumilasdirilmasinden ibaratdir.

Yuxarida geyd olunanlar1 nazare alaraq, Azarbaycanin Nax¢ivan Muxtar Respublikasinin
Culfa rayonunun “Daridag” termal suyunun izobarik istilik tutumunun ve sixligmin miixtelif
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temperaturlardaki tecriibi naticelarinin deqiq elmi tadqiqi {iclin Azerbaycan Texniki
Universitetinin “Enerji effektivliyi va yasil enerji texnologiyalar1” kafedrasinda intensiv tacriibi
todgiqatlar aparilmis ve bu todgiqatlarin naticalori miixtelif jurnallarda darc edilmisdir [2-7].

Tacriibalar zamar istifads olunan termal sular bilavasite suyun ¢ixdigr yerden gotiiriilmiis
vo filtrden kegirilorok tomizlonmisdir. Termal sularmn niimunslorinin ¢xdig1 yerin cografi
koordinatlar1 vo Yerden ¢ixan andaki temperaturlar: [3]-de verilmisdir. Tocriibalor atmosfer
tozyiqinda va T = (274.15-413.15) K temperatur diapazonunda hoayata kegirilmisdir.

3. Tadqiqat isinin miizakirasi ve onun naticalori:

Tacriibalar Pyris 1 tipli differensial skaner kalorimetrinds yerinas yetirilmisdir (sekil 1). Bu
ciir kalorimetrlor materiallarn xiisusi arime istiliyi, faza kegidleri ve s. hallarinda, kimyavi
reaksiyalar zamani udulan ve ya ayrilan istiliyin ¢ox daqiglikls tayin olunmasinda, fiziki vo
kimyavi xassalorin todqiq etmokds boylik rol oynayirlar. Qurgunun asas elementi daxilinds
olgiilacok madda olan platin-iridium arintisi ile Ortiilmiis paslanmayan poladdan hazirlanmis
yuva (sokil 2), qizdiricilar ve platin termorezistorlardir. Olgii yuvast 573.15 K temperatura veo 24
bar tozyiqa goder davamldir.

Sakil 1. Pyris 1 tipli differensial skaner kalorimetri

Sakil 2. Olgii yuvas

Olgii yuvalari termoizols edilir vo ¢ox az istilik inersiyasma malikdirler. Onlarmn daxiline
sixligindan asili olaraq 30-70 mq niimuns yerlasdirilir. Sonra 6l¢ii yuvasi xiisusi alatin komayi ilo
kip baglanir. Qapaqglar arasina yiiksek tozyiqlorde yaranan doymus buxar tozyigine davam
gatirmak {iciin xiisusi rezin kiplik yerlagdirilir. Olgii yuvalar1 bu halda tacriibays hazir veziyyate
gotirilir (sakil 3).
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Olgmalor iki paralel 8lgii yuvasindan istifade etmoklo yerina yetirilir. Yuvamn birindo
dliilacok madds, ikincisinda ise etalon madds (sapfir) yerlosdirilir. Olgmalor temperaturun sabit
saxlanilmas1 vo ya sabit siirotlo doyismosi ilo aparila biler. Bizim apardigimmz tocriibalor
temperaturun sabit siiratle deyismasi metodu ils yerins yetirilmisdir. Bu zaman har iki 6lg¢ii
yuvasimin temperaturu tamamilo bir-birine baraber halda saxlanihir. Olgii yuvalarinda
temperaturun eyni saxlanmasi {iclin lazim olan istilik zamanin ve temperaturun funksiyasi
halinda geyd olunur. Bu zaman qurguda alinmus qrafikin sahasi faza kegidi zamani lazim olan
istiyo barabardir. Tacriibalor zamani 3 K/daq. istilikverma siirati secilmisdir. Olgii yuvalarinda
niimunaler iki miixtalif (dl¢iilacek niimuns ve adebiyyat giymsatlari avvelcaden daqgiq mealum
olan etalon niimuns) olduglarma gors, yuvalarm her ikisinin sabit temperaturda saxlanmasi
tglin onlara verilon istiliyin miqdar1 forgli olur. Bu istilik forqlorine gore istilik tutumu
hesablanur.

Azarbaycanin Naxgivan Muxtar Respublikasinda yerloson “Daridag” termal suyunun
izobarik istilik tutumunun cp/(Ckg?K?) tocriibi T = (274.15 - 413.15) K intervalinda
temperaturdan asilili1 cadval 1-ds verilmisdir.

Tocriibalerin  T=(278.15-363.15)K  intervalindan kenar qiymatlori maqaleye daxil
edilmamisdir. Bu ona goradir ki, termal suyun tecriibi (p,p,T) qiymatleri T=(278.15 - 363.15) K
intervalinda Olgiilmiisdiir. Ona gore do hesablamalara yalniz izobarik istilik tutumununcy/(C-kg
LK) bu intervalinda giymatleri daxil edilmisdir. Izobarik istilik tutumununcy/(C-kg'K) genis
intervalda Olclilmasi yalniz faza kegidlerinin qabaqcadan goriinmasi, prosesin daqiq yerina
yetirilmasi ve 6l¢ii yuvasimin kipliyinin yoxlanilmasi tigtindiir.

Alinmis naticelarinin verilmis temperatur asilihigina nazar salsaq onu geyd etmak olar ki,
asason termal sularin izobarik cp/(C-kg?-K") istilik tutumlar1 IAPWS-95 standarina cavab veran
tomiz suyun izobarik cp/(Ckg'-K") istilik tutumundan azdir. “Daridag” termal suyunda ise bu
forq daha ¢oxdur. Bu da albatte termal sularin toerkiblarindoki bark mineral maddslarin miqdar:
ile izah edils bilar. Bels ki, bark maddalarin islitik tutumlar1 mayelarer nisbaton asagidir.

S/

Naxgivan Muxtar Respublikasinda yerlason “Daridag”termal suyunun atmosfer tazyiginde
(p=0.101 MPa) sixhign DSA 5000M vibrasiyali borulu densimetr qurgusunda, yiiksek
tozyiglorinde sixligin Olglilmasinden 10 dofe daqiq Olglilmiisdiir [6-8]. Vibrasiyali borulu
densimetr metodu ils isloyan DSA 5000M qurgusunun timumi strukturu va is prinsipi [4,6-8]-do
atrafli tosvir edilmisdir. Bu qurgu zavod seraitinds yoxlanilir vo slave kalibrlomaye ehtiyac
yoxdur. Zaman kegdikco, qurgunun islome gqabiliyyetinin yoxlanilmasmi etalon mayelsrin
sixigmin Slgiilmasi yolu ils yerins yetirmak olar. Qurgu eyni zamanda oOlgii temperaturunda
sixhiq ile birlikde sas stirstinin u/m-s? da yiiksak daqiqlikls Olciilmasine imkan verir. Sixligin
Olgiilmasi T=(278,15 — 363,15) K temperatur intervalinda ve atmosfer tozyiqinde aparilmisdir.
Olcmalorin naticalari codval 2-da verilmisdir.



Mahir Basirov, Nofal Nabiyev

s Upper Die

Lid -

Properly Sealed Improperly Sealed

Sakil 3. Olgii yuvasinin kip baglanmast.
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Cadval 1. Naxgivan Muxtar Respublikasinda yerlason “Daridag” termal suyunun izobarik istilik
tutumununcy/(C-kg'-K™) atmosfer tozyiqinde ve miixtalif temperaturlarda T/(K) tacriibi qiymatlori.

27415 | 27815 | 28315 | 293.15 | 298.15 | 303.15 | 313.15 | 323.15 | 333.15 | 343.15 | 353.15 | 363.15 | 373.15 | 383.15 | 393.15 | 413.15

4101.74 | 4095.95 | 4090.04 | 4082.22 | 4080.08 | 4079.00 | 4079.63 | 4083.46 | 4089.92 | 4098.57 | 4109.04 | 4121.08 | 4134.54 | 4149.36 | 4165.59 | 4202.94

3

Cadval 2. Nax¢ivan Muxtar Respublikasinda yerlogon “Daridag”termal suyunun sixhigimn p/(kqm=) atmosfer
tozyiqinde ve miixtalif temperaturlarda T/(K) tocriibi qiymatlari.

T | 27812 | 288.13 | 293.13 | 298.14 | 303.15 | 313.16 | 328.17 | 343.17 | 363.15
p | 1016.74 | 1015.10 | 1013.93 | 1012.61 | 1011.01 | 1007.35 | 1000.46 | 991.92 | 979.16

s

Cadval 3. Naxgivan Muxtar Respublikasinda yerlegan “Daridag”termal suyunun a: amsallarimin
(2) tonliyinden almmus qiymatlori

ai

ao a a as
-3256623.40309 9866.14935912 -9.94858135044 0.00334313816398

Naxcivan Muxtar Respublikasinda yerlason “Daridag”termal suyunun sixhigmin p/kq-m
temperaturdan asihiligr gosterir ki, tadqiq olunmus su resurslarmin sixligi bu sularmn boyiik
hissesini togkil edan temiz suyun qgiymetlerinden yiiksakdir. Bu netico molkulyar-kinetik
nazariyyayo uygundur, belo ki, termal sular miixtalif mineral duzlarin ve bark maddalarin
boytik hissesindan ibaratdir.

Asagidaki polinomial tenliyin komayi ile teyin olunmus ¢ p koordinat sisteminds eyni
temperatur sertlorinde gotiirtilmiis “Daridag” termal suyunun alinmis tecriibi naticaleri
asasinda maqalads ¢ =f(plasililig: toklif olunmusdur.

3 .
G =280 @)
i=0




Azarbaycamin Nax¢rvan Muxtar Respublikasinmin Daridag termal suyunun izobarik istilik tutumunun
va sixliinin tacriibi malumatlarimn iimumilasdirilmasi

burada: ai ve bj — tacriibi mslumatlardan an kigik kvadratlar metodu ils hesablanmig polinom
amsallaridir vo codvol 3-do verilmisdir.

(2) tenliyi vo polinom smsallar1 (cadval 3) nazare alinmaqla, Azarbaycan Respublikasmin
Naxcivan Muxtar Respublikasinda yerloson “Daridag”termal suyunun miixtslif temperaturlar-
daki izobarik istilik tutumunun c¢/(C-kg?-K?) tacriibi giymetlorini maksimum 0,9% xata ilo
hesablamaq miimkiindiir.
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XULASO

Mogqaleds geyri-mohsuldar elektrik enerjisi itkilorinin azaldilmasi hesabma lay tezyiqinin saxlanmasi
sistemlorinin enetji somaraliliyinin yiiksoldilmasi masalolorine baxilmisdir. Bu magsadls, lay tozyiqinin saxlanmasi
sisteminda elektrik enerjisi isladicilorinin strukturu arasdirilmis, qeyri-mohsuldar elektrik enerjisi itkilarinin daha gox
oldugu elementlor miiayyan olunmus, hamginin nasos stansiyalarinin is rejimlsrinin mévcud idarsetma {isullar1 ve
onlarin tokmillogsdirilmasi yollari tohlil edilmisdir.

Aragdirmalar gosterir ki, neft hasilatinda qeyri-mohsuldar elektrik enerjisi itkilerinin 55-60%-i lay tezyiqginin
saxlanmast sisteminda bas verir ve bunun da boyiik hissesi nasos aqreqatlarmin paymna diisiir. Bu iss, ilk névbads,
onlarin is rejimlarinin qeyri-somoarali idare edilmasile izah olunur. Bels ki, istifade olunan tenzimlenmae {isullarimn
oksariyyeti yalniz tolob olunan suvurma hacmlorinin tomin edilmasine yonaldiyinden, burada masslenin energetik
torofi nazare alnmuir. Bu ise sistemdo elektrik enerjisi itkilarinin artmasina sebab olmagqla yanasi, nasos aqreqatlarmimn is
rejimlarine nazaret imkanlarim genislondirmays ds imkan vermir. Miisyyen olunmusdur ki, nasos aqgreqatlarmmn
mohsuldarliginin valin firflanma tezliyinin dayisdirilmesile tenzimlsnmasi iisulundan istifade etmakls, hoam nasos
stansiyasmnin texnoloji imkanlarmin genislondirilmesine, hem das qeyri-mahsuldar elektrik enerjisi itkilarinin
minimuma endirilmasins nail olmaq miimkiindiir.

Acar sozlar: lay tezyiqi, nasos stansiyasy, elektrik enerjisi, mshsuldarlgq, enerji ssmarsliliyi, elektrik miiharriki.

ON IMPROVING THE CONTROL MODES OF CLUSTER PUMPING STATIONS
ABSTRACT

The article discusses the issues of increasing the energy efficiency of reservoir pressure maintenance systems by
reducing unproductive power losses. For this purpose, the structure of electricity consumers in the reservoir pressure
maintenance system was researched, the elements with the highest unproductive power losses were identified, as well
as the existing control methods of pumping stations and ways to improve them were analyzed.

Studies show that 55-60% of unproductive power losses in oil production occur in the reservoir pressure
maintenance system, and the biggest part of it occurs in pumping units. This is primarily due to the inefficient
management of their modes of operation. Thus, the most of the regulation methods are directed only at ensuring the
required injection volumes, the energy side of the issue is not taken into account. This not only leads to an increase in
power losses in the system, but also does not allow to develop the possibilities of controlling the operating modes of
pumping units. It was found that using the method of regulating the productivity of pumping units by changing the
frequency of the shaft, it is possible to achieve both the development of technological capabilities of the pumping
station and the minimization of unproductive power losses.

Keywords: formation pressure, pumping station, electricity, productivity, energy efficiency, electric motor.
O COBEPHIEHCTBOBAHIM PEJXKMMOB VITPABAEHNSI KYCTOBBIMI HACOCHBIMM CTAHIIVISIMUA
PE3IOME

B crartbe paccMoTpeHBI BOIpOCHI NOBBIIIEHMs1 sHeprosddexrmpaocty cucreMm I 3a cuer cHipkeHms
HeIpOM3BOANTEABHBIX MTOTeph DAEKTPOdHeprum. /A STOTo M3ydeHa CTPYKTypa IOTpebuTeaell DAEKTPOSHEpPIUN B
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cucremMe HHA, BBISIBAEHBI DJAEMEHTHI C HaMOOABIIIMU HEITpOMn3BOANTEABPHBIMI IIOTEPsIMM MOIITHOCTHM, a TakKe
IIpOaHaAM3NPOBaHbI CYHIECTBYIOIIIE METOADI YITPAaBACHVIT HACOCHBIMY CTAHLIVIIMU 1 ITYTU VIX COBEPIIEHCTBOBAHNSI.

MccaegoBanmsa 1okasprBaloT, 4To 55-60% HENpOM3BOAUTEABHBIX ITOTEPh MOIIHOCTM TIpU A0ObMe HedTn
npuxogutcs Ha cuctemy I1T1/, u Goabliast MX 4acTb IIPUXOAUTCS Ha HACOCHBIE arperaThl. B IepByIO ouepeab 5TO
cBs13aHO ¢ Hed(PPEKTVMBHLIM YIIpaBAeHMeM peXMMaMu X pabOoTel. Takum 0Opa3oM, ITOCKOALKY OOABIIMHCTBO
VICITOAB3YeMBIX METOJAOB peTyAMpOBaHMs HaIlpaBAeHO TOABKO Ha oDecriedeHiye HeOOXOAVIMBIX OOBEMOB 3aKauKI,
SHepreTMIecKasl CTOPOHa BOIIPOCa He IIPMHMMAETC BO BHUMaHME. DTO He TOABKO IMPUBOAUT K YBEANYEHUIO IIOTEPh
MOIITHOCTM B CHICTEME, HO ¥ He II03BOASAET PacCIIMpUTh BO3MOKHOCTM YIpaBAEHN: pesKMMaMM PabOTBI HaCOCHBIX
arperaToB. YCTaHOBJAEHO, YTO C IIOMOIIBIO METOJA PeryAupOBaHNs IIPOM3BOAUTEABHOCTV HACOCHBIX arperaTos
M3MeHeHVeM JacTOTHI BpallleHNsI Bala MOYXKHO AOOWTHCA KaK pacIIpeHIsT TEXHOAOTIYECKIX BO3MOYKHOCTET! HaCOCHOI
CTaHITUY, TaK ¥ MMHUMU3aIY HeIIPOM3BOAUTEABHBIX IIOTEPh MOIITHOCTIL.

Karogesble caoBa: I11acTOBOe JaBA€HMe, HACOCHas CTaHLMS, 9AEKTPOSHEpIus, IIPOU3BOAUTEALHOCTD,
5HeprosPpPeKTNBHOCTD, DAeKTPOABUTaTeAb.

1. Giris

Hazirda laya su vurmagla tozyigin saxlanilmasi neft hasilatinin artirilmas: {igiin totbiq
olunan tisullar arasinda xiisusi yer tutur. Bu tisuldan hem yatagin ilkin islonma marhsalesinds,
ham ds lay tezyiqinin hidrostatik seviyyeya qodar azaldig: hallarda istifads oluna biler [1; 2].

Lay tozyiqinin saxlanmasi (LTS) sisteminin tetbiginden sonra neft yataglarmm islanma
proseslorinin energetik balansinda yeni sorait yaranmig olur. Belos ki, laylarin tebii enerjisi vo
quyu avadanliglarmna veriloan enerjiys, suyun vurulmasina serf edilan enerji de alave olunur.

LTS sisteminin an vacib tarkib hissasi saxali nasos stansiyalar1 (SNS) hesab olunur. Burada
istifade edilon nasos aqreqatlari iso sistemin an ¢ox enerji istehlak edan elementloridir. Bels ki,
LTS sisteminds elektrik enerjisi istehlakinin 80-90%-i, geyri-mahsuldar enerji itkilorinin ise 70%-
dan ¢oxu nasos aqreqatlariin payina diistir [10].

Odabiyyat malumatlarma ssasan elektrik enerjisi xarclorinin neftin maya deyerindaki xiisusi
¢akisi 30-35% toskil edir ki, bunun da 26-35%-i LTS sisteminin paymna diisiir. Eyni zamanda, neft
hasilatinda geyri-mahsuldar elektrik enerjisi itkilorinin 15-25% araliginda oldugu halda, bunun
da 55-60%-ini LTS sisteminda bas veran itkilor togkil edir. Ona gora do neft hasilatinda elektrik
enerjisi sarfiyyatinin azaldilmasina yonslmis arasdirmalar igtisadi cehatden aktual hesab olunur

[3].

MBaqals elektrik enerjisine genast ve qeyri-mehsuldar elektrik enerjisi itkilorinin azaldilmasi
yolu il nasos stansiyalarmin enerji ssmarsliliyinin artirilmasi mosslelarine hesr edilmigdir.
Burada enerji somaraliliyinin artirilmas: dedikds, lay tezyiginin barpast ve saxlanilmas: iigiin
minimum enerji sorf etmakls, maksimum hacmda neft ¢ixarilmasmi tomin eden texnoloji, texniki
va tagkilati todbirlar, hamginin onlarin yerins yetirilma ardicilligi nazards tutulur.

2. Masalanin qoyulusu

LTS sisteminin an vacib tarkib hissesi saxali nasos stansiyalar1 hesab olunur. Burada istifads
edilon nasos aqreqatlar1 ise sistemin an gox enerji istehlak eden elementloridir. Belo ki, LTS
sistemindo elektrik enerjisi istehlakinin 80-90%-i, geyri-mahsuldar eneriji itkilarinin ise 70%-dan
¢oxu nasos aqreqatlarinin payina diistir [4].

LTS sisteminin nasos stansiyalarinda elektrik enerjisi itkilorinin bas verma sabablorini sorti
olaraq iki qrupa bolmak olar:
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1. Istifade olunan nasos aqreqgatlarinin névii, hidravlik sebakenin fardi xiisusiyyetlori v neft
yatagimnin islonma sxemins uygun secilmis madan avadanligindan asili olan itkilar;

2. Nasos aqreqatlarmin geyri-semorali is rejimleri ils slagadar itkiler.

Birinci qrup itkilerin azaldilmasi vezifsler1 layihe-konstruktor tagkilatlarmin ve istehsal
miisssisalerinin salahiyyetlarine aiddir.

Ikinci qrup itkilori ise nasos agreqatlarinin geyri-samerali is rejimlorini yaradan sabebler vo
onlarin aradan galdirilmasi yollarin1 miisyyanlagdirmeklo minimuma endirmoek miimkiindiir.

Nasos aqreqatlarinda elektrik enerjisi itkilarinin yiiksek olmasi nasoslarin elektrik intiqalinin
idarsetmsa saviyyesinin asag1 olmasi ve uygun olaraq, SNS-nin neft yatagmin dayisen islanme
soraitine uygunlasmasmin zaif olmast ilo izah olunur. Bundan slave, zaman keg¢dikca paralel
isloyan nasos aqreqatlarmin hidravlik ve energetik xiisusiyyatlorinde forq yaranir ki, bu da asag:
mohsuldarliqhi nasos aqreqatlarmin alave elektrik enerjisi sarfiyyatma sabab olur.

Nasos aqreqatlarmin elektrik miiharriklorinin texnoloji prosesin real tolabatina uygun
optimal giicliniin miieyyan edilmesi do SNS-in energetik ve texnoloji semarsliliyinin
artirllmasima yonelmis tadbirlarin vacib bir hissssidir. Bels ki, nasosun yiiklsnms diapozonunun
genislondirilmasi ve nasos aqreqatlarmin giiciinden samarali istifade edilmesi moagqsadils,
miiharrikin giicii el secilmalidir ki, stator sargilariin qizmasina yol verilmasin. Oks halda bu,
izolyasiyanin kéhnalms prosesini stiretlondirmekle tomirlorarasi miiddstin qisalmasma sabab
olar. Elektrik miiharrikinin diizgiin secilmasi, eyni zamanda elektrik intiqalmin digar
elementlorinin do  diizgiin  secilmesini, hemginin sistemin texnoloji semaraliliyini
miisyyenlagdirir. Hadden artiq giic ehtiyatina malik elektrik miiharrikinin secilmesi avadanhq
fondundan semseresiz istifade edilmekle xarclerin artmasmna, miiharrikin energetik
gostaricilorinin asagl olmasma, heamginin giic emsalmin asagl olmasi sebebinden elektrik
soboakesinda itkilarin artmasina getirib ¢ixaracaqdir.

Belalikls, LTS sisteminde yiiksak elektrik enerjisi itkisi probleminin genastbaxs halli tiglin
nasos aqreqatlarmin is rejimlsrine nazarst etmok tigiin moévcud ve yeni yanasmalarm tehlili
aparilmalidir [5].

Movcud suvurma texnologiyasina gors, yiiksek su gabuledici quyulardak: tezyiq quyu
agzindaki bogucular (stuserlor) vasitesilo tonzimlenir [6]. Stuserlar, is prinsipine gors, axin
mohdudlasdirict elementlardir vo mévcud tezyigin telob olunandan artiq oldugu quyularda
quragdirilir. Totbiginin sadsliyine ve istismar xorclorinin asag1 olmasina baxmayarag, bu tisulun
bir sira catismayan cehati vardir ki, bunlardan da an baglicas: sistemdas qeyri-mehsuldar elektrik
enerjisi itkilorinin artmasidir. Bu tisulun daha bir ¢atismayan cahati iss vurulan suyun hacminin
yalniz azalma istiqamatinds tenzimlans bilmasidir ki, bu da nasos aqreqatlarinin idarsolunma
saviyyasinin artirilmasina va sistemin texnoloji imkanlarmin genislondirilmasine imkan vermir.

Hor bir nasos aqreqattinin vo ya iimumilikde nasos stansiyasimin mehsuldarliginin
tonzimlonmeosi {i¢iin asas tisul kimi halo do ¢ixis xattindaki siyirtmadan istifade edilir [7]. Bu
tisulun da asas catismazlid, stuser tisulunda oldugu kimi, sistemds geyri-mshsuldar elektrik
enerjisi itkilarinin artmasi ve mahsuldarhigin yalniz azalma istiqamstinds tenzimlsnae bilmasidir.
Bundan slave, bu tisulun tstbiqi zamani nasosun ¢ixis xattinds tezyiqin artmasi kipliklarin va
gapayicl qurgularin istismar miiddatinin azalmasina, hamginin birlosma va kipliklorden maye
sizmasina sabab olur.
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Cox yayilmis tonzimloma tisullardan biri do axinin bir hissesinin ¢ixis xattinden baypas xotti
vo tenzimlayici klapan vasitesilo yeniden nasosun girisine yonsltmakle hayata kegirilir. Bu
zaman mayenin dovriyyasine sarf olunan enerji faydal is yaratmur, bu da LTS sisteminds geyri-
mohsuldar elektrik enerjisi itkilorinin artmasma sebab olur. ©vvelki iki tisulda oldugu kimi,
burada da nasos stansiyasmin mehsuldarlig1 yalniz azalma istigamatinda tonzimlana bilir.

Nasos stansiyast mehsuldarhigimin pillsli tenzimlsnmasi isloyen nasos aqreqatlarmin saymin
artirllmasi vo ya azaldilmasi ilo hoyata kegirilir. Bu tisul sadadir ve elektrik miiharriklarinin
ravan igesalma qurgularindan istifads edildikds, nasos aqreqatlarinda vaxtindan avvel
asinmalar1 azaltmaga imkan verir. Buna baxmayaraq, bu iisulun tetbigi zamani da hem
nasoslarm ¢xasinda, ham de quyuagzinda axinin mahdudlasdirilmasina ehtiyac yaranir ki, bu
da sistemdaki elektrik enerjisi itkilarinin seviyyasinin artmasina sebab olur.

Nasos stansiyalarmin mohsuldarhiginin tenzimlonmasi tisullarinin yuxarida sadalanan
catismazliglar1 onu demayo asas verir ki, bunlarin hamus: sistemds elektrik enerjisi itkilorinin
artmasma sebeb olmaqla yanasi, nasos aqreqatlarmin is rejimlerine nazarst imkanlarim
genislondirmays ds imkan vermir. Baxilan tenzimlenmes {isullar1 yalniz taleb olunan suvurma
hacmlarinin 6danilmasine yonaldiyinden, burada masalenin energetik torafi nazers alinmur. Bu
da LTS sisteminin enerji semaraliliyinin artirilmasi {iclin movcud potensialin hayata
kecirilmasine imkan vermir.

3. Hall iisullan

Nasos stansiyasmin texnoloji imkanlarmin genislondirilmasi ve nasos aqreqatlarinin enerji
somaraliliyinin artirilmasi, onlarmn yiiksak tonzimlome qabiliyyetine malik elektrik kompleksi ils
tochiz edildiyi teqdirde miimkiindiir, bu da nasos aqreqatlarinin mshsuldarhgmn
tonzimlonmosi zaman1 valin firlanma tezliyinin dayisdirilmasi tisullarindan istifadeyas asaslanur.
Bu istigamatde an miikemmal tisullardan biri nasos aqreqatlarmin elektrik intiqalinin firlanma
tezliyini tezlik ceviricilorinden istifade ederak doyisdirmekdir [8, 9]. LTS sisteminda qeyri-
mohsuldar elektrik enerjisi itkilarinin tezlik nazareti vasitesils azaldilmasi tisulunun mahiyysti
ondan ibaratdir ki, bu zaman nasosun valinin firlanma tezliyini deyismakle nasos stansiyasmin
mohsuldarhigin plan tizrs laya vurulacaq cari su hacmlarine uygunlasdiran is rejimini miisyyan
etmak miimkiindiir.

Nasos aqreqatlarinin mehsuldarhigmin tezlik cgeviricilorinden istifade etmakls tonzimlon-
masi zamani hidravlik sebaka ilo nasos stansiyasmin birgs is rejimlori Q-H (mahsuldarhqg-basqr)
koordinat sisteminde gostarilmisdir (sakil 1).

Hi Ny <ny < yom | A

Nyom

B

0 o @ Qs

Sakil 1. Hidravlik saboka va SNS-in xarakteristikalar:
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Burada, A oyrileri hidravlik sebokenin is rejimlorini, B-oyrilori iss mehsuldarlig: tezlik
ceviricilarindan istifads etmakls tenzimlanan nasos stansiyasmin is rejimlarini gostarir. Qi ve Q:
texnoloji prosesin talablerinden asili olaraq nasos stansiyasmin mshsuldarligmin miimkiin
giymatlari intervalimi gosterir. Nasos stansiyasmin mshsuldarhgin ¢ixisdaki siyirtmenin
komayils azaltdiqda, is¢i noqtasi C-den D-yae kegir ki, bu da basqu itkilerinin (AH) ¢oxalmasina ve
naticoda sistemdoaki qeyri-mohsuldar elektrik enerjisi itkisinin artmasma sebab olur.
Tonzimlonan elektrik intiqal istifade edildikds ise is¢i noqtonin C-don E-yo kegidi basqr ve
elektrik enerjisi itkisi olmadan bas verir.

Tezlik tenzimlayicili elektrik intigallarindan istifade olunmasi paralel isloeyen nasos
aqreqatlar1 arasinda yiikiin optimal paylanmasina imkan verir ki, bu da hidravlik ve energetik
xarakteristikalari farqli olan nasoslarmn birge isi zamani xiisusils vacibdir.

LTS sisteminda yiiksok enerji itkilorinin sebeblarinden biri da texnoloji avadanhglarin
rejiminin neft yatagimin islonmasi morhalolorine uygun gelmemosidir. Bels ki, yatagin istismar1
zamaru laylarin parametrlorinin dayismasi onlara vurulan suyun da hacminin dsyismasine
sobab olur ve bu da ona gatirib ¢ixarir ki, maksimum msahsuldarhq tiglin nazerds tutulmus
texnoloji sistem yatagin islonma texnologiyasinin deayisen teleblarine uygun galmir. Naticada
nasos aqreqatlarmin nominal mahsuldarhigi ile cari suvurma hacmlari arasinda bir uygunsuzluq
yaranir ki, bu da nasos stansiyasinin idarsedilmasinin optimallagdirilmasinin va yatagm islonma
soraitine uygunlasdirilmasinin vacibliyini gostarir.

Beloalikls, m6vcud nasos stansiyalarmin modernlasdirilmasi va ya yenilsrinin layihalendiril-
moasi zamany, tezlik tenzimlayicili intiqallarda asinxron miiharriklarin rasional gidalanma sxe-
mini miiayyen etmakloe sistemin iglokliyini ve etibarliligini temin etmak miimkiindiir. Nasoslarin
elektrik intiqallarinin moévcud tezlik sxemlarine dair adebiyyat melumatlarinin tohlili gosterir ki,
yliksokgoarginlikli tezlik geviricisi (YITC) qosulmus gisman tezlikls idare olunan elektrik intiqal
sistemi somoralilik vo idarsetms etibarlilig: tolablarine daha ¢ox uygun galir [10, 11].

Sekil 2-ds, YTC-nin gevik isasalma sxemi {igiin nasos aqreqatlarinm asinxron miiharrikleri-
nin 6 kV-lik paylayic qurgudan enerji tachizatimin funksional sxemi verilmisdir.

Girig-1 Girig-2
155-6(10) kv I T I ) “1 J 255-6(10) kV
f, =50Hz( 3 FL R ——— = i g = 50Hz
NP W W W W
AL A I L X
] ] [] ' '
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f =var J T T >l N

Dayisan tezlikli sin Dayigan tezlikli gin

Sakil 2. Nasos agreqatlarinin tezlik tanzimlayicili asinxron elektrik miiharriklarinin gidalanma sxemi.

Tezlikls idars olunan elektrik intigalinin bu sisteminds nasos aqreqatlarinin ise salinmasi veo
dayandirilmas: ardicillig1 asagidak kimidir:
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Saxali nasos stansiyalarimin idaraetma rejimlarinin tokmillasdirilmasi barada

Sinlorin har bélmesinin YTC vasitesilo ndvba ilo minimum telob olunan sayda aqreqat ise
salinir vo nominal firlanma tezliyine ¢atdiritlir. Son aqreqat iso diisiir vo YTC vasitasilo lazimi
idarsetms tezliyinde qosulu qalir. Nasos stansiyasiin {imumi msahsuldarligmi bir nasosun
verimini asan miqdarda artirmaq lazimdirsa, idare olunan nasos aqreqatimin valinin firlanma
tezliyi nominala getirilir, sonra nasos aqreqatinin enerji tochizati birbasa nasos stansiyasinin
paylayict qurgusunun sinine kegir. PQ-doki agar1 qosduqgdan ve miiharrikin ise qosulmast
baradoe signal aldiqdan sonra gevirici elektrik miiharrikinin tenzimlonan tezlik sininden ayirmaq
tictin komanda verir. Bundan alavs, nasos aqreqati birbasa gidalandirici sebakadan islomaye
davam edir va gevirici novbati aqreqati igo salir.

Elektrik miiharrikinin gidalandirici sebekeye ke¢gmosi sinxronlagdirilmalidir. Bunun tigtin
miiharriki paylayict qurgunun sini ilo birlagdiran agarin agilmasi emri yalniz o halda verilir ki,
geviricinin ¢ixis gerginliyi ve tezliyi sebeke gorginliyi ve tezliyi ilo amplituda ve faza tizre
sinxronlasdirilmis olsun.

Nasos stansiyasimn timumi mehsuldarh@im azaltmaq lazim geldikds, sistem YTC ile
isloyan axirina aqreqatin firlanma tezliyini azaldaraq tedricen onu dayandirir.

Nasos aqreqatlarmin  mohsuldarhgmin  baxilan sxem {izre tenzimlonmasi nasos
stansiyasmin verilmis texnoloji parametrlorinin tomin edilmoasi vo enerji xarclorini minimuma
endirmek baximindan optimaldir. Nasos stansiyasinda belo idareetma sxeminin totbigi geyri-
mohsuldar enerji itkilorinin azaldilmasi baximindan hem ayri-ayri nasos aqreqatlarinin, hom da
biitovliikde nasos stansiyasmin is¢i parametrlarinin tonzimlenmeasi {i¢iin genis imkanlar yaradir.

Noaticalor

1. LTS sisteminin enerji samaraliliyinin yiikseldilmasi hasil olunan neftin maya dayarinin
asag1 salinmasi baximindan xiisusi shamiyyete malikdir.

2. Laya su vurulmasi iiglin nasos stansiyalarinda istifade olunan tenzimlonms tisullarmin
oksariyyeti tolob olunan suvurma hacmlorinin tomin edilmesine yonsldiyinden, burada
masalenin energetik tarefi nazare almir ve nasos aqreqatlarmin is rejimlarinin geyri-ssmarali
idare edilmasi naticasinda geyri-mahsuldar elektrik enerjisi itkileri artir.

3. Nasos aqreqatlarinda tezlik tonzimlayicili elektrik intiqallarindan istifads edilmasi LTS
sistemindo qeyri-mohsuldar elektrik enerjisi itkilorini azaltmaqla biitdvliikde neft hasilati
prosesinin rentabelliliyini artirmaga imkan verir.

4. Movcud nasos stansiyalarmin modernlasdirilmasi vo ya yenilarinin layihslondirilmasi
zaman, tezlik tenzimlayicili intiqallarda asinxron miiharriklarin rasional qidalanma sxemini
miisyyan etmakls, sistemin iglokliyini ve etibarliligini temin etmak miimkiindiir.

5. Nasos aqreqatlarmin moehsuldarhgmin geyd olunan sxem {izroe tenzimlenmasi qeyri-
mohsuldar enerji itkilorinin azaldilmasi baximindan ham ayri-ayri nasos aqreqatlarinin, ham do
biitovliikds nasos stansiyasmin isci parametrlarinin tonzimlonmasi tigiin genis imkanlar yaradar.
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XULASO

Ustooritma amoliyyatlar1 zamani aridilmis mayenin arzuolunmaz axmasi naticesinde barkima prosesinden sonra
onun handasasi xatali alimr. Tokme prosesinde oridilmis materialin qabn divarlarina toxunmasi ve onun yaxsi
qarigdirlmamast alinmis moehsulda qarisiglarin miqdarm artirmaqgla yanasi elementlorin torkibde geyri-barabar
paylanmasina sebab olur. Maqalads eritme amsaliyyatlarinda maye metala slave maqnit sahasi tesir etmakls, onun
harakatini mehdudlasdirmaq ve onu macburi garisdirmaq maqsadi ila sabit corayan induktorlarimin qosulma sxemi vo
emal texnologiyasi toklif olunmusdur. Texnologiya elektrik carayan kegiren istonilon maye ve qaz halinda olan miihite
totbiq oluna biler.

Acar sozlar: aritms, induktor, maqnit sahasi, elektrik carayam
MAGNETIC METHOD IN MELTING PROCESS
ABSTRACT

During the conventional melting and solidification process are met unwanted flow of molten liquid and its
geometry errors. At the pouring process, the molten material touches the walls of the container and doesn’t mix it well
and increase the amount of impurities in the obtained product and it causes uneven distribution of elements in the
composition. In the article, a direct current connection scheme and inductor processing technology were proposed for
the purpose of limiting movement of a molten material and forcibly mixing it by applying an additional magnetic field
to the liquid metal during melting operations. The technology can be applied to any liquid or gaseous medium that
conducts electricity. So that, it can be used to restrict the movement of liquid metal, shaping it, mixing the alloy during
melting processes, to limit movement plasma in nuclear reactors, in plasma weapons, etc.

Key words: welding, inductor, magnetic field, welding.
MATHUTHBIN METOA B IT1ABUABbHOM ITPOIIECCE
AHHOTAIIVSI

B cratre mpeaaokensr 601ee mpocTeie 1 9¢QQeKTUBHEIE MHAYKTOPHbIE CXeMBI C IIPYMeHeH)eM MAarHUTHOTO
110451, MCIIOAb3yeMOIO HEeIIOCPeACTBEHHO IIpM CBapKe B CBApOYHOM BaHHE MAM B JONOAHUTEABHOM MCTOYHUKE WU
CO34aBaeMOTO TIOCTOSTHHBIM TOKOM. C I1e4BI0 OTpaHMYeHNs ABVDKEHWS KUAKOCTH, KVMAKUI MeTala CKUMaeTcs C
GOKOB 1AM PacTATUBAETCs Ha OCHOBAaHWM IIpe/JaraeMBIX CXeM Ha puC. 2 U pucC. 3, HalIpaBAssA BRITEKAIOIINI IIOTOK 13
OOKOBOIO MHAYKTOpa C IapalAeAbHBIM C HUM IIOTOKOM, MAYIIMM U3 CBApHOTO IIIBa, OAMHAKOBO MAM B Pa3HBIX
HaIIpaBAEHMSIX, BO3MOXKHO CXKaTb MAM PacTSHYThb CBApHON IIOB, OAMHAKOBO MAM IIO Pa3sHOMY HaIlpaBAsis,
BO3HMKAIOIINII C CpeAe MarHUTHYIO CUAY.

IIpeaaaraeMble cxeMBl HaIlpaBJ€HBI Ha VI3MEHEHNE TeOMeTPUYECKMX, XUMUYECKNX U (PUBMKO-MeXaHUIeCKIX
CBOVICTB AI000¥1 DAEKTPOIIPOBOASIIIIEN JKUAKOCTI VAV Ta3a IIyTeM CO3AaHVI AeVICTBIL DA€KTPOMArHUTHOIO IO, TaK,
OHII MOTYT IIPUMEHATLCS TPV ILAaBAEHNN A4l OTPaHIYIEHNs ABVDKEHMA KIAKOTO MeTaalla, IPUAAaHNs eMy (POpMBL,
repeMeIlBaHIs CIiaBa BO BpeMsl AUTDS, AAs OTPaH4deHNs] ABVDKEHI I1Aa3MBbl B SIA€PHBIX peakTopax, B I11a3MEeHHOM
OpY>XMM, U T. A.

Karouessre caoBa: CBapKa, MHAYKTOP, MarHUTHOE I104€, HallldaBJAeHe.

Giris va masalanin aktualligi. Elektroqovs ve diger aritms amoliyyatlari zamani maye
vannasina kenar sabit maqnit sahasinin tasiri il onun hiindiirliiyliniin artirilmasi maqnit
sahasinda haraket edan elektronlara, belaliklo maye metala Lorens qiivvesinin tetbiqi prinsipine
asaslanmis ve bu magsadle qaynaq vannasina slave sabit elektrik corayani vermoklo yanasi,
onun atrafinda boyiik qabaritli sabit maqgnitlar tatbiq olunmusdur [1-3].
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Sabit magnitlarin sathe ¢okilon ortiikle qarsiligh tesirinin mévcud sxemlari sok. 1.- do tos-
vir olunmus sok. 1,4, sok. 1,b vo sak. 1,¢c- do verilmisdir.
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Sakil 1. Sabit magnitlarin va alava carayann tatbigi ila aridilmis materiala formanin verilmasi.

Sokil 1- da verilmis sxemloars asason 1- asas materialin sothine iistosritms zamani 3- sabit
magqnitleri arasinda yerlagdirilmis 2- qaynaq vannasindan geyd olunan isarslems istiqamatinda
corayan verdikds, maye metal 4- maqnit qiivvesi istiqgametinde harokeat edacokdir. Lakin, sabit
maqnit sahasinde maye metala (qaynaq vannasina) formaverms texnikasi vo texnologiyasi
mohdud imkanlara malikdir. Sakil 1- ds verilmis variantlarda gosterildiyindan farqli olaraq, real
soraitds qaynaq vannasinda temperaturun va carsyanin sixhigmin paylanmasi geyri-miintezom
oldugundan, qaynaq vannasina tesir edecek qiivvalar ds gqeyri-berabar paylanir. Qaynaq
vannasina giiclii, dartict maqnit qivvesi (ve ya Lorens qiivvesi) tesir etdikds, arimis material
ortiiklo asas materialin kontakt zonasindan ayrilacaqdir. Ayrilma temperaturun asagi, corayan
sixliginin vo magnit qiivvesinin yiiksek oldugu zonada - asas materialla qaynaq vannasmin
kontakt sahasinde yaranir. Bundan olave, gaynaq vannasin atrafinda yerlogdirilmis sabit
magqnitler va onlarla slagelandirilmis maqnit selini qaynaq vannasimna istiqgametlondiran demir
icliklor boytik gabaritli olub, kicik sahalerds ve cevik amaliyyatlarda ¢etinliklar yaradacaq ve ya
totbigi miimkiin olmayacaqdir.

Texnoloji iisulun taklifi va asaslandirilmasi. Elektrik corayaninin axma istiqametinden asil
olaraq maqalads iki texnoloji tisul farqlendirilmisdir.

induktorlar yerlagdirilorek bir-birlari ilo halqevi slagalendirilmis, parallel induktorun bir terafi
sabit ceroyan moenbayinin miisbat qiitbline diger hissesi ise elektrodtutucuya daimi
birlasdirilmis, qaynaq vannasimn sixilma vs ya dartilma vaziyystlerinden asili olaraq, onun sol
va ya sag toroflori sabit corayan menbeyinin menfi qiitblerine qosularag, elektrodtutucu bu
gosulma yerinin aksine dogru harakat etdirilmisdir. Qaynaq vannasinin har iki yan teraflarinda
induktorlar yerlosdirilorok bir-birleri ilo asas materialdan ke¢moklo halgevi slagelondirilmis,
onlarin sag va sol toraflari corayan manbayinin miisbat qiitbiine, qaynaq vannasmin sag va sol
torefi ise onun sixilmasi ve dartilmasi vaziyystlerine ve elektrodun herakat istiqgamatine uygun
olaraq elektrik acgarmin komeyi ilo ardicil olaraq cersyan menbayinin menfi qiitbiine
gosulmusdur (sakil 2).
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Oritma prosesinda magqnit iisulu

Sabit maqnitlorden imtna emakls, konstruksiyanin sadslosdirilmesi ilo yanas: toklif olunan
sxemo osason Lorens qiivvesi qaynaq vannasina saquli istiqamatds deyil, ona iifigi istiqamatde
tosir edacokdir ki, bu da giiclii magnit sahasinde maye metali qaynaq vannasindan ayirmayaragq,
aksina onun sixilma daracesini daha da artiracaq ve keyfiyyat gostaricilorini yiikseldacekdir.
Bundan slave induktrolardan axan carayanin iifiqi istiqgamatda yonaldilmasindan forqli olaraq,
saquli istigametds yonoeldilorss, onda onun omsalo gotirdiyi maqnit sahasi, asasen saquli
yerlogmis materiyaya — maye metala niifuz edacokdir. Belo olan halda induktorun yaratdig:
maqnit sahasi asas materialla deyil, asasan qaynaq vannasi ilo qarsiligh tesirds olacaqdir.
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Sakil 2. Sabit magnit induktorlarimin va carayamn tatbigi ilo maye metala formanin verilmasi.

Sokil 2- da aritma prosesinds maqnit tisulunun struktur sxemi verilmisdir. Sxemda 3- qaynaq
vannasini va onun otrafinda yerlagdirilmis 2- induktorlarimi qarsiligh sabit maqnit sahalari ilo
tomin etmak {iiglin 1- sabit carayan menbayinin miisbat qitbli qaynaq vannasmmn atrafinda
yerlogdirilmis torpsnmaz parallel induktorlarm sol tersfine qosulmusdur. induktorlarm sag
torafi iso elektrodtutucuya birlasdirilmisdir. Qaynaq vannasmin yandan sixilmast veziyyetinda
8- agar1 qaynaq vannasinin sol terafini manfi qiitba qosur. Qaynaq vannasinin yana dartilmasi
vaziyyetinde isa 8- agar1 qaynaq vannasimin sag torafini menfi qlitbe qosur. Oritma prosesinds
magqnit tisulu asagidaki prinsips asaslanmusdir.

Maye metal1 sixaraq onun hiindiirliiyiinii artirmaq magqsedi ile 1- sabit carayan manbayinin
manfi qiitbline qosulmus 8- agarindan axan elektronlar 3- maye metalin sol torafinden, saga
dogru harokeat edon 4- elektrodtutucudan kegmokls, 2- parallel torponmaz induktorlardan 6-
istiqamatinda sola dogru axdigda, onun gqaynaq vannasmin atrafinda yaratdig maqnit sahasi 3-
maye metlal parallel naqillar prinsipine asasen 5- maqnit qiivvesi istiqgametinds - induktorlarm
moarkezine dogru sixaraq, qaynaq vannasmun hiindiirliiyiinii artiracaq ve ya haraketini
moahdudlasdiracaqdir (sokil 2). Bu zaman 3- maye metaldan 6- istiqamatinds saga dogru axan
elektrik corayan1 2- induktorlarindan 6 istiqamatinds sola dogru axan elektrik corayanu ilo aks
istiqamatindes yonaldiyindean parallel nagillor prinsipine asasen maye metaldan axan elektronlar
va sonda maye metal torpanmoz yan induktorlarin markazine dogru sixilacaqdir

Maye metali dartaraq onun eninin artirilmasi maqsedi il 1- sabit coreyan menbayinin manfi
qutbiine qosulmus 8- acarindan axan elektronlar 3- maye metalin sag terafindan, sola harakat
edan 4- elektrodtutucudan kegmokls, 2- parallel torpanmoaz induktorlardan 6- istiqamatinds sola
dogru axdiqda onun gaynaq vannasinin otrafinda yaratdifi maqnit sahasi 3- maye metlal
parallel naqillor prinsipine asasen 5- magqnit qilivvesi istiqgametinds dartacaqdir (sokil 2). Bu
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zaman 3- maye metaldan 6- istiqametinde sola dogru axan elektrik corayami 2- paraller
induktorlarindan 6 istiqgameatinds sola dogru axan elektrik corayamnu il eyni istiqamatinde
yonaldiyindan parallel naqilloar prinsipine asasen maye metaldan axan elektronlar ve sonda
maye metal torponmoz yan induktorlara dogru dartilacaqdir.

2. Corayn axim saquli istigamatdadir. Bu isulda qaynaq vannasinin har iki yan teraflorinds
induktorlar yerlosdirilorok bir-birleri ilo asas materialdan ke¢moklo holgevi slagelondirilmis,
onlarin yuxari hissasi corayan manbayinin miisbat qitbiine, qaynaq vannasimin yuxar hissasi iso
onun sixalmasi ve dartilmasi veziyystlerine uygun olaraq elektrik acarmin kdmayi ila corayan
manbayinin hem manfi ham da miisbat qiitblarine qosulmusdur.

Sakil 3- da aritma prosesinde maqnit {isulunun struktur sxemi verilmisdir. Sxemda 7- asas
materiali tizorino tUstearidilocok 6- gaynaq vannasimi ve onun atrafinda yerlosdirilmis 2-
induktorlarini qarsiligh sabit magnit sahaloari ilo tomin etmak tigiin 1- sabit corayan manbayinin
miisbat qiitbli qaynaq vannasimnin yuxari hissasine 4- elektrodu ise 8- elektrik agar1 vasitosi ilo
sabit corayan menbayinin hem miisbat ve ham de manfi qiitbiine qosula bilir. 8- acar1 qynaq
vannasimn maqnit sahesinin tesiri il yandan dartilmasi halinda 4- elektrodunu miisbat qiitbs
qosduqda 7- esas materiali 1- sabit cersyan menbayinin miisbet qiitbiine qosur. Qaynaq
vannasinn atraf maqnit sahasinin tesiri ilo yandan sixilmasi veziyyetinde 8- acar1 4- elektrodu
manfi qlitbe qosaraq, 7- asas materiali dovroadan ayirir.

Maye metali yandan sixaraq ve ya dartaraq, onun hiindiirliiylintin artirilmasi ve ya
azaldilmas: qarigdirilmas: ve mayenin hareketinin mshdudlasdirilmas1 moagqsadi ils, parallel
nagqiller prinsipiune asasen Sakil 3- do toklif olunan sxemds, qaynaq tikisinden axan cersyann
istigamati ilo ona parallel yan induktorlardan axan cersyanin istiqamstini eyni vo ya forqli
yoneltmokls, miihitde yaranan maqnit qiivvesini aks ve eyni sitiqamotli yoneldarak, qaynaq
tikisini s;xmagq ve ya dartmagq olar.

Maye metali dartaraq onun eninin artirilmasi magsadi ilo 1- menbayindan gidalandirilan
careyanin manfi qlitblinden axam elektronlar 8- acarindan, 7- asas materialdan kegorak, 3- maye
metala, eyni zamanda 2 elektrodlarmna ve 4- elektrodtutucuya 6- istiqamstinde yuxariya dogru
axdigda, qaynaq vannasi atrafinda yaratdigr maqnit sahasi parallel nagiller prinsipine asasen
maye metali 2- induktorlarina dogru itelayarak, qaynaq vannasmin hiindiirliiyiinii azaldaraq
onun enini artiracaqdir (sokil 3). Bu zaman 3- maye metaldan 6- istiqamatindes yuxariya dogru
axan elektrik caroyarnu 2- induktorlarindan yuxari istiqamatde axan elektrik corayani ilo eyni
istiqgameatinds yonealdiyindan parallel naqiller prinsipine asasen maye metaldan axan elektronlar
va sonda maye metal torpenmaz yan induktorlara dogru dartilacaqdr.

Maye metali sixaraq onun hiindiirliiylinii artirmaq moegqgsadi ile 1- manbayindsn
gidalandirilan manfi yiiklonmis elektrik corayan: 8- acarindan, 4- elektrodtutucudan kegorak 3-
maye metaldan asag1 istiqamatda, 7- asas materialdan kegarak, 2- induktorlarina eyni zamanda
yuxart dogru axdiqda, onun gqaynaq vannasmin otrafinda (maye metalda) yaratdigi maqnit
sahasi parallel naqillar prinsipine asasen maye metali 2- induktorlarindan kenara — induktorlarin
moarkezine dogru herakst etdirersk onun hiindiirliiyiinii artiracaq ve ya harakstini
moahdudlasdiracaqdir (sakil 3). Bu zaman 3- maye metaldan 6- sitiqamatinds asagiya dogru axan
elektrik corayan1 2- induktorlarindan yuxar1 istiqgametde axan elektrik corayanmin oks
istiqamatinde yonaldiyindan parallel nagillor prinsipine asasen maye metaldan axan elektronlar
va sonda maye metal torpanmoz yan induktorlarin markazinae dogru sixilacaqdir.
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Oritma prosesinda magqnit iisulu

Sakil 3. Carayanin saquli istiqamatds yonasldilmasi ilo arimis materialin induktorlara toraf dartilaraq, qaynaq
tikisinin eninin artirllmasi v ya yandan sixilaraq, onun hiindiirliiyiiniin artirilmasi ve maye axininin harakatinin
mohdudlasdirilmasi. 1- enerji manbayi; 2- induktor; 3- qaynaq vannasi; 4- elektrodtutucu; 5- maqnit qgiivvesi; 6-
corayanin istiqgamaeti; 7- asas material; 8- ikivoziyyatli elektrik acar1.

Natica. Magalode gaynaq vannasmna birbasa qaynaqda istifade olunan ve ya alave kenar
monbaden sabit corayanin yaratdigi maqnit sahasinin tetbigi ilo daha da semorali vo sade
induktor sxemloer toklif edilmisdir. Maye metali yandan sixaraq ve ya dartarag, onun
hiindiirlilyliniin - artirllmast ve ya azaldilmasi qarisdirilmast ve mayenin haroketinin
moahdudlagdirilmast maqsadi ilo sek. 2 ve sek. 3- de toklif olunan sxemlars asasen, qaynaq
tikisinden axan cerayanin istiqamoti ilo ona parallel yan induktorlardan axan corayanin
istiqamatini eyni vo ya forqgli yonoaltmakls, miihitde yaranan maqnit qiivvesini aks ve eyni
sitiqamatli yonealdarak, qaynaq tikisini s;xmaq ve ya dartmaq miimkiindiir.

Toklif olunan sxemlar elektrik kegiriciliyine malik olan istenilon mayenin ve ya qazin
emalinda, elektromaqnit sahe tesiri yaratmaqla onlarm handasi, kimyevi ve fiziki-mexaniki
xtisusiyyetlorinin dayisdirilmasine yo6neldilmis, bels ki, eritme zamam metal mayenin
horokatinin meahdudlasdirilmasinda, ona forma verilmosinds, tokmo zamani orintinin
qarigdirilmasinda, plazma silahlarinda, atom reaktorlarinda plazmanmn haraketinin
mohdudlasdirilmasinda, plazma silahlarinda ve s. tatbiq oluna bilar.
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ABSTRACT

The paper investigates the influence of the axisymmetric homogeneous initial strains of a plate of highly elastic
material, loaded by a compressible inviscid fluid, on the dispersion of the axisymmetric waves propagating in this
plate. The material of the plate is Lucite, but Glycerin and water are chosen as the fluid. The motion of the plate is
described by the three-dimensional linearized equations and relations of the theory of elastic waves in pre-stressed
bodies. However, the flow of the fluid is described by the linearized Euler equations for the compressible, non-viscous
fluid. The dispersion curves for different modes are presented and discussed. In particular, it is found that the character
of the influence of the initial strains in the plate on these curves depends not only on the magnitude and sign of the
initial strains but also on the values of the dimensionless wavenumber. It is also found that this character is more
complicated for the Lucite + Glycerin pair than for the soft rubber + water pair studied in an earlier paper by the author.

Keywords: Axisymmetric wave dispersion, plate + fluid system, compressible fluid, highly elastic material, finite
initial deformation, Lucite, glycerin.
YUKSOK ELASTIK MATERIALDAN HAZIRLANMIS VO SIXILAN QEYRIi-OZLU MAYE iLO
YUKLONMIS LOVHONIN SONLU iLKiN GORGINLIKLORININ BU LOVHODO
YAYILAN DALGALARIN DiSPERSIYASINA TOSIRi

XULASO

Magqalads yiiksak elastik materialdan hazirlanmis ve sixilan geyri — 6zlii maye ile yiiklonmis 16vhanin oxa
simmetrik bircins ilkin garginliklorinin bu 16vhads yayilan oxasimmetrik dalgalarmn dispersiyasmna tesiri dyrenilir.
Loévhanin materiali lusitdendir, maye kimi gliserin ve su gotiiriilmiisdiir. Lovhanin harakati 3 — 6lciilii xattilogdirilmis
tonliklorlo ve avvalcodon gorginlosdirilmis cisimlords elastik dalgalar nezeriyyesinin miinasibatlari ilo tesvir edilir.
Mayenin harakati ise sixilan, geyri — 6zlii maye tigiin Eyler tonliklari ils tosvir edilir. Miixtolif rejimlar ti¢lin dispersiya
dalgalar taqdim edilir ve miizakire edilir. Xiisusilo da, 16vhadaki ilkin gerginliklarin bu ayrilari tasirinin xarakterinin
tokca ilkin garginliklarin dl¢iisii ve isaresindan yox, ham ds dl¢iisiiz dalga adadinin giymaetindan asili olmast tapilir. Bu
xarakterin Lusit — gliserin ciitii {i¢iin muollifin bundan avvelki magqalesinds Oyrenilmis yumsaq rezin+su ciitii
xarakterinden daha miirakkab olmasi gostarilir.

Acar sozlar: Oxasimmetrik dalga dispersiyasi, l6vha+maye sistemi, salan maye, yiiksak elastikli material, sonlu
ilkin deformasiya, Lusit, gliserin.
O BAVISTHUY KOHEUHBIX HAYA ZIbHBIX AE®OPMAILIN I1AACTUHEI 113 BBICOKOYITPYTOI'O
MATEPVIA/IA HATPY>KEHHOV CKMMAEMOW HEBSI3KOV JKUAKOCTBIO HA AVICITEPCUU
OCECMMMETPUYHBIX BOAH

AHHOTANMSA

B pabote mccaeayercss BAMSHIE OCECMMMETPUYHBIX OAHOPOJHBIX HadaAbHBIX JepopManmii MAACTUHBI U3
BBICOKODAACTMYHOIO ~ MaTepuala, Harpy>KeHHOM  CKMMaeMOl  HeBA3KOM  >KUAKOCTBIO, Ha  AUCIIEPCUIO
PacIIpOCTPaHSIOLINXCS. B HTOM I1AaCTMHE OCECMMMETPUYHBIX BOAH. Martepuaa maactuuel — /lI0IUT, HO B KayecTse
JKUAKOCTY BBIOpaHbl TAMIIEPMH M BOJa. /BIDKeHUe IIAacTMHBI OIMCLIBAETCA TPeXMEPHBIMU AMHeapM30BaHHLIMU
YPaBHEHMSAMM U COOTHOIIEHMAMM TeOPMM YIIPYTUX BOAH B IIpeABapUTeAbHO HaIlpsDKeHHBIX TedaX. OgHaKko TedyeHue
SKMAKOCTU  OIMCHIBAETCsSl AMHEApU30BAaHHBIMU ypaBHEHMsAMM Dildepa A4Sl CKUMaeMOl HEeBSA3KOW KMAKOCTH.
ITpeacTaBaeHb! ¥ 0OCY>KAHBI AUCIIEPCUOHHbIE KPUBLIE 4451 Pa3AMYHBIX MOJ. B yactHOCTH, ycTaHOBAEHA, YTO XapaKTep
BAVLTHVSI Ha9aABbHBIX AepopMaIiuii B I1AaCTHHE Ha DTV KPUBBIE 3aBMCUT He TOABKO OT BeAVYUHEI M 3HaKa HadaAbHBIX
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AedopMarliuii, HoO 1 OT 3Ha4eHuI1 Oe3pa3MepHOro BOAHOBOIO UMcAa. Y CTaHOBAEHA TakKKe, YTO BTOT IIPU3HAK A IIaphl
ATOINT + rAntiepyH 604ee CA0XKeH, 9eM A5 ITapbl MATKII KaydyK + BoJa, U3yJ9eHHOI B O0aee paHHel paboTe aBTopa.

KaroueBnie caosa: OCeCI/IMMeTpI/I‘IHa}I BOAHOBaAsI AVICIIEPCIEI, CrCTeMa I1AacTrHa + KIMAKOCTb, CKIMaeMasl
KUAKOCTB, BBICOKODAACTUYIHBIN MaTepunal, KOHeYHasl HadalbHasl Aec])opmauml, AIONUT, TANTIEPUH.

1. Introduction

The overview of the relevant investigations is detailed in the papers [1 - 3] and from this
overview, it is clear that before the paper [4], published this year, all the investigations on the
wave dispersion problems related to the plate + fluid hydroelastic systems were carried out for
the plane strain case. For the first time, in contrast to the aforementioned studies, the paper [4]
investigates the dispersion of axisymmetric waves propagating in a hydroelastic system
consisting of a finite, radially axisymmetric, prestrained plate of highly elastic compressible
material, a compressible inviscid fluid layer, and a rigid wall limiting the flow of this fluid. In the
context of this study, the motion of the plate is described by the three-dimensional linearized
theory of elastic waves in prestressed elastic bodies, but the flow of the fluid is described by the
linearized Euler equations. The numerical results on the influence of the initial strains in the plate
on the dispersion curves are presented and discussed. At the same time, in the work [4] the
influence of the fluid depth on the mentioned dispersion curves is also investigated. However, in
the work [4], all numerical results were obtained for the case when the plate material is soft
rubber and the fluid is water. In the present work, we try to continue the investigation started in
paper [4] for the case when the plate material is Lucite and the fluid is not only water but also
glycerin. In this continuation, we assume that the fluid depth is infinite. As in the work [4], the
three-dimensional linearized theory of elastic waves in initially stressed elastic bodies is used to
describe the motion of the plate, and the linearized Euler equations are used to describe the flow
of the fluid.

2. Mathematical formulation of the problem

We consider the hydro-elastic system shown schematically in Fig. 1 and associate the
cylindrical coordinate system Or@z with the upper surface plane of the plate and assume that in

the natural state the plate occupies the region {0 <r<w,0<0<27,-h<z< 0} in this

coordinate system, Moreover, assume that before the axisymmetric waves propagate in the
system (ie. in the initial state), the plate is stretched (or compressed) by homogeneous,
axisymmetrically uniformly distributed radial forces acting at infinity and these forces cause the
initial strain state in the plate determined by the following displacements:

<
Q

campressible inviseid

fluid

Fig. 1. Sketch of the hydro-elastic system under consideration
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uy = (4 -Ir,ug =0, u; = (% -Dz (1)

where 4; and A, are constants and are called elongation parameters. In (1), the upper index

0 denotes that the related quantity belongs to the initial strain-stress state. This notation will also
be used below.

As in the paper [4], we assume that the material of the plate is highly elastic and
compressible, therefore, for describing the elasticity relations of the plate material we use the
harmonic potential proposed by John [5] which has the following expression:

cb=%/1ef + 18, ,(2)

where

& =1+ 28 +\1+2¢, + 1+ 25, -3,

e, =(y1+25 —1)2 (22, —1)2 + (VL 22 —1)2. 3)

Here A and yu are material constants and &; (1=1,2,3) are the principal values of Green's

strain tensor.

After selection of the elastic potential, the physical components of the symmetric stress
tensor Sy are determined by the following expression:

1
S(ij)ZE(aLJraa ]¢,(4)
&Gy O

where under (ij), the indices rr,00,2z,r0,rz,26 are understood.

Thus, substituting the expressions in (1) into the non-linear strain-displacement relations in
the cylindrical coordinate system Oréz (the explicit expressions of these relations can be found
in many textbooks related to the theory of elasticity, as well as in the monograph [6]), we obtain
the following initial strains:

1 2 1 2

0 0 0

o=ty =5 () 1), e =3 () 1) o =y =sth =09

It follows from the expressions in (5) that in the initial state, the principal values 510 , SS and

0

8§) of the strain tensor coincide with g?r , Egp and &2

22 » Tespectively. Therefore, according to the

expressions (3), (5), and (2), we can write that in the initial state the expression for the selected
elastic potential @ is:

@0 = %z(za + 2 =3)% + 124 -1 + (% -12) . 6)

Using this expression, we obtain the following expressions for the initial stresses from the
relation (4):

Spp =[AQ2% + 43 =3) + 24( 2 ~DI( &), Sy =S =[A2 A4 + 45 =3) +24 4 -DI(A) - (7)
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According to the problem statement, we can assume that
sy =[A(24 + 25— 3) + 2u(A5 —D](Ag) " =0 = A(24 + A5 —3) = 2u(l- 1) =

23_/1(3—2/11)+2,u _(B=22)+2ul A
A+2u 1+2ul A

.(8).
Using the relations in (8), we obtain the following expressions for the stresses S?r and 320 :

b =55y =L (4~ 42) .0
A
In this way, we determine completely the initial axisymmetric stress-strain state in the plate
Thus, through the expressions (1), (5), (8) and (9), we determine completely the initial
axisymmetric stress-strain state in the platefor the selected material constants A and u. It
follows from the foregoing expressions that under fixed values of the material constants A and
[ this state is determined only by the elongation parameter 4, . Consequently, the magnitude of

the initial stress-strain state in the plate can be estimated only through the parameter 4 .

Thus, we assume that after appearing of the foregoing initial stress-strain state in the plate
that is in contact with the fluid, the axisymmetric waves in the composite hydro-elastic system
propagate in the radial direction. For writing the equations and relations of this propagation, we
use the Lagrange coordinates ' and Z' in the coordinate system O'r'€'z" related to the
foregoing initial state, and these coordinates are determined through the coordinates I and Z in
the coordinate system Or@z by the following expressions:

r'=Ar, 2'=4z,(10)
according to which, in the initial state the thickness of the plate becomes h' where h'= 4;h.

Thus, taking the foregoing preparing into consideration, according to the monographs by
Guz [7] and Akbarov [6] and others listed therein, we can write the equations and relations of the
three-dimensional linearized theory of elastic waves in initially finite pre-strained elastic bodies
with the Lagrange coordinates I'' and z'.

The linearized equations of motion:

%+%+%(Qw-—Qa-a')=p'a;u{' :
%+%+%Qr.z. :p'% .(11)
The linearized elasticity relations:
Q= a)lllll%'i'w'llﬂ %*‘ @ 1133 % ,
Q2 =a)'3311%+a)'3322%+a)'3333 % Qry =@'313 %Jfa"lssl%/
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., ou. . ou,
=@ —+w (12
Qr 3113 5, 3131 5+ (12)

In (11) and (12), Q, .+, Qg+ ..., Q,+ are the perturbations of the components of the non-

symmetric Kirchhoff stress tensor, U, and U,. are the perturbations of the components of the

displacement vector in the system of coordinates O'r'd'z', p' is the plate material density
-1

related to the unit volume in the initially strained state and p'= (/112/13) p where p is the

plate material density in its natural state. Moreover, according to Guz [7], in the case under
consideration, the components @'j111, ®'1127,..., ®'3133 are determined by the following

expressions:

1 1 ' ' . | 1
1111 :(i"’zﬂ)z » @' = 01111, @ 3333 :%(ﬂwa), @112 :Zi,

N A
a)llgg—ﬂiﬂ,a)ms—zﬂll(ﬂrrﬂe)’ Ao(y+75)

This completes the field equations and relations within the framework of which the motion
of the plate is described.

@'3113 = W'z =24 (13)

Now, based on the monograph by Guz [8], we consider the equations and relations for
describing the axisymmetric flow of the compressible inviscid fluid in the cylindrical coordinate
system O'r'@'z".

The continuity equation:

9p1 Np Ve Y,
ot plo[ar' r' az'j $s
The linearized Euler and state equations of the fluid flow:
oV, 1 op; 0V, 1 o0p .2 |0
_r:___pll , _Z=___pl|1 p1=a§,01 , ao :[ﬂj , (15)
ot P Or' ot Pro OZ 1 )

where & is the sound speed in the fluid, p{ and Py are the perturbations of the fluid
density and the fluid pressure, respectively, p,, is the fluid density in the initial state, and V.

and V,. are the components of the velocity vector.

Thus, the flow of the compressible inviscid fluid is described by the equations (14) — (15)
and the coordinates ' and Z'are taken as the Euler coordinates. At the same time, taking the
smallness of the perturbations into account, the difference between the Euler and Lagrange
coordinates is ignored.

Now we consider formulation of the compatibility and boundary conditions for the plate +
fluid system illustrated in Fig. 1. According to this illustration, we can write the following
boundary conditions on the upper face plane (i.e. at z'=0) of the plate:

Qzlg=0, Qpf,_,=0.(16)
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Also, according to this illustration, we can write the following compatibility conditions on
the interface plane between the plate and fluid:

ou,.
QZ'Z'|Z':—h‘ == p1’|z':_h" Qz'r'|z-:_h| =0, —=

ot =V

z'=—h'

Y

Finally, we must add to conditions (16) and (17) the following non-reflection condition of the
waves from infinity:

/| <00 as z—>—0.(18)

This completes the formulation of the problem.
3. Method of solution

According to Guz [7], for solution to the system of equations (11) and (12) we use the
presentations:

2 1 52 e
Up=——7=X, Uy :f(a’lmAlJfa’sm -p'— | X, (19)

' or'oz @111 + D313 07" ot

where the function X is determined from the equation

82 82 . ' + ’ . ' + i 62
HAJF@Z)Z?J[ +(&)? '2] p(a’n’u a,)1331A 4 Ysszs 6’03113]_4_

111101331 @]1110 331 at?
' 84 2
L% x—o,a=L 119
111033 ot* dr'e r'dr

where

1
1 ! U ! ’ _l o
(52,3)2 =d =+ [d 2 - (3333003113 (@111”1331) }2 ,

’ ! ’ U !/ !/ U ’ 71
d= [%111603333 + 33104113 — (@}133 + Dla1s)° ] (200111101331) ~ - (21)

Following the usual procedure, for the axisymmetric waves, we seek the function X in the
form

X = Fe” J, (kr") cos(wt) . (22)

Substituting the expression in (22) into the equation (20) and doing some mathematical
calculations, we obtain the following characteristic equation for determination of the constant y :

Ax'+By*+C =0, (23)
where

2

AL 755

2 C4

C
A + +1
AaCs AAscs

A =(5)(&) ,Bl=[ ~((&)° (éé)z)j, C=-
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! U U U

W11 T W1331 (3333 T W3113 w

A:—’ ; /B=—' p ,C:Elczz,lﬂ/p.(ZAL)
1111W1331 011111331

In this way, we determine the following expressions for the roots of the equation (23):

21=D ., 22=\Dy 3=, Ko =22, (25)

[ijz b op, B /[ijz “G )
2A ) A 2A Y 2A) A

After determination of the foregoing roots, the function X is presented as follows:

X =[ R (1,k2) + Foo (1,k2) + Fags (1,k2) + Fay (2,52)) | Jo (k) cos(oot) . (27)

where

where

e 1%t D, >0
sin(arkz) if D, <0’

e1if D, >0

ACA AL
cos(akz?) if D <0 2 {

o (x,kz) ={

e “2%if D,>0 ,
sin(fkz’) if D, <0

2 it D, >0
cos(pkz") if D, <0

a=Im,/D, , #=Im/D, .(28)

Substituting the expressions in (27) and (28) into the relations in (19) we determine the
expressions for the displacements, and substituting the latter ones into the relations in (12) we
determine the perturbation of the stresses. For reducing the volume of the paper we do not write
these expressions here. This completes the determination of the quantities related to the plate.

03(x,k2) ={ , 4(7,k2") ={

Now we consider the solution to the equations (14) and (15) related to the fluid flow. Based
on the monograph by Guz [8], we use the following presentation for the solution to these
equations:

0 0 0 Lo O
V.=—@ V, =—@, pl=—py—@, p=—LL0 " ®, (29
r or z oz pl Pio ot y2i ag ot ( )
where the function @ satisfies the following equation:
A__Z_Z D=0 , A=a—2+12+a—2 (30)
ay ot orc ror oz

We seek the function @ in the form
@ =Ge%¥ 3o (kr)sin(at) . (31)

Substituting the expression (31) into the equation (30) we obtain the following characteristic
equation for determination of the constant & :
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2 C2 C2
o :l—% = 51: 1—a—2,§2:—51.(32)
0

Taking the relations in (32) and in (18) into consideration we can write the following
expression for the function @:

@ =Gy, (5,Kz")Jo (kr Ysin(at), (33)

where

L% if (1-c?/a2)>0

, oy =(c* 13 —1) . (34)
cos(agkz') if 1—c?/a2) <0

AL {

Thus, after determination of the function @ and substituting them into the relations (29),
we obtain the expressions for the velocities, pressure and density of the fluid. Finally,
substituting these expressions into the boundary and compatibility conditions in (16) and (17),
we obtain the system of homogeneous algebraic equations for the unknown constants Fy, F,,

F3, F3, and G;. Equating to zero the determinant of the coefficient matrix of these equations,

we obtain the dispersion equation which can be written formally as follows:
det|ez (KN, ¢/ ¢p,80 / G, p/ pro, /g, A1 1) = 0. (35)

Solving the dispersion equation (35), we construct the dispersion curves, i.e. the graphs of
the dependence between €/ C, and kh for the fixed problem parameters ag /Cy,, p/ p1g, A/ u,

and A;. We recall that throuth the parameter 4; we will investigate the influence of the initial

strains in the plate on the mentioned dispersion curves. Note that the dispersion equation is
solved numerically by employing the well-known “bi-section” method.

4. Numerical results and discussions

Under obtaining numerical results it is considered the cases where the plate material is
Lucite with the mechanical constants # =1.86 *10° Pa , £ =3.96*10 9pa , p=1160kg/ m?3 , and
Cy =+[it/ p =1265m/ s, and the fluid is Glycerin with density o =1260kg / m>and with the
sound speed 8y =1927m/s . Note that under consideration the dispersion curves related to the
lowest modes we consider also the case where the fluid is water with density p;q =1000kg / mS
and with the sound speed a5 =1459.5m/s.
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Fig.2. The influence of the initial radial stretching (a) and compression (b) of the plate made of Lucite on the
dispersion of the axisymmetric waves for the case where the plate is not in contact with the fluid

First, we consider the dispersion curves of axisymmetric waves propagating in the plate of
Lucite, which is not in contact with the fluid, and analyze the influence of the initial strains in this
plate, i.e., the influence of the parameter 4 on these curves, which are shown in Fig.2. Note that

this plot is done separately for the cases 4 >1 (Fig. 2a) and 4; <1 (Fig. 2b) and the modes A, S;
, Ay, and S, are considered. From the analysis of the results presented in Fig. 2, it is evident that

the initial radial elongation (compression) of the plate leads to a monotonic increase (decrease) of
the wave propagation velocity in all the modes considered. Moreover, it is evident from the
results in Fig. 2a that in the case /4; 21, the limits the wave propagation velocity in the low and

high wavenumbers in modes A, and S; increase monotonically with 4;, and the limits of the

wave propagation velocity in the high wavenumbers coincide with the axisymmetric Rayleigh
wave velocity in the relevant initially stretched Lucite half-space. However, the results in Fig. 2b
indicate that the initial radial compression of the plate leads to a decrease in the limiting value of
the wave propagation velocity at low wavenumbers in the S; mode and the cut-off wavelength

occurs in the A, mode, in addition to the fact that the wave propagation velocity decreases
monotonically with the decrease of the parameter 4, in all the modes considered. Note that these

results are in a qualitative sense consistent with the corresponding results presented and
analyzed in papers [9, 10], where the corresponding case with plane strain was considered. Note
also that the dispersion curves presented in Fig. 2, obtained under 4 =1.0 coincide with the
corresponding dispersion curves obtained for the case with plane strain [9, 10]. This agreement
and matching provide some guarantee of the reliability of the calculation algorithm used and of
the PC programs used to obtain these results.
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Fig. 3 The influence of the initial strains of the plate on the dispersion of the asymmetric quasi-Scholte mode (a)
and the first symmetric S1 mode (b) for the Lucite + Glycerin and for the Lucite + water pairs

This completes the consideration of the results illustrated in Fig. 2.

We now attempt to analyze the results for the case where the plate is in contact with the
fluid, and we begin this analysis with the graphs shown in Fig. 3. These graphs illustrate the
dispersion curves for the two lowest modes. The first of them (Fig. 3a) appears in place of the
dispersion curves for the A1 mode in Fig. 2, and the second (Fig. 3b) appears in place of the
dispersion curves for the S1 mode in Fig. 2. At the same time, Fig. 3 gives the results for the pairs
Lucite + Glycerin and Lucite + water simultaneously.

It is clear from Fig. 3 that the character of the initial strains in the plate, i.e. the character of
the influence of the parameter A, in the quantitative sense on the dispersion curves is the same as

in the case where the plate is not in contact with the fluid. In other words, the initial stretching of
the plate leads to an increase, but the initial compression leads to a decrease in the wave
propagation velocity. However, the contact of the plate with the fluid leads to a change in the
limiting wave propagation velocity at high wavenumbers. As in the first lowest mode (Fig. 3a),
the limiting wave propagation velocity at high wavenumbers is the velocity of the corresponding
Scholte wave propagation velocity for the selected pairs of materials, but in the subsequent
second mode, this limiting velocity is the Rayleigh wave velocity in the axisymmetric radially
stretching or compressing half-space of Lucity. In accordance with this statement, the mode in
Fig. 3a will be referred to as the quasi-Scholte mode, as usual.

From Fig. 3b it can be seen that the contact of the plate with the fluid leads to the appearance
of a cutoff wavelength in the dispersion curves of the second mode. In this case, the initial radial
stretching (compression) of the plate leads to a decrease (increase) in the cut-off wavenumbers.
Fig. 3 also shows that the values of the cut-off wavenumbers for the Lucite+water pair are lower
than the corresponding cut-off wavenumbers for the Lucite-glycerin. The results also show that
the wave propagation velocity on the dispersion curves obtained for the Lucite+water pair in the
first mode is large (although insignificant) than the corresponding velocity obtained for the
Lucite+ glycerin pair. However, in the second mode, in the cases where 4 >0.95, the wave

propagation velocity on the dispersion curves obtained for the Lucitetwater pair is smaller
(although insignificant) than the corresponding velocity obtained for the Lucite+ glycerin pair.
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Fig. 4 The influence of the plate on the dispersion curve of the “new” mode for the Lucite + Glycerin and Lucite +
water pairs

The numerical results show that in the case of contact of the plate with the fluid, the
dispersion curves appear with respect to the mode that has no correspondence with the modes
with respect to the plate without contact with the fluid. Therefore, we refer to such modes as new
modes, of which the dispersion curves are shown in Fig. 4. From Fig. 4, we can see that the initial
stretching (compression) of the plate leads to an increase (decrease) in the values of the wave
propagation velocity, as in the previous modes. Moreover, we can conclude from Fig. 4 that the
wave propagation velocity in this mode has finite limits for low and high wavenumbers, which
also increase (decrease) with the initial stretching (compression) of the plate.

The more interesting feature of these dispersion curves is the appearing a spade point on the
dispersion curves where the wave propagation velocity becomes maximum. Fig. 4 also shows
that the occurrence of the spade point on the dispersion curves takes place near the wavenumber
kh=2.0and that the values of these maximum velocities decrease with initial stretching but
increase significantly with initial compression. This "increase" in maximum velocities under
initial compression is more pronounced for the "Lucite + Glycerin" pair than for the "Lucite +
water" pair. Note that this situation requires separate, more fundamental investigations of this
new mode, which will be the subject of the author's future work.
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Fig. 5 The influence of the initial radial stretching of the plate on the dispersion curves constructed for the higher
modes under 4 =1.05 (a); 1.10 (b); 1.15 (c); 1.20 (d) for the Lucite + Glycerin pair
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We now consider the influence of the initial strains of the plate on the dispersion curves
obtained for the higher mod constructed under the contact of the plate with the fluid for the pair
Lucitetglycerin. These curves for the initial elongation of the plate are shown in Fig. 5, and for
the initial compression of the plate in Fig. 6. The dispersion curves for 4 =1.05, 1.10, 1.15, and

1.20 are shown in Figs. 5a, 5b, 5¢ and 5d, respectively. The dispersion curves for 4; = 0.95, 0.90,

and 0.80 are shown in Figs. 6a, 6b, and 6c, respectively. In each of these figures, the
corresponding dispersion curves for the case A4; =1.0 are also given to estimate the magnitude of
the influence of the initial strains of the plate on the wave propagation velocities in the higher
mod. In Figs. 5 and 6 the numbers 1, 2, 3,... (1', 2', 3',...) indicate the dispersion curves of the first,
second, third, ... higher modes constructed in the cases where 4 #1.0 (in the case where 4; =1).

Thus, the analysis of the results of the propagation curves of the higher modes shows that
these curves have a more complicated character than the dispersion curves of the preceding
lower modes. Nevertheless, it can be accurately said that in the cases where C/C, <1.5, the
initial stretching leads to an increase, but the initial compression leads to a decrease in the wave
propagation velocity in these higher modes. At the same time, these results show that the
magnitude of the above "increase" and "decrease" increases with |/11 —1| .

This completes the analysis of the numerical results.
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5. Conclusions

Thus, in the present paper, the influence of the axisymmetric homogeneous initial strains of
a plate of highly elastic material, loaded by a compressible inviscid fluid, on the dispersion of the
axisymmetric waves propagating in this plate has been investigated. The material of the plate is
Lucite, but Glycerin and water are chosen as the fluid. The motion of the plate is described by the
three-dimensional linearized equations and relations of the theory of elastic waves in pre-
stressed bodies. However, the flow of the fluid is described by the linearized Euler equations for
the compressible, non-viscous fluid. The dispersion curves for different modes are presented and
discussed. It is found that the initial stretching (compression) of the plate leads to an increase (a
decrease) in the wave propagation velocity in the lowest modes. It is also found that as a result of
the contact of the plate with the fluids it appears the new type mode the dispersion curves shift
up (down) with initial stretching (compression) of the plate. Moreove, it is considered the
dispersion curves related to the higher modes which have more complicated character. The
charcter of the influence of the initial strains of the plate on these dispersion curves is also
analysed.

More detail conclusion with respect to the foregoing states are given in the text of the paper.
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XULASO

Is prosesinde miixtalif amillarin tesirinden &l¢gme vasitelerinin, is¢i sathleri yeyilmoys maruz qalr. Oleme
vasitolori o zaman istifads iigiin yararsiz hesab olunur ki, xata buraxila bilon hadden ¢ox olur. Xotalarin yaranmasi
miixtalif sobablordan olur. Amma asas sebab 6l¢ms vasitelorinin is¢i sathlerinin yeyilma naticosinda siradan ¢ixmasidir.
Bu sebabden magqalods 6lgme vasitelorinin xatalarmin yaranmasimn asas sebobi olan yeyilmo problemlori tadqiq
olunacaqdir.

Acar sozlar: Olgmo vasitesi, stangenpargar, mikrometr, yeyilme, deformasiya, xata
INVESTIGATION OF CORRUPTION AND DEFORMATION ON THE WORKING SURFACES OF
MEASURING INSTRUMENTS
ABSTRACT

In the working process, the contact surfaces of measuring instruments are subject to wear due to various causes.
Measuring instruments are considered dysfunctional if the value of error is too high from the tolerance limit. Generally,
errors arise due to various causes. Nevertheless, the main factor for the failure of measuring instruments is considered
the wear. Therefore, the research paper will examine the wearing problems that are the main cause of measurement
errors.

Keywords: Measuring instrument, vernier calliper, micrometer, wear, deformation, error.

UCCAEAOBAHUE U3HOCA U1 AE®OPMAIINN PABOYMX ITOBEPXHOCTEN
B IBMEPUTEABHBIX YCTPOMCTBAX

AHHOTAI VIS

V3-3a BO32€IICTBILS Pa3ANIHBIX (PAKTOPOB B IIpoLiecce pabOTHI pabodrie IOBEPXHOCTU M3MEPUTEABHBIX IPUOOPOB
M3HAIMMBaIOTCA. VI3MepuTeapHble MpuOOPEI CIMTAIOTCA HEIPUIOAHBIMM K JICTIOAB30BAaHUIO, KOTJA IIOTPEIIHOCTH
GoabIre gorycTuMoro 3HaueHys. CyIIeCTBYIOT pas3AndHble IPMMMHBI BO3HMKHOBEHM: IorperiHocreil. OgHako
OCHOBHasI IIPMYMHA B TOM, 4TO pabodre IIOBEPXHOCTM M3MePUTEAbHBIX TPHOOPOB ITOBPEXXJAIOTCs BCAeACTBIE M3HOCA.
B cBsa3u ¢ 3TMM B CcTaThe MCCAeAyeTcsl ITpoDAeMa M3HOCa, KOTOPKI SABASETCS OCHOBHON IIPUYMHON BOHMKHOBEHILT
ITOTPEIITHOCTe ! CPeACTB M3MepeHyIs.

Karouesbie ca0Ba: cpeACTBO M3MepeHs, INTaHTeHITNPKYAb, MUKPOMETp, M3HOC, AepopMariyis, TOTPeITHOCTb.

Isds biz olgiilon obyekt kimi stangli quyu nasosunun muftasin segirik (sokil 1.1.) Stangh
quyu nasosunun muftasinin sathlerini 6lgmak tigiin sads 6lgme alstlerindesn istifads olunur.
Homin alstler ssasen mexaniki 6lgme vasitaleri qrupuna aiddir. Bu alstlers misal kimi
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mikrometri, hamar kalibr bandi, yivli kalibr tixact va s. gdstormok olar. Bu tip alatlor vasitesi ilo
coxsayl muftalar 6l¢diikds onlarm isci sethlerinds yeyilms bas verir. Bu yeyilmanin intensivliyi
bazi hallarda els kigik olur ki, onu normal vaziyystds gérmek miimkiin olmur.

Hatta ¢ox kigik olclide yeyilmis 6l¢ii alatlari ils 6lgma apardiqda boytik xatalar yaramir ve
natico olaraq muftanin real miivcud olan 6lgiilorindan farqli giymatlari gebul etmis olurugq.

Olcti alatlarinin isci sathlori muftanin Slciilan sothi ila stirtiinmasi naticasindo yeyilmo amslo
golir. Burada siirtiinma novii xarici ve quru siirtiinmadir. Muftanin 6lgiilon sathi ne godar tomiz

olarsa Olgii aletlorinds yeyilmea bir o qoder az ola biler. Muftanin Olgiilan xarici sethinin
nahamarhgmi asagidaki kimi gostormok olar (sokil 1.2).
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Sokil 1.1. Muftanin timumi goriiniisii

Sekdl 1.2, Muftamn real ssthinin goriindisii
1-dalgahhg; 2-kels-kotiirlilik; 3-mikromeyillanmas
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Ol¢ma zamaru kontakt muftanin ayri-ayr1 zonalarinda ¢ixintilarin tepelarinde bas verir.
Faktiki kontakt sahasi ayri-ayri kontakt xallarinmn sahslarinin cemindan ibaratdir. Cox sayl
olgmalar zamani ardicil olaraq alatde ciziglar, gixintilar, qopmalar bas vers bilor [1, 2].

Olgms alatinin yeyilma intensivliyine xarici amillor (sxma qiivvesi, temperatur, miihit,
alatin Ol¢li sathinda haraket qiivvasi vo s.) tesiri alinda 6lgme vasitesinin materialimin fiziki-
kimyavi xasselarinin deyismasi boyiik tesir gostarir.

Olgii alatinin yeyilmasinin intensivliyine tosir edon asas amillori asagidaki kimi qruplasdir-
magq olar.

-Sixaa qiivve. Uyusmamis sathlar tiglin sixicr qiivvenin yeyilmoya tosiri geyri-xattidir, hom
ds kontakt sahasi dalgasiz olan sathler {iciin bu geyri-xattilik daha ¢ox nazers carpir. Sathin

dalgali olmasi geyri-xattiliyi azaldir. Uyusmus sethlar tigiin yeyilme intensivliyi xiisusi ytikls
diiz miitenasibdir.

-Muftanin materialinin  elastiklik xassalori. Materialin elastiklik modulu. Yeyilmo
intensivliyine shamiyyetli deraceds tasir edir.

-Materialm  mohkemlik xasselari. Bu xarakteristikalarin artiq olmasi bir qayda olaraq
yeyilmays davamhiga miisbet tesir gostarir.

-Muftanin 6lgiilon sothinin keale-kétiirlityii vo dalgalilii. Yeyilon sothin mikrohandesesinin
ohamiyyatli doracado tasiri var. Kalo-kotiirliiyiin kompleks gostaricisi dord qiivvet istii gqodar
doyise bildiyine ve onun qiivvet gostericisi 0,8-4,0 hiidudunda olduguna goro yeyilmo
intensivliyinin tayini zaman kela-kotiirlitylin nezars alinmamasi kobud xataya sabab ola bilar.

Ol¢mo vasitalarinin yeyilmasinin hesablanmasimi aparmagq tigiin olgiilon detallarin saymin
yeyilms intensivliyinden asiihigmi tapmaq lazimdir. Bu asihiliq yuxarida qeyd olunan
faktorlardan asihi olaraq miixtelif qanunlarla dayise biler. Sokil (1.2) imumi olaraq bunu
asagidaki kimi gostormok olar [1, 2]:

U(x)=N,-K(x) (1L1)
Burada U (X) —yeyilmenin giymati, N, — olgiilon detallarin say1, K (X) —- yeyilmenin
dayisme qanununu gostorir. Eksperment naticasindo tapilir.

Olgii alatlorinin uzundémiirlityiinii hesablamaq {iciin onun ayri-ayr1 hisselerinin v
govsaglarinin hans1 hadde gedar yeyilmasinin miimkiin oldugunu basqa sozle onlarin yol
verilon yeyilmasini Umax- bilmak lazimdir. Hadd yeyilmasi meyarlarimi 3 qrupa bolmak olar.

1) Yeyilms naticasinda 6lgma vasitssi 6z is qabiliyyatini itirir. (Onun isgi sathlari 6lgma tigtin
yararsiz olur);

2) Yeyilmo noticosinda Ol¢ii alatine metroloji xarakteristikalar1 yol verilon hadden kenara
qIxir.

Olgii aloti iigiin yol verilon yeyilms muftamin &lciilon sathinin miisaidesinden kigik
olmalidir.

U,<T 12

Burada U v~ yol verilon yeyilmo
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T —muftann 6lciilon sathinin miisaidesidir.

Deyilon metodikalardan istifade edarok eksperment aparilmis vo noticolor asagida qeyd
olunmusdur.

Qeyd etmak lazimdir ki, burada 200 aded mufta hazirlanma prosesinda ayri-ayri-tekraran ,
forqli 6l¢ms vasitalari ilo dl¢lilmiisdiir (sokil 1.3).

Alinmis naticolorden belo gonasto gelmak olar ki, muftanin hazirlanmasi zamari har
amoliyyat tiglin ayrica 6l¢ms vasitasi se¢gmok lazimdir. Kobud yonma zamani alinmis 6lgii ile
yarim temiz 6lgme zamani alinmus Olgiinii eyni mikrometrle 6lgmak diizgiin netice vermaya
bilar.

0 100 200 300 400 500 600 700 80O N

Sakil 1.3. Torna kobut yonma {iciin alatin yeyilmasinin
dlciilan detahn sayindan astlilif

Alst — Hamar mikrometr; &lciilan seth - £66;

U - yeyilmanin giymati; N - 8l¢iilen detallarin sayi.

Olgma vasitalorinin deformasiyamn diger sebsblori vardir. Buraya asagidakilar daxildir:
aletin diizgiin istifade edilmemeasi, Ol¢gii vasitesinden istifade zamani barkitme vintlarinin
haddindean ¢ox sixilmasi ve ya bos baglanmasi, 6lgme zamani cihazin isgi sathlarinin detalin
nozarat olunan sethino sert sokildo toxundurulmasi. Moasslon, muftanin @66 Olclisiiniin
Olgiilmasi zamaru sart sokilde toxunma naticasinde alatin is¢i sathinin deformasiya naticasinda
yerdoyismosi bas verir. Bu iso 6lgli qurulusunda ciddi xstanin yaranmasmna gotirib ¢ixarir.
Asagidaki sxemdo stangerpargarin is¢i sathin deformasiyasi kimi gostorilmisdir(sokil 1.4).

Sakil 1.4. Stangenpargarin isci sathinde yaranan deformasiyanin sxemi
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A, vo A, —alstds yaranan xatalardur.

A, vo A, — giymetlorini tapmagq iigiin stangerpargar: niimunavi dlgii ilo 6lgma naticesinds
tapmaq olar. Bunun {i¢lin muftanin @66 6lgiisiine stanger alatlo 6lgiiriik. Sonra muftanin hamin
Olgiistinii Hexogen Tigo markali magsimnla olgiiriik. Bu halda alstin xatasmi asagidaki kimi
hesablayirig.

A+4,=(d,-d,) 13
Burada: d  — stangerporgar vasitosilo muftann dlgiilon diametri
d, — Hexogen Tigo markali maginla muftanin dlgiilon diametridir.

Eyni halda muftanin @66 parametrinin hamar mikrometrlo olclilmasinds barabanin
haddindasn ¢ox sixilmas: 6l¢tiniin haqiqi qiymetdan kicik olmasina, sonradan ise boyiik olmasina
gotirib ¢ixarir. Ciinki bark sixma zamani barabam daxilinds olan birlesmsaler 6z dayamqhgm
itirir vo xotalarin diapazonun artmasma zemin yaradir. Bunu sxematik olaraq asagidaki
sokildaki kimi gostermak olar (sokil 1.5).

Sakil 1.5. Hamar mikrometrdas deformasiya naticasindexatalarm amsls galma sxemi.

Yuxarida geyd olunan qayda ils alstin xatas1 bels hesablanr:
A+ 4= -d)
A+ A= (dr-d!)

Ogor alinmig bu giymetlor detalin miisaide sahesinden kenara ¢ixarsa onda olgii aleti
yararsiz hesab olunur. Bu asagidaki sartler seklinde gosterilir:

A+ A <Td -Olgms vasitesi yararhdir
A+ A >Td —Olgma vasitesi yararsizdir.

Td — diametri @66 olan hissenin miisaidasidir.
A’ + A —Hamar mikrometrik isci sothinin yerdoyismesi neticesinde yaranan xotalarin
comidir.

Hor bir 6l¢gma vasitasi {i¢lin detalin miisaide sahasinds asili olaraq verilir.
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Stangerpoargar vo mikrometr vasitosi ilo 10 aded muftanin 66, 70 sethlarinin yuxarida
geyd edilmis qayda ile har biri 20 dafe olmagqla 6lgiilmiisdiir. Bu zaman deformasiya naticesinde
alotds yaranan xatalarmn oOlciilon muftanin saymdan asili olaraq asagidaki ayrilar soklinde
almmusdir. (1.6 vo 1.7).
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Sokil 1.7. Hamar mikrometrds yaranan xstanin 6lciilon muftanin sayindan asilihiq qrafiki

Natica: Olgme prosesinda bu alstlorin daqigliyi bilavasite muftamin emal daqigliyine tesir
edir. Olgiilon detallarin say1 artdiqca, 5lgms alstlorinds yaranan deformasiyalar ve yeyilmeninda
giymeti tadricon artir. Bu amillerin naticesinds 6l¢gma vasitelorinde xotalar yaranmir. Yaranmis
xotalar1t minimuma endirmak tigiin gostorilon alatlor dovrii olaraq yoxlamadan ke¢malidir.
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XULASO

Son illor Yer tizarinde bas veran global dayismalarin tadqiqinde mesafaden zondlamanin naticeleri 6z aktualligi
ilo boyiik shomiyyat kasb edir.

“Yerin masafaden zondlanmas1” dedikds Yerin miixtalif torkibli obyektlorinin ks etdirdiyi ve ya stialandirdigt
sahoalor hagqinda, malumatlarin almasi ve emali nazarda tutulur.

Buna gors elektromaqnit diapazonun miixtelif sahelorinds -ultrabendvseyi, goriinen, infraqirmizi elektromaqnit
sahosinin intensivliyini qeyd eds bilon yiiksok hossasiyyoto malik cihazlardan ¢ox genis istifade olunur. Goriinen
spektral diapazon ranglors gore bir ne¢e zonalara ayrilir. Coakilislor zamam Yerin sathinin alnmus sokillarinin ve
energetik giymotlorinin emali asasinda miixtalif obyektlorin taminmasi ve xarakteristikalarini deqiq ve daha asan {isulla
toyin etmok {i¢lin eyni vaxtda diapazonlarin saymdan asiliolaraq panxromatik, goxspektral ve hiperspektral
goriintiilorden istifade olunur.

Bu aragdirmamizda geyd olunan resmilerin xiisusiyystlarinden istifade edarek bazi mévzulara toxunulacaqdir.

ACAR SOZLOR: Masafodon zondlama, NDVI, Spektral Anali

INOA3EMHBIE OB BEKTHI METOA0M AVUCTAHIIMMIOHHOT' O 30HAVMPOBAHSI OTKPBITUE

PE3IOME

PesyAbTaThl AMICTAHILIMIOHHOIO 30HAMPOBAHMA 3€MAN MMEIOT DO0/BIIOe 3HaYeHIe B U3yJeHNN I100aAbHbIX
M3MEeHeHMIT Ha 3eMAe B II0CAe AHIIE TOABI.

«/JUCTaHIIVIOHHOE 30HAVIPOBaHIEe 3eMAn» O3HadaeT IIoAydeHne 1 00paboTKy nHpopmarun o0 A0,
OTpa’keHHBIX AV 00AydaeMbIX O0BEKTaMU Pa3ANIHOIO COCTaBa S€MAL.

ITosTOMY B Pa3AMYHBIX MOASAX DAEKTPOMArHUTHOIO AMalla3oHa IIMPOKO IIPUMEHSIOTCS BBICOKOUYBCTBU-
TeAbHBIE IIPVOOPEI, CIIOCOOHBIE PETUCTPUPOBATh MHTEHCHBHOCTL YABTPa(pIOA€TOBOIO, BMAMMOrO, MH(paKpac-
HOT'O 9/1€KTPOMAarHUTHOTO MOASL. BUAMIMBII ClIEKTpaAbHBII AMalla30H A€ANUTCS Ha HECKOABKO 30H 110 1iBety. ITan-
XpOMaTuyecKre, MyAbTHCIIEKTPaAbHbIE U TMIIEPCIIeKTpabHble M300paskeHNs MCIIOAB3YIOTCSI OAHOBPEMEHHO, B
3aBUCUMOCTY OT KOANYIECTBA AMAIIa30HOB, A4Sl TOYHOTO 1 0O€€e IIPOCTOTO OlIpeAeAeHIIsI XapaKTePUCTUK Pa3And-
HBIX OOBEKTOB Ha OCHOBe 00pabOTKI M300paskeHN T 3eMHO ITOBePXHOCTU ¥ 3HAYeHUI DHePITIL.

B 9TOM 1ccaeA0BaHI HEKOTOPBIE TEMBI OYAyT 3aTPOHYTHI C MICIIOAB30BaHIEM XapaKTEPUCTUK YIIOMSIHYTHIX
AOAYKHOCTHBIX AUILL.

KAIOYEBBIE C/AOBA: aucranmnyonHoe 3oHAnposanne, NDVI, ciekTpaabpHbIN aHAANS.

UNDERGROUND OBJECTS BY REMOTE SENSING METHOD DISCOVERY
ABSTRACT

The results of remote sensing are of great importance in the study of global changes on Earth in recent years.

"Remote sensing of the Earth" means the acquisition and processing of information about the areas reflected
or irradiated by objects of different composition of the Earth.

Therefore, high-sensitivity devices that can detect the intensity of the ultraviolet, visible, infrared electro-
magnetic field are widely used in various fields of the electromagnetic range. The visible spectral range is divided
into several zones according to color. Panchromatic, multispectral and hyperspectral images are used simultane-
ously, depending on the number of ranges, to accurately and more easily determine the characteristics of different
objects based on the processing of images of the Earth's surface and energy values.

In this study, some topics will be addressed using the characteristics of the officials mentioned.

KEYWORDS: Remote Sensing, NDVI, Spectral Analys
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Giris

Maosafalarden miisahids ve tedqiq etma prinsiplari Yer iizerinds olan tebii obyektlare diison
Giines stialarmin udma va aks etdirms qabiliyyatins asaslanir. Malumdur ki, har bir tabii obyekt
fiziki, bioloji, handasi parametrlorine gore onun iizerine diisen elektromagqnit siialarmin bir
hissasini udur, qalan hissasini ise oks etdirir. Tobii obyektlorin az siialanmasi ise onlarm
temperaturu ile alagadardir ve elektromaqnit dalgalarmin infraqirmizi diapazonunun 1,5 — 30,0
mkm dalga uzunluglarinda miisahide olunur. Miiasir kosmik 0l¢ii cihazlar vasitesile yer
tizerinda olan obyektlorinin temperaturu 0,1 — 0,5 °C daqiglikls dlgtiliir.

Elektromagqnit spektrin miixtalif sahalarinds 6l¢gmalarin aparilmas: ilo miixtalif masalaler
hall edilir. Misal {igiin goriinen diapazonda tebii obyektlorin fiziki-kimyoavi parametrlori:
bitkilerds xlorofilin tarkibi, suyun duzlulugu ve ¢irklonmesi ve s. kimyavi, bioloji parametrlor
agskar edilir. Yaxin ve uzaq infraqurmizi diapazonda bitki obyektlorinde yanma vo ¢lirtimo
proseslori ilo alagedar olaraq miixtalif “xastoliklor” agkar edilir. Ifrat yiiksak tezliklorin miisbat
cohati ondan ibaratdir ki, Giinasin va iqlim seraitinin 6l¢ii sistemlarins tasiri olmur.

Miisahids prinsiplarins, maqgsadli teyinatina, tesisat aidliyins, cihaz dasiyicisinin harakatini
nazoaros almaqla, ¢gokilon sokillorin vo malumatlarin emalina, melumatlarin zamana ve ya mokana
gora acilmasina, skanerli vo xotti olmaglarina goro masafaden zondlamanin melumat 6lgma
sistemlori miixtalif siniflora ayrilirlar. Masafedon zondlama {iglin nazerds tutulmus kosmik
cihazlar ucus hiindiirliiklerine gora asagi, orta hiindiirliiklii ve geostasionar tipli cihazlara
ayrilirlar.

Bu yazimizda, Masafoden Zondlamasin bir bolmasi olan — yeralt1 strukturlarin agkarlanmasi
metodologiyalarini arasdiracayiq.

Miiasir dovrda peyk vasitosilo masafaden zondlama - yeralti strukturlarin askarlanmasi
tiglin getdikca daha vacib texnologiya hesab olunur. Miixtelif tadqgiqatcilar bu metodun genis
totbiq dairasine malik oldugunu gabul edir. Bununla bels, masafoden zondlama alstlerinden
istifade etmokls miixtelif zaman dilimlarinds gondarilon ve miixtslif keyfiyystlors malik olan
miixtelif manbalarden alinmig melumatlarin inteqrasiyasma bdoyiik ehtiyac var. Bels ki, SVC-
HR1024 saha spektroradiometrindan, GPR vo s. orazi alatlorinden istifads edilmoakdadir. GPR,
magqnitometr ve rezistivlik kimi miixtslif geofiziki emal texnikalar1 ve avadanlhgqlar1 adsten
yeralti qaliglarin agkarlanmasinda miiveffoqiyyat deracesini artirmaq tigiin istifads olunur.

Sakil 1. SVC-HR1024 saha spektroradiometri Sakil 2. GPR
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Bu avadanlqlarin menfi cohati ondan ibaratdir ki, istifade zamani miitlaq oraziye
¢xalmalr vo Olgli aparilmalidir. Lakin, elo zamanlar olur ki, tadqiqat aparilacaq oraziye
getmak miimkiin olmur. Bels vaziyyatlorde Landsat peyki daxil olmagla orta ve yiiksak
rezolyusiyaya malik peyklordan istifade edilorek diapazon daxili aksetmaler miisyyen
edilmokdadir. Qeyd etmok lazimdir ki, biitiin fenoloji marhslelards bitki Ortiiyiiniin spektral
doyoeri ((spectral signature) - dalga uzunluglarma gore materialin oks etdirms ve ya udulma
miqdarmin parametri) deyismasi neticesinde yeralti strukturlarin moévcud oldugu ve ya
olmadig1 veziyystlerds tabii torpaqla ortiilmiis arazilerin asanhgla askarlanmasi miimkiindiir.
Natice etibar1 ile bu maqsad tigiin normallasdirilmis farq bitki ortiiyii indeksi (NDVI — Normalized
Difference Vegetation Index), sada nisbat (SR — Simple Ratio) ve giiclandirilmis bitki drtiiyii indeksi
(EVI - Enhanced Vegetation Index) kimi vegetasiya indekslorindan (VI — vegetation index) istifads
edilir. Qeyd edok ki, SR bitki Ortiiyii indeksi yeralt: tikililorin mévcud oldugu arazilari miiayyen
etmok ticlin olduqca faydalidr.

NDVI nadir?
NDVI - Miiayyon noqtada qirmizi va infraqirmizi diapozonda isigin aksetdirma intensivliyi adlanr.

NIiR — RED

NDVi= ————
NIR + RED

NIR — Spektrin yaxin Infraqirmizi sahada aksetdirmasi
RED - Spektrin Qirmizi sahada aksetdirmasi

NDVi-nin hesablanmasi, damarli bitkilorinin spektral sksetms ayrisinin an sabit (diger
amillordan asili olmayan) iki diapozonuna asaslanir. Spektrin qirmiz1 bolgesindas (0,6-0,7 mkm)
giines radiasiyasmnin damarl bitkilerinin xlorofillari tersfinden maksimum udulmasina,
infraqirmizi bolgads ise (0,7-1,0 mkm) hiiceyra strukturlarmin maksimum oks olundugu
bolgesine asaslanir. Yeni, yiiksok fotosintetik aktivlik (bir qayda olaraq, six bitki oOrtiiyt ilo
baghdir) spektrin qirmizi bolgesinds daha az, infraqirmizida ise daha ¢ox aks olunmasina sebab
olur.
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pNiR va pRED miivafiq olaraq yaxin infraqirmizi (NIR) vo qurmizi (RED) dalga uzunluglar
ticlin qisman atmosfer doayerlarine edilmis diizslislorin satin oksetma dayarlarini tomsil edir.

Sade nisbat (SR) hem regional, hem ds global miqyasda kosmosdan bitki Ortiiyiiniin
monitoringi tigiin uzaqdan zondlama miitaxassislori terafindan genis istifads edilmakdadir. Bu
indekslar yarpaqglarm sixligi ils yaxs1 slagalendirmak olur, eyni zamanda tig asas xarici faktordan
ashdir: glinasin goriiniisiine vo geometriyasina, torpaq fonu ve atmosfer tesirlorine. Hor {ig
amilin cavablar1 miirokkebdir, miirokkebdir ve sathin xiisusiyyatlorinden asilidir .

Uzun miiddatdir ki, basdirilmis strukturlarin agkarlanmasi ile bagh metodoloji tedgiqatlar
aparilir. Bels ki, bu tadgiqatlar naticesinds basdirilmus strukturlarin miiayyen edilmasi {igiin bir
sira miixtolif tisullar inkisaf etdirilmisdir. Bu tisullardan biri GPR aleti (Ground Penetrating
Radar- yero niifuz etmoak ficlin istifades olunan radar) kimi miixtelif geofiziki alstlorin
istifadesinden ibaretdir. GPR alsti, yeralti dielektrik sabitliyinds hatta kicik dayisikliklari bels
agkar etmak tictin hassas bir texnika hesab olunur. Notico etibar1 ilo, GPR sistemlori torafindon
yaradilan tesvirler boyiik migdarda melumati 6ziinds saxlayir, onlarin ¢oxu yeralti obyektlarin
tadgiqat: liclin lazimli ve ya lazimsiz ola bilar. Buna gora do melumatlar alds edildikden sonra
filtrlanmasi ¢ox vacibdir. Belalikls, yeralt1 strukturun yerini miisyyan etmak maqsadile GPR-dan
istifade zamani osas problem maraq doguran yeralti obyekt torafinden oks olunan gayidis
signallarim1  diger yeralti obyektlorin yaratdifi bitiin signallardan daqiq ferglandirmek
qabiliyyatinin olmamasindan ibaratdir.

Bundan basqa, istifads olunan- moalumat toplama iisullarindan biri kimi insan
kesfiyyatindan (HUMINT — Human 1ntelligence) istifade edir. HUMINT talim ke¢mis HUMINT
kollektoru (pesokar tocriibo) torofinden elementlorin - qurulusunu, giiciinii, taktikalarm,
avadanliglarini, kadrlarini ve imkanlarini miisyyon edilmosi tiglin insanlardan elaco do slagali
sonadlarden , media manbolarindon malumatlarin toplanmasi prosesine deyilir. Bundan slava,
goriintii kesfiyyatt IMINT — Image Intelligence) kimi texnologiya da peyk ve hava fotogakillari
vasitasilo malumat toplamagq tigiin istifade edilmekdadir. Masafaden zondlama tisullar vasitasi
ilo malumatlarin slds olunmasi siiretli oldugu gader ds asanhqla idars olunan metoddur ve
oziinde giymestli melumatlarin uzaqdan sldas edils bilacayi, genis cesidliliyi texnikalarmi 6ziinds
birlasdirir.

Basdirilmis yeralti tikililorin tam torpaqla ortiildiiyii zaman agkar edilmesi ¢otin bir
prosesdir. Lakin, bu ciir yeralt: tikililorin peyk sokillori ve aerofotoqrafiya vasitasilo agkar etmak
miimkiindiir.

Tikililer va arxeoloji qaliglar kimi yeralt1 strukturlar miixtslif yollarla torpagin riitubati,
drenaj daracalari, tarkibi ve bitki ortitytintin canlihig1 kimi onlarm shats etdiyi landsaftlara
tosir gostore bilor. Bitki ortiiytiniin canlilig1 torpaq tizerinds mahsul isarasi (crop mark) kimi
miisahids oluna biler vo bu isars yeralti tikililorin movcudlugunu gostermok {igiin istifade
olunma imkanina sahibdir. Mahsul isaralori (Crop Marks) hoam beton tomsallorde manfi
isaralor, ham ds damperlords , qazilmis tunellords ve torpaqlarinda miisbat isarelor kimi
goriina bilar.

Son onillikds kosmik texnologiyada texnoloji nailiyystler, eloce de daha yiiksek makan
ayirdetmoa vo hiperspektral moalumatlar kimi sensor xiisusiyyetlorinin tokmillosdirilmasi
golacak islar ti¢lin yeni imkanlar toklif edir.

Bundan slavs, yeralt: tikililorin askarlanmas ticiin spektral zondlama yeralti qaliglarin
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askar edilmasinda ¢ox daqiq hesab olunur. GPR, magnitometr va rezistivlik kimi miixtalif
geofiziki emal texnikalar1 ve avadanliglar1 adsten yeralti qaliglarin askarlanmasinda
miivaffoqiyyst deracesini artirmaq {iciin istifads olunur. Ustelik, atraf miihitin masafoden
zondlanmas1 magsadlori ti¢iin dronun istifadasi da son illorde artmisdar.

Metodologiya

Bu todgigat masafedeon zondlama {isullarindan istifade ederak yeralti hodaflarin
askarlanmasi metodologiyasin toklif edir. Bu metodologiyanin esasmmi miidafis ticlin
shemiyyat kasb eden basdirilmis yeralti tikililor iicilin proxy kimi bitki Ortiiytliniin
fenologiyasinin dyranilmasinin birlesmesidir. Malumatlarin alds edilmasi asas strukturun
tizorindoki saho ilo istinad sahesi arasindaki her hansi doayisikliyi miioyyen etmok {iciin
istifads edilmakdadir.

Bu arasdirma tigiin miiayyen forziyyolor gebul edilmisdir. Bu tedqgigatda miixtolif
fenoloji fazalarin tamamlanma tarixlarini miiayyeon etmok {iglin miiayyan illors aid iki smaq
sahasinda fenoloji sahe miisahidalari aparilmisdir. Faktiki miidafis maqgsadlari ti¢lin maraq
sahesinin xiisusiyyatlori ¢ox vaxt malum olmur. Bundan slavs, srazids arpa becerilmesi
todqiqat moagqsadleri ti¢lin ve alt strukturlarm bitki Ortiiytine tesirini dyrenmok {igiin
eksperimental islorin bir hissasidir. Real ssenarilore asasen, miixtslif nov bitki ortiiyii (eger
varsa) movcud olacaqdir.

Geomatika

Yerin mesafadan zondlanmasi malumatlarindan faydali informasiya alds etmak {iciin,
bir qayda olaraq, onlarin emal edilmasi vacib bir massladir. Miiasir dévrds proqram
vasitelori biitiin emallar1 avtomatlagdirilmis rejimds hoayata kecirmoeyo imkan verir.
Sokillorin  fotoqgrammetrik vo tematik islonmasini hoyata kegira bilocoyiniz proqram
mohsullarmin siyahisi olduqca genisdir. Proqramlar bir-birindan giymsat, funksionalliq vo
bir sira diger parametrlor baximindan farqlonir, buna goro de miisyyon bir proqram
teminatim segorken hansi tapsirigin holl edilmsli oldugu barads qerar vermok miitlaqdir.
MBasafoden zondlama malumatlarmin emal iiclin an populyar ve tsleb olunan proqram
mohsullarma INPHO, ENVI va bazi digar proqram paketlorini misal gostormok olar.
Dovriin diggetelayiq tendensiyalarindan biri emal olunan va tohlil edilon malumatlarmn
hacminin artmasidir. Big Data (bdyiik malumat) adlanan bir anlayis haqqinda danismaq
lazimdir. Bununla salagadar olaraq, alstlorin va texnologiyanin inkisaf1 sifarisgiye - miiayyon
molumatlara, alatlore va xidmatlara ¢ixis1 tomin etmoakls, saxlama ve emal markazlorinds
miixtelif menbalorden mealumatlarin toplanmasimna yo6nsldilmisdir. Big Data ilo islomak
t¢lin bulud (cloud) hesablamalar1 vo superkompiiterlorden istifads olunur.

Big Data {i¢ aspektlo olagoli boyiik hacmli malumatlarla islomeys imkan veran
texnologiyalar toplusudur. Boyiik miqdarda malumat, onun miixtalifliyi vo melumatlarn
¢ox tez emal edilmasi ehtiyacit miiasir dovriin telabidir. Big Data yalniz boyiik miqdarda
molumatin tehlilinden daha ¢oxunu ohato edir. Masoalon, mesafodon zondlama
molumatlarmi nazardan kegirarken, problem tekce onlarin boyiik hacmlsrinds deyil, ham
de malumatlarin zaman kecdikce daha tez-tez yenilonmesindadir. Neticads informasiyanin
tohlilinin ananavi tisullarmin tatbiq olundugu bir veziyyat yaranir. Daim yenilonan boytik
hacmli malumatlarla ayaglasa bilmir ve naticads Big Data texnologiyalarina yol agir.
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nergiz_salehova@mail.ru

PE3IOME

B aannOI1 paboTe paccMOTpeH Ipoliecc M3BAedeHNsI He(pTH U3 IL1acTa IIyTeM eTO BBITECHEeHMS B CAOMCTBIX
HEOAHOPOAHBIX I11acTaX. Oba ca0s1 KOAAeKTopa HeOAHOPOAHBI, ¥ KO®(PQPUIINEHT MPOHMUIIAeMOCTU B KaXKAOM CA0e
M3MEeHsIeTCs AMHeNHO B 3aBMCUMOCTHI OT paguyca. ITpoHuIiaeMocTs IIpuHIMaJlach yMeHbIIAIOIIecsl B OAHOM I11acTe
U YBeAVYMBAIOIIEICs B APYTOM I1JacTe B HallpaBAEHNY OT HarHeTaTeABHON K AOOBIBAIOIel CKBasKIHe, AAsT KaXKAOTO
I11acTa 3alNChIBaANCh ypaBHeHre GpuAbTpalis HepTU ¥ ypaBHeHUe ABVDKEHIs Tasa B IL1acTe U pelllalach 3ajada B
TPaHIYHBIX YCAOBVIAX. AHAaANTIYECKIE BBIPaXKeHIsT MacCOBOTO pacXoJa ra3oBhITECHAEMON HepT! U Tleproja CKaTus
OBLAM TIOAY4YeHBI A4 Ka’KAOTO HEOAHOPOAHOTO ILJacTa ITyTeM IIOCTPOEHISI MOJeAN IIpolecca BbITEeCHEHNsI He(pTu
ra3oM B HEOAHOPOAHBIX ILAacTax.

Karouesbie caoBa: Ko>PPUIIMEHT AVMHAMMIYIECKON BI3KOCTH, MAacCOBBINL pPacxod, IIPOBOAVMOCTB, yCAOBUE
HeIIpepBIBHOCTI

MODELING OF OIL AND GAS COMPRESSION PROCESS IN DISPLACEMENT HETEROGEN LAYERS
ABSTRACT

In this case, the process of extracting oil from the formation by compressing it was considered. Both layers of the
reservoir are non-homogeneous, and the permeability coefficient in each layer varies linearly depending on the radius.
Permeability is taken as decreasing in one layer and increasing in the other layer in the direction from the injection well
to the production well, and the oil percolation equation and the gas movement equation in the layer were written for
each layer, and the problem was solved within the boundary conditions. Analytical expressions of mass consumption
of gas-displaced oil and compression period were obtained for each non-homogeneous layer by building a model of the
process of compression of oil by gas in non-homogeneous layers.

Key words : coefficient of dynamic viscosity, mass flow, conductivity, continuity condition

TOBOQOLI QEYRI-BIRCINS LAYLARDA NEFTIN QAZ iLO SIXISDIRILMA PROSESININ
MODELLOSDIRILMOSI

XULASO

Isds laym iki tebaqpli olan halinda neftin laydan siisdirilaraq gixarilmast prosesine baxilmigdir. Laymn her iki
tobaqesi geyri bircinsdir ve har bir tebaqada kegiricilik smsali radiusdan asili olaraq xatti dayisir. Kegiricilik vurucu
quyudan hasilat quyusu istiqamatinde bir tebaqoda azalan, diger tebaqadoe ise artan kimi gabul edilorak her tebage
tigtin layda neftin stiziilms tonliyi vo qazin harakat tenliyi yazilmus, sarhad sertleri daxilinde masals hall edilmisdir.
Qeyri-bircins laylarda neftin qaz ils spagdirilma prosesinin modeli qurularaq haer bir qgeyri-bircins tebagp ticlin qazin
sexagdirdig neftin kiitls sarfinin ve spasdirilma miiddstinin analitik ifadeleri alinmigdr.

Acar sozlar: dinamik 6zliilitk amsali, qazin kiitls sorfi, kegiricilik, kesilmazlik sorti

Beeagenme. Jas yseamyenms: A0ObIMM Ha MHOTMX MECTOPOXKAEHMSX OCYIIeCTBASeTCs
IIpollecc BhITeCHEeHNST HepTU BOAONM MAM ra3oM. DPQPeKTUBHOCTb BbITECHEHIUs HeTU TakKe
3aBMCUT OT KOAMYECTBa CA0eB HeOAHOPOAHBIX cA0eB. VI3yueHne 1iporiecca BhITeCHeHIsI HepTU C
y4eToM HeOJHOPOAHOCTM IldacTa M AVMHaMIYECKO) B3aMMOCBS3M CHUCTeMBI I11acT-CKBa’KMHa
1MeeT 00AbIIIOe ITpaKTIYecKoe 11 HayJHOe 3HaueHIe.

CymeCTByeT MHO>KeCTBO Cl)aKTOpOB, BAVLTIOINMX Ha IIPOLeCC BBRITeCHEHIIT HeCl)TI/I ra3oMm.
Cpeﬂ,I/I HUX IIOPUCTOCTD I14aCTa, CTEII€Hb HaCbIIIEHIUI I11acTa Heq)TbIO, IIPOHUITa€MOCTbD I14acCTa,
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BSI3KOCTI He(pTU 1 BOABI B I1AacTe, aKTMBHOCTb Heptu 1 Ap [1-6]. Ecam ocraTtouHoe coaep:kaHue
Heptu B maacre A0 35%, TO 3aKauka rasa MAM BO3AyXa B 9TU TUIIBI I11aCTOB He CYMTAeTCs
9¢pPexTUBHOI 1 He pekoMeHAyeTcs1. Ecan B maacre kpome Hepru cogepsxutcst 35% BOABI, B 9TOT

T11aCT MOXXHO 3aKaunBaTh ra3 [7].

AAs1 ycoBepIIIeHCTBOBaHILSI ITpoliecca M3BAedeHnsI He(pT U3 I1dacTa cAeAyeT co3JaTh U
U3YYUTh MaTeMaTHUecKyl0 MoJeAb IIpoliecca C Y4eTOM OCHOBHBIX (PaKTOpPOB, BAVIOIINX Ha
9TOT mpoluecc. PaccmaTpuBaeMas paOoTa IIOCBsIIeHa peIleHnIO0 UM aHaAu3y YpaBHEHMUI],
ITOAyJ9eHHBIX IIPY IOCTPOEHMN MOJEAN ITpolLiecca BBITECHEHIsI He(PTU ra30M B HEOAHOPOAHOM
aacre.

PaccmoTtpuM mporiecc 400braym HepTM € MOMOIIBIO BBITECHEHNs, KOTAa I1AaCT SBASETC
caoucteiM. [Ipearioaoxxmm, 4Tto cA0M COCTOUT U3 ABYX CAOEB KaXKABIl CAOM, B CBOIO O4epeab,
HeogHopogeH (Puc.1, Puc.2). Ilpeanoaoxum, 4to B epBOM HPUOAVKEHUM HEOAHOPOAHOCTD
caos1 auHeltHa (Puc.2), rmapasandeckast CBs3b C10eB cAabasi M HaMU He yuuThIBaeTcs [8].

a3

) tl
raz Py A _ /‘l‘

e

raz o - HedT

HedT

rasz

Puc.1 Cxema mporiecca BeITecHeHVST He(PTHU Fa30M B CA0MCTO-HEOAHOPOAHOM ILAacTe
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Modeauposanue npoyecca evtmecHeHUs HeMu 2a30M 6 CAOUCHbIX HEOIHOPOOIHBIX NAACAX

ITpumenm, 4To AMHelHOe M3MeHeHUe Ko»(pQuIileHTa IIPOHNIIAeMOCTU B 3aBUCUMOCTHU OT
pajuyca B HallpaBAeHUN OT HarHeTaTeAbHON K JOOBIBAIOIIell CKBaXKMHe B OJHOM CA0e I1lacTa
yMeHbIIIaeTcsl, a B Apyrom ypeanuusaetcs( Puc.2).

[
kim)

kae ki

K.

I'c Rk F(n)

Puc.2 /luneiinoe n3MeHeHMe IIPOHUIIAEMOCTH CA0MCTO-HEOAHOPOAHOIO CAOSI IO pajMycy.

Coraacno Puc.2 3anmiem 445 IepBoro 1 BTOPOTIO CAOEB:

K =k 4K p o py
1 1c R -r c
k c (1)
kzzkzc_w(r_rc)
(Rk_rc)

(2)
3aech K, mK,— mporumaemoctyr otaeasHbix caoes maacra Ky, Ky K., K, - mponmaemo-
CTMKOHTYypa U Npu3abOIHON 30HbBL Rk —pasiryc KOHTypa,

- KOOpAIHaTa.

Yaursisast uto I, << R, Mbl MoskeMm 3arucars Beipaskenust (1) i (2) caeayormmm o0pasom:

4

k, —k

ky =Ky + “r ©)

HOCKOAbe IIponecc BBITECHEHII IIPOMCXOAUT MEAAE€HHO, B IIEPBOM HpI/I6/H/I>KeHI/II/I
IIpyMeM BTOT IIPOoLiecC CTallVIOHAPHBIM.

Toraa ypaBHeHMe ABV>KeHIS Ta3a B ILAacTe AAs IIePBOTo cA0s1 Oyaer [9]:
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_ kP
rae Pi— gaBaeHue B A1000M TOUKe YacTH I11acTa, COAepKalllell ras, y; = Lk ,U-K0DPPUIIIEHT
q
AVIHAMMYECKO BA3KOCTU Ia3a, - IIOPUCTOCTD, Pk - KOHTYpPHOE JaBAeHMe.,

T paH9HbIE YCAOBILT:

Plz r=Ry - sz (6)
2 2
Pl =P @

YpaBuenne ¢QuabTpaluy, ycTaHaBAMBaeMOe B IIEPBOM CA0e He(TH, 3aIVCHIBAETCS
CAeAyIOIIIM 00pa3oM:
d(rk dr, ) 0
drip, dr )
l"l’ n (8)

Ypapuennue (8) permaercst mpy cAeAyIOIIVX TPAHNYHBIX YCAOBX:

Pl..=P 0

Pl_ =P (0

r=r,

YPaBHeHI/Ie ABVIDKEHILI Ta3a 4451 BTOPOI'O CAO:

ror\ ¥ or b
_ kP
Zp=——= (12)
iy
rpaHI/ILIHI)Ie YCAOBI/UI:
P’ =R ()
P/l =PR* (e

B sTOM ca0e 3armmiiem ypasHeHne puabTpany HepTy CAeAyIOIIM 00pa3oM:

d(rk,dP
dr{ g, dr

I'panrranbIe ycaoBus:
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Modeauposanue npoyecca evtmecHeHUs HeMu 2a30M 6 CAOUCHbIX HEOIHOPOOIHBIX NAACAX

I'ae P1, P3- saBaenns B 2100011 TOUKe YacTy I1AacTa, codepkaiein ras, P2 , P4- aapaenns B
2100011 TOYKe YacTU I11acTa, coaepsKalleil HeTh g Mpn —KOD(PQPUIMEHTH AMHAMUYECKON

BA3KOCTY Taza 1 HeT1, Pi- KOHTypHOe AaBAeHue , Po' — AaBAeHNe Ha IPaHnLIe I’O'

2 .
B II€EpBOM CA0€ I1daCTa AaBA€HNL Pl u PZOHPEAEA}IIOTC}I Ha OCHOBE€ YypaBHEHUN

¢uavrpanium (5) u (8) u rpannaHbIX ycaosuii (6), (7), (9) u (10):

L T Tt g
1c

1 LTl .

rae

Pemus 3agady, moaydaem caeayioliee BpIpakeHmne AAs AeOurta He(pTU CKBaKMHBI IIpU

BbITE€CHEHI HeCl)TI/I Ta3OM A1 TIEPBOTO CA05I HEOAHOPOAHOTO I1AacCTa:

Qn — Zﬂrchknpn :C k X
Iun rc(klc + e ch
Rk
(20)
1B, +/B} +4A’P? +4ABP,
| — . R . k, —K
klc + 1IF; 1c rc klc + 1IF; 1c rc
In r-0 k In I'-O k
k., —k k, —k
klc + 1 1c ro rc klc + 1 1c rO rc
Rk Rk
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BpeMFI AOXOKAEHVIL BO,ZI,OHe(l)T}IHOl"O KOHTaKTa 40 CKBa’XMHBI OIIpeAeAsIETCA CAeAYIOIUM

BBIPaKeHIeM:
R
mu, ¢ 1
=—7 dr, (21
% j oy @)
or |,
rae
patmkq K, 1
Al } Patm:uq K.+ kll - le r k k1I B klc
1c o | I c T I
In & Rk 0 1 Rk 0
1l Iy
B 2p,.K, K, 1
1 _ B (22)
Hnq K, + Ky — Ky roln| ke + i~ K r,
| r R, R,
" k, —K
klc + 1 1c rO rc
Ry

AHaJAOIMYHO peluM 3ajady AAsl BTOPOIo caos. Jammcas Bpipakenusa (12) n (4) B
ypasrennu (11) u nponHTerpupoBaB € y4eTOM IpaHmdHbIX ycaosuii (13) u (14), moaydum:

(R -R*) In r Ka
kzc _ kzc — k2| ro, kzc _ 2
Re Ry

P/ = +P?

R, 23)

'
34eCb PO - 3Ha4eHle I111aCTOBOTO AaBA€HIUI Ha I'paHTIIe TaS—HeCl)Tb.

3anucas BbIpakeHne (4) B ypasHeHun ¢puasrparuy Hepti(15) 1 mponHTerpupoBas ero ¢
y4eToM I'paHIM4HbIX ycaosuii (16) u (17), moayamm:

54



Modeauposanue npoyecca evtmecHeHUs HeMu 2a30M 6 CAOUCHbIX HEOIHOPOOIHBIX NAACAX

(24)
N (i-P)
k2c_k2|r_k kzc_k2| —k
Rk c 2c ro, Rk c 2c
In K
c ' I,
? . o — k2c
k
Bripaskenns (23) n (24) sanmiiieM cCOOTBETCTBEHHO CAeAYIOIIM 00pa3oM:
r k
P32 =A, In T R—2| + sz (25)
k2 _ 2 21 r  k
c
Ry
k2c B k2| r —k
r R c 2c
P4 = 82 In k + PC (26)
Koo =Ko f
A r—K,. c
k
34€Ch
p - (P-RD)
k2c _ kzc — k2| r/
In Re R,
2 o
B, = (R=F)
k2c - k2| r —k
! R c 2c
In Iy K
k2c - k2I 'k I,
R r0 2¢c
k

MaccoBbll1 pacxo 3aKaueHHOTO ra3a Ha KOHTaKTHOMITOBepXHOCTH [9]:

2
7k thp,, OP?|

! zuq I:)atm ar

(27)

'
r=rp

3aech h- »ddexTuBHasg ToAIMHA k) —IIPOHMUIIAEMOCTL Ta3a B ILAacTe,pum—aTMOCpepHast
ILAOTHOCTD , Parn -aTMOCepHOe AaBaeHIe.
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MaccoBbIi1 pacxoZ, BEITeCHEHON HepTIL:

_ 27k, thp, P, |

Q. (28)
Mo 0N,
kn -mponnIIaeMocts HepTH, Pr —LAOTHOCTD HePTU
Ycaosue Hepa3pBHIBHOCTIL:
Qul_y = Quleg (29)

Ecan 3ammcars Boipakenmst (25) n (26) B popmyaax (27) n (28) , yuuTsiBas pe3yabTaT B
ypasHeHuu (29), moaydum

1B, +,/B? +4AZP? —4A,B,P,
Powz =5 (30)
2 A;
34€Ch
AS__patmkq k20 1
Pa Mg Ky =Ky k, —k
atm k + C i 21 2C !
ML N L
2 ry
B _ 2pnkn k2c 1
s =
K, — K, K, —k
Ky r, K,, + 2|R 2 r, r();(k20+ 2|R 2c ror]
In 0 k Kk
k2c + kZI _k2c rof r.
R,

Aas omnpeJeAeHNsI MaccOBOTO pacxoda He(pTU IIpM BLITECHEHMM ra3oM B HEOAHOPOAHOM
IL.1acTe ¢ ydyeToM BuIpakeHuit (26) u (30) B popmyae (28) roayyaem caeayioliee aHaAUTITIECKOe

BbIpa’keHne 44151 MaCCOBOTO pacxoda HeCl)TI/IZ

Qn — Zﬂrchknpn Ilzzc k X
lun rc(ch + a2 rc]
Rk
(3I)
1B, +./BZ + 4AZRZ —4AB,P,
(o2 A . P,
kzc_kmr_k k2c_k2|r_k
ro’ Rk c 2c r_0, Rk c 2c
In In
Kpe =Ko I Kpe =Ko I
o — ch ¢ o — k2c ¢
Rk Rk
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Bpemst puabTparym HepTu B Iporiecce BHITECHEHIIS Ta3oM OyAeT:

Ry

mu 1
T=—%|—dr, 32
k Iaa 0 (92)

nor
or

_p
r=r

TaK, crpouTcs Mojeab ITpoliecca BRITeCHeHNsI He(TU Tra3oM B CAOMCTO-HEOAHOPOAHBIX
IJacTax U IOAYy4alOTCs aHaAUTIYIecKie BhIpaskeHmsl Maccosoro pacxoda neptu (20) n (31) u
BpemeH! BbITecHeH: (21), (34) 4451 KaXKA0T0 HEOAHOPOAHOTO CAO.
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qalalera, simpozium, konfrans, va digor niifuzlu elmi todbirlerin materiallarina vo ya tezislorina istinad edarken
maqalonin, maruzanin va ya tezisin ad1 gostarilmalidir.

a)
b)

c)

NUmunalar:

Mbgqala: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and electronic structure af monomeric
and dimeric complexes of carnosine with zinc, Journal of structural Chemistry, VVol.51, No.5, p.824-832, 2010

Kitab: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Konfrans: Sadychov F.S., Aydin C., Ahmedov A.1.. Appligation of Information-Communication Technologies in
Science and education. Il International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Balka, 01-03 Noyabr, 2007, ss 384-391

Maonbolar 9 punto yazi tipi boyiiklitylinds olmalidir.

10.

11.
12.

Sahifa olgiilori: iistdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm vo sagdan 2.5 sm olmalidir. Matn 11 punto yaz: tipi
boylikliiyiindo, Palatino Linotype yaz tipi ilo vo tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal tadqiqat asarlorinin tam motni bir qayda olaraq 15 sshifodon artiq olmamalidir.

Magqalsnin nagre taqdimi agagidaki qaydada aparilir:
Hor mogqallo on az1 iki eksperto gondorilir.
Ekspertlorin tovsiyslorini nazors almaq ti¢iin moaqale miiollifo gdndorilir.

Mogqals, ekspertlorin tonqidi qeydlori miisallif torafindon nozere alindiqdan sonra Jurnalin Redaksiya Heyati
tarafindan ¢apa toqdim oluna bilar.


mailto:journal@beu.edu.az

8.

YAZIM KURALLARI

“Journal of Baku Engineering University- Makine ve endiistri miihendisligi” onceler yayimlanmamus orijinal
galigmalari ve yazarin kendi arastirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin baslig1, yazarin adi, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig1 dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her {i¢ dilde yazilmis 6zeti birbirinin ayn1 olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildigi dilde verilmekle en az {i¢ s6zciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugsmalidir:

Giris,

Aragtirma yontemi

Aragtirma

Tartigma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde koseli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gosterilmelidir. Aym kaynaklara tekrar bagvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
miracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gosterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010
Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A 1. Appligation of Information-Communication Technologies
in Science and education. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Balka, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiytikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; Ust: 2.8 cm, alt: 2.8 cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto bilyiik-
lukte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal aragtirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri génde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana génderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarin elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yaym Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler igin,(derginin kendilerine gonderilmesi za-
mani posta karsilig1) 30 ABD Dolar1 veya karsiligi TL, T.C. Ziraat Bankasi/Uskiidar-Istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu iiniversitemize fakslanmalidir.



ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - MexaHnueckue 1 IPOMBILILIEHHOIO CTPOUTEALCTBA ITYOJIHKYeT
OpUrHHAIBHBIC, HAYYHBIC CTAThH U3 00JIACTH HCCIICOBAHMS aBTOPa U PaHee HE OITyOIHKOBAHHBIE.

Cratbu TIPUHUMAIOTCS Ha AHTJIMMCKOM SI3BIKE.

Pykomucu IOMKHEI OBITH HaOpaHsl cornacHo nporpammel Microsoft Word u oTnipasiieHsl Ha 371€KTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HasBanue cTathy, UMs ¥ (haMIIIKs aBTOPOB
Mecto paboThI

DICKTPOHHBIN aJipec

AHHOTAIIMS U KITFOYCBBIC CIIOBA

3ary1aBue cTaTbH IHILIETCS JUISL KOKIOM aHHOTAIINH 3arIaBHBIMHU 6yKBaMI/I, KUPHBIMHA 6yKBaMI/I M pacriojiara-
€TCA IIO LICHTPY. 3arnaBue u aHHOTaluu JOJIXKHBI OBITE MpPCACTAaBJICHBI HA TPEX A3BIKAX.

AHHOTAIMSA, HAIMCAHHAS HA SI3bIKE MPECTABICHHOM CTaThH, TOKHA coaepxath 100-150 ciioB, HaOpaHHBIX
mpudrom 9 punto. Kpome TOro, mpencTaBisioTcs aHHOTAMK Ha OBYX APYTHX BBINIEC YKA3aHHBIX A3bIKAX,
MePEeBO KOTOPBIX COOTBETCTBYET COJIEPKAHIIO OpUrnHaia. KiroueBbie cloBa JOMKHBI ObITh MPECTABICHBI
MOCJIE KaXK/I0M aHHOTAIIMU Ha €T0 SI3bIKE M COIEPIKATh HE MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

[IpencraBneHHbIE CTaTbU JOJKHBI COJEPIKATh:

BBenenue

Mertoj ucciaen0BaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccputaroress Ha paboOTy Ha PYCCKOM sI3bIKE, TOTJA OPUTMHANBHBIA SI3BIK YKa3bIBACTCA B CKOOKaX, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ayihaBUTE.

PucyHKH, KaDTHHKH, TPAQUKH ¥ TAGIUIbI JOJDKHBI OBITh YETKO BBIIOJIHEHBI U pPa3MeleHbl BHYTPH CTaThU.
INoxnwcn K puCYHKaM pa3MENIaloTCs 10J] PUCYHKOM, KapTUHKON WM rpadukoM. Ha3zBaHue TaOIMIBI MUMIETCs
HaJ TaOJINIEN.

CchIIKY Ha HICTOYHUKH JJAIOTCS B TEKCTE NU(PPOH B KBaJPaTHBIX CKOOKaX M PACIOIaraloTcs B KOHIIE CTaTbU
B HIOPAIKE IUTHPOBAHUS B TeKCTe. ECiM Ha OIMH M TOT K€ MCTOYHUK CCHUIAIOTCS /1Ba M Oojiee pa3, HeoOXo-
JUMO yKa3aTh COOTBETCTBYIOIIYIO CTPaHHMILY, COXpaHsAs HMOPSAKOBBIA HOMep IuTHpoBaHus. Hanpumep: [7,
ctp.15]. bubnuorpadudeckoe onucaHue cchUIaeMOi JTUTEPATYPHI TOKHO OBITH MPOBEIEHO C yYETOM THIIA
HCTOYHUKA (MOHOTpadus, yaeOHUK, HayuHas cTaThs  1p.). [Ipu cchlike Ha HAYYHYIO CTaThiO, MaTEPHUAIIBI CHM-
MO3UyMa, KOH(PEPEHILIMH WU JIPYrUX 3HAUMMBIX HayYHBIX MEPONPHUATHH JOJDKHBI ObITh yKa3aHbl Ha3BaHHE
CTaThH, TOKJIQJa WK Te3Hca.

Hanpumep:

Cmampwsa: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832,
2010

Knuza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenuua: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies
in Science and education. 1l International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, ss.384-391

Cnmcok MUTUPOBAHHOW JUTEpaTypsl HabupaeTcs mpudtom 9 punto.

10.

11.
12.

Pa3mepbl crpaHuubl: cBepxy 2.8 oM, cHu3y 2.8 cM, crieBa 2.5 u cripaBa 2.5. Tekcer nedaraercs mwpudrom Pala-
tino Linotype, pasmep mpudra 11 punto, uHTepBan-oanHapHbli. [laparpadsl T0KHBI OBITH pa3leicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHBIN 00BbEeM OpUTHHAIBHON CTaThH, KaK IPAaBMIIO, HE TOJDKEH MPEeBHIIATh 15 cTpaHu.

Hpe)ICTaBJ'IeHI/Ie CTaTbH K IMCYATU NPOU3BOJUTCA B HUKEC YKA3aHHOM MOPSAIKE:

Kamaaﬂ CTaThs NOCBIJIACTCS HE MCHEEC JIBYM 3KCIICpTaM.

CTaThs IOCHLIACTCS aBTOpY JIA ydeTa 3aMeYaHul OKCIICPTOB.

CTaTBH, IOoCJie TOr0, Kak aBTOP Y4e€J 3aMCUaHHs DKCIEPTOB, peHaKHHOHHOﬁ KOJLUIeTHEl JKypHajla MOXET
OBITH PEKOMECH/IOBAHa K Ie4YaTu.
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