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PE3IOME

B cratbe paccMarpuBarOTCA  pe3yNbTaTbl  HCCICIOBAHUM  HM3MEHEHUHM  MEXAHUYECKUX
XapaKTePUCTHUK JIE€TalIM apMaTypbl U3 CTajeil B 3aBUCUMOCTH OT YCJIOBUH HX paOOTbl. ABTOPBI
CUMTAIOT, YTO, OJHUM M3 BOXHEHIINX BHIOB HE(TETAa30IPOMBICIOBOTO 00OPYIOBAHUS SBISETCS
dboHTaHHAsA apMaTypa, NpeHa3HaueHHAas ISl TepMETU3AlUU YCThs, (POHTAHUPYIOUINX HEPTIHBIX
1 I'a30BLIX CKBAXXWH, d TAKKC PCryJIMPOBAHUA PCKUMA OKCILTyaTalluu.

[TokazaHo 4TO, A€Taay apMaTypbl B 3aBHCHMOCTH OT YCJIOBHUNA HMX PaOOTHl M3TrOTABIMBAIOT W3
YIIIepoanucCThIX, JICTUPOBAHHBIX NN BBICOKOJICTUPOBAHHBIX CTaJIeH. OCHOBHBIMH
XapaKTepPUCTHKAMH TPOYHOCTH CTamu TIpu Temmeparype t<300-350°C sBnsiorcs mnpenen
MPOYHOCTU Oy M TIpeAeNl TEeKyuecTh O, yaapHas Bs3koctb KC. Ilpu pacuere neranei,
paGoTaromux npu Temmepatype cbime 350°C, y4HTHIBAIOTCA TIpesen TON3ydecTH Gn M Mpejen
JUTUTEIIbHON MPOYHOCTU Gy TPYOOIPOBOIHOM apMaTyphl, 3 MapTEHOBCKOW CTaju, paboTaroliue
IO/ 1aBJICHUEM.

YuutriBas BBIIMICU3JIO’KEHHOE, HaMH ObLIH BI>I6paHI)I KOHCTPYKIOMOHHBIC CTaJlli KOTOPLIC,
SIBJISIFOTCS  BBICOKOKAQYECTBEHHBIM MAaTE€pUajoM JUIsl M3TOTOBJIIEHUS OTBETCTBEHHBIX JeTaneil
apMaTypbel U 3aABWXKH. IlImacTnyHOCTE CTAIH CHOCO6CTBy€T BbIpaBHUBAHUIO HaprDKeHI/Iﬁ B
OTJIENbHBIX TOYKAX JIETATEeH U YMEHBIIAeT OMAaCHOCTh €€ BHE3AMHOTO pa3pyIeHHs], YTO0 0OCOOCHHO
BAJKHO I apMaTypbl BBICOKUX JIaBJICHUM.

KuroueBble cjioBa: GoHTaHHas apMaTypa, 3aJBUXKKA, KaUeCTBEHHAs CTallb, MMOKOBKA, TOJIIMHA
CTAJIPHOTO TIpOKaTa, TeMIeparypa OJKCILTyaTal[MOHHOTO YCJIOBHSA, MHKPOCTPYKTypa CTallH,
MEXaHUYECKHE CBOMCTBA, KATETOPHUS TPOUYHOCTH.

AKTYyaJIbHOCTb

OaHMM W3 BaKHEHIIMX BHJIOB HEPTEra30mpOMBICIOBOrO0 00OpyAOBaHHUS SBISETCS (OHTaHHAS
apMaTypa, mpeaHa3HaueHHas JJIs TePMETU3alUN YCThsl (POHTAHUPYIOMUX HE(TAHBIX M Ta30BBIX
CKBa)KMH, a TAaK)K€ PETyJIUPOBAHUS UX PEKHUMA IKCILTyaTallUu.

Ecnu yuecth, 4To n00bI4a OCHOBHOM Macchl HE(TM M BCEro KOJMYECTBO NPHUPOJHOTO rasa
OCyIIECTBISIETCS. (POHTAHHBIM CIOCOOOM, TO POJIb 0OOPYJOBaHMSI OOBSI3KM YCThSI (POHTAHHBIX
CKBA)XXMH B JieJie 00ecTeYeH sl CTPaHbl YJHEPTeTHUECKUMH PeCypcaMy CTAaHOBHUTCS OUYEBUAHBIM |1,
2].

B naHHBIM HampaBlIeHMM IPOBEAECHO HEMalo wuccienoBaHuil. OnHAKo, CYILIECTBYIOIINE
KOHCTPYKLMU U Oojiee TsDKEIble YCIOBUS dKCIUTyaTallud (POHTAHHBIX apMaTyp, MOSIBUBLIMECS B
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CBSI3M C OCBOCHHEM HOBBIX MECTOPOKICHUI HEPTH ¥ rasza, Kak Ha CyIle, Tak H Ha MOPE, TUKTYIOT
HEO0OXOJUMOCTH U pabOTOCTIOCOOHOCTH MOABHKHBIX 2JIEMEHTOB (POHTAHHBIX apMaTyp.
[IpoBeneHHbIC 10 CUX TIOP HUCCICIOBAHUS U KOHCTPYKTOPCKHE pabOTHI B JaHHOM HAINPABICHHUH
i BO3MOKHOCTb CO3JaTh JeTallel psl TUIIOpa3MepoB (POHTAaHHBIX apMmaTyp Ha pabouue
nasienue 14, 21, 35, 70 Mlla, ¢ amamerpom mpoxomnoro oteepctus 50, 65, 80, 100, 150 mm.
OnmHako 3T0 000pyAOBaHKS HE JIUIIEHO ONPEACIICHHBIX HETOCTAaTKOB [2, 3].

B 3710i1 cBS3M co3paHue ycTheBOro 0OOPYJOBaHUS, OTBEYAIOLIETO COBPEMEHHBIM TPEOOBaHMSM,
HAXOJSIIEr0 Ha YPOBHE MEXIyHApOJHBIX CTaHIApTOB, BCE €Ile MMEET BaXKHOE MPAKTHYECKOE U
HAay4yHOE 3HaueHue. A 3Ta Leiab TpedyeT MpoBeAeHUs pabOT, HAIMpPaBJICHHBIX Ha H3y4YeHUE
CYIIECTBYIOIINUX KOHCTPYKIUN (POHTAHHBIX apMaTyp, aHAIH3 UX padOTHI M OTKA30B B YCIOBUSAX
9KCILTyaTalliu, a TaK)Ke BBIMOJHEHHE 00Jiee TOYHBIX OLEHOK M PACYETOB CYIIECTBYIOIIETO U
BHOBb C03/1aBa€MOI'0 YCTbEBOI'0 000y 10BaHUS.

OneiT 9KcmTyatauud  (OHTAHHBIX apMaTyp B Pa3IUYHBIX YCJIOBHBIX IOKa3bIBa€T, 4YTO
COBPEMEHHBIC KOHCTPYKIIMHM 3aJBIDKEK, TepMETH3alHs 3aTBOpa KOTOpOE OO0eCredrBaeTCs
ABTOMATUYECKOM TMoJAayel K YIJIOTHUTEIbHBIM IMOBEPXHOCTSIM CHEIHATBbHON CMa3KH, UMEIOT
JOCTAaTOYHO MPOJOJDKUTEIBHBIN CPOK CIyk Obl. B 3TOM ciyyae 0TKa3bl 3aIBUKEK HAOIIOAAI0TCS
HE TOJIKO 10 MPUYMHE U3HOCA AeTajeil 3aTBopa, HO M XOJ0BOM Maphl, COCTOSIIUN U3 IIMHH/IEIS
Y XOJI0BOM Tr'aiiKu.

O¢ddextuBHOCTH PadOTHl 3aaBUKEK (OHTAHHOTO OOOPYIOBAaHUS BO MHOTOM 3aBUCUT OT
paboTOCIOCOOHOCTH OT/ENBHBIX €T0 y3JI0B [3] U B TOM YHCIIE KOPITyca 3aIBUKKH.

Oco0eHHOCTH KOHCTPYKIMH y3Jia U YCJIOBUS €ro KCIUTyaTallud BBIABUTAIOT Psi TPeOOBaHUMN K
MaTepualy I JeTaled XOJOBOM mapbl M KOpIlyca 3aJBMKKM. Marepuansl AeTalleld 3aJIBUKEK
JTOJKHBI O0JIalaTh JTOCTAaTOYHO BBICOKUMHU CBOWCTBAMH - CTOWKOCTh K OOIIEH KOpPpO3UU H
CEPOBOPOIHOMY PACTPECKUBAHMIO, TEXHOJOTUYHOCTHIO, H3HOCOCTOMKOCTBIO, @ U3HOCOCTOMKOCTh
MOBEPXHOCTEH TIOBBIIIAETCA PA3NUYHBIMU BHUJIAMHU MOKpbITUid. s ¢doHTaHHOI apMmaTyphl,
MpeHa3HAaYeHHOW JuUIsi paboThl B arpecCUBHOM cpeia, MpH BBHIOOpE MaTepHAJIOB MJis JeTaliel
XOJIOBOM Maphl 33JIBUKEK HEOOXOAUMBIMH yCIOBUSMU SIBISIETCS HE TOJIBKO M3HOCOCTONKOCTH, HO
Y KOPPO3UOHHAsl CTOUKOCTH [4].

Jeranu 3anBHKeK, SKCIUlyaTupyemble B cpenax, cogepxkamux H2S u CO2 mnonaBepikeHbI
CEpOBOJIOPOJHOMY PACTPECKUBAHUIO, B CBA3U C YE€M MaTepuaj ATHX JeTajlell JOJKeH 001alaTh
JOCTaTOYHOM CTOMKOCTHIO K CEPOBOIOPOTHOMY pacTpecKuBaHmio [5].

YuuThiBasi BBIIEHU3IOKEHHOE, HAMU OBUTH BHIOPAaHBI KOHCTPYKIIMOHHBIE cTanu. Kpome Toro, mpu
OCTQJIMBAaHUU MCHOJIb3YIOT PAaCTBOPUMBIE aHOAbBI M3 Mallo yriepoAHsiX. [lo apyrum paHHBIM,
AIIEKTPOJINTUYECKOE IKejle3a M0 KadecTBy HNpHOIMKaeTcs K Majo YIVIEPOJUCTOM CTalld C
coaepskanueM yriepoaa 0,03-0,06% [6].

Cranp Onarojmapsi CBOEW BBICOKOM MEXaHWYECKOM MPOYHOCTH M IUIACTUYHOCTH, SIBISIETCS
BBICOKOKAYECTBEHHBIM MATE€pUAJIOM JJisi M3TOTOBJIEHUS OTBETCTBEHHBIX JAETalled apMarypbl U
3aBWKKU. [IMacTHYHOCTh CTalmM CHOCOOCTBYET BBIPABHUBAHUIO HANPSDKEHHH B OTIEIBHBIX
TOUYKaX JeTallell U YMEHBIIAeT OMAaCHOCTh €€ BHE3AIMHOTO Pa3pyIICHHs], YTO OCOOCHHO BaYKHO IS
apMaTypbl BBICOKUX JlaBieHui [7, §].

W3meHeHneM cocTaBa JETUPYIOIIUX JIEMEHTOB JIETKO JOOUTHCS MOTYUYESHHs CTaIH ¢ TPeOyeMbIMU
MPOYHOCTHBIMU WJIA TUIACTUYECKUMHU CBOMCTBAMH, XUMHYECKOM CTOMKOCTBIO, KAPOCTOMKOCTU U
T.I. DTa 0 YKOHOMHUYECKU HE BBITOAHO. Tepmuueckas 06paboTKa MO3BOJIIET U3MEHST CBOWCTBA
CTaJM B IIMPOKOM JHAINa30HE KaK Ha MOBEPXHOCTH JIETAIM, TaK W MO0 BCEMY CEYCHHUE, XMMHUKO-
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TepMuYeckas OOpabOTKM CTalu- IIEMEHTAlMs, Aa30THPOBAHUE W Jp. MO3BOJSAET emie OoJiblie
pacIIpUTh 3TH BO3MOKHOCTH. MaJjoyriepoAaucThie CTalld XOPOIIO CBApUBAIOTCS MPUMEHEHHUEM
COOTBETCTBYIOIMX JIETHPYIOIIUX J00ABOK, CIEHUATBHBIX JJIEKTPOJOB M  MMOCIEIyIOIei
TepMO0OpaObOTKON MOKHO CO37aBaTh MPOYHBIE CBapHbIE COCTUHEHHS W3 JIETUPOBAHHBIX CTajel

[9].

Henp wuccaenoBaHMs HW3MEHEHUE MEXAHMYECKMX XapaKTEPUCTHK JETadd apMaTypbl U3
KOHCTPYKLIMOHHBIX CTajei, M3rOTOBJICHHBIX PAa3HBIM METOAOM B 3aBUCHMOCTH OT Pa3IMYHBIX
yCIOBUH UX pabOThl OTBEYAIOIIEH COBPEMEHHBIM TpPEOOBAHUAM HAXOJSAUIUYXCS Ha YPOBHE
BaYKHOTO ITPAKTUYECKOTO U HAYYHOT'O 3HAUYEHUS.

MeToauka ucciea0BaHusA

AKTyallbHOCTh ~ MCCJEIOBAaHMS  IIOKa3bIBAaeT, 4YTO  OJAHMM U3  B@KHEHIIMX  BHJOB
He(TEera3onpoMbICIOBOTO 000pynOoBaHHs sBsieTcss QoHTaHHas apmarypa (puc.l). OmubIThl
SKCIUTyaTaluy (OHTAHHBIX apMaTyp B Pa3JIMYHbIX YCIOBHBIX MOKa3bIBaeT, yTo 3()(PeKTUBHOCTD
paboThl 3aaBMKEK (POHTAHHOTO OOOpPYAOBaHHS BO MHOTOM 3aBHCHUT OT PabOTOCIIOCOOHOCTH
OTJIENBHBIX €ro y3/10B (puc.2).

Hamu Obun BBIOpaHBI KOHCTPYKIIMOHHBIE CTaJId, KOTOPBIC SIBIISIOTCS BBICOKOKAYE€CTBEHHBIM
MaTepHajioM Ul U3rOTOBJIEHUSI OTBETCTBEHHBIX JieTalel apMaTypsl U 3aBuxek. /g usmepenue
MEXaHUYECKUX XapPaKTEPUCTHK JETaTl W3 CTajleidl B 3aBHCHMOCTH OT YCIOBHH HX DPabOTHI,
BbIOpaHbl MapKH U XUMHUYECKUE COCTaBbl KOHCTPYKLIMOHHBIX CTajJel 10 dKCIulyaTauuu (Tabiauna
1).

TBepaocTs 00pa3loB M jAeTanell onpeAensuid no Metony bpunenns Ha tBepaomepe HB-3000B
ASTM E-10, ISO 6506.2. Tlpenen mpo4YHOCTH TPU PACTSHKEHHH OTPENEISIIN Ha Pa3pbIBHOM
mammnae P 5047-50-11 mo 'OCT 1497 u TOCT 10006 u o metoauke [10]. YaapHas BSI3KOCTh
onpenensui Ha Marmmmae MT 208 o TOCT 4647-2015, 1SO 179-1-2010, ASTM D256.

-4

D

6

- .8 i’
iR 9

Pucynoxk 1. [Ipsamorounsie 3aaBmxku TUoB 3MC1: 1 - kpbitika: 2 - pa3psaHas npooka;
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3 - KpbIIIKa NOIUIHAKA; 4 - peryJIupoBoOYHas maiibda; 5 - IMIUHAeNb: 6 - BepXHUN KOXKYX;
7 - MaxoBHK; § - yIOPHBIN IMIAPUKOMOIIIMITHUK; 9 - X0/10Bas raiika; 10 - y3en canbHHKa;

11 - mpoknaaka; 12 - mmbep;

13 - kopmyc; 14 - BeixogHoe censio; 15 - mrok; 16 - HarHeTaTeabHBIN KIIaaH,

17 - awoxHMA KOXKyX; 18 - BxomHOe cemio; 19 - Tapenpyaras npyKuHa
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PucyHnok 2. Bun pabouero y3ia 3agsmxkek: |- mmbep; 2- cemio; 3- Tapenpyaras mpyKuHa

Taoauua 1. XuMUYeCKHUI COCTaB CTAJIEH.

Mapka cram Conepxcal_me 31eMeHToB, % (Macc.) _
C Mn Si S P Cr Cu Ni

Cr6 0,38-0,49 0,5-0,8 0,05-0,17 0,05 0,04 - - -

08 0,05-0,11 0,75-0,5 0,03 <0,04 0,035 <0,1 | <0,25 -

35 0,32-0,40 0,5-0,8 0,17-0,8 <0,04 | <0,035 | <0,25 - -

55]1 0,52-0,6 0,5-0,8 0,17-0,32 0,035 0,035 <0,26 - -

MUKpOCTPYKTYypa HMCXOJHOTO MeTajljla IMOKa3aHO Ha puc. 3. M3BecTHO, 4TO pa3zynpoyHEHHE
CYIIECTBEHHO 3aBHCHT OT HMCXOIHOW CTPYKTYpbl. MHUKPOCTPYKTYpPHl HCXOJHBIX MaTEpHAJIOB
onpenensiint Ha CM u COM.
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Pucynok 3. MUKpPOCTPYKTYpBhl Kaue€CTBEHHOW YIJIEPOAMCTON KOHCTPYKLIMOHHOM CTamu 10
skcrryarauu: a, 6 — Crt 6, B, T — cran 08, 1, e — cran 35, x, 3 — ctai 55J1;
a, 6 - CM x800; B, 1, x, 3 - CM, x500; 1, e - COM, x4000

Oo0cyxaenne pe3yJbTaTOB UCCIEA0BAHUSA

Jeranm apmarypel, B 3aBHCHMOCTH OT YCJIOBHH HX pa0OTHl (JaBICHHS, TEMIIEPATYypPHI,
KOPPO3WOHHBIX CBOMCTB Cpelbl) W3rOTaBIUBAIOT M3 YIJIEPOJUCTBIX, JIETHPOBAHHBIX HIIU
BBICOKOJIETUPOBaHHBIX cTane [11]. OcHOBHas yriiepoamcTasl CTajdb COJEPKaTh yTiepoja
0,01+1,5%. CnnaBsl conepxxanuem yriepoaa Menee 0,01% Ha3bIBaroTCsS TEXHUYECKUM KEIIE30M.
VYrnepoaucras cranb Moxet coaepxatsb 0,1+0,35% kpemuus u 0,2+0,8% mapranna. Coaepxkanue
€CTEeCTBEHHBIX IpuMecei ceprl U pocopa He gomkeH npesbimath 0,025+0,05% kaxaoro.
OCHOBHBIM XapaKTEPHCTHKAMH TPOYHOCTH CTaldb TpH Temmeparype t<300+350°C smistorcs
npefesn MPOYHOCTH Gy M Mpenen TeKyuecTH or. llpu pacdere neranei, paboTaromux mOpu
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temneparype cBpime 350°C, yumThiBaloTCs mpeies MOJN3YYeCTH M Hpedel  JUIMTENbHOM
npoyHocTty. [letanu TpyOonpoBOAHON apMaTyphl, paboTarolue Mo JaBJIeHUEM, H3TOTOBIISIOTCS
13 MApTEHOBCKUH CTAJIU.

KauecTBo cTanu B 3HAaUUTEIHLHONU Mepe OMpEeAeTCs METOAaM PACKUCICHUS IPUMEHIEMbIM MTPU
BhIMIaBke. Kumsimas cran (packucnsiemas ¢peppoMapranieM) IpoaoiDKaeT BhIACIATh Ta3bl MOCIe
3aJUBKHM B M3JIOKHUIIBL. B pesynbrare 3TOro mpokar, MOJYYEeHHBIN W3 KUIAIIEH CTaid, MOKET
COJICPKHUT BOJIOCOBHHBI, HEOJHOPOAHOCTH B CEpPEIMHE CEUEHUs, MOBBIIIEHHOE cepa u (ocdop.
CrnokoitHas ctanb (packucisiemas: MapraHiieM U KpPeMHHEM) 3aJIUBAETCS B W3JIOKHHULBI MOCIE
BBIJIEJICHHS] Ta30B, MOTOMY HMMeEeT 0Oojiee OJHOPOAHYIO CTPYKTYpYy M Jy4llIMe€ MEXaHU4YECKHe
cBoiictBa. Kumsmas cramnp Oojiee CKJIOHHA K CTapeHHIO, YeM CIOKOWHas, ee NPUMEHEHHE
orpanunueHo nasienuem 1o 0,5 Mlla u 6onee y3kumu npezenamu padoueit TemmnepaTypsi [12].
VYriiepoaucTbie CTaJId MOKET IPUMEHSTCS IPU HU3KUX TEMIIEPATYpax A0 CIEAYIOLUIUX MPEIEIIOB -
CIIOKOMHAs 0 MUHYC 40° C, kunsias 10 MUHYC 30°C.

C mnoBbIIIEHHEM TEMIIEpaTypbl MPOYHOCTh YIJIEPOAUCTBIX cTajell mnoHwkaercs. Ha puc. 4
MOKa3aHO W3MEHEHHE TpefeNia TMPOYHOCTH Gp YIIEPOIAUCTBIX CTaleld C MOBBIILICHUEM
TEMIEPATYPbI, HA PUC. 5 U3MEHEHUE MpeJieia TeKy4ecTu 6r. Kak BUHO Ha puc. 4. ¢ MOBBIIIEHUEM
temneparypsl 10 200°C mpeden MpOYHOCTH YIIIEPOJMCTHIX CTaneil BO3pAacTaeT, Mocle Yero
HAYMHAET OBICTPO CHIDKATHCA, JocTuras mpu Temrneparype 350°-380°C 3mauenwmii, KoTopbie OH
UMeEeT PU HOPMAIBHON TeMIlepaType. ITa MOBBIIIEHUE Gp IO CPABHEHUIO C Gp IIPH HOPMATbHOU
TEMIIEPATypE B apMaType NMpakTUIECKH HE UCIoib3yeTcs. Tak kak mpu HOpMaJbHOU TeMIlepaType
apMarypa J0JDKHA MMET MPOYHOCTh HE HIDKE, YeM NpHU TOBBIIIEHHON TeMIeparype, pacdeT Ha
IPOYHOCTH BeAETCs 0€3 yueTa BpEMEHHOT'O MOBBIIIEHUS Gs.

ITpenen TekydecTH yriaepoAMCTBIX CTAJIEH C MOBBIIIEHUEM TEMIIEPATypbl MOHOTOHHA CHMYKAETCS
6e3 peskux nepenoMos, u ipu 500°C cranoBUTCS IpEMEPHO B 2,5 pasa MeHbIre, e mpu 20° C.
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Pucynok 4. I'padux u3mMeHeHue mpesena NpoOYHOCTH YIIIEPOIUCTBIX CTalICH ¢ MOBBIIIEHUEM
temnepatypsl: 1, 2, 3,4, 5, 6 — coorBerctBenHo Crl, C12, C13, C14, C15, CT6.
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Pucynok 5. I'padux m3MeHEHHUs mpeesa TEeKYy4ecTH YTICPOJUCTBIX CTaJIel NpU IMOBBIIICHUU
temneparypsl: 1, 2, 3, 4 — coorBercTBeHHO cTainb 20, 25, 30, 35.

I'paduk n3MeHeHUs yaapHOH BSI3KOCTH IIPH MOBHIILICHUN TEMIIEpaTyphl IpUBeAeH Ha puc. 6. [Ipu
temneparype -100°C umeet mMecto neppoe camxenne KC (xmagnonomkocts), mpu +100° yrapuas
BSA3KOCTh YBEJIMYMBAETCS MPUMEPHO BABOE, 3aTE€M CHUXKAETCS U JOCTUTAaeT BTOPOIO0 MUHUMYMa
npu temmeparype 100-500°C (CHHETOMKOCTB); 3aTeM-CHOBA MOBBIIIACTCS, JOCTUTAsT MaKCUMyMa
npu 700°C u cHMXKasich 10 TpeThbero MUHUMYyMa Iipu Temnepatype 900-1000° (kpacHOIOMKOCTB),
KOTOpast HanboJiee, CHIIBHO BBIPa)KEHA TPH TIOBBIIICHHOM COJICP’KAaHUH CEPHI.
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Pucynok 6. I'paduk u3MEHEHHUS YAApHOH BS3KOCTM HEKOTOPHIX YIJIEPOAUCTBIX CTalle ¢
MOBBIIICHHEM Temrnepatypsl: 1, 2, 3 — coorBerctBenHo 0,08; 0,15; 0,25 (C, %)

MexaHnueckue XapakTepUCTUKU cTalu AU(depeHInpoBaHbl B 3aBUCUMOCTU pa3psa TOIIIMHbI
npokaTta (Tali. 2), B KOTOPOW MPUBEACHBI Pa3psbl TOIIIUH CTANH.

Tadauua 2. Pa3psapl TOMIMHBI CTALHOTO MTPOKaTa.

TonmuHa NpoKara, MM
Paspsansl
CoproBas cTaib JIucroBas crainb
1 1o 40 ot 4 1o 20
2 ceire 40 go 100 caeitre 20 mo 40
3 caeiiie 100 mo 250 caeie 40 go 60

B 1abn. 3 mpuBencHBI MEXaHWYECKUE XAPAKTEPHUCTUKH YTIEPOAMCTHIX CTAle OOBIKHOBEHHOTO
kauectBa mo 'OCT 380-2005.

VYrnepoaucras kauectBeHHas KoHCTpykimoHHas ctaib o ['OCT 1050-88 usrorosmusiercs B Bue
IpoKaTa MW TIOKOBOK, BBIUIABIIACTCS B MApPTCHOBCKMX WJIM JJICKTPUYECKUX TeYax U
MOAPA3ICNACTCS Ha JIBE TPYIIBI: ¢ HOPMAJIbHBIM COJACpPKAaHWEM MapraHiia U C TMOBBIIMICHHBIM
comepxkanueM. OOpa3ipl MOABEPrarOTCS MEXaHMYECKHMM  HCMBITAHUAM. MexaHUYeCKue
XapaKTePUCTHKN KAYECTBCHHOHN YTIIIEPOIMCTON KOHCTPYKIIMOHHOW CTaJIA IPUBEICHBI B TA0I. 4.
[TokOBKM W3 CTajdu HW3TOTOBIAKOTCS B cooTBeTcTBUM C AaHHbIMU ['OCT 8479-70, xoTtopeiMu
pEeTIIaMEHTHPYIOTCS  TpeOOBaHUsS, TMPEABABIIEMbIE K TIOKOBKAM W3 KOHCTPYKIIMOHHOU
YTIAEPOAUCTON U JIETUPOBAHHOM CTald M3TOTOBJISIEMBIM METOAOM CBOOOJHON KOBKH M TOpsiUei
MITAMITOBKH.

Tab6nmuma 3. MexaHuueckue XapaKTePUCTHKU TOpSYEKaTOHHOM MAapTEeHOBCKOW  CTalu
oObikHOBeHHOTO KadecTBa 1o ['OCT 380-2005.

or, MlIla (He MeHee) 5. % (e Menee)

Mapka cranu Pa3psipl TOJIIMHBL IPOKATa G, MIla ’
1 2 3 d10 ds
Cr0 - - - He MeHee 32 18 22
Crl - - - 320-400 28 33
Cr2 220 200 190 340-420 26 31
380-400 23 27
Cr3 240 230 220 410-430 22 26
440-470 21 25
420-440 21 25
Cr4 260 250 240 450-480 20 24
490-520 19 23
500-530 17 21
Crs 280 270 260 540-570 16 20
580-620 15 19
600-630 13 16
Cro6 310 300 300 640-670 12 15
680-720 11 14
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B 3aBucumoctH 0T 00bEMAa M METOJOB KOHTPOJS MEXAaHMUYECKHUX CBOWCTB U YCJIOBUM
KOMIUIEKTOBAHMS [TAPTUH, TIOKOBKH MOAPA3JEIAIOTCS Ha ISITh IPYIIL: HUCIBITAHUS MEXAHUYECKUX
CBOMCTB HE INpOM3BOIATCA. IIOKOBKM M3rOTOBIIAIOTCSA W3 CTAJIM OAHOW MApKH; OIPEIEIAETCS
TBeprocTh HB 00pa3noB orT naptud. [IOKOBKM M3rOTOBISIIOTCA M3 CTald OAHON MapKu H
MOJIBEPratoTCcsl TePMHUUYECKOW 00paboTKe MO OJHOMY pEXHMY; OIpeneNsercss TBepAocTb HB,
KaKJOW NOKOBKH. [IOKOBKM M3rOTOBIISIFOTCS U3 CTAJIA OJHOW MapKd M COBMECTHO IOABEPrarOTCs
TePMHUYECKON 00paboTKe; OompeAensercs TBEPAOCTh HB KaXI0W MOKOBKHM M MEXaHUYECKHE
XapaKTepUCTUKK o7, 05, ¥ U KC o0pa3noB oT naptuu. [IOKOBKM H3rOTOBISAIOTCS M3 MeTajula
OJHOW TMapTUM U COBMECTHO IIOABEPralTCsi TepMHUUECKOH 00paboTKe; ompenensercs
MEXaHUYECKUX XapaKTePUCTUKUA KaKJIOW TMOKOBKM or wiu ds, w u KC. Kaxmas mokoBka
IIPUMEHSIETCS NHIUBUIYAIbHO.

OtnuBku u3 yriepoguctod cranu no I'OCT 9774-81 nonpaznensdroTcss Ha TpU TPYMIIbL:
OOBIKHOBEHHOI'O KaueCTBa, MOBBIIIEHHOI'0 Ka4eCTBa, 0COO0ro KauecTna.

[IpoBepka MEXaHMYECKUX XapaKTEPUCTUK or M O CTald W3 OOBIKHOBEHHOTO KauyecTBa
IPOU3BOAUTCS JIMIIb 10 TpeOoBaHMIO 3akazuuka. OTIMBKM M3 IOBBIIIEHHOI'O KadyecTBa
MIOJIBEPTAIOTCS UCIBITAHHUSIM IO OTIPEACTICHUIO o7 U J, a TI0 TPEOOBAHUIO 3aKa3UMKa MPOU3BOIUTCS
KOHTPOJIb 3HAUEHUH 04 U . Y OTIMBOK M3 0COOOr0 KayecTBa MPOBEpAIOTCs 3HaueHus or, 0 U KC,
no TpeOOBAaHMIO 3aKa3uMKa MPOU3BOAUTCS KOHTPOJIb 3HAYEHHMH O M Y. Bce OTIMBKH
IIPOBEPSIIOTCS 110 XUMUYECKOMY COCTaBY.

ITokOBKM IOApA3AENAIOTCS Ha KaTeropuu npo4yHoctd - K B 3aBUCMMOCTH OT MEXaHMYECKHUX
xapakTepucTuk Metayia. Ilocne o6o3nauenus K craBurcs mmdpa, cooTBeTCTBYIOIIAs HpeAeTy
TekydecTu Meramia. llpu yBenuueHum pauaMerpa WM TOJIIMHBI TOKOBKM TpeOOBaHUU K
IUTACTUYECKUM CBOMCTBAM MaTepuallia CHWXKaroTcs. B Tabn. 5 mnpuBeseHsl JaHHBIE O
MEXaHUYECKUX XapaKTepUCTHKAX MOKOBOK M3 YIJIEPOAUCTHIX U JierupoBaHHBIX crajieit mo ['OCT
8479-70.

Tabanna 4. MexaHnyeckue XapakTEpUCTUKHA KaUECTBEHHON YIJIEpOAUCTON
koHcTpyKImonnou cranu (mo FOCT 1050-88).

I'pymma cramm | Mapka ctamu or, MIla o3, MIla 5, % w, % ME)(IS;M

08 200 330 33 60 -
10 210 340 31 55 -
15 230 380 27 55 -
20 250 420 25 55 -

| 25 280 460 23 50 0,9
30 300 500 21 50 0,8
35 320 540 20 45 0,7
40 340 580 19 45 0,6
45 360 610 16 40 0,5
50 380 640 14 40 0,4
15T 250 420 26 55 -
20r 280 460 24 50 -

I 25T 300 500 22 50 0,9
30T 320 550 20 45 0,8
35T 340 570 18 45 0,7
40r 360 600 18 45 0,6
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45T 380 630 15 40 0,5
50r 400 660 13 40 0,4

B apmarypocTpoeHun AuaMeTp WM TOJIIMHA MOKOBKH penko mpesbimaer 200 MM, mo3ToMy
JTaHHbIE, IPUBEACHHBIC B Ta0I. 5 orpanndensl pasmepom 200 M.

B HOpManu30BaHHOM U OTIYIIEHHOM WJIM OTOXJKEHHOM COCTOSIHMH CTaJIU JJISl OTJIMBOK JOJKHBI
YJIOBJIETBOPSATH JTAHHBIE, IPUBEJICHHBIE B Ta0. 6.

s OTNMBOK M3 YIJIEpOIMCTON CTajld B apMaTypOCTPOCHMM HauOojiee IIMPOKO MCIOJIb3YEeTCs
crans Mapku 25JIK. Ona npuMensietcs npu napneHnn P,<6,4 MIla u Temnepatype (<425°C. Jlns
pa6otel B ycnoBusx P,<20 MIla u temmeparype t<450°C, xorga TpeOyercsi rapaHTHpOBATH
onpeAesIeHHbIE TOKAa3aTeNd YAapHOH BSI3KOCTH, MpUMeHseTcs: ctainb Mapku 25JIK.

€202 90 ANSSI (20) 8T IINNTOA

Taﬁ.lmua 5. Mexanuueckue XAPAKTCPUCTHUKHU IMOKOBOK YIIICPOAUCTBIX W JICTUPOBAHHBIX crajen
(o TOCT 8479-70).

I[I/IaMeTp UIIN TOJIIWUHA IIOKOBKH nepeng
- - TepMOOOPaOOTKON, MM
Kareropus npo4HOCTH o o Jo 101- Io i Io 101- HB
Mila | MIa 900 | 200|100 | 191290 1900 | 200
Js, % v, % KC, MIoic/m?
K18 180 360 |28 [25 55 50 0,65 |06 101-140
K20 200 400 |25 |22 55 50 055 |05 111-156
K22 220 440 |22 |20 53 48 055 |045 | 123-167
. K25 250 500 |20 |18 48 42 040 |035 | 140-179
Z K28 280 560 | 18 16 40 38 040 | 0,35 | 156-197
9 K32 320 620 | 16 14 38 35 035 |03 174-217
= K35 350 670 |14 12 35 33 - - 187-229
= 18 17 45 42 0,60 |055 ]
E K36 360 600 |1, | 1 10 055 |05 174-217
3 17 16 45 42 0,60 |055 ]
: K40 400 630 |, 1 1 10 055 | 0% 187-229
3 16 15 45 42 0,60 |055
2 K45 450 650 | 1, 1 1 10 055 |05 197-235
= 16 14 45 42 0,60 |055
E il il _
: K50 500 700 |1, 1 1 10 055 |05 212-248
= 15 14 45 42 0,65 |06
(0] ' ! -
: K56 560 750 |15 1 1 10 055 |05 223-262
& 14 |13 45 42 0,65 |06 ]
: K60 (600) | 800 |, 1 1 40 050 | 04 235-277
K63 13 12 42 40 065 |06
= ! ! -
z 630 850 |14 10 38 35 050 |o045 | 248293
= K67 13 12 42 40 0,65 |06
W ! ! -
5 (670) 1880 115 g 38 |35 050 |o045 |?262-302
=) K71 13 12 42 40 065 |06
g 710 90 |g 8 38 g 050 | o045 | 269311
=5 |Ks 131 42 40 0,65 |06
= ' ' -
2 % (750) | 950 |9 8 38 g 050 | o045 | 277821
25
£ K80 11 10 42 40 0,65 |06 ]
S a 800 1000 | g 8 38 3 050 | o045 | 293331
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Tabamnna 6. Mexannyeckue XapakTepUCTUKU OTIMBOK YIJIEPOAUCTON CTaIu
(mo T'OCT 9774-81).

Mapka ctaniu | or, Mlla o5, Mlla 0s, %0 v, % KC, MJTx/m?
151 200 400 24 35 0,5

20J1 220 420 22 35 0,5

2511 240 450 19 30 0,4

30J1 260 480 17 30 0,35

3571 280 500 15 25 0,35

40J1 300 530 14 25 0,3

45]1 320 550 12 20 0,3

50J1 340 580 11 20 0,25

55J1 350 600 10 18 0,25

CTaHBHBIC OTJINBKH CUUTAKOTCA HOJIy(l)a6pI/IKaTaMI/I JUUIA IMPONU3BOACTBA

HedrenepepabarpiBatoiero odopynoBanusi. K takuMm getansiM OTHOCSATCS KOpIlyca MapoOBBIX U
LEHTPOOEKHBIX HACOCOB, 3aJABMKKHU U T. 1. PaCOHHBIE OTIMBKU U3 YTIEPOAUCTON CTAJIM IIUPOKO
UCIOJIL3YIOTCS TPHU MTPOU3BOJICTBE COCTUHUTENIBHOMN U 3aIIMTHON apMaTyphl B HE(YTEXUMHUUYECKOM
npombinuieHHOCTH. U3 nutoit ctamu 30XMJI u 35XMJI u3roraBiuBaioT BHICOKOHATPYKEHHBIC
feTanu oGopyI0BaHMs Mo TepepaboTKe HearpeccHBHBIX HedremponykTos (1o 500°C), a Taxke
neranu o0OpYyIOBaHMS TIO TiepepabOTKe CcIaboarpecCUBHBIX CEPHHUCTHIX HE(TEIPOITYKTOB,
paGotaromux npu Temmneparype 400°C. Kopryca 3amBmikek, pelyKIMOHHBIX KIAlaHOB M T.IL
roroBitT u3 jautor cramu 30XMJI um 35XMIJI. OtnuBkuM OOBIYHO TMOJBEPTalOT 3aKaJKe

(oxnaxaenuio B Boge oT 880°C) m ormycky (OXJNaXKASHMIO HAa BO3AyXe NpH Temmeparype 650-
670°C).

BriBoabI

1. OmpIT 3KcmmyaTanid  (OHTAHHBIX apMaTyp B pPa3IMYHBIX YCJIOBHUSX IIOKa3bIBaeT, 4TO,
COBpPEMEHHBIE KOHCTPYKIIUH 33/IBIKEK HUMEIOT JOCTATOYHO MPOJAODKUTEITLHON CPOK CITYKOBI.

2. D¢ ¢exTuBHOCTh PabOTHl 33aJBMXKEK (POHTAHHOTO O0OpPYAOBaHHMS BO MHOIOM 3aBUCUT OT
paboTOCTIOCOOHOCTH OT/IETBHBIX €r0 Y3JI0B B TOM YHCIIE JeTalIel mubepa v cejia 3aIBUKKH.

3. Jlnsa uccienoBaHue BBIOpAaHBI YIIIEPOAMCTBIE KOHCTPYKLMOHHBIE cTanu. Kpome Toro, mpu
OCTaJIMBaHUE JTOW CTaM MCIONB3YIOT PAaCTBOPHMEBIE aHOABI M3 MO YIIIepoAHbIX. st ATOM
LeJIN U3MEHEHUE MEXaHWYECKMX XapaKTepPUCTUK B 3aBUCHMOCTH OT YCJOBUH CUMTAETCS OYEHb
Ba)KHOU 3a7avueH.

4. OnpezeneHo 4To, ¢ MOBbIIIEHHeM Temrepatypsl 10 200°C mpejen MpoYHOCTH YIIIepOUCTHIX
CTaJiell BO3pacTaeT, MOCcje Yero HaumHaeT OBICTPO CHIIKATHCS, TOCTUTAasi mpu Temieparype 350-
380°C 3naueHuit KOTOpbIE OH UMEET TIPH HOPMAJILHOH TeMIIepaType.

5. YcraHOBNIEHO 4TO, NMpH HOPMAIILHOW TEMIIEpaTtype apMaTypa IOJDKHAa UMEeT MPOYHOCTH He
HID)KE, 4YeM Tpu TOBBILICHHOW TeMIlepaType, pacueT Ha IpPOYHOCTh BeAeTcs 0e3 ydera
BPEMEHHOTO TIOBBIIIIEHUS C.

6. Ipu Temmeparype 100 u 700°C ynapHas BA3KOCTh yBeIHUMBAETCA IPUMEPHO 2-3 pa3a U HpH
temmepatype 900-1000°C mpoMCXOaNUTh KPACHOIOMKOCTb, KOTOPOE CHIBHO BBHIPAXKEHA IPH
MIOBBIIIEHHOM COJIEpKaHUU CEPBHI.
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7. Ilpu yBenu4yeHUM AMaMeTpa WM TOJIIMHBI IOKOBKU TPEOOBAHUHU K IJIACTUYECKUM CBOMCTBAM
Marepuasia CHKarTcs. J[JIsi OTIMBOK M3 YIJIEPOJMCTON CTAld B apMaTypOCTPOCHHM Hambojee
IMpOKa UCTIONb3yeTcs ctanbs Mapku 25J1K (1<450°C, P,<20 MIIa).
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ABSTRACT

The article discusses the results of a study of changes in the mechanical characteristics of steel
fountain fittings parts depending on their operating conditions. The authors believe that one of the
most important types of oil and gas field equipment is the fountain fittings, designed to seal the
wellhead, flowing oil and gas wells, as well as regulate the operating mode.

It is shown that, depending on their operating conditions, fountain fittings parts are made of
carbon, alloy or high-alloy steels. The main characteristics of steel strength at temperatures t<300-
350°C are tensile strength and yield strength, impact strength. When calculating parts operating at
temperatures above 350°C, the creep limit and the long-term strength limit of pipeline fittings
made of open-hearth steel operating under pressure are taken into account.

Considering the above, we chose structural steel, which is a high-quality material for the
manufacture of critical parts of fittings and valves. The plasticity of steel helps to equalize stress
at individual points of parts and reduces the risk of sudden destruction, which is especially
important for high-pressure fittings.

Keywords: fountain fittings, valve, high-quality steel, forging, rolled steel thickness, operating
temperature, steel microstructure, mechanical properties, strength category.
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ABSTRACT

This study investigates the impact of impeller design on the rate of esterification reaction in a
batch reactor. Different impeller designs were tested and compared, including Backswept
impeller, C-shaped, Double Blade impeller, and Pitched impeller. The results showed that the
choice of impeller design has a significant effect on the rate of esterification reaction, with the
Backswept impeller proving to be the most effective.

In this work, it is aimed to investigate the esterification of acetic acid and methanol in a batch
stirred reactor for the synthesis of methyl acetate. The temperature range of 303.15 K is
examined, with sulphuric acid used as the homogeneous catalyst in varying concentrations of
0.0633 mol-L* to 0.3268 mol-L™. The feed molar ratio of acetic acid to methanol also varied from
1:1 to 1:4 to observe its influence on the reaction rate. The research delves into the effects of
temperature, catalyst concentration, and reactant concentration on the reaction rate. The
experimental data is correlated using a second-order Kinetic rate equation, and the forward and
backward reaction rate constants and activation energies are determined from the Arrhenius plot.
The developed kinetic model is compared with previous models in literature. In order to find the
most effective impeller for esterification reaction, diameter of impellers was accepted same in the
constant volume and dimension of batch reactor. The obtained Kinetic equation proves useful for
the simulation of a reactive distillation column for the synthesis of methyl acetate.

Keywords: the batch reactor, impeller, esterification, effectivity, mass transfer, mixing,
mechanical mixers, Logarithmic Shear Rate, Eddy Diffusivity.

Introduction

A stirred tank flow reactor consists of a tank, a shaft, motor, and an impeller, which is responsible
for creating motion in the reactor. The impeller rotates in the liquid, causing it to lift or immerse
and achieve homogeneity. Stirring also helps to increase the rate of mass transfer in the reactor
system. The performance of the impeller in the stirred tank reactor is influenced by various
factors, such as impeller diameter, impeller width, tank shape, distance from the bottom of the
tank, and impeller slope.

Batch reactors are frequently utilized in chemical processes, especially in the production of oil
products. In batch reactors, the reactants are introduced into a vessel, and the reaction occurs
without the need for additional materials. The reaction rate is impacted by several factors,
including temperature, pressure, and the design of the impeller. In batch reactors, impeller design
plays a crucial role in mixing efficiency, which ultimately affects the reaction rate. The aim of this
research is to analyze how impeller design impacts the rate of esterification reaction in a batch
reactor.
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Mass transfer is a crucial process that plays a vital role in the efficient operation of the petroleum
industry. Industrial mixers are essential equipment used in this process to achieve effective mass
transfer. In this section, we will explore the significance of mass transfer in the petroleum
industry, define industrial mixers, and highlight their role in this process.

Several recent studies have focused on increasing the mass transfer rate in esterification reactions
to improve process efficiency and reduce reaction time.

In a 2021 study published in Chemical Engineering Research and Design, rotating packed beds
were used to improve mass transfer coefficient, leading to higher yields of the desired product.
Similarly, a 2020 study published in the Journal of Chemical Engineering of Japan investigated
the use of microwave-assisted esterification to enhance mixing of reactants and increase mass
transfer coefficient, resulting in faster reaction rates and higher yields.

A 2019 study published in Chemical Engineering Science utilized ultrasonic irradiation to
enhance mixing and increase mass transfer coefficient, leading to faster reaction rates and higher
yields. In a 2018 study published in the Journal of Chemical Technology and Biotechnology, a
microstructure reactor was used to improve mass transfer coefficient and reduce reaction time,
leading to higher yields of the desired product.

In the petroleum industry, mass transfer refers to the process of transferring one or more
components from one phase to another. This process is utilized to extract and refine crude oil and
other petroleum products. Additionally, mass transfer is employed in chemical reactions that
transform crude oil into high-value products, like gasoline and diesel fuel. The significance of
mass transfer lies in its crucial role in facilitating the production, refinement, and distribution of
petroleum products.

Methyl acetate is a commonly used solvent in the oil and chemical industries for a variety of
applications. It is utilized as a solvent in dewaxing, cleaning, and flushing processes in the oil
industry, as well as in drilling and cementing fluids. The low toxicity and environmental impact of
methyl acetate make it an ideal solvent for these applications. In the chemical industry, methyl
acetate is used as a solvent for paints, coatings, adhesives, and lacquers.

It is also used as a raw material to produce other chemicals, including acetic anhydride and acetic
acid. Additionally, it is used in the production of cellulose acetate. Methyl acetate's fast
evaporation rate, low boiling point, and non-corrosive properties make it a valuable solvent option
for high-temperature and fast-drying applications, as well as those where corrosion is a concern.
As there is growing interest in using more sustainable and environmentally friendly solvents, the
consumption of methyl acetate is expected to increase in the future. Its low VOC content and
nonhazardous air pollutant classification under the Clean Air Act further add to its appeal as a
more sustainable solvent option.

Research Methodology

Given all the above, the aim of this work was to find the best turbine impeller blades inclination in
order to increase the efficiency of mass transfer. That is why, tree types of impellers have been
studied in this work (look Figure 1):

a) Spiral Backwept Blade

C-shaped Double Blade

Pitched Blade
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The Spiral Backwept Blades have curved blades twisted in the opposite direction of the impeller
rotation, generating a spiraling flow pattern that enhances mixing and mass transfer, and
commonly used in high-viscosity applications for high pumping rates and efficient mixing. The
C-shaped double blade impeller has several benefits, including its ability to efficiently mix
viscous fluids and create strong axial and radial flows. Its moderate shear capacity can also
enhance some reactions. However, the impeller's complex design can make it challenging to clean
and maintain, while its blades can clog or foul if the fluid contains solids or particulates.
Additionally, the impeller's rotational speed may need to be adjusted depending on the fluid's
characteristics and the type of reaction taking place.

Lastly, Pitched blade impellers offer a significant advantage in that they exhibit effective axial
and radial flow characteristics, ensuring efficient mixing and circulation of the reactor contents.
The impeller blades also generate a moderate degree of shear, which can be beneficial for specific
reaction types. Nevertheless, they may not be suitable for highly viscous fluids, and some
reactions may not benefit from their shear capabilities. Furthermore, they may become clogged or
fouled by solid or particulate matter present in the fluid.

N
Impeller r T = [ Curvature
o (> 4 - radius

blade

Direction of
rotation

a) | Attachment to the hub

Cut upper and
inner edges
Impeller arm - |

Cut lower and
outer edges

Figure 1. Type of impeller that will be tested.
COMSOL Multiphysics software is used to compare these impellers.

Reactor design
The mixing speed for performing kinetic was determined using COMSOL Multiphysics visual
method. To do this, the reactor was illuminated from all directions and observed through the
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transparent wall in a mirror to find the best impeller type in order to increase the effect of mass
transfer. This procedure was repeated ten times for each impeller, and the best value was taken
between them. The diagram in Figure 2 illustrates the configuration of a stirred tank reactor.
Motor (rotation speed 3.1416 rad/s)

Rotation per minute (rpm=120)

Tank height (H=2m)

Tank diameter (D =1 m)

Hot plate (maximum temperature of 305.15 K)

Impeller diameter (d = 0.7 m) 5. Impeller shaft length (1.7 m)

Figure 2. Dimensions of reactor

Results of tests based on impeller type

Comparison of impellers is based on Logarithmic Shear Rate, Eddy Diffusivity factors. The
logarithmic shear rate is a parameter used to quantify the deformation rate of non-Newtonian
fluids. It is obtained by taking the natural logarithm of the shear rate, which measures the velocity
gradient between layers of the fluid under shear stress. The logarithmic shear rate is particularly
relevant for describing the behavior of fluids with non-linear viscosity, where the viscosity
changes with the applied shear rate. This parameter finds applications in various industrial
processes, including polymer and food processing, as well as in the production of oil and gas.
Eddy diffusivity is a term used to describe how turbulent flows enhance the transport of mass,
momentum, or heat through the mixing of fluid parcels. It quantifies the rate at which turbulent
eddies spread properties like concentration, velocity, or temperature in a fluid. Eddy diffusivity is
a crucial concept in fluid mechanics.

Effect of turbine with impeller blades Spiral Backswept on esterification reaction showed in
Figure 3 and Figure 4.
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Logarithmic Shear Rate (1/s)
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Figure 3. Logarithmic Shear Rate of Spiral Backwept Blades impeller.

Eddy Diffusivity (m?/s)
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Figure 4. Eddy Diffusivity of Spiral Backwept Blades impeller.

Figure 3 provides information about Logarithmic Shear Rate of esterification reaction for Spiral
Backwept Blades meanwhile, Figure 4 shows Eddy Diffusivity for the same reaction.

The same investigation was configurated for C-shaped Double Blade and the results showed
below. The results of C-shaped Double Blade impeller is showed Figure 5 and Figure 6. And
lastly, the Pitch Blade impeller reactor was tested for an esterification reaction. Figure 7 and
Figure 8 show Logarithmic Shear Rate and Eddy Diffusivity for this impeller type.

All these simulations describe the last visual situation of the product when it is mixed completely.
The mixing factor depends on some significant factors such as, velocity of impeller, revolution
per time, viscosity and density of final product. Temperature is another important factor during
reaction. It increases Kinetic energy between molecules and helps to speed up the whole process.
In this simulation, red zones are the most effective points meanwhile, blue color represents fewer
effective points.

€202 90 ANSSI (20) 8T IINNTOA



™
I
o
~
©
o
L
-]
9]
2
o
e
©
-
L
=
-]
0
o
>

ISSN: 2663-B770, E-ISSN: 2733-2055

" "ETM

REFERRED & REVIEWED JOURNAL

Logarithmic Shear Rate (1/s)
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Figure 5. Logarithmic Shear Rate of C-shaped Double Blade impeller.
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Figure 6. Eddy Diffusivity of C-shaped Double Blade impeller
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Figure 7. Logarithmic Shear Rate of Pitched Blade impeller.
Eddy Diffusivity (m?/s)
m T T T T T
i x10™
1.6F 1
35
1.4t .
1.2 - 30
1r i 25
0.8 1
20
0.6 .
0.4t 1
0.2 T 10
o _
5
0.2f .
_0.4 1 1 1 1 1

-1 -0.5 0 0.5 1 m

Figure 8. Eddy Diffusivity of Pitched Blade impeller.
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Mixing Time

2.406
C-shaped sl 060149
, I | /3
Pitched 026201
I /047
Backswept_ 018512
0 0.5 1 1.5 2 2.5 3
Rackswent Pitched C-shaned

® Axial mixing time scale  0.74047 1.0481 2.406
“ Radial mixing time scale  0.18512 0.26201 0.60149

® Axial mixing time scale ® Radial mixing time scale

Graph 1. Mixing time of impellers.

The chart shows mixing time differentiations of impellers depending on axial mixing time and
radial mixing time. As the time goes by acidic acid and methanol mixed. Backswept Blade
impeller is the most effective impeller due to the less mixing time number. So that it merges these
two phases faster than other impellers. Meanwhile, a C-shaped Double Blade impeller consumes
more time to mix these fluids.

Conclusion

Thus, visual simulations of impellers show the most effective impeller to increase the mass
transfer of esterification reaction. Logarithmic Shear Rate and Eddy Diffusivity prove that
Backswept Blade impeller is the best choice regarding its color scheme compared to others. Also,
axial, and radial mixing time of Backswept impeller reached the ideal point during this reaction.
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QARISDIRICI QURULUSLU APARATLARDA KUTLD MUBADILOSi PROSESININ
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XULASO

Bu smaq dovri isloyon reaksiya aparatinda esterifikasiya reaksiyasit zamani miixtolif név qarigdrici
quruluslarin kiitlo miibadilosi prosesino tosirini aragdirir. Kasik konarli maili porls tigporli, C-
formali qosa porli vo impellerli qarisdirict quruluslar test edilmis vo miiqasio olunmusdur.
Naticolor gostorir ki, qarigdirict qurulusun formasi reaksiyasnin mohsuldarligina ohomiyyatli
doracads tosir gostorir, vo impellerli qarisdirict qurulusun bu reaksiya ii¢lin on mohsuldar olmagi
tosdiq edilmisdir. Bu isin mogsadi sirko tursusu ilo metanolun sintezindon alinan metil asetatin
qarigdirict quruluslu aparatda qarisinin effektivliyinin maksimum oldugu qiymsoti tapmaqdir.
Reaksiya sulfat tursusunun 0.0633 mol-L? - 0.3268 mol-L? arahigindaki miixtolif
konsentrasiyalari ilo katalizator rolunda istirak etdiyi 303.15 K temperaturda aparilmigdir. Sirko
tursusunun reaksaiyaya olan tosirini miisahido etmok {i¢iin onun metanola olan nisbati do 1:1-don
1:4-5 qodor doyisdirilmisdir. Todqiqat zamani temperaturun, katalizatorun, vo reaktivin
konsentrasiyalarnin reaksiya siiroting tosirini aragdirilmigdir. Tocriibonin naticolori ikinci doracali
kinetik siirat tonliyi ilo korrelyasiya olunur, irali vo geri reaksiya siirati sabitlori vo aktivlosmo
enerjilori Arrhenius tonliyi ilo miioyyon edilib. Hazirlanmis kinetik model adabiyyatdaki ovvalki
modellorlo miiqayiso edilib. Esterifikasiya reaksiyasi ii¢lin on mohsuldar qarisdirici qurulusu
tapmag Ucgun reaktorun sabit hocmi vo Olglislindo garisdiricilarin diametri eyni qobul edilmisdir.
Aparilan kinetik tohlillori impellerli garisdiricinin metil asetat mohsulunun kiitlo miibadilasinin
mohsuldarliginin artirlmasi iiciin ideal qarigdirict oldugunu siibut edir.

Acar sozlar: reaktor, impeller, esterifikasiya, mohsuldarliq, kiitlo miibadilosi, qarisdirma,
mexaniki qarigdiricilar, loqarifmik kosma siirati, Eddy diffuzivliyi.
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HOBBIIIEHUE 2PPEKTUBHOCTHU ITPOUECCA MACCOOBMEHA B
MEIIAJIOYHBIE AIITIIAPATDBI

Taceim Mamenos; Uckanaep Ajues

! Azep6aiimkanckuii Tocynapctsennsiii YausepcureT HedTu u IIpOMBILIIEHHOCTH, KAHAUAAT TEXHAYECKHX HAYK,
norieHT. 1. aapec: qasimll_5858@mail.ru

2Asep6aiimxanckuii [ocynapcteennsiilt Yausepcuter Hedyru u [IpOMBIIIIEHHOCTH, MATHCTPAHT.

PE3IOME

B nanHoMm ucclieoBaHUM paccMaTPUBAETCS BIMSHUE PA3IUYHBIX MEPEMEIIMBAIOIINX YCTPONCTB
Ha CKOPOCTh PEaKIMH dTEPUPHUKALMKI B peaKTOpE MEPUOANIECCKOT0 ACHCTBUA. bblin CTIBITaHBI 1
CpPaBHEHBI PA3JIMYHBbIC KOHCTPYKIIMH MEPEMEIIMBAIOIINX YCTPOWUCTB, B TOM YHCIE C OOpaTHOM
CTpenoBUIHOCTBIO, C-00pa3Hoe C JIBYyMS JIOMACTSMH U HAKJIOHHBIE JIOTMACTU C OOpe3aHHBIMU
Kpasmu. Pe3ynbTarhl moka3anu, 4TO BHIOOP KOHCTPYKIIMU KPBUIbYATKH OKa3bIBACT 3HAUMTEIILHOE
BIIMSIHHE HAa CKOPOCTh PEAKIUU ITepU(PHUKALNH, TPH 3TOM KpbLIbYaTKa ¢ OOpaTHOM CTpeson
oKazasiach HanoOosee Y3PPEeKTUBHOM.

OCHOBHOHM TMOCTaBJICHHON 33/1a4l SIBJISETCS HMCCIIEJOBAHME DPEAKIMH dTepU(UKAINU YKCYCHOMN
KHUCJIOTBI U METaHOJIa B PEAKTOPE MEPUOAMYECKOr0 JEHCTBUS C MEPEMEIIUBAIONIUM JIEMEHTOM
JUlsl cuHTe3a Metuianerara. MccnenoBanwe mnpoBoguiock npu Temieparype 303,15 K ¢
WCIIOJIb30BAHUEM CEPHOM KHUCJIOTHI B Ka4yeCTBE KaTajlM3aTropa B JUana3oHe KOHIEHTpaIuil OT
0,0633 monb a1 -1 go 0,3268 moisb-1 -1 . MoJisipHOE OTHOILIEHHE UCXOIHOM YKCYCHOM KHUCIIOTBI K
METaHOJy TaKXke BapbupoBaioch oT 1:1 mo 1:4 nns HaOnroAeHUs €ro BIMSHHSA Ha CKOPOCTh
peakuuu. B uccrnenoBaHuMM M3ydaeTcsl TakKe BIMSHHE TEMIIEpaTypbl, KOHIIEHTPALUH
KaTaJlu3aTopa W KOHIIEHTPAIlMUA PEareHTOB Ha CKOPOCTh PEaKIUU. DKCIIEPUMEHTAIbHbIC JTaHHbBIC
KOPPEIUPYIOT C HCHOJb30BaHUEM KHUHETHYECKOTO YPABHEHHUS CKOPOCTHM BTOPOrO MOpsAKa, a
KOHCTAHTBl CKOPOCTH TPSIMOM M OOpaTHOM pPEaKIMW W DHEPrUU aKTHUBAIMH OMNPENEIIIOT W3
ypaBHeHusT AppeHuyca. PazpaboTaHHas KMHETHYeCKas MOJIENb CpaBHUBAETCS ¢ OoJiee paHHUMU
MOJICJISIMH TIPUBEIEHHBIMU B JuTeparype. s Toro, 4toObl HalTH Haumboiee 3ddexkTuBHOE
MEePEeMEITUBAIOIIEE YCTPOIMCTBO I PEaKIMK dTepUPUKAIINK, JUAMETP KPbUIbYATOK OBbLT MPUHST
OJIMHAKOBBIM TIPH TIOCTOSIHHOM 00BEMe M TabapuTax peakTopa MEepPUOJIUYECKOro JICUCTBUSI.
[lonyuyeHHOE KHHETMYECKOE YpAaBHEHHE OKa3bIBAETCS TOJIE3HBIM JUIsl HCIIOJNb30BAaHUS B
MOJICJIMPOBAHUHU PEAKIIMOHHO-PEKTU(DUKAITMOHHOM KOJIOHHBI JIJIsi CHHTE3a METHJIaIeTaTa.
KiloueBble cjioBa: peakTop TMEPUOAMYECKOTO JICHCTBHUS, HMIeEIep, dJTepuduKanus,
3¢ PEeKTUBHOCTh, MACCOTIEPEHOC, TIEPEMEIINBAHUE, MEXAHHUYECKUE MEIIAJIKH, JIoTapudmudeckas
CKOpPOCTh cJIBUTA, BUXpeBast uddy3us.
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CALCULATION OF WELLHEAD PARTS
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ABSTRACT

Wellhead rigidly connects the entire working column into a single system, takes the load arising
from their weight, and transfers the entire load to the conductor. Provides insulation and tightness
of the space between the columns, while at the same time allowing you to monitor the condition
of the wellbore and perform the necessary technological operations. Wellhead serves as a pedestal
for installing the production string lowered into the well. During drilling, blowout preventer
equipment is installed on it, which is dismantled after drilling. The number of these elements
depends on the number of working strings in the well.

The casing head is positioned according to the sequence of running and cementing at the
wellhead. They are selected during drilling taking into account the expected formation pressure
after the drilled well interval.

The operating conditions of the column head are quite difficult: In deep wells, the load from the
weight of protective casings can exceed several hundred kilonewtons. The column head elements
also absorb the pressure of the medium in contact with them. If there is H2S, CO2 in the
formation fluid or gas, or if the formation water is highly mineralized, the casing is subject to
corrosion. When the heating agent is injected in deep wells, their tubing head and casing head
heat up to 150-250° C, and in the Northern conditions it cools down to -60° C. Violation of the
reliability of the column head leads to serious accidents, and in some cases — fires and explosions
In particular, the casing heads of multi-casing wells have a large mass and vertical size. Their
high metal intensity and high demand require the expenditure of large amounts of steel, especially
alloy steel, for their production. As the vertical size of the casing head increases, well
maintenance becomes more complicated.

Column heads for wellhead equipment are manufactured with different numbers of protective
columns: three-, four- and five-post. The principle and design diagrams of such column heads are
similar.

Keywords: wellhead, casing hanger, equivalent tension, cylindrical part, flange.

Introduction

Modern oil and gas wells are a complex structure. The ends of the casing pipes that make up the
well barrel are connected to each other at the upper well head. The equipment that does this
weaving job is called a column head or casign spool . A rigid mechanical and hermetic connection
must be created between the columsthat meets the requirements of well construction technology.
The completed well construction includes a casing spool and casing head.

Depending on the design of the wells - the number of casings allowed into the well, there can be
one, two, three, etc. ( Figure 1)
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In the wellhead manifold, straight-flow valves are usually placed in both directions (on the right
and left passages of the body), valves and manometers located on the intermediate flange between
the valves. The outlet of one of the lines ends with a flange for connecting the conveying pipes,
and the other line is equipped with a quick-detachable flange. During the operation of the wells,
one of the valves is opened and the space between the pipes is monitored with a manometer, if
there is pressure, the cement solution is transported between the casings from the line connected
to the side pipe conveying pipe. If this is not enough, a weighting solution is injected between the
pipes by means of high-pressure cementing equipment from the side of the flange where the other
quick-disconnect joint is located.

The reliability of the operation of the wellhead is influenced by the valves included in its
manifold. These valves ensure reliable operation of the structure. Usually, these valves are
straight-flow , and special threads are provided in the lateral passages of the body of the wellhead
for its replacement in case of failure. The valve replacement mechanism is attached to these
threads under pressure.

Figure 1. Wellhead:1 — Casing spool; 2,5,8 — Casing hanger; 3,6,9 — sealing medium; 4,7 —
Tubing head.

All column heads have a clamping mechanism and tube holder on all sections.(Fig. 2).
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Figure 2. Schematic illustration of the casing head: 1 — body; 2 — primary seal ; 3 — casing hanger
; 4 — secondary seal.

The installation of the casing hanger in the body is usually carried out by releasing it from above
using special eyebolts. (Fig.3). After that, After that, rings and packers is placed in the the body

(Fig.4).

T

IO

Figure 3. Casing hanger with eyebolts. Figure 4. Casing hanger with seal
element.
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Calculation of the lower part of the casing head housing. As a rule, the material of the casing of
the belt head is 20XI'CJI or 30XI'CJI. Yield strenght of these materials IS cax 450-500 MPa.
Calculations are made in the following options (Fig.5.)

1. The maximum axial force falls on the casing hanger, and the pressure of the environment is
equal to zero.

2. Up to 40% of the weight of the pipes falls on the casing hanger, and the pressure of the
environment is equal to the working pressure.

Yiv 245

Figure 5. Scheme for the calculation of the elements of the casing head.

The calculation of the 1st option is carried out as follows.
The equivalent stress caused by the weight of pipes in the body is determined by the following
formula:

Oy Z\/l[(al_az)z +(O'2 _0'3)2 +(53 _01)2]’

2
61, G2, 63— Main stresses.
_ 0. (RZ+RE)
" RI+R?
Qa— average specific pressure generated at the contact surfaces of the body with the casing
hanger, Pa; Rx, Rq — are the outer and inner radii of the body at the center of the contact area
between the casing hanger and the body.
Specific pressure is defined as:

1

e

130

——
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c

Fc —contact surface of the body with hangers, m?; N —is the force exerted by one hanger on the
body from the weight of the tubes.
The force acting on the body is defined as:
G

~ 3sin(o +B)
Here o - is the angle formed by the body and the hanger with the vertical surface; p - is the
friction angle.
B =arctg u,
u - coefficient of friction between steel and steel, u = 0,15.
The contact surface of the body with the hanger is determined as follows:
Fc = opRoN
op — the arc of the hanger meeting the body, in radians.
The stress from the axial force is determined by the following formula:
G
°2 n(R2-R?)

The radial stress is determined as follows:

63 = -(av -
The strength reserve factor is calculated according to the yield strength of the metal
n=Osx
o

eq
The calculation of the 2nd option is carried out as follows.
Up to 40% of the axial force falls on wedges.
N'= 04N
Qo = F '

c

The stresses caused by the internal pressure and 40% of the weight of the pipes falling on the
hangers are calculated as follows:

(o +PJRE+RE).

TOR-RD

o = 04N
GBZ_q:’:N'

The reserve factor of equivalent stress and strength is calculated as in option 1.

The third option is sometimes shown in the literature. In this version, the weight of the pipes is
taken as zero, and the pressure of the fluid is equal to the working pressure. But in the second
option, the reserve factor of strength is large, so the third option is not calculated.

Calculation of wellhead cross connection. The main assembly of all types of wellhead is its cross
connection. The main constructive feature of cross connections is that they are designed for two
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different working pressures. Therefore, the thickness of the cylindrical part of the it is taken a little
more.

The strength of the cylindrical part is checked by the following formula:
[c]
[p ] - 200511

[pork] — releasable test pressure, MPa; Sn — nominal WaII thickness, mm; Dy — the outer diameter of
wellhead cross connection, mm; [c] — stress tensor, MPa.

In addition, the limit value of the pressure is calculated so that the cross connection does not lose
its strength:

ph=2,6607 g E—d

D« — outer diameter of the body, mm; Dq —inner diameter of the body, mm; o: — is the yield
strength of the material, MPa.

Calculation of the flange of the wellhead. The calculation of the flanges, according to the
methodology of AZINMASH, consists in determining their height h depending on the load
limit.(pic.6).

Qm = 1,7k(pGTh2 Qm = Qpin Nme

Qpin — Is the force generated in the pins from the internal pressure; nme — reserve factor; x, @ —
coefficients.

T
Qpin = Z dfps .
dx — is the outer diameter of the seal, mm; Ps — test pressure, kgs/sm?.
- y//
H
- /M
yn

I,

S
N
N

—]
S

!

Qa

Figure 6. Calculation scheme of the flange.

k and ¢ coefficients determined by the following formulas:

D D, D, +6 52
K=1+— "o | 7x e B
D, - (D, +9) DO Ds hz
2d
=1-——° .
(p DX_DO
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Dy — flange outer diameter, mm; Ds — diameter of the hole for the pins, mm; D, — the diameter of
the passage of the flange, mm; & — the thickness of the throat of the flange, mm; d:— the thickness
of the throat, taking into account the cone part of the flange, mm; d, — is the diameter of the hole
for the pins, mm.

Result

1. The operation of the casing hanger and the casing spool included in the wellhead structures,
depends on the well parameters, the type of pipes and the working pressure.

2. The bending or failure of the casing hanger teeth inside the wellhead casings depends on the
depth of the well, the work pressure and the operation of the locking mechanism in casing.
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XULASO

Komor baglig1 biitiin istismar kolonunu vahid sistemda sort birlosdirir, onlarin ¢okisindon yaranan
giicii gobul edorok, biitiin yiikii konduktora otiirtir. O, komorlor arasi fozanin izolyasiyasini vo
hermetikliyini tomin etmoklo, eyni zamanda quyunun liillo hissasinin voziyyetine nozarat
edilmasing, lazimi texnoloji amsliyyatlarin yerina yetirilmasine imkan yaradir. Komor basligi
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quyuya endirilmis istismar komorinin qurasdirilmasi iigiin postament rolunu oynayir. Qazima
zamani ona qazmadan sonra sokiilon atqiyaqarsi avadanlig-preventor qurasdirilir.Bu elementlorin
say1 quyudaki istismar kolonlarinin sayindan asili olur.

Komaor bashigi quyu agzinda endirilmosino vo sementlonmo ardicilligina goro diiziiliir. Onlar
qazma zamani oturdulmus quyu intervalindan sonraki gozlonilon lay tozyiqini nozoro almaqla
secilir.

Komor basliginin is soraiti olduqca ¢otindir: Dorin quyularda qoruyucu komorlorin ¢akisindon
yaranan yiiklonmo bir ne¢o yiiz kilonyutonu kego bilor. Komor bashigi elementlori homginin
onlarla kontaktda olan miihitin tozyiqini do gobul edir. Lay mayesindo vo ya qazda H>S, CO>
oldugda vo ya lay sularinin giiclii minerallasmasinda komor basligi onlarin korroziya tosirino
moruz qalir. Darin quyularda istilik agenti vurularkon onlarin liiloalori vo komor bashqlar1 150-250
0C—yodok quzir, Simal soraitinde iso - 60° C-yodok soyuyur. Komor bashginin etibarhiginimn
pozulmasi ciddi gozalarin, ayri-ayri hallarda iso yanginlarin, partlayislarin, badboxt hadisalorin
bas vermasina sabab olur.

Xiisusilo goxkomaorli quyularin komar basliglar1 boyiik kiitloys vo saquli qabarito malik olurlar.
Onlarin yiiksok metal tutumu vo boyilik tolobatin olmasi hazirlanmalarina bdyiik miqdarda,
xtisusilo do legirlonmis poladlarin sorf olunmasini tolob edir. Komar bashiginin saquli gabaritinin
boylimasi ilo quyunun xidmat edilmosi do miirokkablosir.

Quyu avadanliglan iiglin komar basliglart ¢ox sayli qoruyucu komorli: ii¢, dord vo beskolonlu
hazirlanirlar. Belo kamar basliglarinin prinsipial vo konstruktiv sxemlori analojidir.

Acar sozlar: komor baslig1, paz asqisi, ekvivalent gorginlik, silindrik hissa, flans

PACYET YACTEM KOJIOHHOM OBBSI3KHA

Tacbim Mawmenos?, 3en¢upa Lyceiinnn?, Opxan Mcemaiinzane’

1 Asepbaiimxanckuii [ocygapcreennsiii YausepeureT Hedru u [IpoMBIIUIEHHOCTH, KaHAUIAT TEXHAYECKUX HAYK,
JoneHT. Di1. axpec: gasimll_5858@mail.ru

2Asepbaiimxanckuii TocymapctBennblii Yuusepcuter Hedru u IIpoMbinuieHHocTd, JlokTop dunocopuu 1o
TeXHHKe, ToueHT. Di. aapec: huseynli_z@rambler.ru

3Asepbaiimxanckuii TocynapctBennblii YuusepcuteT Hedtn n TIpOMBIIUIEHHOCTH, MarvcTpaHt. DJl. ajipec:
ismayilzadeorxan28@gmail.com

PE3IOME

KosoHHast 00Bsi3Ka )KECTKO CBS3BIBACT BCIO pab0YyI0 KOJIOHHY B CAMHYIO CHCTEMY, NTPHHHUMACT
Harpy3Ky, BOSHHKAIOUIMM UX BECOM, W TepeAaeT BCIO HArpy3Ky Ha MpoBOJHHUK. OOecrieuynBaeT
HU30JUI0 U TEPMETUYHOCTH IPOCTPAHCTBA MCEXKAY KOJOHHAMH B TO K€ BpPEMA ITO3BOJIACT
KOHTPOJHMPOBATh COCTOSIHME CTBOJBHOM YAaCTH CKBOKWHBI M  BBITOTHATH HEOOXOIUMBIC
TEXHOJIOTHYECKHe ormepanui. KoJoOHHAs TOJIOBKA CIIY)KHT TIOCTAMEHTOM JUIS  yYCTaHOBKH
OIyCKaeMOW B CKB@XHUHY OJKCIUTyaTallMOHHOW KOJIOHHBL. Bo Bpems OypeHuHss Ha HeM
YCTaHABIIMBAETCS TMPOTUBOCOPOCOBOE 00OPYIOBAaHUE-TIPEBEHTOP, KOTOpOE Tocie OypeHus
neMoHTupyercs. KonmudecTBO 3THX DIEMEHTOB 3aBUCHUT OT KOJIWYEeCTBa paboO4YMX KOJOHH B
CKBa>XHHC.
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KonoHHass rosoBka pacriosiok€Ha B COOTBETCTBMM C IIOCJIEJOBATEIbHOCTBIO CIIyCKa U
LIEMEHTUPOBAHMsI Ha yCTbe CKBaKMHBI. VX BBIOMpPAIOT B X0J€ OYpeHHs C y4ETOM 0KHJAeMOTro
IUTACTOBOTO JIABJICHUS TOCIIE TPOOYypEeHHOT0 MHTEpBaJia CKBaYKUH.

VYcnoBust pabOThI KOJIOHHOM IOJIOBKH JOCTATOYHO TsKelible: B riryOoKuX cKBakmHax Harpyska oT
BECa 3ALIUTHBIX KOJOH MOXXET IPEBBIIIATh HECKOJIBKO COTEH KHUJIOHBIOTOHOB. OJIEMEHTHI
KOJIOHHOH TOJIOBKM TAaKkKe IOIIOINAIOT JaBJI€HHE Cpelibl, KOHTaKTHpyrowmed ¢ Humu. llpu
Hanmuuuu H2S, CO2 B mu1acToBON KMJIKOCTH WJIM ra3e WINM CHJIbHOM MUHEpAIU3aluu IJIACTOBBIX
BOJl KOJIOHHas KOJIOBKAa IoJBepraercs Koppo3uu. lIpum 3akauke TEIUIOHOCUTENS B IIyOOKuE
ckBaxuHbl 1X HKT u obcamnas romoBka HarpeBatoTcs a0 150-250°C, a B ceBEpHBIX YCIOBHSIX
oxnaxaatorcs 10 -60°C. HapyiieHne HaleXHOCTU KOJIOHHOM T'OJIOBKU NPUBOJAUT K CEPHE3HBIM
aBapusiM, a B HEKOTOPBIX CIy4asix — Io)KapaM, B3pbIBaM

B wuactHOCTH, OOCagHBIE TOJOBKM MHOTOOOCAIHBIX CKBOXHH HMEIOT OOJbIIME Maccy |
BEPTUKAJIbHBIN pa3Mep. VX BBICOKAas METaJIOEMKOCTb M BBICOKMH CIPOC TpeOylOT 3aTpar
0OJBIIOr0 KOJMYECTBA CTalM, OCOOEHHO JIETMPOBAaHHOM, Ha uX mpou3BoAcTBO. C pocToM
BEPTUKAJIBHOI'O pa3Mepa KOJIOHHOM roJI0BKU 00CITy)KMBaHUE CKBAKUHBI YCIOKHSIETCS.

KonoHHbIe TONOBKY IS CKBRXKUHHOTO 000PYIOBaHHS M3TOTABIUBAIOTCS C Pa3HBIM KOJIMYECTBOM
3alIUTHBIX KOJOH: TpeX-, YeThIpeX- U MATUCTOeUHbIMU. [IpHHIMIMaNbHAs U KOHCTPYKTHBHAs
CXEMBbI TAKMX KOJOHHBIX TOJIOBOK AaHAJIOIMYHBI.

KiroueBble coBa: KolOHHas OOBs3Ka, KJIMHbEBas IOABECKA, 3KBUBAJIEHTHOE HaIpPsKEHHE,
IIMHAPUYECKAs 4acTh, (hIaHel.
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ABSTRACT

This study is devoted to the topic of environmental problems arising in the process of production
of reinforcement building materials and the possibility of reducing the environmental burden on
the environment through the introduction of improved technology for the production of structural
reinforcement. The authors substantiate the need to improve production technology, present a
modern method and technology aimed not only at reducing emissions into the environment, but
also improving the quality of the products obtained, which is another step towards the
development of environmentally friendly production. In the proposed technology, liquid metal in
a furnace is fed to a single-head casting plant, intermediate heating during the production of
fittings is eliminated, which leads to environmental and production benefits, which will also be
described in the article.

The study is of practical interest to manufacturers of building reinforcement, as well as to
specialists in the field of ecology and economics, who are involved in reducing the harmful
impact on the environment and optimizing production costs.

Keywords: building fittings, production, technology, ecology, pollution, waste, environmentally
friendly production, energy saving, quality, cost optimization.

Relevance of the topic

The production of building fittings is the largest consumer of energy and a source of an
impressive amount of environmental pollutants (OS) substances. As designing and improving
equipment for the building fittings industry, it is important to take into account the basic
requirements of environmental, chemical and economic aspects. However, in practice, there is
often a tendency to satisfy some aspects, sacrificing others, so while making decisions to achieve
certain goals, the results may not meet expectations. Thus, in the process of a number of
industries, only a small amount of feedstock turns into a final product, which leads to waste and
an increase in environmental pollution, respectively. Thereby the quality of the technology and
the volume of the final product obtained are directly related to the amount of waste generated as a
result of production. Improving the technology for the production of building reinforcement will
not only have a positive impact on reducing the environmental burden on the environment, but
also on improving energy efficiency, improving product quality indicators and reducing material
costs for production. The introduction of the proposed technology will also contribute to the
development of the field of environmentally friendly technologies, which is an opportunity to
combine the development of economic progress with environmental sustainability.
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Therefore, the presented topic is extremely relevant for further research and development, as a
way to comprehensively solve today's important problems, i.e. striving to follow the
environmental interests of the region, taking into account the improvement of the quality of valves
production products.

The impact of the production of fittings on the environment

Over the past decades, the world industry has experienced a number of important turning points
due to various economic, environmental and social reasons. In the 70s and 80s, the concept of
cheap energy ceased to exist and it became clear that we are responsible for the safety and future
of the environment.

Over the 20th century, the volume of industrial production has increased more than 50 times,
where 4/5 of it has been in the period since 1950. Modern metallurgical enterprises are a complex
production complex, including a wide variety of workshops, and sometimes individual plants. The
waste of these enterprises contributes to atmospheric air pollution, occupies and pollutes the soil,
the hydrosphere - in particular, groundwater.

Metallurgy, after the enterprises of the FEC (Fuel and Energy Complex), ranks second among
industries in terms of the degree of damage caused by the environment. Thus, the metallurgical
industry accounts for 34% of pollution. The next places are occupied by the energy sector (27%),
as well as the oil and gas industry (7%). Industrial wastes are chemically heterogeneous, complex
multicomponent mixtures of substances with different physical and chemical properties, which
determines the degree of danger of their impact on the environment, the biosphere and the human
body in particular.

Dust, carbon monoxide and sulfur, hydrogen sulfide, fluorides, hydrocarbons, compounds of
manganese, vanadium, chromium and other wastes fall on the share of ferrous metallurgy
enterprises. All metallurgical enterprises are sources of pollution with dust, carbon oxides and
sulfur. We will consider some of them below.

Carbon monoxide (CO), commonly known as carbon monoxide, is a colorless, odorless gas
produced by the incomplete combustion of natural gas due to lack of oxygen. When carbon
monoxide is inhaled, due to the double bonds in its molecule, it forms an additional complex
compound with human blood hemoglobin, which prevents oxygen from entering the blood.
Carbon dioxide (CO>) is a greenhouse gas involved in the earth's heat exchange process. The
increase in carbon dioxide contributes to the melting of ice and rising ocean levels, which causes
flooding and climate change on the planet.

Sulfur anhydride SO, formed during the combustion of fossil fuels, is primarily involved in the
formation of acid rain. Global SO2 emissions are estimated at 190 million tons per year.
Prolonged exposure to this gas on a person first causes a loss of taste in the mouth, shortness of
breath, and then pneumonia, heart failure, circulatory disorders, and respiratory arrest.

So, over the past 150 years, the amount of CO, emissions has at least increased from 0.03 to
0.035%. The amount of CO> emissions by 2022, according to research by the Global Carbon
Project, has reached its record levels, as a result of the recovery from the pandemic and the
growth in the use of coal, oil and gas. In Azerbaijan, according to available data, total CO>
emissions by 2020 amounted to 34 million tons. From 2013 to 2021, large-scale work was done to
prevent air pollution in large cities of Azerbaijan. However, the issue of pollution is still relevant
today. During the same period, the average annual amount of SO in large cities of Azerbaijan
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was: Baku and the surrounding area was 25-50 ug/m?®, in Ganja 40 ug/m3, Mingachevir 30-60
ug/m?, while in the city of Sumgayit the figure reached up to 80 ug/m3. Such emissions also had
an impact on the change in air temperature. So, if in the period 1961 to 1990 the average annual
temperature in the country was 12.3°C, then by 2021 the average annual index in the country was
13.5°C.

So-called technogenic zones are formed around enterprises, where a high content of harmful
substances is observed (in soil, snow, water, vegetation). Soil pollution also occurs through
precipitation containing carcinogenic components, acid rain.

Depending on the direction and speed of the winds in the area around the enterprises, pollution
can be observed within a radius of up to 50 km, or even more. So, up to 15 kg of dust falls on
average per 1 m? per day, polluting the soil, water bodies and the atmosphere.

Pollutants penetrate the soil under the influence of precipitation and become unsuitable for
agriculture. The environmental problem causes millions of losses to the economy.

Water consumption by metallurgical plants is 15-20% of the total industrial production. About 70-
60% of wastewater is classified as "conditionally clean”, having only an elevated temperature; 30-
40% of this water is waste, polluted with various impurities and harmful compounds. The ingress
of wastewater into water bodies leads to an increase in the amount of suspended particles and
their subsequent accumulation on the bottom; an increase in temperature, which contributes to the
violation of the oxygen regime; increase in acidity - which can lead to the death of aquatic
organisms. A characteristic feature of heavy metals is their accumulation at the bottom of rivers
and aquatic plants. In the body of fish living in such reservoirs, harmful substances accumulate.
Then they reach living organisms.

In the world 3 billion tons of solid industrial waste, 500 km® of hazardous effluents and 1 billion
tons of aerosols are emitted annually. The constituent part of which can include more than 800
substances, for example, mutagens - affecting heredity, carcinogens - on the initiation and
development of malignant neoplasms; nerve poisons. In some areas, the level of pollution exceeds
the MPC (maximum permissible concentration) up to 10 times or more.

Therefore, understanding the main problems in the production of fittings and how to solve them is
extremely important for the production of high-quality, reliable and compliant materials. By
solving environmental problems together with quality problems, the manufacturer contributes to
an increase in the environmental component and the efficiency of production processes, while
simultaneously increasing the quality of the products obtained and reducing the environmental
burden on the environment.

The current technology for the production of fittings and the conditionality of the steps in
creating an environmentally friendly technology

Azerbaijan plays an important role in maintaining the regional function of the biosphere, since the
biosphere of the republic is characterized by a significant biodiversity of flora and fauna.

In 2021 the growth rate of the metallurgical industry alone was about 17%. Today, about 44
metallurgical enterprises operate in Azerbaijan, and 33 of them are located on the Absheron
Peninsula. There are 7 in Ganja, 2 in Sumgayit, and the one each in Hajigabul and Lerik,
respectively. Most of the industrial enterprises from the above are engaged in foundry production
(39 out of 44). Despite the fact that large companies follow to compliance with environmental
standards, this issue is still relevant for small ones.
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The improvement of technology and the conditionality of steps towards the creation of
environmentally friendly production are explained by the importance of preserving the
environment and developing a balance between solving socio-economic problems, meeting the
needs of the current generation and the necessary life resources for future generations. Therefore,
the main criteria for safe ecological development are:

* Stopping growth or reducing the amount of emissions into the environment

* Setting and strict monitoring of environmental emission standards

» Reducing energy consumption, material consumption, waste output and increasing the degree of
their recycling

So in order to meet the domestic demand of the republic for building fittings, the main issues are a
constant increase in production volumes, preparation of high-quality fittings, increasing the
competitiveness of the enterprise in the market and reducing the cost of the final product - fittings,
and with all this, through solving all issues, it is necessary to take into account environmental
aspects of production.

The construction work carried out in the republic creates the need for the development of the
metallurgical industry. Currently, at one of the stages of the production of reinforcement, that is,
before rolling, the castings are heated to the required temperature in refractory furnaces. This
leads to a decrease in the quality of the metal and metal losses. At existing enterprises, due to the
reheating of castings with gas, an ecological disaster occurs and the metal ignites, which affects
the quality of the product. So only in 2021, the consumption of used natural gas was 48 million
m?3, and the irretrievable loss of metal reached up to 10% of the total volume.

Today, in the process of rebar production at the stage before rolling, castings are heated in
refractory gas furnaces to the required temperature, which leads to a decrease in the quality of the
metal and its losses. Methodical furnace is a complex technical device that is used to heat the
alloy to the required performance. During heating in the furnace, the alloy interacts with hot gases
containing oxygen and water vapor, forming a layer of iron oxide (iron burn). This leads to the
loss of metal, lowering its quality and increasing the negative impact on the environment.

The effectiveness of the proposed technology is analyzed by comparing castings with high
frequency induction heating technology instead of the traditional method from manufacturers that
do not have a melting furnace, unlike other valve manufacturers. At another production site, it is
planned to switch directly from the furnace to the rolling device by switching to continuous
production; intermediate heating is excluded during the production of fittings.

The proposed technology as a step in the development of environmentally friendly production.
According to various definitions, cleaner production concepts include:

- Cleaner production program where it is achieved:

* by applying know-how techniques, improving and improving technologies;

« focusing on reducing negative impacts throughout the production cycle;

* economy of raw materials and energy;

- Environmental efficiency, including criteria such as:

« reduction of material and energy consumption for production;

« increasing the shelf life of goods and improving their quality characteristics;

* reducing the spread of toxic substances;

- Reduction ratio (the desire to reduce the cost of materials per unit of service or product)
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In the context of an increase in the volume of construction and installation work in the republic,
there is a rapid increase in demand for high-quality products of building reinforcement. In the
process of introducing the proposed technology as a method that contributes to the development
of high-quality production of building materials, such conditions are taken into account as:
increase in the production of reinforcement by eliminating losses; strict adherence to standards;
reduction of gas consumption due to the elimination of reheating, thereby reducing the emission
of "pollutants™ and the desire to meet international standards.

With the exception of the Baku Steel Company, today in most factories and workshops on the
territory of the republic, those engaged in the production of fittings use induction furnaces, in the
use of which there are certain obstacles, such as the impossibility of blowing with oxygen and
metal deoxidation. Unlike an induction furnace, the use of arc furnaces allows the above
manipulations in the furnace itself, which positively affects the quality of the alloy. During
intermediate heating of castings with gas, it leads to the formation of metal burns and an increase
in emissions of carcinogenic components in the OS. As an alternative, it was proposed to cut the
molten metal to the specified dimensions and then, after ensuring complete crystallization of the
metal (1300-1400°C), the resulting alloys are fed to a rolling machine with an elevator at a
temperature of 1200-1250C

The application of the technology we offer corresponds to a large number of the above concepts
of environmentally friendly production, which is designed to reduce the time spent on preparing
one ton of rebar and the area for production, the complete elimination of the use of gas and the
burning of metal. Also, during the production, the final product meets the standards, which in turn
helps to increase the competitiveness of the enterprise in the market by reducing the cost. The
proposed technology is suitable for all manufacturers involved in the production of fittings.
Considering environmentalists concerns about environmental protection, the increased demand
for the production of building reinforcement, design and construction control of specialized plants
and workshops should be licensed by the state. When designing new production technologies, it is
necessary to take into account environmental and economic factors of production, such as
production safety, product quality indicators, as well as pricing factors.

Conclusions

In the process of analysis, it was found that today steps in the development of environmentally
friendly production, taking into account both environmental and economic aspects, are a priority
in the modern world.

Improving production processes can reduce emissions of pollutants into the atmosphere, reduce
energy and raw material consumption, improve product quality, and reduce waste disposal costs.
Reduction of production costs, consequently a reduction in cost with a simultaneous increase in
production efficiency, allow us to consider the above-described production technology as
economically viable.

Taking into account such aspects as reducing environmental emissions by reducing energy
consumption and consumption of raw materials, while improving the quality of the product,
allows us to consider the process of improving production processes as a step in the development
of cleaner production. Which in turn will have a positive impact on the environment and lead to
an improvement in the quality of life of people.
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EKOLOJIi TOMIZ ISTEHSALIN iINKIiSAFINDA BiR ADDIM KiMi BINA
ARMATURLARININ ISTEHSALI TEXNOLOGIYASININ TOKMIL EDILMOSI
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XULASO

Bu todqigat armatur tikinti materiallarinin istehsali prosesinds yaranan ekoloji problemlor vo
konstruksiya armaturlarinin istehsali ii¢lin tokmillogdirilmis texnologiyanin totbiqi yolu ilo otraf
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miihito ekoloji yiikiin azaldilmasi1 imkanlart m&vzusuna hosr edilmisdir. Mioslliflor istehsal
texnologiyasinin tokmillosdirilmasi zoruratini osaslandirir, tokco otraf miihito atilan tullantilarin
azaldilmasina deyil, hom ds alinan mohsullarin keyfiyystinin yaxsilagdirilmasina yonalmis miiasir
metod vo texnologiya toqdim edir ki, bu da ekoloji tomiz istehsalin inkisafi istigamatindo ndvbati
addimdir. Toklif olunan texnologiyada sobadaki maye metal tok bash tokmo zavoduna qidalanir,
fitinglorin istehsali zamani ara istilik aradan galdirilir, bu da ekoloji vo istehsal faydalarina gatirib
cixarir, bu da moqalads tosvir edilocokdir.

Todgigat binanin moéhkomlondirilmasi istehsalgilari, eloco do otraf miihito zororli tosirlorin
azaldilmasi vo istehsal xorclorinin optimallasdirilmasi ilo masgul olan ekologiya vo iqtisadiyyat
sahasinda miitoxassislor {igiin praktiki maraq dogurur.

Acar sozlar: tikinti armaturlari, istehsal, texnologiya, ekologiya, cirklonmo, tullantilar, ekoloji
tomiz istehsal, enerjiys qonaat, keyfiyyot, xorclorin optimallagdiriimasi.

COBEPHIEHCTBOBAHME TEXHOJIOI'MHU ITPOU3BOJACTBA CTPOUTEJIBHbBIX
APMATYP, KAK IIAI' B PA3BBUTHUH SKOJIOI'MYECKH —YUCTOI'O
IMPOU3BOJACTBA

dabMman Anues!, Kényabr AMupmerosa’

13amecTurens aupekTopa, P.JI. « HaHoMaTepraisl 1 HAHOTEXHOJIOTHIY, AsepOalimkanckuii ['ocyqapcTBEHHbIH
Yuusepcurer Hedru u [IpombllieHHOCTH, TOKTOP SKOHOMHUYECKHUX HAayK, A3epOaiiKaH.
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Vuusepcurer Hedn u [Ipomeiiuiennoctu. E-mail: amirmetova@gmail.com ORCID 1D 0000-0002-6223-7623

PE3IOME

JlaHHOE HCClIeZIOBAaHHUE MOCBSIIEHO TEME SKOJIOIMUECKHUX MpoOjieM, BOZHHKAIOLIMX B IpoLecce
IIPOM3BOJICTBA  CTPOUTENIBHBIX ~ MaTEpUaJOB  apMaTyp U BO3MOXHOCTBIO  yYMEHBILIEHHUS
HKOJIOTMUECKON Harpy3ku Ha OKpY’KaIOLIyI0 Cpely IyTeM BHEIPEHMsI COBEpPLIEHCTBOBAHHOMN
TEXHOJIOTUU TPOU3BOJCTBA CTPOUTENHHONU apMaTypbl. ABTOphl 0OOOCHOBBIBAIOT HEOOXOJUMOCTb
COBEpIICHCTBOBAHUS TEXHOJOTMH TPOM3BOJACTBA, IPEICTABISIOT COBPEMEHHBIM MeToJ U
TEXHOJIOTHIO, HANpPaBJICHHYI0 HE TOJbKO Ha cokpaiieHue BbiOpocoB B OC, HO M yiydllIeHHE
MoKazarese KadyecTBa IMOJIydaeMOM MpPOAYKIMH, YTO SIBISETCS €Ille OJHMM IIaroM B CTOPOHY
pa3BUTHA SKOJIOTMUECKU-YMCTOTO IPOM3BOCTBA. B mpeyiaraeMoi TEXHOJIOTUN KHUAKHI METasll B
Me4YM MOJIAeTCsl Ha OJHOTOJIOBOYHYIO Pa3IMBOYHYIO YCTAHOBKY, MCKIIFOUAETCS MPOMEKYTOUHBII
HarpeB IIpHU NPOU3BOJCTBE apMaTyphl, YTO MPHUBOJUT K IKOJOTMUYECKUM U IPOM3BOACTBEHHBIM
MIperMyIIecTBaM, KOTOpbIE Tak)Ke OyAyT ONHCaHbI B CTATheE.

HccnenoBanne NpeacTaBisieT NPAKTUYECKUH HHTEPEC JUIsl IPOU3BOJAUTENEH CTPOUTENBHOMN
apMaTyphbl, a TaKKe JUIsl CIEHATUCTOB B 00JaCTH SKOJOTHH M SKOHOMUKHU, KOTOpPBIE 3aHUMAIOTCS
BOIIPOCAaMH CHMKEHUS BPEIHOTO BO3ACHCTBHSI HA OKPYXKAIOLIYIO CPENY M ONTUMHU3ALMU 3aTpaT Ha
MIPOU3BOJICTBO.
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KiroueBble cjI0Ba: CTpOUTENbHAs apMaTypa, MPOU3BOJCTBO, TEXHOJIOTHS, JKOJIOTHUS,
3arpsi3HEHUE, OTXObI, IKOJOTHYECKHU-YMCTOE IPOU3BOJCTBO, JHEProcOEpekeHre, KadecTBO,
ONITHUMHM3AIIHS 3aTPaT.
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OYLOC KUNDOSI MATERIALLARININ SURTUNMO PROSESININ
ANOVA VASITOSILO STATISTIK OYRONILMOSI

Fikrat Yusubov
Ki¢ik elmi is¢i, Azorbaycan Dovlot Neft vo Sonaye Universiteti, E-mail: fikratyusub@gmail.com,
https://orcid.org/0000-0002-2095-2469

XULASO

Toqdim olunan aragdirma ovuntu metallurgiya metodlar1 vasitesilo hazirlanmis kompoziya
materiallarin  slirtiinms prosesinin  dyronilmosino hasr edilmisdir. Todqiqat obyekti olaraq
torkibino az miqdarda metal hissociklori qatilmis polimer osashi friksion materiallar
gotiiriilmiisdiir. Niimunslori hazirlamaq iiclin ononavi ovuntu metallurgiya metodlart sxemino
daxil olan texnoloji addimlar gézlonilmisdir. Hom ovuntularin xirdalanmasi, hom do hissaciklorin
Olgllorinin maksimum saviyyado eyni olgli vo formaya gotirilmasini tomin etmok igiin
laboratoriya doyirmaninda xirdalanmisdir. Sonraki morhalolordo miiavafiq olaraq soyuq
preslonma (10MPa), qizdirilaraq preslomoa (160°C, 25,5 MPa) va sinterlomo (160°C-da 5 saat
miiddotindo) proseslori hoyata kegirilmisdir. Siirtlinmo prosesinin qiymotlondirmok ii¢ilin
coxamilli tocriibo metodlarindan istifado edilmisdir. Riyazi modeli qurmaq ii¢iin ortoqonal
Taqu¢i metoduna miiraciot edilmis vo dispersiya analizinindon (ANOVA) istifado etmoklo
prosesa tasir gostoran amillor miioyyon edilmisidr. Taqugi nizami {izro planlagdirma matrisini
qurmaq Uctin standart L27 (3%) modeli secilmisdir. Bu model iizra tocriibalorin say1 27, amillorin
vo saviyyalorin say1 3-diir. Siirtlinmo omsalinin optimal rejimlorini tapmaq li¢iin riyazi model
standart “on bdoyilik yaxsidir” kriteriyasina osason logarimfik itki funksiyasi ilo qurulmusdur.
Stirtinma smaqglart MMW-1 tribometrinds “barmaqciq-disk” mexanizmi osasinda aparilmigdir.
Kontrcisim materiali olaraq tablandirilmis polad materialindan istifads edilmisdir. Proses
parametrlorin sec¢ilmosinda agir vo orta yliklonmis friksion sistemlor {igiin totbiq olunan rejimlor
nozoro almmisdir. Alinmis noticolor osason riyazi model qurulmus, tosiredici amillor
miioyyonlosdirilmisdir. Secilmis amillar igorisinds prosess on ¢ox tosir tosir gostoran parametrin
tomaz tozyiqinin oldugu askar edilmisdir.

Acgar sozlar: oyloc kiindolori, kompozisiya materiallari, slirtlinma vo yeyilmo, ANOVA, Taqugi,
barmaqgiq-disk

Giris

Horakot icra edon hor hansi bir avadanligin on miihiim hissasi aylac sistemidir. Oyloma prosesindo
oylac kiindasi qurgunun firlanan elementina qars1 friksion miigavimet yaradaraq ya horokoti
yavagladir, yaxud da tamamilo dayandirir. Oylac kiindesi kompozisiya materiallar1 ig¢arisindo an
kompleks strukturlu olub, olagolondiricilor doldurucular, modifikatorlar vo s. torkib
elementlorindon ibarotdirlor. ©ylac kiindesi materiallar1 ¢oxkomponentli kompozitlordon ibarat
olub avadanligin horokotdo olan isci hissolorinin kinetik enerjisini termiki enerjiyo cevirmo
funksiyasin1 yerino yetirirlor [1]. Oyloc sistemlorino daxil olan materiallar layiho olunarkon stabil
siirtinmo xarakteristikasi, davamliq, sos-kiiy vo vibrasiyanin minimuma endirilmosi  osas
normalardan hesab olunur. Siirtlinmo zamani yeyilmayadavamligin yiiksok olmasi va yiiksalon
temperaturlarda fiziki-mexaniki xassalorin maksimum soviyyado 6z ilkin xassolorini saxlamasi
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xiisusiyyatlori bu materiallarin agir yiiklonmis tribotexniki sistemlords islomosino imkan verir.
Tomas materiallarin tribotexniki xassolori miixtolif meyarlardan asili olaraq aylomo dovriindo
davamli olaraq doyismoyo moruz qalir. Bu aragdirmada ovuntu metallurgiya metodlart asasinda
hazirlanmis asbestsiz yeni kompozisiya materiallarinin siirtiinmo foaliyyati dyronilmisdir.

Materiallar vo avadanhqlar

Niimunolorin hazirlanmasinda onsnavi ovuntu metallurgiya metodlarindan: xirdalama va
garigdirma, soyuq preslonmo (10MPa), qizdirilaraq preslomo (160°C, 25,5MPa) vo sinterlomo
(160°C-do 5 saat miiddotinds) kimi texnoloji ardicilligdan istifado edilmisdir. Kompozisiya
materiallarinin torkibi 25% barit, 25% fenol-formaldehid, 7% aluminium oksid, 5% sintetik
vallostonit, 10% qurgusun, 10% qalay, 7% mis-qrafit (80%Cu20%C), 5% silisium oksid vo az
miqdarda maqnezium oksid, molibden disulfid kimi miioyyonlosdirilmisdir. Triboloji sinaqglarin
aparilmasi {i¢iin tolob olunan niimunslorin diametri hiindiirliiklo miiqayisads ¢ok kigik oldugu
liclin preslonma ikitorafli sxem iizro aparilmisdir vo naticado uzunlugu 13 mm, daimetri 7 mm
olan silindrik kompozitlor hazirlanmisdir (Sak.1).

Sakil 1. Siirtlinma sinaqlarinda istifads edilon silindirik niimunslor

Smaqlarm aparilma metodikasi

Alinmis niimunslorin triboloji xassalori “barmaqciq-disk” mexanizmi tizro vertikal MMW-1
qurgusunda dyronilmisdir (Sok.2). Sinaqglara baslamazdan 6nco niimunslorin sothi SiC kagizi ilo
cilalanmigdir. Simaqlar eyni vaxtda ii¢ adod eyni niimunonin disk iizorinds verilmis yiiklo
slirtiinmosi yolu ilo aparilmigdir. ©kscisim olaraq tablandirtlmis polad materialindan (44-46HRC)
istifado edilmisdir. Hor ii¢ niimuns tigiin orta siirtinmo omsali qiymati komputerds avvolcadon
secilmis metoda asason avtomatik hesablanmigdir. Siirtlinma siirati asagidaki diisturun kdmayilo
tapilmisdir:

i

v 20 T
=p-r=30.

n= dovrlorin say1, m-bucaq (¢evravi) siirati (rad/s), r-siirtiinms radiusu.

Naticalorin miizakirasi

Coxamilli proseslords somaraliyin giymatlondirilmasi masalslarin halli {igiin riyazi metodlarin
totbiqi daha rasional yanasma metodu hesab olunur [2]. Eksperimentlorin optimal planlagdirmast
metodlarinda prosesin statik tohlil osasinda reqressiya vo ya korrelyasiya analizlorinin aparilmasi
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coxsayli eksperimentlorin saymi minimuma endirorok zaman vo material sorfinin garsisini almis
olur [3]. Bu baximdan hazirladigimiz yeni friksion materiallarin triboloji foaliyyatini
qiymatlondirmak iiciin eksperimentlorin optimal planlagdirilmasi metodlarina miiracist edilmisdir.
Optimal rejim parametrlorini miioyyonlosdirmok vo materiallarin siirtlinmo omsalina tosir géstoron
osas meyarlar1 toyin etmok {iglin alinmig noticalor Taqug¢i metodu osasinda MINITAB 19
programinda statistik emal olunmusdur. Ortoqonal Taqugi nizami iizro planlasdirma matrisini
qurmaq Gclin standart L27 (3%) modeli se¢ilmisdir. Bu model iizra tocriibalorin say1 27, amillorin
vo soviyyoalorin say1 3-diir. Matrisin qurulmasinda hor ii¢ soviyyado doyisonlorin siitunlarda
yerlosmo ardicilig iigiin AB, AC vo BC diiziimii totbiq edilmisdir. Dispersiya analizi (ANOVA)
95%-lik etibarliliq soviyyesi ilo hoyata kecirilmisdir. Proses parametrlori vo onlart saviyyalori
haqqinda molumat cod.1-do verilmisdir.

Malumatlar

Komputer

Temperatur
verimi

Qiivva verimi

Sakil 2. Triboloji sinaglarin aparilmasinda istifado edilon qurgunun sxematik tosviri
1-niimunolar, 2-disk, 3-firlanma mexanizmi.

Eksperimentlorin planlanlasdirilmasinda istifads edilon osas meyarlar olaraq x1 - tomas tozyiqi
(MPa), x2 - siiriisma siirati (m\san) va x3 -tsikillorin say1 gétiirilmiisdiir. Qobul olunmus tam amilli
eksperiment planma metoduna uygun olaraq tocriibalorin say1 27 gotiiriilmiisdiir [4]. Qurulmus
matris osasinda aparilmis eksperimentlorin noticalori cad.2 verilmisdir.

Cadval 1. Proses parametrlori vo onlar1 saviyyaloari.

Amillor Kodu Vahidlari Soviyya | Soviyys Il Soviyys 111
Tomaz tozyiqi X1 MPa 1.9 5.75 9.6
Siiriisma siirati X2 m/san 0.64 1.57 2.5
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| Tsikillorin say1 | Xs | n | 10000 | 20000 | 30000
Cadval 2. Ortogonal L7 (3%) modeli osasinda aparilmus tocriibalorin noticasi.
Ne Tozyiq, MPa Siirot, m/san | Tsikillor, n iﬁr’cﬁnme omsalt, Tasirlor nisbati (S/N)
19 0.64 10000 0.428 -7.37112
19 0.64 20000 0.403 -7.89390
1.9 0.64 30000 0.395 -8.06806
1.9 1.57 10000 0.396 -8.04610
19 1.57 20000 0.391 -8.15646
1.9 1.57 30000 0.385 -8.29079
1.9 25 10000 0.386 -8.26825
1.9 2.5 20000 0.375 -8.51937
1.9 25 30000 0.360 -8.87395
5.75 0.64 10000 0.435 -7.23021
5.75 0.64 20000 0.423 -7.47319
5.75 0.64 30000 0.411 -7.72316
5.75 1.57 10000 0.419 -7.55572
5.75 1.57 20000 0.414 -7.65999
5.75 1.57 30000 0.39% -8.04610
5.75 25 10000 0.405 -7.85090
5.75 25 20000 0.396 -8.04610
5.75 25 30000 0.382 -8.35873
9.6 0.64 10000 0.443 -7.07193
9.6 0.64 20000 0.441 -7.11123
9.6 0.64 30000 0.427 -7.39144
9.6 1.57 10000 0.440 -7.13095
9.6 1.57 20000 0.436 -7.21027
9.6 1.57 30000 0.408 -7.78680
9.6 25 10000 0.433 -7.27024
9.6 25 20000 0.417 -7.59728
9.6 25 30000 0.381 -8.38150

Siirtlinma amsalinin optimal rejimlorini tapmaq li¢iin prosesin normal is rejiminin pozulmasina
sabob olan tasirlor nisbati (signal - kily nisboti) standart “on boylik yaxsidir” kriteriyasina osason
logarimfik itki funksiyasi ilo hesablanmigdir.

S/N = —10 *log(Z(1/Y?)/n)

Tacriibi sinaqlarin naticalarinin dispersiya analizi (ANOVA) vasitasilo emal: siirtiinma amsalina tasir
gostaran amillarin identifikasiyasini miisyyon etmoaya komoak etmisdir (Cad. 3).

Cadval 3. Siirtlinma amsali li¢iin dispersiya analizinin (ANOVA) naticalori
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Amil sortlori DF | SeqSS Adj SS Adj MS F-value | P-value T, %
Tazyiq (X1) 2 | 0.005241 0.005241 0.002621 59.85 39.00%
Siirat (X2) 2 | 0.004096 0.004096 0.002048 46.77 30.47%
Tsikillor (Xs) 2 | 0.003271 0.003271 0.001636 37.35 24.34%
XiXo 4 | 0.000081 0.000081 0.000020 0.46 0.761 0.60%
XiX3 4 | 0.000229 0.000229 0.000057 1.31 0.345 1.70%
XX 4 |0.000171 0.000171 0.000043 0.98 0.470 1.28%
Xota* 8 | 0.000350 0.000350 0.000044 2.61%
Umumi 26 | 0.013440 0.005241 0.002621 100.00%

Burada, DF- hor manbao ii¢lin informasiyanin miqdarini, yani hor amil ti¢iin miisahidalorin imumu
sayini ifads edir (sorbostlik doracasi), Adj SS- Modelin miixtolif komponentlari {i¢iin variasiyani
chtimal qiymotlorini hesablamadan 6lc¢lr, Adj MS- Modelin miixtolif komponentlori {igiin
variasiyani onlart modeldoaki nizamindan asili olmayaraq olglir (imtinalarin riyazi gézlontisi), Seq
SS- Modelin miixtalif komponentlori ii¢lin variasiyani onlarin modelds yerini nozors almagla
Ol¢iir (imtinalarin orta kvadratik comi), F- ¢ixis paremetrino tosir qiymatini toyin edir (Fiser
kriteriyas statistikasi), P-sifir hipotezina qars1 ehtimali 6l¢iir (F-in hesablanmasinda istifads edilir
vo statistik ohomiyyasti milyyanlosdirir), T-tosir faizlorini gostorir. Xota - iso idaroedilo bilmayon
amil sortlorinin tosir faizini ifads edir. Analizlor standart rejimlordoa, yoni shomiyyaot soviyyosi a =
0.05 va etibarliq soviyyasi 95% rejimindo aparilmigdir. Cod.3-dan goriindiiyli kimi siirtlinmo
omsali {licliin P- qiymotlori osas amillor iiglin sifra borabordir vo bu da onlarin statistik
ohomiyyatini gostorir lakin qarsiliglt amil sortlorinin hor birinin o — qiymoti 0.05-don yiiksok
olmugdur. Beloaliklo, F-in qiymoti no godor yiiksokdikso proseso tosiri bir o qodor yiiksokdir
anlamina galir vo bu prinsipe osason tesir faizlori bu ardicilliqla gerarlagsmisdir: Tomas tozyiqi:
39.00%, stirtismo siirati: 28.48% vo tsikillorin say1: 24.34%. Qarsiliglt tosir amil sortlorindon iso
on shomiyyatlisi tazyig-tsikillor (X1*X3) kombinasiyasi olmusdur ki, bu da 1.70% togkil etmisdir.
Dispersiya analizinin (ANOVA) naticaloring istinadon oldo edilmis mithiim amil sortlori arasinda
korrelasiya olaqesi yaratmaq {liglin xotti reqresiyya tonliyino miiraciot edilmisdir vo naticodo
siirtlinmo omsal1 va yeyilmo intensivliyi liclin miivafiq olaraq asagidaki tonlik alinmigdir:

Y=0.43021 + 0.00482 X1 - 0.01452 X3 - 0.000001 X3+ 0.000582 X1*X>

Xotti reqressiya tonliyino osason alinmis modelin adekvatligini gostoron qrafik  sok.3-do
verilmisdir.
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Sakil 3. Siirtlinms amsal {igiin tacriibi naticalarlo prognozlasdirma qiymeatlori arasindaki qaligin
paylanma grafiki.

Qrafikdo sopalonmo qiymatlori monfi qiymatlorin 0 xattindon asagi, miisbot noticolorin iso o
xottindon yuxarida saquli istigamotds ordinat oxu boyunca diiziiliisii tosvir olunmusdur. Qabul
olunmus sopslonma klasterlorino gore oldo etdiyimiz naticolor modelo adekvatligr siibut edir. Belo
ki, adekvat modellordo adston qaliq qiymatlori 0 xattininin yuxari vo asagi hissesinds miixtolif
istigamotlordo sopolonmo ilo xarakterizo olunur. Qrafikdo on boyiik konaragixmalar qirmizi
noqtolorlo verilmisdir ki, bu noqtolor planlasdirma matrisinde 1,3,19,21,25 vo 27 siralara aid
naticolordir.

Ogoar cad.2-0 nazor salsaq, bu siralardan son 4-ii tomas tozyiqinin 3-cli soviyyadoki qiymatine
(9.6MPa) uygun golir. Umumiyyatlo, an bdyiik qaliq qiymoati mohz bu hissaya, yoni tozyiqin 1-Ci
arttimima (19-cu sira) diigiir. Bunun osas sobabi tozyiqin siirtlinma xassesinde oynadigi rolla
baglidir. Bu ganunauygunluq yuxarida geyd etdiyimiz kimi istilik tosirindon mikrotobagologmonin
yaranmasi ilo bagli oldugu {igiin yiiksok tozyiq altinda yalniz agag1 siiriisma siirot rejimindo 6ziinii
dogruldur. Ciinki daha cox friksion istilik materilin yeyilmasi vo siirtlinmo xarakteristikasinin
asag1 diismosi ilo naticalonir. Bu sabobdon tozyiqin 3-cii saviyyasinds olan siralarda xata daha
yiksok olmusdur.

Natica

Alinmig naticolor secilmis amillor arasinda on tasiredicisinin tomaz tozyiqi oldugunu gostormisdir
(39,8%). Siirtlinmo prosesind on az tosir edon parametr iso tsikillorin say1 olmusdur (24.34%).
Qarsiliglt tosir amil sortlorindon iso on ohomiyyatlisi tozyig-tsikillor (X1*X3) kombinasiyasi
olmusdur ki, bu da 1.70% togkil etmisdir. Malum olmusdur ki, friksion istilik tosirlorindon tomas
sothindo mikrotobagologmonin yaranmasi siirtiinmo omsalini artirir. Lakin yiiksok tozyiq vo siirot
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rejiminds siirtinmonin omsalinin artmasi yalniz tsikillorin say1 az olduqda 6ziinti dogruldur. Oks
halda niimunalorin triboloji xarakteristikasi asagi olmusdur.
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ABSTRACT

The presented research paper is dedicated to the study of the friction process of composite
materials prepared by powder metallurgy methods. Polymer-based friction materials with a small
amount of metal particles were taken as the research object. To prepare the samples, the
technological steps included in the scheme of traditional powder metallurgy methods were
followed.. It was crushed in a laboratory mill to ensure that both the grinding and the particle size
were maximally uniform in size and shape. Pre-forming (10 MPa), hot pressing (160°C, 25.5
MPa), and sintering (160°C for 5 hours) processes were carried out in the subsequent stages.
Multifactor experimental methods were used to evaluate the friction process. The orthogonal
Taguchi method was used to build the mathematical model and the factors affecting the process
were determined using analysis of variance (ANOVA). The standard L27 (3%) model was chosen
to construct the Taguchi order planning matrix. The number of experiments in this model is 27,
and the number of factors and levels is 3. A mathematical model to find the optimal modes of the
friction coefficient is built with a logarithmic loss function based on the standard "higher-the-
better" criterion. Friction tests were performed on the MMW-1 tribometer based on the "pin-on-
disc” mechanism. Steel material was used as the material of the counter body. In the selection of
process parameters, the regimes applied for heavy and medium-loaded friction systems were
taken into account. Based on the obtained results, a mathematical model was developed and the
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influencing factors were determined. Among the selected factors, it was found that the parameter
that has the most influence on the process is the clearance pressure.
Key words: brake pads, composite materials, friction and wear, ANOVA, Taguchi, pin-on-disc.

CTATUCTHUYECKOE UCCIIEAOBAHME ITPOINECCA TPEHUSA MATEPUAJIOB
TOPMO3HBIX KOJIOJOK C UCIIOJIB3OBAHHUEM ANOVA

®ukpat IOcyoos

Hayunsrit cotpyanuk, Asep0Oaitmkanckuii ['ocynapcrsennbrit Yuusepcurer Hedtu u [lpomsiiiernocty, e-mail:
fikratyusub@gmail.com, https://orcid.org/0000-0002-2095-2469

PE3IOME

[IpencraBnenHass HayyHas paboTa IMOCBSIIEHA M3YUYEHUIO Ipoliecca TPEHHUS KOMIO3UIMOHHBIX
MaTepHajoB, IOJIYYEHHBIX METOJaMH IOPOLIKOBOW MeTaulyprud. B kadecTBe oObekTa
UCCIICIOBAaHHS OBLIM B3STHl (PPUKIMOHHBIE MaTepUaJbl HA TOJMMEPHON OCHOBE C HEOOJIBIIUM
KOJINYECTBOM METANIMYECKUX YacTHll. J{1s1 HOAroTOBKM 00pa3LoB MPEANoarajoch BhIIOIHEHUE
TEXHOJOTMYECKUX  ONepaluid, BKJIOYEHHbIX B CXEMY TPAJUIMOHHBIX  IOPOIIKOBBIX
METaJUTypruyeckux MeronoB. Ero m3menbuanu B 1a00paTopHOM MesbHUIE, YTOOBI 00eCIeUuTh
MaKCHUMaJbHO OJHOPOJHBIH pa3Mep W (GopMy dYacTHI[ Kak IOMoOJla, Tak © pa3mepa. Ha
HOCEIYIOIUX 3Tanax MPOBOAWIUCH Ipolecchl npeaBaputensHoro ¢opmoBanus (10 Mlla),
ropsiuero npeccoBanus (160°C, 25,5 MIla) u cnekanus (160°C, 5 wacoB). Jlyis oneHKH mpoiiecca
TPEHUsI HCIIOJIb30BaHbl MHOTO(aKTOpHBbIE 3KCIIEPUMEHTalIbHbIe MeToAbl. il HOoCTpoeHus
MaTeMaTUYeCKOW MOJIEJIM UCTIOIB30BAJICS OPTOTOHABHBINA MeToA Taryuu, a (hakTopbl, BIHUSIONINE
Ha TPOoLEeCC, ONPEeeNIUCh ¢ IOMOIIBIO AucnepcuonHoro aHanusa (ANOVA). Jlns noctpoeHus
MaTpUIGl TUIAHMPOBAHMS 3aKa3oB Taryunm Oblma BeIOpaHa cTaHmapTHas Mmoxens 127 (3%).
KonnyecTBo sKCHEpUMEHTOB B 3TOH Mozenu - 27, a KOJUYECTBO (aKTOPOB M ypOBHEH - 3.
MaremaTtnueckass MOJIeib JUIsl TOMCKA ONTUMAIBHBIX PEKUMOB KO3((ULIMEHTa TPEHUSI CTPOUTCS
¢ norapupmMuyeckoil GpyHKuuel MoTeppr Ha OCHOBE CTAaHAAPTHOIO NMPHHLHUIA "4eM BBILIE, TEM
ayqmie". kputepuid. VcnpiTaHus Ha TpeHue mpoBoAMiuCh Ha Tpubomerpe MMW-1 no cxeme
«maney-nauck». B kadecTBe Marepuania KOHTpTENa HCIOJIB30BajlCs CTalbHOM Matepuan. [lpm
BbIOOpE TMapaMeTpoOB IMPOLECCa YUYUTHIBAIUCh PEXHUMBI, INPUMEHSEMbIE IS TKENbIX U
CpeHEHArpy>KeHHbIX cHUCTeM TpeHHs. Ha ocHOBe MoOJyuyeHHBIX pe3yJabTaToOB ObLIa MOCTPOEHA
MaTeMaThyeckas MoJeib M OmpeseseHbl Biustoumue Qaktopbl. Cpean BbIOpaHHBIX (aKTOPOB
YCTAHOBJIEHO, YTO IMapaMeTpoM, OKa3bIBAIOLIMM HAMOOJIblIee BIMSHUE HA IPOLECC, SBISETCS
JaBJICHHE 3a30pa.

KiroueBble cj10Ba: TOPMO3HBIE KOJIOAKH, KOMIIO3MIIMOHHBIE MAaTepuaibl, TPEHHE U H3HOC,
ANOVA, Taryum, maner-auck.
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XULASO

Bugiinki ekoloji vaziyyati tohlil edorkon, neft qaz istehsali, emali zavodlarinda otraf miithito masal
sistemi vasitosi ilo atmosfers atilan tullanti qazlar otraf miihiti ¢irklondirarak qglobal istilogsmoyo
sobab olur. Bu sobobdon sonaye zavodlarinda maosol sistemindo yandirilan tullanti qazlarin
yenidon dovriyyoys qaytarilaraq istifado olunmasi iiglin mosol qazlarmi tokrar emali
kompressorlarindan istifado olunur. Neft vo qaz sonayesindo istifado olunan tipik mosol
yandirilmagq ti¢iin arzuolunmaz qazlari toplayan ox va ya borudan ibaratdir. Onun ucunda yanma
somaraliliyini artirmagq ii¢iin sorbast hava ils yaranan qazlari birlogdiron hava yardimi mexanizmi
var. Masal qazlar sixilir vo dorhal yanacaq qazi kimi istifads {igiin yanacaq qazi kollektoruna
qaytarilir. Mogal gazinin boarpasi sos-kily vo istilik radiasiyasini, istismar vo texniki xidmaot
xarclorini, havanin ¢irklonmasini vo emissiyasini, yanacaq qazi vo buxar sorfini azaldir.

Agar sozlar: global isitlosma, CO2 gazi emissiyasi, masal qazlari, firlanan rotorlu tftiriiciilor.

Problemin aktuallig:

Ekoloji voziyyati tohli edorkon , vurgulamaq lazimdir ki, neft qaz istehsali, emali zavodlarinda
otraf mithito maogal sistemi vasitasi ilo atmosfers atilan tullant1 qazlar straf miihiti ¢irklondirarak
qlobal istilosmaya sobab olur .Bu sobobdon seonaye zavodlarinda maesoal sisteminde yandirilan
tullant1 qazlarin yenidon ddvriyyoyo qaytarilaraq istifado olunmasi tiglin mosal gazlarini tokrar
emal1 kompressorlarindan istifads olunur. Magal qazinin barpast qurgulart atmosferds yandirilan
qazin mithiim axinina malik oldugu neft-kimya zavodlarinda enerjiyo qonaot sistemlori kimi
istifado olunur. Iqlim doyisikliyi hom insanlardan qaynaqlanan emissiyanin sobob oldugu istixana
qazlarmin, neft qaz sonayesinin horokoto gatirdiyi global istilogmoni, hom do bunun naticesinda
hava modellorindo 6ziinli gostoron bdyiikdlciilii doyisikliklori ohato edir. ©vvalki dovrlorde do
iglim doyisikliklori olmasina baxmayaraq, 20-ci osrin ortalarindan bori insanlar Yer kiirasinin
iglim sistemino misli gorlinmomis dorocads tosir gostormis vo qlobal miqyasda doyisiklikloro
sabab olmusdur. Istilosmonin on asas harokatverici qiivvasi 90%-don ¢oxu karbon qazi (CO2) vo
metandan ibarat olan maosal qazlarinin emissiyasidir. Bu emissiyalarin osas monbayi enerji
istehlakr ii¢lin tobii yanacaqlarin (kOmiir, neft vo qaz) yandirilmasi olsa da, bunda kond
tosarriifatinin, agaclarin kosilmasinin va sonaye proseslorinin do rolu var. Milli vo ya beynalxalq
arenada tanman he¢ bir qurum iqlim doyisikliyindoki insan faktoruna qarsi ¢ixmur. Iqlim
doyisikliyino verilon reaksiyalar — giinosi oks etdiron qar vo buz ortiiyiiniin yox olmasi, artmis su
buxar1 vo quru vo okeandaki karbon uducularda bas veron doyisikliklor — temperatur artiminm
stiratlondirir vo ya yavasidir. Diinya miqyasinda neft emali zavodlarmmin son mohsulunun
masraflori, xiisuson azalmis tolobin bosalma giicii ilo optimal enerji sobakosinin pozulmasi ilo
naticalondiyi cari bazarda yanacaq mosroflarindon proporsional olaraq daha ¢ox asili olur. Buna
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gora do, an sarfali zavoda nail olmagq ticlin masal relyef sisteming atilan karbohidrogen qazlarinin
borpasi hoyati ohomiyyat kosb edir. Masal gazinin barpasi ilo qizdiricilar vo buxar istehsali liglin
yanacaq tomin edilmasi yanacagin emalina daha ¢ox imkan verir vo belslikls, mohsuldarliq artir.
Ustiinliiklor homginin alovlanma c¢irklonmosinin azaldilmas1 vo moasol ucluq Omriiniin
uzadilmasindan da oldo edilir. Masol qaz1 neft vo qazin ¢ixarilmasi, neft-kimya prosesi, somt
gazinin hasilati vo tullant1 sularinin tomizlonmoasi daxil olmaqla, ¢oxsayli sonaye proseslorinin
olavo mohsuludur. Boyiilk miqdarda istilik vo elektrik enerjisi istehsalinda mosol gazindan
istifadonin iqtisadi cohotdon magsadouygun olmasina baxmayaraq, bozi hallarda mogal qazi belo
enerjinin tokrar emalina cohd etmok {igiin sorfoli gorar olmaya bilor. Arzuolunmaz qazi aradan
qaldirmagin mashur, lakin miibahisali yolu mesalds yandirmaqdir. Qazin masolds yandirilmasi bu
giin diinyanin tizlogdiyi asas ekoloji problemdir. Ciinki o, global istilosmanin iimumi yiikiins tohfs
veran ohomiyyatli miqdarda istixana qazlari yaradir. Bu yazida biz qazin masolds yandirilmasinin
neco edildiyini vo bu tacriibani minimuma endirmok vo ya aradan qaldirmagq iciin totbiq oluna
bilon mosal qazinin barpasi sistemlori kimi alternativlori nozordon kegiracoyik. Qazin mosoaldo
yandirilmasi neft vo gazin ¢ixarilmasi, neft-kimya prosesi vo somt qazinin ¢ixarilmas: daxil
olmaqla miixtolif proseslor zamani yaranan somt qazinin yanmasina aiddir. Neft vo qaz
sonayesindos istifado olunan tipik masal yandirilmaq {i¢iin arzuolunmaz qazlar1 toplayan ox va ya
borudan ibarotdir. Onun ucunda yanma somaorsliliyini artirmaq li¢iin sorbost hava ilo yaranan
qazlart birlogdiron hava yardimi mexanizmi var. Bozi qazlar asag: istilik doysrine gors oksidlosmo
talob edir vo termal oksidlosdirici istifado edarok yandirilir. Ekoloji vo iqtisadi miilahizalor qaz
borpa sistemlorinin istifadosini qotiyystlo tovsiyys edorkon, neft vo qaz emali zavodunda
apardilan hortorafli prosesin qiymotlondirilmasi ilo bagli sifir alova yaxinlasmaq ti¢iin praktiki
usullar hazirlanir. Dizayn miilahizalori, prosesin iqtisadiyyatt vo sistemin iglomosi bu mogalodo
miizakiro olunacaqdir. Magal qazlar1 sixilir vo dorhal yanacaq qazi kimi istifads iigiin yanacaq
qaz1 kollektoruna qaytarilir. Magol qazinin borpast sos-kiiy ve istilik radiasiyasini, istismar vo
texniki xidmat xarclorini, havanin ¢irklonmasini vo emissiyasini, yanacaq qazi vo buxar sorfini
azaldir. Mdvcud tohliikosizlik relyef sistemino heg¢ bir tosir gdstormodon prosesin dayanigligi vo
alov ucu artimi da masal qazinin barpasi sisteminin tasirloridir.

Isin magsadi

Neft qaz omoliyyatlarinda vo istehsalinda karbon qazini keskin sokildo azaltmagi vo yeni asagi
karbonlu biznes, mohsul vo xidmatlori inkisaf etdirmoyi hodsflomok, fundamental vo siiratli
iraliloyisin torofdari olmaq ve soffafliq sahosindos lider olmaga c¢alismaq, maqgsadli enerji sirkoti
olmaq hansi ki, comiyyat torafindon etibar edilon, 2050-ci ilo gader v ya daha tez xalis karbonsuz
miihityaratmaq, toxminon 415 milyon ton emissiya ilo miibarizo aparmaq demokdir.

Tadqiqat isinin aparilmasi

Neft vo qaz emali zavodlarinda, eloco do neft-kimya komplekslorindo tohliikasiz vo tozyiqin
azaldilmas1 sistemlorindon biri son komponent olan mogol bacasi olan relyef baslhigidir. Bu
sobokodo biitiin artiq gazlar toplanir vo yandirilmaq {iigiin mogol bacasina gondorilir. Bu gaz
qarisiglarin bdyiik bir miqdar yiiksok istilik doyarine malikdir vo bazi hallarda hotta miixtalif
qurgular tiglin xammal kimi istifads edils bilor. Aydindir ki, bu gaz qarisiginin masal bacasinda
yandirilmasi hava va sas-Kily ¢irklonmasi kimi ekoloji problemlara sabab olur vo hom do maliyys
itkisidir. Bu yazida neft emal1 zavodlari {iclin mosal gazinin boarpasi faydalarini hesablamaq vo
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miizakiro etmok ii¢lin addim-addim yanasma vo hesablamalar verilmisdir. Metod mosal xattinin
torkibi vo digor sortlorlo bagli molumatlarin toplanmasi, molumatlarin simulyasiyasit vo movcud
tonliklorls is tliglin maliyys faydalarinin hesablanmasini ehtiva edir. Buna goéro do Sangachal neft
emal1 zavodunun moasolds yandirma sistemi vo masal sistemi {i¢iin mévcud sistem niimuns Kimi
istifado edilmisdir. Sangachal neft emali zavodunda mosal qazi qarisig1 genis spektrli qazlardan
ibarotdir. Mosol gazinin borpasi vo iqtisadi analiz isullar1 Oyronildikdon sonra bir pillali
kompressorlu uygun iisul segilir. Aparilan todqiqatlar onu gdstorirki mosol qazlari yandirilan
zaman ayrilan tullant1 qazlar1 vo radiasiya otraf miihitin ¢irklonmasinds birbasa tosiredici faktorlar
olub global istilosmonin , ekoloji tarazligin pozulmasina gatirib ¢ixarir . Biitiin bunlarin garsisini
almag Ucun mdiasir dovrds sonaye vo enerji sirkotlori otraf miihito atilan tullanti gazlarinin
miqdarin1 azaltmaq 6hdsliyini gotiirmiis va bu yolda qarsilarina magsad vo hodaflor qoyulmusdur.
Bunlara misal olaraq asagidakilari sadalamaq olar:

* Neft gaz omoliyyatlarinda vo istehsalinda karbon qazini koskin sokilde azaltmagi vo yeni asagi
karbonlu biznes, mahsul va xidmatlari inkisaf etdirmoyi hadoflomak.

* Fundamental v siiratli iraliloyisin torofdar1 olmaq va soffafliq sahasinds lider olmaga calismag.

* Mogsadli enerji sirkati olmaq hans1 ki, comiyyat torafindon etibar edilon

* 2050-ci ilo godor vo ya daha tez xalis karbonsuz miihityaratmaq ,toxminon 415 milyon ton
emissiya ilo miibarizo aparmaq demaokdir.

Biitiin bunlar1 nozoro alaraq geyd etmok olar ki, karbon emissiyasinin oshomiyyastli doracado
azaldaraq yuxarida sadalanan hadoflors nail olmagq ti¢iin, on ¢ox karbon emissiyasi istehsal edon
vo otraf miihiti ¢irklondiron masal qazlarinin yandirilmasindan amolo golon karbon emissiyasini
sifira endiro bilsok hadofimizin 50 % don ¢oxuna nail olmus sayiliriq. Neft vo qaz sonayesindo
mosaldo yandirilan qazlar atmosferi ¢irklondiron vo bu sabablo global istilosmoys sobob olan
amillordon birido neftdon ayrilan somt gazlaridirki, buda 6z névbasinds emal olunmasi somarali
hesab olunmadigindan mogalde yandirilir. Burada somt qazlari dedikdo xam neftin saxlandigi
conlordon ayrilan qazlar, qapali drenaj sistemin qazlari, tozyiq tonzimlayici klapanlarin magol
kollektoruna buraxdig: biitiin qazlar nozords tutulur. Bu qazlar fasilalorlo ayrildig: tiglin standart
qaz emal1 kompressorlarinda bu qazlari1 emal etmok proses cohotdon olverisli olmur, bozi hallarda
159 miimkiin olmur. Bu sababdon neft qaz sonayesindo mosal gazlarini emal liciin asag1 tozyiqden
sixaraq proses tozyiqino uygunlasdiran mosal gazlar1 borpa kompressorlarindan istifado olunur.
Bu kompressorlar 6z ndvbesindo girisindo asagi tozyiqlo 0.1-0.3 atmosfer tozyiqlo islomo
qabiliyyatino malik olub, 4-6 atmosfera sixilmis qaz emal kompressorlarinin 1 ci pillasing
otiirarok proseso yararli qaz halina gotirorok otraf miihito mogel vasitasi ilo yandirilaraq karbon
emissiyasinin atilmasinin garsisini alir.

Masal gazlarinin barpasinda asason vintli vo ya moarkezdonqagma kompressorlarindan istifado
olunur. Burada moaqsad mosaldo yandirilan tullanti qazlarimi toplayaraq tokrar emal prosesino
yonoldorok Sangacal terminalinda otraf miihitin miihafizosini tomin etmokdir. Burada istifado
olunan kompressorun dizay tozyiqi 5 atmosfera hesablanmis vo normal isgi toziyi 0.25-4 atmosfer
araliginda miioyyon edilmisdir. Tokrar emal kompressoru algaq tozyiqli mosel kollektorunda
atilan tullant1 qazlar1 toplayaraq somt qazlarin1 sixan kompressorun 1 ci pillesinin ¢ixisina
oOtiirarok yenidon proseso qaytarilmasini tomin edir. Burada iso 6z névbasindo sixilaraq tempraturu
artmis qaz yenido hava soyuducularinda soyudularaq torkibindiki qaz kondensati ayrilaraq qazi
tam quru hala gatirarak tochizat qaz xattine qosularaq qaz y1gim anbarlaria gondarilir. Sakil 1- da
masal qazlarinin tokrar emal texnologiyasin sxemi gostrilmisdir.
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Sxemdon gorilindiiyli kimi masolo yonoaldilon qazlar yi§im kompressorunun girig separatoruna
oOtiiriilorok torkibindoki kondensatdan qismon azad olduqdan sonra 0.25-0.3 atmosfer tozyiqlo
kompressorun girisino daxil olur vo burada 4 atmosfer tozyiqo qodor sixildigdan sonra somt
gazlarinin sixilmas1 kompressoruna Otiiriilorok orada yenidon emal olunaraq torkibindoki
kondensat va su buxarlarindan tomizlonerok qaz yigimmeontaqgalaring otiiriiliir. Qazin yandirilmasi
neft-qaz sonayesindo havanin ¢irklonmosinin ohamiyyatli sobobi va enerji itkisi monboyidir.
Firlanan rotorlu kompressor iifiiriiciilor, miixtalif monbalordon magal qazini barpa etmok {igiin
istifado edilo bilon somorali vo uygun texnologiyadir. Bu yazida Firlanan rotorlu kompressorlara
osaslanan yeni moasal qazinin barpasi prosesi toklif olunur, burada mosal gazlar1 eyni vaxtda azot
gazindan istifado edorak sixilir vo emal edilir.

Bu proses burada Aspen HYSYS vo MATLAB proqraminda bazi xiisusi modellor vasitosilo
simulyasiya edilir vo toklif olunan magal qazinin barpasi sisteminin igino amoeliyyat vo dizayn
parametrlorinin tosiri arasdirilir.

a_,Barpa

olunmusg

2 3|

Separator

Masal
separatoru

Sakil 1. Moasal qazlarinin tokrar emali sxemi.

Naticolor gostorir ki, H2S udma somaraliliyi amin temperaturunu azaltmaqla vo ya tokrar emal
olunan amin aximi siirotini artirmaqla yaxsilagdirila bilor. Lakin bu soraitdo prosesin enerji
sarfiyyat1 artir. Cixis qazinin H2S konsentrasiyasini minimuma endirmak ii¢lin doymamis amin
holledici konsentrasiyasi {i¢iin optimal doyar oldugu da niimayis etdirilir. Prosesin tohlili gdstorir
ki, toklif olunan mosal gazinin barpasi sistemini 0,5 MMSCFD mosal qazi yaradan neft emali
zavodu ilo inteqrasiya etmoklo mosol gqazinda movcud istilik doyarinin 87%-ni barpa etmok
miimkiindiir. Homginin, giindo 28 mtCO2 ekvivalentinin atmosfers buraxilmasinin qarsisini
almaqla zavodun ekoloji aspektlori ohomiyyatli derocodo yaxsilasdirilir. Sistemin islomo
parametrlorinin {st-listo diison tosirlorino goro, prosesi optimallagdirmaq {igiin ¢oxmogsadli
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optimallagdirma aparilir vo Pareto hallor dosti prosesin enerji istehlaki, ¢ixis gazinin H2S
konsentrasiyasi vo doymamis amin halledicisi arasinda miimkiin olan on yaxs1 uygunlagsmalardan
ibaratdir.

Sakil 2. Moasal qazlarinin tokrar emal iifiirticii kompressorlari.

Miisbot yerdayisma iifiirlicli kompressor iki paralel firlanan pistondan istifade edorok yuxar giris
portundan qazi morholoyo Otliriir. Bunlar dasima kamerast da adlandirilan korpusun igorisine
quragdirilmigdir. Pistonlar oks istigamotlordo firlanir vo qazin yuxaridan asagiya dasmmasini
asanlasdirir.Bozon Miisbot yerdoyismo vo ya MY f{ifiiriicii adlanan firlanan miisbot iifiiriici,
girisdo idaro olunan qazin nisboton sabit hocmini ¢ixis xotti vasitosilo nogl bir masindir. Qazi
daxili sixisdirmir, ona goro do kompressor hesab edilmir. Ufiiriicti kompressor gazi sorur va loblar
qazi itolomodon ovval qazi firladir. Onlar yiiksok hocmds, lakin asagi tozyiqde qaz yaradirlar.
Firlanan rotorlu iifiiriiciilor minimal texniki xidmot tolob edir. Ufloyicilori osason iki kateqoriyaya
bolmak olar: ¢arx osaslt vo miisbat yerdoyismo. Porli asasl iifiiriictilorin firlanan morkozi oxdan
xarico siialanan qanadlari var. Miisbat yerdoyismo Ufiirliciilori axin1 yaratmaq tli¢lin miivafiq
olaraq giris vo ¢ixisda kameralarin doldurulmasi vo bosaldilmasi mexanizmindon istifado
edir.ikisi arasindaki osas forq, ¢arx osasl iifiiriicii tozyiqlo doyisen ¢ix1s axinmna sahib olmasidir,
miisbat yerdoyismo iifleyicilari iso tozyiqin doyigsmasindon asili olmayaraq daha sabit ¢ix1g axinina
malikdir. Rotorlu tfiiriicii kompessorlar firlanan porli tiftiron kimi oxsar prinsip lizorinda iglayir.
Iki ¢arx (sagdaki sokildo sokkiz rogom kimi formalasmisdir, baxmayaraq ki, ii¢ porli dizaynlar1 da
imumidir) oks istiqgamatlords firlanir, bu da ifiirliclinlin giris torafinde qaz1 tutmasina sobab olur
vo sonra parlor firlandiqca, islonmis qaz1 buraxir. Qaz, kameranin otrafindaki bosluglarda girisdon
cixisa dogru horokot edir vo qazin hocmi iifiiriicliniin giris va ¢ixis1 arasinda doyismir. Hocm axini
kameralarin Olgiisiindon vo firlanma siirotindon asilidir. Dizaynlarina goros, iki porli firlanan
iifiiriicti havani1 impulslarla ¢ixarir. Bu, parlerin sayin1 artirmagqla ytingiillosdirils bilor.
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Sokil 3. ki loblu rotorlu firlanan porliiifiiriicii.
1. Firlanan parlor , 2. Nasos govdasi, a. giris b. sixilma c. Cixis 3. Firlanan porlor

Ufiiqi vallara qurasdirilmis iki rotor bir ciit vaxt dislisi vasitosilo oks istiqgamotlordo firlanacag.
Rotorlarin profili vo bitisi elo olacaq ki, ikisi arasinda vo rotorlar vo tokmolor arasinda daqiq
bosluq saxlanilsin. Hor bir rotor inteqral tokmo mil ilo vahid konstruksiyaya malikdir. Biitiin
rotorlar son emaldan sonra statik, sonra dinamik balanslasdirilir. Agir is vaxti 6tlirma dislilori tok,
spiral disloro malikdir, rotorlarin nisbi mdvgeyini qorumaq vo sakit islomoyi vo minimum
bosluglar1 tomin etmok iiciin doaqiqlikle hazirlanmusdir. Otiiriiciilor asan dayisdirmo vo vaxti
tonzimlomak ti¢lin sixilir. Yiiksok stirotli islomo {iglin macburi (tozyiqli) yaglama sistemi tomin
edilo bilor. Rotorlarin oxboyu genislonmosini tomin etmaok tigiin hor bir rotor silindrik diyircokli
yastiqla vo oOtiiriicli (sabit) ucunda iki corgoli dorin ¢uxurludiyircokli yastiqla qurasdirilmisdir.
Ufiiriicii yastiglar1 adekvat eksentrik sixilma ilo siirtiinmo oleyhino tipdodir. Maksimum sort
dostok vermoak vo oyilmo meylini aradan galdirmaq Ugln yastiglar ¢arxa miimkiin qodor yaxin
olur. Yastigin omrii (B10) 50.000 saatdan ¢ox gqiymatlondirilir. Biitlin bunlar1 nazars alaraq demak
olarki , neft qaz sonayesindo mogol qazlarin tokrar emal etmok iiclin rotorlu firlanan vo rotorlu
parli kompressorlardan genis istifads olunur.

Notica. Biitiin sadalanlar1 nozoro alaraq belo noticoyo golmok olar ki, neft qaz sonayesindo
mosalde yandirilan qazlari tokrar emal edorok qaz tullantilarini atmosfers buraxmaqdan imtina
etmis oluruq vo buda 6z ndvbasindo otraf miihitinin ¢irklonmasi, qlobal isitlosmo , CO2 gazi
emissiyasl nozars ¢arpacaq dorocados azalacaq . Burada homg¢inin manfast cohotdon do zavod xeyir
qazanir. Beloki tokrar emal olunmus qaz sobalarda , istilikdoyisdiricilords vo qaz turbinlerindo
emal olunur. Bu praktikan1 digor zavod vo sonaye miiossisolorindo totbiq edorok otraf miihitin
gorunmasi va qlobal istilosmanin qarsisinin alinmasinda miihiim addimlar atmis olurugq.
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ABSTRACT

Analyzing the current environmental situation, we can say that waste gases released into the
atmosphere through the flare system at oil and gas production and processing enterprises pollute
the environment and cause global warming. For this reason, flare gas recirculation compressors
are used to recycle waste gases flared in industrial plants. A typical flare used in the oil and gas
industry consists of a shaft or pipe that collects unwanted gases for combustion. At its tip is an
auxiliary air mechanism that combines the resulting gases with free air to improve combustion
efficiency. The flare gases are compressed and returned to the fuel gas header for immediate use
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as fuel gas. Flare gas recovery reduces noise and thermal radiation, operation and maintenance
costs, air pollution and emissions, and fuel gas and steam consumption.
Keywords: global warming, CO2 emissions, flare gases, rotary blowers.
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PE3IOME

AHaMM3Upys TEKYIIYI0 SKOJOTMYECKYIO CHUTYallMi0, MOXHO CKa3aTh, YTO OTXOMSIIHE Ta3bl,
BbIOpaceiBaeMble B aTMocepy udepe3 (akeslbHYH CHCTEMY Ha HPEANpHUATHAX MO A00blYe U
nepepaboTke He(TH W Tras3a, 3arps3HIIOT OKPYXKAIOUIYI0 Cpeldy M BBI3BIBAIOT TJI00ANBHOE
noreruieHue. 1o 3Tol nmpuuMHE KOMIPECCOPbl PELUPKYJALMU (aKeIbHOrO Ia3a UCIOJIb3YIOTCS
AJI1 pCUUPKYIAIUNA OTXOAAIINX I'a30B, CKUI'aCMBIX B (1)3K€JIBHOI71 CUCTECMC Ha MPOMBIINIJICHHBIX
npeanpusaTHsxX. TunuuHelid (akesn, UCHIOIb3yeMbli B He(TEra30Boi MPOMBIIIIICHHOCTH, COCTOUT
U3 MaxThl UJIN pr6I>I, KOTOpasa co61/1paeT HEXKEJIAaTCIIbHBIC I'a3bl JJIs CXKHUT'aHUA. Ha ero xonumke
HaXOJUTCSl BCHOMOTATeNbHBIH BO3AYLIHBI MEXaHU3M, KOTOPbI 00BeIuHSET 00pa3yroIuecs
ra3bl CO CB06OI[HI)IM BO3yXOM [JIA ITOBBIIICHUA 3(1)(1)CKTI/IBHOCTI/I CropaHus. dakepHBIE Ta3bl
C)KMMAIOTCSI ¥ BO3BPAILLAIOTCS B KOJUIEKTOP TOIIMBHOTO Ta3a Il HEMEIJIEHHOIO MCIOIb30BaHU
B KAauecTBE TOIJIMBHOIO rasza. YTuiauzanus (akelbHOrO raza CHUXKAET IIYM M TEIIOBOE
U3JIydeHue, 3aTpaThl Ha 3KCIUTyaTallMi0 U TeXHUYeCKoe O0CIyKUBaHME, 3arps3HEHUE BO3/yXa U
BBIOPOCHI, a TaKXKe NMOoTpeOIeHNe TOIUIMBHOIO T'a3a U napa.

KaroueBble ciioBa: riodanabHoe notenienue, Beiopockl CO2, pakenbHbIe ra3bl, POTOPHbIE
BO31yXOJAYBKH.
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ABSTRACT

The study of the operating conditions of oil equipment made it possible to identify a set of
indicators that most fully characterize the quality of plastic parts. It is known that the quality of
parts of products made of various materials is a combination of mechanical, physical and
operational indicators of any equipment. It is partially formed during their manufacturing process,
depending on their materials and manufacturing method. And plastic parts are very different from
metals depending on the area of application. This is due to the technologies for manufacturing
structural products and individual parts from them. When manufacturing technologically complex
parts from polymer materials, it is possible to achieve the required quality by controlling
production modes depending on the grade of materials and the design of the parts being
manufactured. Production of a thread of plastic details is rather difficult, than on metals. It is
connected with the physical-mechanical processes coming in the course of production of concrete
thread details from plastic by method of pressing and casting under pressure. Also mechanics of
formation of plastic threads on details of the oil-field equipment on the specific properties differ
from the threads received by a machining method on metals. As thread surfaces on plastic details
are formed in compression molds depending on materials and the modes: temperatures, pressure
and time of production. These regime parameters and guided parameters play a part at a guaranty
of physical- mechanical properties of details in the course of production. In this regard, it in this
article influences of technological parameters of production on quality of thread details oil-field
equipment are considered. At the same time, in a wide range of operating parameters, the
achievable boundaries of quality indicators for parts operating in the designs of exploration,
drilling and operation equipment in the oil and gas industry are investigated. Mathematical
relationships are established between the quality indicators (shrinkage and strength) of parts on
the pressing temperature.

Keywords: thread plastic details, accuracy, shrinkage, pressing pressure.

Introduction

To achieve an achievable limit of thread quality on oilfield equipment parts, i.e. The accuracy and
precision of manufacturing plastic threads must be determined by the degree of each technological
parameter (P, t, t) for rotational shrinkage, thread dimensions and strength of thread elements. [1].
It is known that the process of shrinkage in plastic threads is most strongly influenced by the
specific pressing pressure (P) among the technological parameters. In this regard, the influence of
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specific pressing pressure on the shrinkage of thread elements on parts with dimensions from M10
to M30 mm with a pitch S=1.5 mm, M36+M180 mm with a pitch S=3 mm, M36+M180 mm with
a pitch S= 4 mm, M72+M220 mm with a pitch of S=6 mm (where the thread elements provided
for in GOST 16093-70 are covered). These parts were made from phenolic grade 03-010-02. The
pressing pressure varied from 25 to 50 MPa in increments of 50 MPa, and other technological
parameters (pressing temperature and holding time) were kept constant (T = 160+5°C and T =0.8
min/mm).

Purpose of the study

In order to exclude the influence of other technological parameters on the process under study, the
wall thicknesses of samples (such as bushings with external threads) and production parts were
assumed to be constant between 8+18 mm. According to the thread pitch for each size at each
value of the specific pressing pressure, 10 samples were made.

The results of their measurements (arithmetic mean), depending on the pressing pressure, for
individual sizes are given in Fig. 1.

As follows from the indicated curves, for the studied sizes, shrinkage of thread elements with
increasing specific pressing pressure first decreases (as for smooth parts), and then, after reaching
a minimum, increases to a certain pressure value [2].

Figure 1 shows the curves of the relationship between the shrinkage of the outer diameter of the
above threads and the specific pressing pressure. It shows that the minimum shrinkage value of all
studied sizes is obtained at the pressing mode P=40+45 MPa. This completely coincides with the
results obtained on smooth plastic parts [3]. In our opinion, this is due to the fact that at the
indicated pressures favorable conditions are created for the normal occurrence of shrinkage of
thread elements and deformation of parts, since at the beginning of the shrinkage and molding of
thread elements, complete curing ends and there is no elastic deformation after complete cooling.
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Figure 1. Dependence of shrinkage of outer diameters of threads from pressing pressure

Figure 1 shows the dependence curves of shrinkage of average thread diameters on pressing
pressure. Here, as for the outer diameters of cylindrical parts, the best processing mode is
P=35+45 MPa, where the shrinkage of the average diameters has a minimum value.

The results of experimental studies of pitch shrinkage of threads of some sizes depending on the
specific pressing pressure are given in Fig. 1. It shows that the shrinkage of the thread pitch for all
sizes is greater than the shrinkage of the outer and middle diameters.

This is explained by the fact that in the direction of movement of the Punch after removing the
pressing pressure, the pressed material (thread profiles) is subjected to elastic deformations in the
mold in the direction of removal, which as a result leads to an increase in shrinkage of the thread
pitch.

Methodical base of the study

Analysis of the obtained equations makes it possible, when studying the influence of a set of
technological parameters on the process of shrinkage of thread elements, to choose a nonlinear
mathematical model and use a full factorial experimental design. Such an experiment makes it
possible to practically establish, to a certain extent, the limits of the accuracy of manufacturing
threaded parts made of plastics.

For this purpose, from all the considered processing modes, those (P-40+45MPa) were selected
where the minimum shrinkage of all thread elements [4,5]. In this mode, a dispersion of the
dimensions of the actual average thread diameter was found (fdz), pitch error arising due to
shrinkage and fluctuation of the latter along the make-up length (fs), error of half angle of thread

profile | T |. Summing up these values, we find the total error of the average thread diameter,

a

2
which, as is known, serves as a criterion for assessing the accuracy of the thread

2y =", +f+1,
2
Analyzing the data obtained, we see that the value of the total error of the average diameter and

the dispersion of the outer diameter sizes for threads M10x1,5+M24x1,5 correspond to tolerance
fields 4h according to GOST 16093-70 and 6h, according to GOST 11709-11, and for threads
M30x1,5 — 6h4h and 6h. The correspondence of the obtained data for the considered threads is
illustrated in detail in Fig. 1.

For threads M36x3+M180x3, these values completely fit between the tolerance fields 6h4h, 7h4h,
8h4h, 8h6h according to GOST 16093-70 and 6h, 7h6h, 8h6h according to GOST 11709-71 (Fig.
1). Figure 1 shows the correspondence of the above values for threads M36x4+M180x4 to
tolerance fields 6h4h, 8h4h according to GOST 16093-70 and 6h, 8h6h according to GOST
11709-71. For threads M72x6+M220x6, the values of the total error of the average diameter and
the dispersion of the outer diameter dimensions correspond to the tolerance fields 7h4h, 8h4h of
GOST 16093-70 and 7h4h, 8h4h of GOST 11709-11.
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Consideration of these data shows that the accuracy of the outer diameter of the thread of plastic
parts is higher than the accuracy of the average diameter.

Discussion of the obtained results

The experimental results obtained to a certain extent make it possible to expand the scope of
thread application on parts made of thermosetting plastics, and also confirm the assumption that
they are more accurately manufactured compared to other plastic materials. This indicates that for
threads made of thermosetting plastics there is no need for drawing up new tolerance series that
differ from the tolerance series for metal threads.
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Neft-modon avadanliglarinda isloyon plastik detallarin keyfiyyoti bir sira istismar xasssolori
(dagilma gorginliyi, barklik, kolo-kétiirliiliikk, yeyilmoyo davamliliq vo s.) ilo xarakterizo olunur.
Bels ki, plastik detallar hazirlanarken texnoloji rejimlori tonzimlomokls, omals goalon qiisurlari
vaxtinda aradan qaldirmaq olur. Bununla olagodar olaraq, plastik detallarin hazirlanmasinda
texnoloji rejimlorin diyisikliklorino nozarat vacib masalo olaraq galir. Moagalods alinan naticalor
vo metodik yanasma neft-modon avadanliglariin oxsar detallar vo konstruksiyalarinda totbiq
edilo bilor. Magalods neft-maden, qaz sonayasindo isloyan yivli plastik detallarin konstruksiyalari
vo Olgiilorindon asili olaraq yigisma deformasiyasina texnoloji rejimlorin tosiri Oyronilmisdir.
Bununla olagodar olaraq plastik kiitlodon olan detallarin hazirlanma zamani onlarin istismar
soraitini nozoro alaraq detallarin keyfiyyastlorini qiymotlondiron riyazi asililigqlar verilmisdir.
Texnoloji rejimlorin keyfiyyat gostoricilorine (y181sma, mohkomlik) tasirini todqiq edilmisdir.
Acar sozlar: yivli plastik detallar, doqiqlik, yigisma, presloma tozyiqi.

BJIUAHUE PEXKUMOB IIEPEPABOTKH HA TOYHOCTb H YCAZIKY PE3bBOBBIX
IIVIACTMACCOBBIX JETAJIEM HEOTEITPOMBICJIOBOI'O OBOPYOBAHUA

Hawnas Tacanosal, Pagura lllaxmaposa?, Padus Hagxkadryanesa®

1Jlouent xadenpsl «MarepuanoBeeHHE W TEXHOJOTMH o00paboTkm» AsepbaiimxaHckoro I ocynapcTBEHHOTO
VYausepcurera Hedtu u [Ipomernmennocty, 1.¢.1.H. A3zepOaiimxanckas PeciryOmnmka.

E-mail: hacievanaila64@gmail.com

Ipenonasatens Kadenpbl «MaTepHaIOBeICHUE U TEXHOIOTUH 00paboTKI» Asepbaiikanckoro I'0cy1apcTBEHHOTO
Vuusepcureta Hedru u [Ipomsintennocty, 1.¢.7.H.Azepbaitmkan. E-mail: shahmarova_1970@mail.ru
Mpenonasatens kadeapsl «IIpOMBIIUIEHHBIE MAIIMHB, A3zepOaiiikaHckoro I'oCyJapCcTBEHHOTO YHHBEPCHUTETA
Hedru u llpomeinmennoctu, Asepbaitmkan. E-mail: rabiya.nadjafkuliyeva@gmail.com

PE3IOME

N3yyenue ycrnoBuil sKCIulyaTallud HEQTSHOTO 0OOPYJOBaHMS MO3BOJMIO BBIIBUTH KOMILIEKC
nokasaresei, HanloJiee MOoJIHO XapaKTEePU3YIOIINX KaueCTBO IIaCTMAacCOBBIX JieTaneil. Mi3BecTHo,
YTO KAa4EeCTBO JAETANICH M3ACIINNA U3 Pa3IU4HbIX MAaTEPUAIOB €CThb COBOKYITHOCTh MEXAHMYECKHX,
¢u3NYecKUX M HKCIUTyaTallMOHHBIX TIOKa3aTeneil moboro obopynoBaHus. OHO YacTUYHO
(dbopMupyercss B MpOIECCe MX H3TOTOBJIEHUS B 3aBUCUMOCTH OT HX MaTepualoB M crocola
U3TOTOBJIEHHS. A TJIACTMAacCOBbIE J€Tald B 3aBUCHUMOCTH OT OOJAaCTH NPUMEHEHHS CUJIbHO
OTJINYAIOTCST OT METauIOB. OJTO CBA3AHO C TEXHOJIOTMSIMA M3TOTOBIEHUS W3 HHX
KOHCTPYKLIMOHHBIX M3JEIMA M OTAENbHBIX JeTaneil. I[Ipy W3roToBIEHMHM TEXHOJOTUYECKU
CIIOKHBIX JeTalled U3 MOJUMEPHBIX MaTEpHUajOB MOXKHO JOCTHYb HEOOXOJUMOro KauecTBa C
YIPaBIECHUEM PEXHMOB HM3TOTOBJIEHUS B 3aBUCUMOCTH OT MApPKH MaTepHalloB U KOHCTPYKLUU
M3rOTOBJSIEMBIX Jeraneil. 3roroBieHue pe3bObl IMJIACTMACCOBBIX JI€Taleld CpPaBHUTEIBHO
CIIO)KHO, 4YeM Ha MeTaulax. OTO CBj3aHO C (PU3MKO-MEXaHMYECKUMH IPOLECCAMHU,
MPOUCXOJIIMMHM B TPOIIECCE M3TOTOBJIEHHUS KOHKPETHBIX pe3bOOBBIX JeTajedl M3 IiacTMmace
METOZOM IMIPECCOBAHUS W JUThs TOJ JAaBleHHEeM. Takke MeXaHuKa (OPMHPOBAHUS
IUTACTMACCOBBIX ~ pe3b0 Ha  JeTalusiX HePTEmpOMBICIOBOr0 00OpYyIOBaHHS IO CBOUM
CHeU(pUUYECKUM CBOMCTBAM OTJIMYAIOTCA OT pPe3b0 IMOJYYEHHBIX METOJOM MEXaHHYeCKOH
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o0paboTkn Ha Merautax. Tak Kak pe3b0OBBIE TOBEPXHOCTH Ha IUIACTMACCOBBIX JCTAJSX
bopmupyrotrcss B mpecc-hopMax B 3aBHCHMOCTH OT MATE€PHUANIOB M PEKUMOB: TEMIICpPATyphl,
JABJICHHUSI U BPEMEHU M3TOTOBJICHUSA. OTU PEXUMHBIE U YIpaBIsIEMble IapaMeTpbl UIPAIOT
OIPE/ICTICHHYIO POJIb MIPU 00eCIICUMBAHUN (PH3MKO-MEXaHHUSCKUX CBOMCTB JIETalieii B MpoIliecce
HU3TOTOBJICHUA. B CBSA3U C dTUM B I[aHHOﬁ CTAaTbC PACCMATPUBAIOTCS BJIUAHUA TCXHOJOTHYCCKUX
apaMeTpoOB  H3rOTOBJICHHS HA  KAa4yeCTBO  pPe3b0OBBIX  JeTanell  He(TEermpOMbICIOBOTO
o0opynoBanus. [Ipm 3TOM B IIMPOKOM JHana3oHE PEKUMHBIX I1apaMETPOB HCCIETYIOTCS
JOCTHXKMMbIE TPaHHIIBI TOKa3aTeNel KadecTBa JeTajeld, pabdOTalolmMX B KOHCTPYKIIHAX
000pyI0oBaHU# pa3BeikK, OypeHHs W IKCIUTyaTallid B HE(PTSIHOW M Ta30BOM MPOMBIILICHHOCTH.
VYCcTaHaBIMBAIOTCS MAaTeMaTHUECKUE 3aBHCHMOCTH MEXIy IOKa3aTe/IsIMU KauecTBa (YCaaKH M
POYHOCTH) JIeTaeil OT TEMIIEPATyPhI TPECCOBAHHMS.

KaioueBble cjioBa: KauecTBO, IJIACTMACCOBBIC JCTANH, MPECC-MATEPUAIIbI, IKCILTyaTallMOHHBIC
NOKa3aTelH, ycaaouHas aedopmariusi.
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ABSTRACT

Oil extraction is carried out in three ways: fountain, gas elevator, and pumping. The claim that the
time of flowing wells is long over is not negotiable. But we can agree that the leading role in oil
production is. Although there are different types of pumps, such as plunger, centrifugal, screw,
hydraulic piston, jet, etc., more common for this method are. And the main drive of downhole rod
pumps has been pumpjacks for more than a century. This article considers the justification of the
possibility of improving the pumpjack design through self-lubricating sliding bearings in low-
speed units.

Keywords: oil production pumping, balancing pumpjack, rolling bearings, self-lubricating sliding
bearings.

Introduction

Before the collapse of the USSR, the main developer of pumpjacks was the AZINMASH Research
and Development Institute (Baku, Azerbaijan). The introduction of the pumping method of oil
production in the USSR began in the Baku fields in 1923. The main manufacturer of pumpjacks
was the Baku Worker plant. The process of improving the design of pumpjacks began with
wooden pumpjacks, in which the frame, rack, and balancer were made of wood. From 1923 to
1945, the designs of pumpjacks were improved and in 1945 a normal range of metal pumpjacks
was created. Based on the accumulated extensive experience, and critical processing of the normal
series of 1945, AzZINMASH in 1949 developed a project for a new normal series of pumpjacks,
based on which pumpjacks were produced until 1958. Further, GOST was created for pumpjacks,
by which the manufacture of pumpjacks of the SK type was carried out for all crafts of the Soviet
Union. In those years, the annual output of only one standard-size pumpjacks with a lifting
capacity of 8 tons was 3000 copies. The design of pumpjacks of the SK type was created based on
an axial scheme. Since 1986, AzZINMASH has developed a new Industry standard for pumpjacks
based on a deaxial kinematic scheme by analogy with American API pumpjacks.

After the collapse of the USSR, the production of the first pumpjacks based on AzZINMASH
documentation began in Russia. In the future, in Russia, the designs of pumpjacks will be
improved by the advanced global trends in petroleum engineering, and today they have API
certificates.

The main part

There are various modifications of pumpjacks. But the most popular is the classic pumpjack, in
which the rocking support of the balancer is located in the middle and divides the balancer into
two arms, the front one, to which an arc-shaped head is attached, and the rear one, to which
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connecting rods connected to cranks mounted on the driven shaft of the gearbox are attached. The
operation of the pumpjack consists of converting the rotational motion of the electric motor shaft
into a reciprocating motion of the suspension point of the pumping rods connected to the plunger
of the downhole pump.

Considering the design of modern pumpjacks, it can be noted that there are a large number of
nodes resting on rolling bearings. These are gearbox shafts, traverse axes, connecting rods,
cranks, and balancers [1].

Because sliding bearings can be used in nodes where the rotation speed is low, the developers of
pumpjacks decided to replace rolling bearings with sliding bearings in the nodes of the
pumpjacks.

Sliding bearings were also used in gearboxes of the PH-5700 type of the first metal pumpjacks of
the SK4-1800 type, manufactured before 1945 and designed for a load of 100 kN (Figure 1). The
bearings of the low-speed shaft supports were cast-iron inserts filled with babbit. The kinematic
scheme of the gearbox was asymmetrical, which cannot be considered favorable for the shaft,
gear engagement, and sliding bearing. As a result of such a scheme, there was a free span of the
shaft between the hub of the gear wheel and one of the sliding bearings, causing a bending
moment on this bearing. Because of this, there was a possibility of misalignment of the shaft axis
relative to the bearing axis and increased wear of their surfaces in the near-end zones of the
bearing.

o=
_¢.

= T
VA

Figure 1. Gearboxes of the PH-5700 type of pumpjacks of the SK4-1800 type (Azerbaijan)

The performance and durability of the sliding bearing largely depend on the method and quality of
lubrication. In this gearbox, lubrication was carried out with crankcase oil, which was supplied to
the bearing from the side through the liner. To do this, a special inlet groove was made in the
flange of the gearbox housing, into which the oil was directed by oil traps, where it fell from the
end of the gear wheel of the slow-speed shaft. The disadvantages of such lubrication should be
considered oil contamination with particles of worn metals, the non-pressure nature of oil
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movement in a rather long channel with turns, as well as insufficient lubrication efficiency due to
lateral oil supply.

Among foreign companies, the American company "Lufkin", which is one of the leading
manufacturers of pumpjacks in the world, uses gearboxes of pumpjacks in which the driven shaft
rests on sliding bearings (Figure 2) The slow-running (crank) shaft 1 with support along the entire
length is rigidly fixed with bronze bushings 2. The high-speed and intermediate shafts rest on
cylindrical roller bearings [2]. Shafts and gears are made of high-hardness alloy steel. The
supporting bronze bushings reduce the bending deformation and stress of the crankshaft, thereby
significantly increasing the service life.

Figure 2. The gearbox of the American company "Lufkin" (USA) with sliding bearings on the
driven shaft.

However, due to the considerable length of the sliding bearings in comparison with rolling
bearings, the design of the housing and the gearbox cover at the installation site of the caps of the
bearing assembly of the driven shaft protrudes a greater distance compared to the installation level
of the covers of the assemblies of the intermediate and drive shafts. This complicates the
processing of surfaces under the covers with a single installation of the cover and the gearbox
housing.

Romanian pumpjacks of the UP model use gearboxes manufactured at the Vulcan factory [3].
Sliding bearings with inserts made of metal or plastic are used as supports in these gearboxes for a
low-speed shaft. The parameters of these machines are similar to the characteristics of the C 456
D, C640D, and C912D machines manufactured by Industrial Export by the American API
standard-STD 11E. The kinematic scheme of the gearboxes is symmetrical in all cases, and,
consequently, the length of both bearing bearings is the same (Figure 3). As in the gearboxes from
Lufkin, the bearings are reinforced with powerful stiffeners, inside which there are cavities used

e
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for storing oil. The bearings are equipped with vertical holes connected to the gearbox cover.
Thus, the oil is supplied to the shaft from above, which is a more efficient solution than the
lubricant from the side.

\ Vil

~[2
( topered 1:10 )

Died R !

Figure 3. Gearbox manufactured by Vulcan factory (Romania).

In the Branch Laboratory of the Department of "QOilfield Mechanics, Machines and Mechanisms”
of AzZINNEFTXIM, a gearbox design with sliding bearings was developed based on the invention
with self-lubricating sliding bearings (Figure 4) [4].

Self-lubricating plain bearings have several advantages, which | pay attention to, for application
in pumpjacks:

1. Maintenance-free operation. Self-lubricating bearings eliminate the need for additional
lubrication systems, reducing maintenance requirements and associated costs.

2. Extended service life. They often have a longer service life compared to traditional bearings
because lubricants are continuously fed to the friction surfaces.

3. Reduced friction and wear. Self-lubricating bearings usually have lower friction coefficients
and a reduced wear rate, which leads to increased efficiency and reduced downtime.

€202 90 ANSSI (20) 8T IINNTOA



™
I
o
~
©
s
L
-
)
@
o
e
©
-
L
=
-}
0
o
>

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

4. Corrosion resistance. Many self-lubricating materials are resistant to corrosion, which makes
them suitable for harsh operating conditions and outdoor use.

5. Noise reduction. These bearings can operate silently due to the constant presence of lubricants,
which contributes to a quieter working environment.

6. Simplicity and space saving. They simplify the design by eliminating the need for complex
lubrication systems and tanks, saving space and reducing the number of components in the
system.

7. Environmental benefits. Self-lubricating bearings are often considered more environmentally
friendly because they reduce the need for lubricants that can be harmful if released into the
environment.

8. Wide temperature range. Some self-lubricating materials can work effectively over a wide
temperature range, making them suitable for a variety of applications.

9. Customizable. Manufacturers can adapt the composition of self-lubricating materials according
to the specific requirements of the application.

10. Economy. Although the initial cost may be higher than that of traditional bearings, reducing
maintenance costs and extending service life often lead to cost savings in the long run.

e
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Figure 4. The reducer of the pumpjack according to the invention SU 1679078 A1l.

In the gearbox developed based on this invention, the surfaces of all covers are on the same plane
as the housing and the gearbox cover, which facilitates their processing during the manufacturing
process. The design of the pumpjack gearbox with self-locking sliding bearings on the driven
shaft based on the Ts2NSh-750B type gearbox used in pumpjacks of the SKD8-3-400 type is
shown in Figure 5 [5].




ISSN: 2663-8770, E-ISSN: 2733-2055

* "ETM

REFERRED & REVIEWED JOURNAL

2

i |
o L [ofel [ o \ i

7 SN 1 s B e
A (22 P AT

.;.,,,,.,.,,‘.\
¢ aoanoonsad
WISy

e e e S
=

Figure 5. Gearbox design with self-lubricating sliding bearinge -~~~ =

The operability and durability of the sliding bearing largely depend on the method of lubrication
and the quality of lubrication. In gearboxes, crankcase oil is most often used for this, which over
time becomes contaminated with particles of worn metals. The proposed design involves the use
of a porous sintered anti-friction material for the inserts of the sliding bearing, which allows for
self-lubrication of the bearing due to oil pre-filled into the housing of the bearing assembly. This
design allows the gearbox to work for a long time without additional injection of oil into the
sliding bearings since the oil is practically not polluted. Based on this design of the sliding bearing
assembly with self-lubricating inserts, designs for other support units of the pumpjack have also
been developed.

The forces acting on the sliding bearing constantly change their directions during operation. The
point of contact of the shaft with the liner will be determined by the direction of the acting force.
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Figure 6 shows a general scheme for analyzing the speed mode of a sliding bearing for a condition
that does not act stationary in the magnitude and direction of the bearing force P.

f

Figure 6. Schematic for the calculation of the sliding bearing.

Let at some point in time the force P is directed at some current angle y to the vertical axis
directed downward. There is always some eccentricity between the liner and the shaft. Then, by
the principle of geometric compatibility, in the presence of two contacting surfaces representing
circular surfaces, the acting force will balance the system in such a way that three special points
will be located along the line of its action: the center of the cage, the center of the shaft and the
point of contact of their surfaces A. Let's assume that there is no rotational movement of the shaft
inside the liner (o = 0), but the force P continues to act. Thus, the bearing can be compared to
some extent with an ordinary hinge. Due to the change in the direction of the force, the contact
point A will move along the arc of the liner according to some law set by the angle y. But then,
since there is a non-stationary movement of the point, we can talk about the sliding speed of this
point on the surface of the cage [6].

The speed of relative sliding at point A will be determined by two factors: the rotational
movement of the shaft inside the liner and the movement of the contact point depending on the
direction of the acting force. The first component does not require clarification, so we will explain
the second.

If we take into account that the shaft rotates, then to determine the absolute sliding velocity at the
contact point, we must add the circumferential velocity Vi of the shaft with the velocity of
movement of the contact point V., depending on the direction of the acting force, so:

V=VoOOOVr
Substituting the values of these speeds, taking into account the radius of the shaft R, we get:

V:(DR+Rd—\V
dt

In particular, using the relation de = wdt, we obtain:
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V= (DR(].-%— d_\y]
do

This expression is more acceptable for us, since, as a rule, according to the tradition established in
the technical literature, the change in all kinematic and power operating parameters of pumpjacks
IS not given depending on time, but is put about the angle of rotation of the crank. This is justified
by the fact that the process of operation of the pumpjack is cyclical, and therefore real-time loses
priority meaning and it becomes more expedient to use parameters describing one complete cycle.
Such is the angle of rotation of the leading link of the pumpjack, i.e., the crank. The formula for
calculating the absolute speed shows that even with a uniform rotation of the shaft, the resulting
sliding speed will be uneven. Moreover, the linear velocity from the rotating shaft at the point of
contact will increase or decrease due to the addition of the speed of movement of the contact point
in the forward or reverse direction. At the same time, the instantaneous speed of the contact point
moving along the shaft arc may be many times higher than the linear speed due to the rotation of
the shaft. This happens at moments of a sharp change in the direction of the current efforts. The
operation of the pumpjack is characterized by such moments during the cycle. For example, the
moment when the stroke of the suspension point of the rods ends and the downward stroke begins,
or the balancing counterweight passes through the maximum or minimum of its height position,
changes the sign of static torque. At these moments, the second component of the sliding speed
increases sharply, giving a peak value. In practice, in these positions of the contact point, one
should expect the destruction of the oil film, its burning and even bullying as a result of such a
"scratching" of the shaft on the liner.

The graph of the change in the linear speed of the shaft sliding along the liner is shown in Fig.7.
Here, the red lines show curves associated with practical data and the blue ones with theoretical
ones; the practical one corresponds to the rotation speed of the low—speed shaft of the pumpjack
7SK8-3,5-4000, installed at well No. 7297 NQDU “Suraxanineft”, the theoretical one is given for
the modern pumpjack SKD8-3-4000 [5].
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Figure 7. Graphs of the change in the sliding speed in the support of the low-speed shaft of the
gearbox

Conclusions
The analysis of the development and improvement of existing pumpjack designs allows us to
conclude about the significant advantages of sliding bearings and the possibility of using them in
low-speed pumpjack units. It is also possible to take as a basis the chosen direction of research for
carrying out work on optimizing the design of the support units of pumpjacks for their further
improvement.
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PE3IOME

Kak m3BecTHO, 100b14a HEPTU OCYILECTBIISACTCS TpeMs croco0amu, (POHTAHHBIM, ra3IU(THEIM U
HACOCHBIM. YTBEpXJECHUE, YTO BpeMsi (POHTAHUPYIOUIUX CKBAXKUH JaBHO 3aKOHYMJIOCH, HE MOJ-
JSKUT 00CyxIeHHI0. HO MOJKHO COTTacuThCs ¢ yTBEPXKICHUEM, UTO HA CETOHSIIHUN JIeHb Bey-
mas posib B J00bIYM He()TH MPHUHAJIEKUT HacocHOMY cmocoOy. Hecmorps Ha TO, 4TO
CYLIECTBYIOT pa3Hble TUIIBI HACOCOB, TAKUE KaK IUTYH)KEpHbIE, IEHTPOOEKHbIE, BUHTOBBIE, THJIPO-
MOpPILHEBbIE, CTPYHHBIE U T.X., OON€e pacIpOCTPAHEHHBIM ISl 3TOrO CIOCO0a SBJISIFOTCS CKBa-
KUHHBIC IITAHIOBBIE HACOCHBIX YCTAaHOBKHU. /1 OCHOBHBIM NPUBOJAOM CKBaKMHHBIX IITAHIOBBIX
HACOCOB BOT YK€ Ha MPOTHKEHUM OoJyiee BEKa SIBIAIOTCSA CTAaHKU-Kadajaku. B naHHOW craThe
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paccMOTpeHO O0OOCHOBAHUE BO3MOKHOCTH COBEPIICHCTBOBAHUS KOHCTPYKIMHM CTaHKOB-Ka4aJlOK
3a CYET MCITOJIb30BAHMS B THXOXOAHBIX y3JIaX CAMOCMAa3bIBAOIIUXCS TTOAIUITHIKOB CKOJIB)KCHHUS.
KawueBble ciaoBa: HacocHas 100bda HePTH, OaNaHCHUPHBIA CTAHOK-KAayallka, MOMIIMITHUKA
Ka4yeHHsI, CAMOCMAa3bIBAIOIINECS OIIUITHUKN CKOJIBKEHUSL.

MANCANAQ DOZGAHININ DAYAQ DUYUNLORININ KONSTRUKSIYA
OPTIMALLASDIRMA TODQIQATI

Zuleyxa Eyvazoval, Sevinc Mehdiyeva?

1Dosent, texnika elmlori namizodi, "Sonaye masinlari"kafedrasi, Azorbaycan Dovlot Neft vo Sonaye Universiteti,
Azarbaycan, E-mail: zeeyvazova@mail.ru

ZNeft-Mexanika” fakultosi, Magistrant, Azorbaycan D&vlot Neft vo Sonaye Universiteti, Azorbaycan, E-mail:
seva.mehdieva2001@gmail.com

XULASO

Bildiyiniz kimi, neft hasilat1 i¢ yolla, ¢esma, qaz qaldirici vo nasosla hoyata kegirilir. Fovvara
quyulariin vaxtinin ¢oxdan bitdiyi iddias1 miizakirs edilo bilmoz. Ancaq bu giin neft hasilatinda
aparict rolun nasos metoduna aid oldugu iddiasi ilo razilasmaq olar. Dalgi¢, morkozdonqagma,
vida, hidravlik piston, Jet vo s. kimi miixtolif név nasoslarin olmasina baxmayaraq, bu metod
liclin daha ¢ox yayilmis quyu ¢ubuq nasos qurgularidir. Vo bir asrdon ¢oxdur ki, quyu cubuq
nasoslariin osas siirliciisii sallanan masginlardir. Bu moaqalods 6z-6ziino yaglanan siiriisma
rulmanlarinin yavas horokst edon qurgularda istifadosi sababindon sallanan masinlarin dizaynini
yaxsilagdirma ehtimalinin asaslandirilmast miizakirs olunur.

Acar sozlor: nasos neft hasilati, balans mancanaq doezgah, yuvarlanan rulmanlar, 6ziinii yaglayan
siirismo rulmanlari.

€202 90 ANSSI (20) 8T IINNTOA


https://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/Eyvazov
mailto:zeeyvazova@mail.ru

™
I
o
~
©
s
L
-
)
@
o
e
©
-
L
=
-}
0
o
>

ISSN: 2663-8770, E-ISSN: 2733-2055

~ ETM

REFERRED & REVIEWED JOURNAL

DOI: 10.36962/ETM18062023-76

RESEARCH ON INCREASING THE HARDENING OF A GEAR REDUCER
USING PLASMA TECHNOLOGY

Nazim Ibrahimov?, Elchin Aliyev?

Professor, “Material science and processing technologies”, Azerbaijan State Oil and Industry University, Azerbaijan.
E-mail: nazim.ibragimov.2015@mail.ru

2Master’s student, “Material science and processing technologies”, Azerbaijan State Oil and Industry University,
Azerbaijan. E-mail: aelcin238@gmail.com

ABSTRACT

Different case hardening methods are used to increase the hardening of machine-building
products and their resistance to abrasion, temperature and corrosion. The most modern methods
include plasma nitriding technology. This method can be applied for the following parts:
crankshaft, gears, piston parts, etc. A common characteristic feature of workpiece that undergo
case hardening is that their mechanical processing after hardening is difficult or impossible due to
high hardness and complex geometric shape. Plasma nitriding is the process of low-temperature
common case hardening for highly loaded gears. When nitriding, a diffusion layer with very hard
complex nitride precipitation with a thickness of several microns is formed on the surface of the
gear wheel, which greatly increases the technical performance of the part. [1]

This article summarizes the state of knowledge in the field of plasma nitriding technology
equipments and surface nitriding of gears, provides a overeview of the current state of research in
the field of nitrided gears.

Keywords: hardening, plasma nitriding, nitriding, gears, mechanical processing, reducer.

Introduction

Reducers are widely used in all fields of the oil industry and agricultural production. That is why
their production is growing year to year, new modifications appear and existing models are
improved. Reducers increase the torque by reducing the speed of the engine. Depending on the
type of transmission, various gears are used, such as cylindrical spur gears, bevel gears,
hyperboloid gears, worm gears. The surfaces of the gears, regardless of their type, are hardened in
different ways. Modern methods of surface hardening include nitriding process with plasma
technology. This hardening process is performed by saturating the surface layers with nitrogen,
which increases their abrasion resistance and durability, as well as corrosion resistance. Plasma
nitriding is a modern thermochemical process in a mixture of gases with the release of nitrogen,
hydrogen and carbon (optional). Plasma nitriding is carried out in a vacuum. Since heating and
cooling processes are slow, plasma nitriding significantly reduces the formation of deformations
and stresses in the material. It also does not require subsequent surface grinding or other
mechanical processing and can also be used for hardenable steel grades.

There are 3 known methods of nitriding, these methods are shown in table 1
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Table 1. The methods of nitriding.

Nitriding methods Nitriding medium | Processing Processing time, | Result
temperature, C hour
Carbonation (cyanation) in Cyanite/Cyanate (480) 02-3 Carbonitriding
molten salts 560 — 580
Nitrogenation of gas NHa 510 — 540 20-120 Nitriding
NH3z + CO, 550 — 620 15-6 Carbonitriding
Plasma nitriding N2+H2 300 - 590 5-60 Nitriding
No+H2+CH4 500 — 590 02-6 Carbonitriding

Plasma nitriding is the process of a glow discharge in a mixture of nitrogen and hydrogen gas.
This process heats the part, cleans the surface and nitrogen is absorbed into the part. Olavo
edilmis azot metalin torkibindoki domir vo digor alagimli elementlorlo birlosorok sort metal
nitridlori omals gotirir. The added nitrogen combines with iron and other alloying elements in the
metal to form hard metal nitrides. Nitriding is carried out at a temperature below the
austenitization temperature of steel. Austenite formation begins at 727 °C (1340 °F) for plain
carbon steel, but depends on the composition of alloy steels. Thus, nitriding is typically performed
at temperatures between 500 and 550 °C (930 — 1022 °F), with a maximum temperature of 620 °C
(1150 °F). The hardening process lasts from several hours to 20 hours, depending on the type of
part, the thickness of the layer and the technological requirements. The parts are subjected to a
nitriding process at 500 and 550 oC degrees, after obtaining the required technical indicators, the
cooling process is carried out with modes. The chamber can be filled with nitrogen or argon to
prevent unwanted oxidation of nitrided parts. Figure 1 shows the process of nitriding and cooling
of gears and parts in general for up to 20 hours.

Temperature 1
Q)
400°C, 450°C,
500°C and 350°C

-

—pl———————————

| ' | Time
30min | 4812and16 | (natural |
(purging) | hour (niiding  coolinginside
time} tube fumace}

Figure 1. Time dependence of temperature in plasma nitriding [ 2 ]

Gear wheels of reducers are made of steel alloys of different brands. Table 2 shows the change in
hardening of different brands of steel during nitriding.
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Table 2. Nitriding modes depending on the steel grade [3].

™

AN

§ Nitriding modes Part Hardness Layer thickness mm

8 Steel Brand HV

8 Temperature (°C) Time (hour)

) 1X18H9 (1X18H9T) 560 48 — 60 800 — 1200 0,15-0,25

o 4X14H14B2M 575 48 — 60 900 — 1000 0,10-0,20

e 1X13 520 48 — 60 900 - 1000 0,25-0,35

3 5XHM (5XTM) 520 24 700 — 1000 0,3

"'EJ 3XB8 (3X2B8) 520 40 — 50 1000 0,25

2 4X8B2 520 40 — 50 900 — 1000 0,4-0,5

g 4XB2C (X12D) 520 35-50 900 — 1100 0,25-0,35
7X3 (40X) 520 20 — 50 700 — 750 0,45 - 0,55

The plasma nitriding process equipment consists consists of a vacuum chamber (retort), a pump
system for regulating pressure in the furnace, a plasma generator and a cooling system. Cold-wall
furnaces use only the plasma energy absorbed by the parts for heating, while hot-wall furnaces
have a conventional active heating system.

Figure 2. The main diagram and view of the plasma nitriding unit [4].

In the schematic in Figure 2, (1,2) sample, (3) standing table, (4) heater, (5) cathode, (6) insulator,
(7) thermocouple, (8) N2 gas inlet, (9) H2 gas input, (10) pump system, (11) ammeter, (12)
voltmeter, (13) DC power supply

In plasma nitriding, vacuum chambers are made of stainless steel. They have 2 or 3 separate
heating and cooling zones depending on their size. The parts are loaded onto metal plates. These
plates are located on the support insulators and connected to the cathode of the plasma generator.
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A highly ionized glow discharge (plasma) is generated around the component. On the surfaces
where they are directly charged, nitrogen-rich nitrides form and decompose, releasing reactive
nitrogen onto the surface. The plasma nitriding process can be seen through observation glass.
The nitriding process is carried out by a fully automated control system. In this system, you can
instantly monitor the temperature, pressure, time, and hardness of the part. In addition, there is
also a graph of parameters versus time.

Program

120L
“ - —~ - 1
120L 3 — - — =0y 310 mb
H2 |
WFC_| { T3] : 5 . = ]31omb &
0401 ) # Dwell
0401
&:

! 520 °C

@ 3.10 mbar

02:10:15

80%

<

Plasma generator

Figure 3. Plasma nitriding device control screen.

The advantages of plasma nitriding: [3]

It is known that plasma nitriding is a modern thermochemical process in a mixture of gases that
releases nitrogen, hydrogen and (optionally) carbon.

1. Besides being a state-of-the-art process, nitriding is used to improve the case hardening and
corrosion resistance of steel, cast iron and titanium materials;

2. The process is carried out at a low temperature, starting from 350 °C-degree to 550 °C-degree.
3. Regardless of the size and weight, large-sized gears and the surface of many parts can be
hardened at the same time;

4. Uniform hardness distribution compared to other nitriding processes.

5. Increases resistance to exhaustion.

6. Depending on the depth of the required nitriding tray, the nitriding process can last from a few
minutes to 50-60 hours.

7. No harm to human health and environment.

Conclusion

The advantages and technological modes of increasing the hardness of parts using plasma
nitriding technology have been developed. The results of these regimes showed an increase the
hardness of parts on their surfaces up to several times. Along with the increase in hardness, the
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resistance of the part against abrasion and corrosion has increased many times. The design,
working principle and scheme of the equipment are presented.
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XULASO

Masinqayirma mohsullarinin méhkamliyini, yeyilmoy9, temperatura vo korroziyaya davamliliini
artirmaq miixtalif sothi mohkomlondirms usullarindan istfado edilir. ©On miiasir iisullar i¢indo
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plazma ilo nitridlosma texnologiyasi vardir. Bu iisulu asagidaki hissalor ii¢lin totbiq etmok olar:
dirsok vallari, disli ¢arxlar, piston hissalori vo s. Sothi sortlosmoyo moruz qalan is parcalarinin
timumi, xarakterik xilisusiyyoti yiiksok sortliyo vo miirokkob hondosi formaya goro sortlosdikdon
sonra onlarin mexaniki emalinin ¢atin vo ya geyri-mumkin olmasidir. Plazma nitridlonmasi
yuksok yiiklonmis disli ¢arxlar {igiin asagi temperaturda {imumi sathinin méhkomlondirilmasi
prosesidir. Nitridlogsdirmo zamani disli ¢arxin sothindo galinlig1 bir ne¢o mikron olan ¢ox sort
miirokkeb nitrid yagmtilar1 olan diffuziya tobaqesi omols golir, bu da hissonin texniki
gostaricilorini dofalorlo artirir. [1]

Bu moqalo plazma ila nitridlesdirmo texnologiyasinin qurgular1 vo sothi azotlanmis disli carxlar
haqqinda biliklorin voziyyatini timumilssdirir. nitridlonmis digli carxlar sahasinde aparilan
todgiqatlarin cari voziyyeti hagqinda iimumi malumat verir.

Acar sozlor: Mohkomliyin artirilmasi, plazma ilo nitridlomo, azotlama, disli ¢arxlar, mexaniki
emal, reduktor

HCCIEJOBAHUA 11O ITOBBIINEHUIO ITPOYHOCTHU 3YBYATOI'O KOJIECA
PEJIYKTOPA IUIASMEHHOM TEXHOJIOTMEN

Hazum U6parnmos?, Dibunn Ajnes?

MIpodeccop, «MaTepuanoBeeHUE H TEXHOJIOTHH 00paboTKm», A3zepbaiimkanckuii ['ocy1apcTBEHHBIN Y HUBEPCUTET
Hedrn u IIpomeimerHoct, AzepOaiimkan. DIeKTpoHHas mo4yTa: nazim.ibragimov.2015@mail.ru

2Maructpant, «MaTepuanoBeieHie U TEXHOIOruK 00paboTku », Azepbaitmxanckuii [ocyaapcTBeHHblH
VYuusepcurer Hedru u IIpomsiniienHocTr, A3epOaiimkan. DinekTpoHHas moura: aelcin238@gmail.com

PE3IOME

JUis  TOBBIIEHUS TPOYHOCTH, YCTOWYMBOCTM K M3HOCY, TeMIeparype U KOppO3HHU
MAIIMHOCTPOUTEIBHBIX ~ M3JENUH  NPUMEHSIOTCS  Pa3lMYHbIe  METOABl  TTOBEPXHOCTHOTO
ynpouHeHus. K Haubosree COBpEMEHHBIM METOJaM OTHOCHTCS TEXHOJOIHs IUIa3MEHHOTO
A30THPOBaHUS. DTOT METOJ MOXKHO NMPUMEHUTH K CIIEIYIOIINM JIETAIISIM: KOJIEHBAIIBI, 3y0UaToro
Kosieca, jAetanu nopmHed um 1. A. OOmel, XapakTepHOW OCOOEHHOCThIO pabouMX JeTajei,
MOJIBEPTaeMbIX MOBEPXHOCTHOMY YIIPOYHEHHIO, SIBIISIETCS TO, YTO MOCJE 3TOTO OHH TPYIHO WU
HE MOJJIAI0TCSl MeXaHuYecKoi 00paboTKe U3-3a BHICOKOH TBEPAOCTH U CI0XKHOIM reoMeTpuyecKon
dopmer. [lmasMeHHOEe a30THpOBaHME — O3TO HHU3KOTEMIIEpAaTypHBI mpolecc 0OIIero
MOBEPXHOCTHOTO YNpauyHEHHsI BBICOKOHATPY>KEHHBIX 3yOuaThix kosec. [Ipu azoTupoBaHuu Ha
MOBEpXHOCTU 3yOdaroro koneca oOpasyercss IudQy3UOHHBI CJIOW C OYeHb TBEPABIMU
BBIJICJIEHUSIMH CJI0KHOTO HUTPHJIA TOJIIMHON B HECKOJIIBKO MUKPOH, YTO MHOTOKPATHO MOBBIIIAET
TEXHUUYECKHE XapaKTePUCTUKH JleTanu. [1]

B aT0ii cTatbe 000011I€HO COBPEMEHHOE COCTOSIHUE 000PYI0BaHUS ISl TEXHOJIOTMHU TJIa3MEHHOTO
A30TUPOBAHUS M TOBEPXHOCTHOTO a30THPOBAHMS 3yOUaThIX KOJIEC, TakKe IPEICTaBIeH 0030p
TEKYILEro COCTOSTHUS UCCIIE0BaHUI B 00JaCTH a30TUPOBAHHBIX 3y0OUaThIX KOJIEC.

KiroueBble c¢JIOBa: TIOBBIIIEHHE TPOYHOCTH, IIJIa3MEHHOE Aa30THPOBAaHHWE, a30THPOBAHME,
3yOuaTble Kojeca, MeXxaHuueckas 00paboTka, peyKTop.
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LAYDAN NEFTIN SIXISDIRILMASINA TOSIR EDON AMILLOR
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XULASO

Hor bir neft yataginin islonmosi zamani 9sas moagsad neftveriminin artirilmasidir. Bu magsad ham
yeni, hom do koéhno, sldon diismiis yatagin islonilmasi zamani qarsida durur. ©ldon diismiis yataq
dedikdos layin avvalki ehtiyat enerjisinin azalmasi ilo lay tozyiqinin azalmas1 basa diisiiliir.

Yeni igo diison sahalorin islonmosino sulasmanin totbiqi neftveriminin artirilmasiin ilk tsulu
hesab olunur. Kéhno yataqlardan galiq neftin ¢gixarilmasi moaqsadilo sulagsmanin totbiq edilmosi
neft ¢ixarmanin ikinci tisulu adlanir.

Cotin ¢ixarilan ehtiyata malik (yiiksok ozlikkli neft, Kigik Kkegiricilik, geyribircinc lay va s.)
yataqlarin sulagdirilmasi bazi hallarda effektsiz olur. Ona gorados sulagmis yataglardan qaliq neftin
cixarilmasi magsadils yeni texnologiyasinin totbiqi neftgixarmanin III tosir iisulu adlanir.
Moqalado neftin sulagdirma iisulu ilo sixigdirilmasina tesir edon amillor gostorilmaklo, onlarin
zoifladilmasi yollar1 gosterilir.

Laylarin neftveriminin artirilmasi tisulu - lay fliiidlorinin siliziilms ganunlarina; layda bas veron
fiziki - kimyovi hadisolora; slixur hissaciklorinin fliiidlorlo miibadilasine; vurulan reagentlorin
nefts olan tosirino asaslanir.

Layin sulasdirilmasi zaman1 vurulan suyun nefti tam sixigdira bilmamaosinin sababi neftlo suyun
qarismamasidirki, naticods bu mayelorin sothi ayrilmasi bag verir vo mosamali miihitdo neft
kapilyar qiivvalor torafindon saxlanilir.

Nefti onunla qarisan reagentlo sixigdirdiqda neftlo sixigdiric1 arasindaki soth yuyulur, kapilyar
guvvalar “yox” olur, neft sixigdiricida hall olur, naticads onu tam vo ya bir hissasini sixisdirma ilo
ohato olunan laydan ayirmaq olur.

Acar sozlar. Yataq, sulasma, tozyiq, neftverimi, kollektor, molekulyar-diffuziya.

Movzunun aktualhg:

Yataqlarin uzun illor islonilmasi tocriibasindo hasilatin artirilmasi magsadila ¢ox sayda tisullar vo
texnologiyalar islonmisdir. Laylarin neftveriminin artirilmas: tisulu - lay fliidlorinin siiziilma
qanunlarina; layda bas veron fiziki - kimyovi hadisolors; siixur hissaciklorinin fliiidlorle
miibadilosing; vurulan reagentlorin nefto olan tosirino asaslanir.

Neftveriminin artirilmas: iisulu - yatagin geoloji qurulusundan, kollektorlarin hocmisiiziilmo
xiisusiyyotindon, islonmonin avvalindo totbiq edilmis texnologiyadan, fliiidin vurulmasindan vo
alinan mohsulun tempindon asilidir.

Eksperimentlorin naticalari va onlarin miizakirasi

Neftveriminin artirilmasi tisullarini xtisusiyyatlorino goro asagidaki qruplara bolmok olar: —
termiki tsullar (su buxari, isti su, lay daxili yanma ocag1),  fiziki-kimyovi isullar — (aktiv
qarisiglarin  totbiqi, sothi-aktiv maddslor (SAM), polimerlor, miselyar mohlullar, gsloviler,
tursular), hidrodinamik tsullar — tsiklik sulagsma (siiziilon selin horokotinin doyisdirilmosi,
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mayenin giiclondirilmis rejimde ¢ixarilmasi, geyristasionar kombinasiyali sulasdirma), - gaz
vurma lsulu ( neftin yiiksok tozyiqli gazla sixisdirilmasi), su-qazla tasir, -miokrobioloji, siia totbiq
etmak va carayanmagqnitli iisullar.
Neftveriminin artirilmasi {isullar1 neftin layda yatma sgoraitino vo fiziki xarakteristikanin
doyismosino osaslanir: -neftlo onu sixigdiran agent sorhoddindo sothi gorilmonin azalmasi; -
sixigdiran vo sixigdirilan agentlorin horokatliliyinin nisboti (neftin 6zliiliiyliniin azalmasi vo
sixigdiran agentin horakotliyinin azalmasi hesabina).
Neft yataglarinin istismar sahslorinin adi rejimds va ya laya tosirlo istismar1 zamani kollektorlarda
horokotedici qaliq neft ehtiyat1 qalir. Islonan laylardan bu ehtiyatin monimsonilmasi neftveriminin
artirllmasi soraitinin vacibliyini gostorir.
Ekspertlorin qiymaotlondirilmasina osason qaliq neft ehtiyati (100%) miqdarca asagidaki kimi
paylanir [1]:
1. kigik kegiricili layciglarda va su ilo ohats olunmayan saholords qalan neft -27%;
2. bircins laylarin durgun zonalarinda qalan neft— 19%;
3. quyular torofindon agilmayan, linza vo zaif kegirici ekranlarda galan neft -

24%;
4. kapilyar qiivvalar tarafindon saxlanilan vo plenka soklinds olan neft —

30%.
Sulagdirma tisulu torafindon calb edilmoyon yksak geyribircins laylarda vo diirgun zonalarda qaliq
neft ehtiyati, biitiin ehtiyatin 70%-i toskil edir. Bu neftveriminin artirilmasi ti¢lin asas ehtiyat
hesab olunur.
Bu qaliq neft -echtiyati hesabina neftveriminin artirllmasi hazirki  texnologiyalarin
tokmillosdirilmasila, eloco do, hidrodinamiki iisullarin todbiqi ilo miimkiindiir.
Islonilmo zaman1 neftin torkibinin doyismasi hom onun agirlasmasi vo hom da sixligmin azalmasi
hesabina bas verir. Neftin agirlasmasi, islonmo zamani lay tozyiqinin azalmasi ilo qazsizlagsma
noticasindo neftin ylingiil fraksiyalarinin itmasi, hom do vurulan su ilo tomasi naticosindo neftin
oksidlosmasi noticosinda bas verir.
Neftin torkibi mohsuldar qatin hor hansi bir sahasinds dayisa bilor. Laylarin makrogeyribircinsliyi
naticosinda  qaliq neft ehtiyatinin amolo golmosi neftin zoifkegiricili zonalardan, tobagolordon,
layciglardan va linzalardan kigik siiratlo siiziilmasi naticasidir.
Layda iki vo daha horokotli fazalarla doymus qiivvalor ozlii, sothi, qravitasiya vo elastik
qiivvalordir.
Sothi vo ya kapilyar qiivvelor maye fazalar1 sorhaddinde 0,01-0,3MPa tozyiq yaradirlar. Sothi
qlivvonin Ol¢iisii stixurun isladilmast vo mosamo kanallariin 6lgiisti ilo (mosamoali miihitin
mikrogeyribircinsliyilo) toyin edilir [2].
Ozliiliik qiivvasi (hidrodinamik miiqavimat) neftin 6zliililyiino miitonasibdir.
Yiiksok omsalli dinamiki ozliliiklii kollektorda, neftin siiziilmosine mane olan, kritik tozyiq
gradienti va ya baslanqic tozyiq qradienti amals galir.
Caziba qiivvalari qiymatco neftin, qazin va suyun sixliglar forqine barabaor olan daima horakatli
tozyiq qradienti yaradirlar. Bu gradientin qiymati 0,1-10 MPa/m -o ¢ata bilor. Noticodo suda neft,
neftds isa qaz tozahiir edirlor.
Tozyiqin stiratlo diigmasi naticosinds layda gorginlik-dagilma halinda elastiklik qiivvolori yaranir,
masama kanallarini baglanir, mikrogatlar azalir vo naticads qaliq neftlodoyumluq amalo galir.

€202 90 ANSSI (20) 8T IINNTOA
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Layin sulasdirilmasi zamani1 vurulan suyun nefti tam sixisdira bilmomaosinin sobobi neftlo suyun
garismamasidirki, noticodo bu mayelorin sothi ayrilmasi bas verir vo mosamoli mihitdo neft
kapilyar qilivvalor torafindon saxlanilir.

Sulagma ilo ohatolonon lay sahslorindon neftin tam sixisdirilmamasi, neftin agir komponentlorinin
sixur  donoalorinin  {izorine  adsorbsiya  ugramasi  noticesinde  siixur-kollektorlarin
hidrofoblagsmasidir. Sixisdiran vo sixisdirilan mayelorin  6zliiliiklorinin  miixtolifliyi neft-su
kontaktinin geyri stabilliyini gostorir, sixigdirma arxasinda neft damci va qlobul soklinds galaraq,
neftdo comlosirlor [3].

Ogor nefti laydan onunla qarisan maye vasitosilo sixigdirsaq, onda, molekulyar-diffuziya
naticosindo maye-holledici nefto, neftin karbohidrogenlori hollediciyo kecor vo miioyyon vaxt
orzinds neft tamamils laydan yuyular. Bu zaman halledici nefti yuyandan sonra layda qalacaqdir.
Nefti laydan sixisdiran holledici gismindos spirt, efir, kiikiirdlii karbohidrogen v s istifado etmok
olar. Bunlar giymotco baha oldugundan nefti sixigsdirmaqdan 6trii tobii qazdan, sudan , karbon
qazindan vo havadan istifado edilir.

Laylarin neftveriminin artirilmasi tigiin todbiq edilon iisulun effektliyini tomin etmokdon Otrii
miitloq tisul {i¢iin sahonin se¢ilmasi va ya tarsing, saha li¢ilin tisulun se¢ilmosidir.

Usulun todbiq kriteriyasini toskil edon layin va flitidlorin fiziki torkiblorinin olverisli olmasidir ki,
islonmodon yiiksok texniki-igtisadi gostoricilori alina bilinsin.

Adoton lisulun todbiq kriteriyasini ii¢ kateqoriya boliirlor [4]:

-geoloji-fiziki (lay mayelorinin torkibi, neftlo doymus laymn yatma dorinliyi vo soraiti,
neftsaxlayan kollektorun xiisusiyyati, mosamoli miihitin lay mayelori ilo doymasi).

-texnoloji (sulagma araqatinin 6l¢iisii, halledicido agentin qatilig1, quyularin diiziiliisii, masamali
miihitin lay mayesi ilo doymasi).

-maddi-texniki qurgularla, kimyavi reagentlorlos toyinat.

Kriteriyanin birinci kateqoriyasi halledici - qiymotli vo hegnadon asili olmayan sayilir. Texnoloji
kriteriya geolojifiziki asili olmaqla secilir. Maddi-texniki sorait ¢ox vaxt asili olmayaraq,
texnoloji kriteriyanin bacardigini yerino yetirir. Fiziki-kimyovi isullar sixigdirma ve ohato
omsallarinin birlikdo vo ya onlardan birinin istiraki ilo sulagsmig laylardan plenka soklindo vo ya
kapilyar qilivvelor torofindon saxlanilan neftin sixigdirilmasini tomin edir. Suya xiisusi kimyovi
maddonin olavo olunmasi fazalarin sothi gorilmosini asagi salmaqla, sixisdiran vo sixigdirilan
fazalarin horokatlilik nisbatini doyisir. Noticodo neftsixigdirma omsalinin artmasi bas verir.

Nefti onunla qarisan reagentlo sixigdirdiqda neftlo sixigdirict arasindaki soth yuyulur, kapilyar
qiivvalar “yox” olur, neft sixigdiricida hall olur, naticods onu tam va ya bir hissosini sixigdirma ilo
ohats olunan laydan ayirmaq olur.

Sothi-aktiv maddo (SAM) — kimyovi birlosma olmagqla, fazalar sorhoddindo morkozlogorak, sothi
gorilmonin asagi diismosino sobob olur. SAM-in osas xiisusiyyati sothi aktivlikdir — fazalar
sorhoddindas sathi gorilmoni azaltmaq gabiliyyatine malik olmasidir.

Lakin, SAM hall olma haddins malikdir ( b.s. misel amoalo golmonin kritik hoalli). SAM-1n
molekullarinda bir vo ya bir ne¢o hidrofob hissoys aid olan karbohidrogen radikallar1 vardir. Su
ilo pis alagads olan hidrofob qruplar molekullarin su (polyar) miihitindon karbohidrogen miihitino
(qeyri polyar) kegmasina tosir edirlar.

Hidrofil qruplar, oksina, molekullart polyar miihitdo qalmasina komok edirlor. ©gor SAM
molekullar1 karbohidrogen mayedadirlarss, onlarin polyar miihits kegmasino komok edirlor.
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Belaliklo, SAM-1n qgeyri polyar miihitdo hall olmus sothi aktivliyi hidrofil qruplardan, suda hall
olan iso hidrofob radikallardan ibarat olur. Hidrofil qruplar ionogen vo geyriionogen gruplara
boliintirlar.

fonogen SAM-lar suda ionlara assosasiya olunmaqla, bazilori adsorbsiya (sothi) aktivliyino,
digorlori iso (oksionnlar) adsorbsiya aktiv olmurlar. Ogor adsorbsiya aktiv anionlardirsa, SAM
anion va ya anion aktiv, oks togdirds kation va ya kation-aktiv adlanirlar.

Anion aktiv SAM-larin osasin1 — orqanik tursular vo oniarin duzlari, kationlarin osasini  iso
miixtalif aminlor vo onlarin duzlar toskil edir.

SAM-1n bark cism sothindo adsorbsiyasi bir ¢ox sonaye proseslorindo boyiik shomiyyato malikdir.
SAM-1n adsorbsiyasi asas iki faktordan asilidir: SAM-1n sathlo slagesindon vo hidrofob effekti
yaradan SAM-in hidrofoblugundan. Bu effekt SAM-mn molekulunun strukturundan — SAM-1n
suda hoall olmasindan c¢ox asilidir. Neftin sothi-aktiv madds vasitesilo sixigdirilmasi prosesi bir
cox faktorlara tosir edir: masamo kanallarinin sothindo SAM-1n adsorbsiyasi noticasinds su ilo
neftin sorhoddindo faza gorilmosing, su-siixur vo neft-siixur sorhoddindo iso sothi gorilmoya.
Bundan basga sothi-aktiv maddo siixur sothinin su vo neftlo isladilmasina da tosir edir, siixur
sothindon neft plenkasinin pargalanaraq, yuyulmasini tomin edir, suda neftin dispersiyasini
stabilizo edir, mosamali miihitin faza kegciriciliyini doyisorok neftin sixigsdirilmasini tomin edir [5].

Natica

Qeyd edilonloari tohlil edorak gostormok olar ki, laym neftveriminin artiritlmast magsadils totbiq
edilon iisullar neftin layda yatma soraitino vo fiziki xarakteristikanin doyismosino osaslanir: -
neftlo onu sixigdiran agent sorhaddindo sothi gorilmonin azalmasi; - sixigsdiran vo sixisdirilan
agentlorin horokatliliyinin nisbati (neftin ozlilliyliniin ~ vo sixisdiran agentin horokatliyinin
azalmasi) ; — stixur sothinin vurulan is¢i agent torofindon islasdilmasi; -kapilyar qiivvelorin
tosirinin azalmasi.
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ABSTRACT

During the development of each oil field, the main goal is to increase oil recovery. This goal lies
ahead during the development of both new and old, lost deposits. A missed deposit is understood
to mean a decrease in the layer pressure with a decrease in the previous reserve energy of the
formation.

The application of irrigation to the development of newly launched areas is considered the first
method of increasing oil recovery. The application of irrigation to extract residual oil from old
deposits is called the second method of oil extraction.

Oil with hard-to-extract reserves (high viscosity, small permeability, noncircinc layer, etc.))
irrigation of the beds is ineffective in some cases. Therefore, the application of a new technology
for extracting residual oil from irrigated deposits is called the 111 method of oil extraction.

The article shows the factors affecting the compression of oil by the method of irrigation, and the
ways of their weakening are indicated.

The method of increasing oil recovery of formations is based on the laws of filtration of fluids;
physical and chemical phenomena occurring in the reservoir; exchange of rock particles with
fluids; the effect of injected reagents on oil.

The reason that the water injected during the irrigation of the formation cannot completely
displace the oil is the lack of mixing of oil and water, as a result of which the surface separation of
these liquids occurs, and in the porous medium, the oil is retained by capillary forces.

When compressing oil with the reagent mixed with it, the surface between the oil and the
compactor is washed, capillary forces “disappear”, the oil dissolves in the compactor, resulting in
the separation of it in whole or part from the layer covered by the compaction.

Keywords: Deposit, irrigation, pressure, oil recovery, collector, molecular diffusion
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PE3IOME

ITpu pa3paboTke KakA0ro He(TSIHOIO MECTOPOXKICHHSI OCHOBHOM IIETIbIO SBISETCS YBEIMYEHUE
HedTeoTnaun. OTa Ledb CTaBUTCS mepel co0oil mpu o00paboTke Kak HOBOW, TaKk M CTapoH,
BBIILIE/ANIEH W3-TI0J] KOHTpoJs miacta. [IpuMeHeHHe 3akayka BOABI NMPH pa3pabOTKE HOBBIX
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MECTOPOKJCHUN CUMTAETCS] NIEPBBIM METOJIOM yBennueHus Hedreornauu. [Ipumenenune merona
3aKauKl C IIEJIbI0 W3BJICYCHHS] OCTATOYHOM HEPTH U3 CTapbIX MECTOPOXKICHHH Ha3bIBaeTCs
BTOPBIM METOJIOM JOOBIYH HE(PTH.

Ob6nagaer TpyIHOM3BJIEKAEMBbIMU 3amacaMu (BBICOKOBSI3Kash HePTh, Majas MHPOHHUIAEMOCTb,
HEMpO3payHblil IMjacT W JAp.).) 3aKadka B HEKOTOPBIX ciydasx HedddexkruBHo. I[losTomy
MPUMEHEHUE HOBOW TEXHOJIOTUU C LIENBI0 M3BJICYCHUS] OCTATOYHON HEPTH W3 MECTOPOKICHUI
HasbiBaetcs [ metoom Bo3aeiicTBus HehTETOOBIUH.

B craTthe mokaszanbl myTH uX ociabiaeHus ¢ ykazaHueM (aKkTOpOB, BIUAIONIMX Ha cxaThe HedTu
METOJIOM 3aKauKH.

Metoa mOBBIIIEHUS] HEPTEOTHAYM IUIACTOB - OCHOBAH Ha 3aKOHAX (MIBTPALUHU ILIACTOBBIX
baroua0oB; QPU3NKO-XUMUYECKUX SBIICHUSAX, MPOUCXOMALINX B IIACTE; OOMEHE YacTUIl TOPHBIX
nopoJ ¢ (hIronnamMu; 1eiHCTBUN IEPEKaYBAEMBbIX pEareHTOB Ha HE(Th.

[Ipu cxatuum He(TH CMEMIMBAIOIIMMCS C HEW peareHToM MOBEPXHOCTh MEXIY He(pThio u
KOMIIPECCOPOM  Pa3MBIBACTCs, KANWJUIAPHBIE CHJIBI “‘MCYE3ar0T”’, MAacll0 pacTBOpSETCS B
KOMIIpEccope, B pe3ysbTaTe 4Yero MPOUCXOAUT €ro OTICICHHE OT IIACTa, MOJHOCTHIO WIU
YaCTUYHO OKPYKEHHOTO CXKATHEM.

KiloueBble cjioBa: MecTopoxkeHue, OpPOIICHHE, JAaBleHUE, O00e3KUpPUBAHUE, KOJUIEKTOD,
MoOJIeKyJIsIpHast TUPQy3usl.
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NOQLIYYAT GECIKMOSi NOZORO ALINMAQLA QAPALI APARATDA
ISTILIK-RUTUBOT DOYISMOSININ HESABLANMASI
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XULASO

Isdo gostorilmis qapali aparatda (QA) bas veran istilik vo riitubat doyismosi prosesi dyronilir. Bu
Umumu istilik-riitubat prosesinin [4] bir hissasidir. QA miixtolif név elementlordon ibaratdir. Bu
elementlorin bir novil iso coryan xatti elementloridir. Corayan xotti miioyyon uzunluga malik
xottdir vo burada su, qaz vo s. istiulik dasiyicilarinin istigamotlonmis horokoti bas verir. Bu
horokot zamani istilik vo riitubot bir coroyan xottindon basga coroyan xottino oOtiiriildiikdo
miloyyon noqliyyat gecikmasi bag verir. QA coxlu sayda belo elementlorden ibarst oldugundan
vo bu gecikmolorin comi sonda istilik-riitubot doyismesine timumilikds tosir etdiyindon, onun
hesablamada nazors alinmasi vacib masalalordon biridir.

Acar sOzlar: gapali aparat, coryan Xatti, naqliyyat gecikmasi, identifikasiya, forq sxemlori,
kompleks sistem.

Giris

Isdo Sok.1-do gostarilmis qapali aparatda (QA) bas veran istilik vo riitubot doyismasi prosesi
oyranilir. Bu imiimu istilik-riitubat prosesinin [4] bir hissasidir. QA miixtalif név elementlordon
ibarotdir. Bu elementlorin bir novii iso coryan xotti elementloridir. Coroyan xotti miioyyon
uzunluga malik xottdir vo burada su, qaz vo s. istiulik dasiyicilarinin istigamatlonmis horokati bas
verir. Bu horokot zamani istilik vo riitubat bir coroyan xottindon basga corayan xattino otiirtildiikdo
miioyyan naqliyyat gecikmasi bas verir. QA ¢oxlu sayda belo elementlordon ibarst oldugundan vo
bu gecikmolorin comi sonda istilik-riitubat doyismoasino timumilikds tasir etdiyindon, onun
hesablamada nazors alinmasi vacib masalalorden biridir.

Tutaq ki, bir gapali aparat (QA) var vo bu miiayyan istiliktonzimlonmasi ilo tomin olunub. Elo
istilik prosesino baxiriq ki, orada istilik dastyicilar1 horoket edir(hava ilo antifirisli su ilo va s.).
Umumi sokildo QA bir-biri ils istilik slagosi olan gapali konturlardan vo bu konturda harokot edon
istilikdasiyicilardan ibaratdir.

Konturun istilik dasiyicilart bir-biri ilo asagidaki istilik kontaktinda olurlar:

Konduktiv, konvektiv vo isigsacan, eyni zamanda daxili istilik menbaylorindon vo xarici istilik
tosirlarindan ibarat olur.

Istilik sxeminin osas elementlori asagidakilardir:

Istilik miibadilosindo olan aqreqat (su-su ilo, gaz-su ilo istilik miibadilasi, soyuducu-quruducu,
ilanvari termostat, soyudan va qizdiran ilanvari aqreqat);

Birlogdiron borular vo hava tomizloyon;

Konustruksiya elementlori;

Istilikdastyicinin migdarmin tonzimlayicisi;

Klapan va luklar;

Mayeli vo havali qizdiricilar;
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Cihaz aqreqat aparatlarin elementlori;
Birlosdirici vo ayrici.

Masalonin riyazi sokilds qoyulusu
Indi iso baxdigimiz prosesdos istirak edon corayan xotti elementlorinin riyazi modelini yazaq:

ckpk(a;t + Uy 2\1; j Uy 1)
baslangic sort

T.(V,,0)=c  (c=const) buradakeB, BcQ, (2
sorhad sortlori

T.(01t)=T,(Lt), 0<V, <L (3)
Foon(Teon =T
a, = k,k+l( k+1 k)’ k+sle Ac O (4)
Vk

burada B- coroyan xatti elementlori coxlugu, Q - biitiin elementlari 6ziinds saxlayan ¢oxluq, ¢, vo
T, uygun olaraq k-c1 ceroyan xattinin temperaturu va istilik tutumu, u, -istilikdastyic1 dastonin
slirati, p, - K-c1 elementin sixl1g1, q, -vahid zamanda vahid uzunluqdaki istilik dostesinin ayirdigi
istilik  miqdari, L, ,- (k-1)-c1 coroyan xottinin uzunlugudur. Gecikmo prosesi osason

istilikdasiyicisi olan corayan xotlorindo bag verir. Molumdur ki, corayan xotti miixtolif uzunluga
malik olan borulardan ibaratdir. Bu borularin bozilorinds istilik riitubot doyismosi bas verir.

— T ——

Q1 1

e

Sakil 1. Sabokonin carayan xatti hissasi.

Tutaq ki, Sok.2 EA vo BC corayan xottinin iki sahasidir, bu saholordo xarici tosirlorin komoyi
ilo istilik- riitubst prosessi bas verir.

VoV Vi, V,

—) ; O—Q ; O—

Sakil 2. Sabokods noqgliyyat gecikmosini gostoron hisso.
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Asagidaki isarolomolori qobul edok: |AB|- AB borusunun uzunlugu, u, -boruda horokst edon

=7,- A noqtesinden ¢ixan istilikdastyicis1 T, temperaturu ilo

BC coryan xottinin B baslangic ndqtosine ¢atma zamanidir.
Indi iso BC elementinin istilikkegirmo riyazi modelino baxaq. Tutaq ki, T, (V,,t) axtardigimiz

temperaturdur, V, >0 iso hocmin koordinat ndqtesidir vo asagidaki kimi doyisir: 0<V, <L,
(BC) . Onda

oT, oT,

t +U GT:F(tvck1pkivk1Tk’Tk—1’FkiQk)v )
k
sorhad vo baglangic sartlor 1so asagdaki kimi olar
T.(V,,0)=c  (c=const), burada ke B, Bc £, (6)
T.0t)=T.,(L ,t-7) 0<V, <L ()

Bu sortlordon goriiniir ki, BC elementinin t zamaninda V, baslangic qiymati, EA elementinin
sonunda olan (t—7) zamanindaki istilikdir. Belo gecikmoni naqgliyyat gecikmosi adlandiragq.
Istilik-riitubat sabokoasi dziinda ¢oxlu sayda nagliyyat gecikmosi olan element saxlaya bilor. Buna
goro do belo saholori identifikasiya(ayirma) etmok lazimdir. Sobokods olan elementlor arasinda
asagidaki kimi gecikms ola bilor.

Tutag ki, x,>0 Kk-c1 borunun uzunlugudur, o iki coryan xattini birlosdirir, u, -boruda harokat
edon istilik dastyicisinin siirotidir, At, - zamana gors inteqrallama addimidir, onda asagidak: iki
variant movcudur.

1) ©gor borunun uzunlugu X, <u, olarsa, onda corayan xattindo gecikmo bag vermir.

2) Tutaq ki, X,>u, vo x,/u, =7, (gecikmo zamani adlanir). ©gor At, <7,, onda V, sahosindo
gecikma bag verir.

Masalanin halli
Indi 1s9 verilmis sobokoyo uygun gecikmoni nozors alan alqoritmi togdim edok.
V, coryan xotti elementindo gecikmoni nozoro almaq l¢iin asagidak istilik-riitubot modelino

baxaq

oT, oT,
ot Ui M:F(t’ck’pkavk’Tk’Tk—PFk’Qk)’ (8)
sorhad vo baglangic sartlor iso asagdaki kimi olur
T.(V,,0)=c  (c=const), burada ke B, BcQ, (9)
Ty (O’tk ) = Tk—l(Lk—l'tk — T )1 0<V, <L (10)

Burada (k-1) 6ziindon avvalki elementin nomrasidir:
7\ - gecikmo zamani, Q, iso V, -ya tosir edon xarici monbo, L, , V, elementinin uzunlugu, V,, V,
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elementinin baslangic noqtesi, X, iso V,_; va V, elementlorini birlogdiron borunun uzunlugudur.

Algoritm:

1. hor bir element {i¢iin, zamana va hacma gors inteqrallama addiminin tayini;

2. hansi elementlordo gecikmo bas verirso, o elementlorin identifikasiya edilmasi;
3. bu elementlor {iglin noqliyyat gecikmosini  x,/u, =7, hesablamali;

4. inteqrallama addimu ilo, gecikmo addiminin miigayisasi;

5. gecikmoanin sorhad sortini hesabladigda (10) diisturundan istifado etmali.

Verilmis kompleks masaloni hall etmak tigiin (8)-(10) tonliklor sistemini askar vo geyri-askar farq

sxemlorinin kdmayi ilo asagdaki kimi aproksimasiya edirik.

(8) tonliyino baslangic vo sorhad sortlori do daxil olmagqla agkar “sol kiinc® sxemini totbiq edok:
T*(\V,,0)=c, (c=const),

T*0,t)=T“*(L..t, —7,), 0<V, <L,

Onda alariq:
Ti3<1'+l _Ti,kj T TE“ k T k-1

U = F,(t.co. 2 Vi T TN FL QL) (11)
baslangic vo sarhad sortlori bu sokildos olar:
T.“.c =C (c=const),

T =T i=1M,)  (j=12...), (12)
. . L

burada i, j — (V ,t) ikiolglll oblastin dilyiin noqtolaridir, k -elementin némrosidir, M, = ?k

Forq sxeminin dayaniqligina baxsaq alariq ki, R=U, % <1 qiymatinds soboko dayaniqhdir, |-

zamana goro addim, h- V uzunluguna goro addimdir.
Ogor (8) tonliyino iigndqtali geyri askar “sol kiinc” sxemini totbiq etsok, alariq:

TEL =T TX, T
IJ+1| 2 +Uk L4 h L _ F(t Ckipk !Vk!TI j llej l’ I:k’Qk )’ (13)
buradan iso
Ul Ul
(1 h jTI J+l rI]( lel J+1 +|F(t Ck’pk 7Vk’TI i ,lejl, Fkak)l (14)

alirg.
Harmonik hoayacanlanmaya gore doqiqliyi yoxlasaq, alariq ki, A = [1+ R—Re Xp(ia)h)]_l. Buradan
almir ki, istonilon kigik A Ugln |/1|21 oldugda sxem sortsiz dayaniglidir. Bu sxemin

aproksimasiya xatast O(l + h) -a barabardir.
Almmis forq tonliklori araliq kdmokgi codvallorin komoyi ilo avtomatik olaragq komputerin

€202 90 ANSSI (20) 8T IINNTOA
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komayi ilo qurulur vo sonda molum tisullar vasitasi ilo (Qauss, qovma va s.) hall edilir. Masalonin
0zii boyiik 6l¢iili oldugundan, zamana goro addimi ¢ox kicik gotiirmok olmaz, oks halda bu
tonliklorin sayin1 daha da artirmis olar, bu iso hall prosesini ¢otinlogdira bilor. [5]-do kompleks
mosalonin Ol¢lisiinii azaltmagq tiglin bir ne¢o yanasma gostorilmisdir ki, bu zaman dayaniqliq tiglin
Kurant sorti ciddi gézlonilmalidir.

Natica

Beloliklo, alinmis naticolorin tohlili gdstarir ki, kompleks masolonin hollinds geyri agkar sxemin
totbiq edilmasi yaxs1 natico vermir. Kompleks masalonin hallinds naqgliyyat gecikmosini vo [5]-do
toklif olunan iisullar1 nozors almaqla masolonin 6l¢iisiinii azaldib daha doqiq hall etmok olur.
Verilmis proses {igiin aparilmis toqribi hesablamanin naticosi Cadval 1.-do gostorilmisdir.
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Cadval 1. Askar soboko "sol kiinc"

Hesablama Elementin Elementin Elementin Elementin
Elementin vaxti baslangic baslan¢icinda ortasinda sonunda
Ne (1daq.) vaziyati Temperaturun temperaturun temperaturungiy
giymati giymati mati
1 2 3 4 5 6
1. 60 283 297,16 297,20 297,25
2. 60 283 297,25 297,24 297,24
3. 60 283 297,24 297,24 297,24
4, 60 283 297,24 297,20 297,17
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PACYET TEIIVIOBJIA’KHOOBMEHA B 3AMKHBITOM AIIIIAPATE C YYETOM
SAJEPKKH TPAHCIIOPTKH
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PE3IOME

W3y4eH mporecc W3MEHEHHUs TEeMIIepaTyphl M BIAXHOCTH, MPOUCXOISIIMA B TOKA3aHHOM B
paboTe 3aMKHYTHIN anmapare (3A). DTo YacTh OOIIET0 TEIUIOBIAXXHOCTHOrO mporecca [4]. 3A
COCTOMT W3 PAa3jMYHBIX THIIOB 3JIEMEHTOB. OJHUM W3 THUIIOB O3TUX JJIEMECHTOB SBIISIFOTCS
oOTekaeMble 3JeMEHThl. JIMHUS S3JeKTporepenayd — 3TO JMHHS ONPEACICHHOW [UIMHBI, MO
KOTOPOH MPOTEKaeT BOJAA, ra3 M T. 1. MPOUCXOMUT HANPABICHHOE JBM)KEHHE TETUIOHOCHTEIECH.
[Tpu 5TOM NBW)KEHUUW BO3HHMKACT ONpECICHHAs TPAHCIOPTHAs 3aJlepKKa, KOrJa TeIUlo W Biara
MEePEIAOTCS C OJTHOM JIMHUU TOKA HA JAPYTYIo JIUHUIO ToKa. [Tockoiabky 3A cOCTOUT U3 OOJIBIIOTO
KOJIMYECTBA TAKUX ODIIEMEHTOB, a CyMMa OTHX 3aJICP)KEK BIMACT Ha oOllee H3MCHECHUE
TEMIIEPATYPHI-BIIAYKHOCTH B KOHIIE, 3TO OJMH U3 BAXKHBIX BOIIPOCOB, KOTOPBIHA CIEAYET YIUTHIBATH
IpU pacyere.

KiroueBble ¢JI0Ba: 3aMKHYTHIH arnmapar, JMHAA TOKa, TPAHCTIOPTHOE 3aIa3/IbIBaHuE,
UACHTU(DUKAIMSI, PA3HOCTHBIC CXEMbI, KOMILICKCHAsI CUCTEMA.

CALCULATION OF THE HEAT-HUMIDITY CHANGE IN A CLOSED APPARATUS
WITH CONSIDERATION OF TRANSPORT DELAY

Gasimov Gasim?, Aybeniz Aliyev?

1Associate Professor of the Department of General and Applied Mathematics. Email: g.gasim56@gmail.com
2Master, Azerbaijan State University of Oil and Industry.

Email: aybeniz.aliyeva0l@icloud.com

ABSTRACT

The process of changing temperature and humidity, which occurs in the closed apparatus shown
in the work (CD), is studied. This is part of the general heat-moisture process [4]. CD consists of
various types of elements. One of the types of these elements are flow-through elements. An
electric transmission line is a line of a certain length along which water, gas, etc. flow. d.
directional movement of heat carriers occurs. With this movement, a certain transport delay
occurs when heat and moisture are transferred from one current line to another current line. Since
CD consists of a large number of such elements, and the sum of these delays affects the overall
temperature-humidity change at the end, this is one of the important issues that should be taken
into account when calculating.

Keywords: closed apparatus, current, line, transportation lag, identification, difference schemes,
complex system.
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TOMIR ISLORINDO PAKERIN NASOS-KOMPRESSOR BORULARI
SISTEMININ DAYANIQLIGININ ITIRILMO EFFEKTININ
OYRONILMOSI

Niyaz Zeynalov
Muallim, “Sonaye maginlar1” kafedrasi, Azarbaycan Dovlot Neft vo Sonaye Universiteti, dissertant, Azarbaycan.E-
mail:niyaz.zeynalov@asoiu.edu.az, https://orcid.org/0000-0003-1164-3258

XULASO

Tomir quyularinin istismar komorlorinin gazalarinin tohlili gostorir ki, komorin is gabiliyyatinin
itirilmasinin asas sobabi ona tosir edon olava yaranan gorginliklordir, bunun naticesindo komardo
uzununa, enind dagilma, yiv birlosmoalorinin hermetikliyinin itirilmasi, dagilmasi, azilmosi bas
verir. Ona gora pakeri quyuya buraxilmamisdan avval bu yoxlanilmalidir. Pakers onun komordo
oturdulmasi ii¢lin yiik mexaniki vo ya hidravliki yolla totbiq olunur. Bu qiivvalorin pakers, hom
do onun kiplondiricilorine statik deyil, dinamik voziyystdo totbiq olundugu molumdur. Lakin
miioyyaon yollarla bunun zorbali xarakterinin sondiiriilmosino olan yanasmalar kifayot deyi. Bu
mogsadls pakerin quyuda rovan — “tarazlasdirilmis oturdulmasi” —(pakerin quyuya endirilmasi,
onun kiplondiricilorinin kemards oturdulmasi, pakerin quyudan ¢ixarilmasi (azad olunmasi)
daxildir) vacibdir.

Acar sozlar: oxboyu oyilmo, filtr zona, paker, nasos-kompressor borulari, sixici qiivva.

Problemin aktuallig

Tomir quyularmin istismar komarlorinin qazalarimin tohlili gostorir ki, komarin is qabiliyyatinin
itirilmoasinin asas sobobi ona tosir edon oslave yaranan gorginliklordir, bunun naticosindo kamorda
uzununa, enind dagilma, yiv birlosmalorinin hermetikliyinin itirilmasi, dagilmasi, azilmasi bas
verir. Ona gore pakeri quyuya buraxilmamisdan avval bu yoxlanilmalidir. Molumdur ki, istismar
komori qazma quyusuna endirildikds onun strafinda dag siixuru vo sement holgesindon 6zliilii-
elastiki voziyyot yaranir. Quyularda filtr zonada miioyyon tomir islori aparilmast mogsadi ilo
komorin bu zonasmin pakerlo kiplondirilmasindo nasos-kompressor borulart  pakers
baglandigindan borularda oxboyu oyilme yaranir. Bu komorin filtr zonada yerdoyigmosindon
komorin 6ziinds do yarana bilir.Quyularda (tomir quyularinda) pakerin oturdulmasimin
dayanigligin1 tomin etmak {i¢iin pakerin quyuya kigik siirotlo buraxilmasini tomin etmok lazimdir.

Isin magsadi
Quyularda tomir iglori zamani nasos kompressor borularinin pakers baglandigdan sonra oxboyu
oyilma yaradib profilaktik islords effektivliyi artirmagq.

Tadqiqat isinin aparilmasi

Bu mogalodo pakerin oturdulmasi prinsipindon asili olaraq qiivvenin dinamik effektinin
yumsaldilmast todbirlorino baxilib. Qiivvonin pakero verilmo xarakterino kifayot qodor
baxilmayib. Bu zaman komar liilssi ti¢ zonaya boliiniir:

1) istismar komaorinin ro vo r1 radiuslart arasindaki zona;

2) r1 va rz radiuslari ilo komorin sementls ohatslonan zonast;
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3) dag siixuru massivinin kamari hayacanlandirici tasiri — r3 va 14 radiuslar arasindaki zona.
Onda istismar komorino xaricdon tosir edon dag siixuru vo sement holgosindon (Ortiiylindon) yiik
asagidaki kimi toyin edilir.
Demoli, pakera onun komordo oturdulmasi iiglin yiik mexaniki vo ya hidravliki yolla totbiq
olunur. Bu qiivvelerin pakers, hom ds onun kiplondiricilerine statik deyil, dinamik voziyyatdo
totbiq olundugu molumdur. Lakin miioyyon yollarla bunun zorboli xarakterinin sondiiriilmosino
olan yanasmalar kifayot deyi. Bu mogsadlo pakerin quyuda rovan — “tarazlagdirilmis oturdulmast”
—(pakerin quyuya endirilmosi, onun kiplondiricilorinin komordo oturdulmasi, pakerin quyudan
cixarilmasi (azad olunmasi) daxildir) vacibdir.
Quyularda filtr zonada miioyyaen tomir islori aparilmasi maqgsadi ilo kamaerin bu zonasinin pakerls
kiplondirilmasinde nasos-kompressor borulari1 pakers baglandigindan borularda oxboyu oyilmo
yaranir. Qeyd edak ki, bu kemarin filtr zonada yerdoyismasindon komorin 6ziindo ds yarana bilir
(sok.1).
Paker komors oturduldugda onun komaors dayaq edilmosi aninda yaranan ilismo qiivvosi

N; =7lpy D 7, 1)

burada Lpak —paker oturdulan yera qodar mosafa, Dpak- pakerin baglandigi borunun diametri ; To-
komor arxasindaki sement Ortiiyiiniin siirlismoads gorginliyidir.
Borulara paker oturdulan yerds Qpak oxboyu sixici qlivve tasir edacak:

Qpak = AQa - Nr 2

burada AQ,, - filtr zonadan (laydaki tozyiglor forqindon) yaranaraq basmaga, filtrs, kemoro vo

paker-borular sistemina diison slava sixici qiivvadir:

T
AQox = Z ’ DrZJak (Play - Pfiltr) 3)

burada Piay—lay tozyiqi;Pri— filtrdo olan tozyiq.
Masoaloni hoall etmok {i¢iin gobul edirik ki, borularda baslangic (ilkin) oyrilik vardir vo asagi ucu
pakerla (DUIST 632-80) baglanilib (harakatsizdir) (sok.1) onda baslangic sortlor bels yazila bilor:
X=0olanda f,=0
ds,

X= + Lpa/2 olanda —Y =0 4)
dx

Burada S,y — borularin yiiklonmo vaxti olave ayintisidir. Onda bizim hal ii¢iin Eyler kriteriyasina
goro kritik ytkii bels toyin edo bilorik:

A7’E]
I:)kr = (5)
I fil
Burada J — otalot momentidir:
3
3o d o
8
QOST 632-64-5 asasaon alava sixici yiikdon borularda ayilms gorginliklori yaranir:
47°E]
Qox = Pkr = Lz— (6)

pak
[lkin voziyyotdo borularin oyintisi asagidaki kimi toyin edilir:

€202 90 ANSSI (20) 8T IINNTOA
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filtr

f .
S, :%(ucosh XJ (7)

Ogor ayilmis borular sixici qiivvalorin tosiri altinda olarsa, ayilmis xottin diferensial tonliyi belo
olacaq:

E] dZS AQ.S dzsay AQ dzfay ®)
Y4 =— —
dx? "V dxE *dx?
(8) tonliyini iki dofos inteqrallasaq alariq :
d*o, Y
EJ ——~+AQ, f, =-AQ, -S; + A"+ B 9)
Bu tonliyin imumi halli belo axtarilir:
Ss =CSinkx+ Dcoskx+ A"+ Bx + f (10)
burada
AQ
K= —9% 11
FJ (1)
Tanliyin xiisusi hal {iglin hallini bels toyin edok:
f,=A"+B"cos 27X (12)
pak
Neco ki
" 7[2 27ZX " " 2 27ZX
4EJB" ——-cos +AQ, A"+ B"AQ,, cOS" — =
fil pak fil
f (13)
= _% . [_‘]_ + C052_7ZX
2 fil
burada
Arr — _h
2
Bvr — Aonx — PfO
24E) T AP | 2 ° -
fil AQ,
Indi xiisusi hall bu soklo ¢evrilo bilor:
5,=-— 1T (14)
2(I:)kr /AQox _1) 2
Onda (7) tonliyinin timumi halli:
271X
f, cos i f
S, =Csinkx+Dcoskx+ A+ BX + k0 (15)

2(P, /AQ, -1) 2
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2Dcosﬁ+2A— fo —#:0
2 Ber / AQqy —
ki

2CSin—+ Bl =
2

2Ckcosg<:0

2Dkﬂnl:0
2

Burada I-asagi masamasiz horizontun uzunlugudur.

(17) tonliklorindon aliriq
A:f°@+:l)
2 (P /AQyy —1)

B=C=D=0
Onda (15) tonliyindan son natics olaraq alariq:
SQY: _f (1+cos 2ﬂx)
2(Pkr /Aon _1) IfiI

Homginin olavs ayintinin A fyy qiymatini do toyin eds bilorik:

(17)

(18)

(19)
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. fe (20)
(Pkr /AQox _1)
Onda borularin tam ayintisi:
f = fo+Af, (21)
— f0
Aflay - (1_ A(gox / Pkr)

Buradan

f
AQox = Pkr (1_ f_O) (22)

Sixic1 qlivvadon amals golon ayici moment
2

d-f . .
M=E]—2=- B Qoo 2 (23)
dx 2(P, —AQ,,) L

M=y (x) sars edib, bu funksiyanin ekstremal qiymatlorini toyin edok.

d :
—? -0 sin2m/Lyy =0 (24)
dx
Buradan  x=0, x= %l /2
Demoli, dagidict moment 6zilinlin ekstremal giymaotine yiikiin dagidici qiymatlorinds ti¢ ndqtodo
catir:

x= lfi/2; Xx=-lfi/2 vo miitloq qiymati

— AQux - Per 1EO (25)
2( I:)kr - AQox
Oxboyu ayici yiiklorden yaranan gorginliyin ekstremal qiymati
A M
= —QOX +— (26)

O =
™ F W
Burada W — miigavimat moment olub
/4

Onda Oypax = Oaxg Vo (25)-0 gdra (26)-dan momentin qiymatind dsasen  sixict qiivvani tayin

W=7D?§,

boru

edok, hansi ki, bu x=0, x=lfii/2 noqtolorindo gorginliyin materiali axma haddino ¢atdiran qiymati
olacaq:
Pkr+aax|:+7pkff°'F (P, + |:+7f F)
A(gox = 2 = a 4 W ’ Pkl' Oy F (27)

fi - oyintisinin maksimum qiymatini (25) , (26)-dan toyin edok: ¢iinki, f,=f,(1—AQ,,/R,)

oldugunu bilirik.
Onda momenti f1 - ayintisindon asili olaraq bels toyin edoa bilorik:

M = iAQOX;} (28)

(20) vo (21) tanliklorinin birgs hallindon (25)-5 nazors almaqla toyin edirik:
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T P _yLF P ), (29)

(21) vo (22) ifadasi ilo paker borular tiglin (J73 mm-lik) (qalinlig1 7 mm),
E=2,1-10°MPa, 0x=380 MPa, f,=3-10° m qiymotlorindo hesablamanin qiymotlori:

P, =47°EJ /1, goro: kqq— 27300 AQ

Notica

kqg 24150, (2)f1, mm-1a(28)-a gbra 256 olacaqdir.

ok !

Quyularda filtr zonada miisyyon tomir islori aparilmas1 mogsadi ilo kamarin filtrs yaxin zonasinin
pakerlos kiplondirilmasinds nasos-kompressor borular1 pakers baglandigindan borularda oxboyu
dyilmao yaranir.
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STUDY OF THE INFLUENCE OF PUMP-COMPRESSOR STABILITY LOSS PACKER
PIPELINE SYSTEM DURING REPAIR WORK
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ABSTRACT

Analysis of accidents in repair pipelines of repair wells shows that the main reason for the loss of
serviceability of the pipeline is the additional stress acting on it, which results in longitudinal and
transverse destruction of the pipeline and loss of tightness. The groove joints are destroyed and
crushed. Therefore, this should be checked before the packer is dropped into the well. A
mechanical or hydraulic load is applied to the packer to seat it on the belt. It is known that these
forces are applied to the packer, as well as to its components, not under static, but under dynamic
conditions. However, approaches to extinguishing its shock character in certain ways are not



mailto:niyaz.zeynalov@asoiu.edu.az

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

enough. To do this, it is important to ensure a smooth - “balanced landing” of the packer in the
well (including lowering the packer into the well, placing its fasteners on the belt, removing
(releasing) the packer from the well).

Keywords: axial bending, filter zone, packer, pump and compressor pipes, compressive force.

VCCJIEJJOBAHME BJIUSIHUA IOTEPU YCTOMYUBOCTH MMAKEPHOM
TPYBOIIPOBOJHOM CUCTEMBI HACOC-KOMIIPECCOP ITPU PEMOHTHBIX
PABOTAX

Husns 3eiinanos
Acwuccrent, kadenpa, “TIpoMeinureHHpie MammHbEL’, A3zepOaiimxanckoro ['ocynapcreennoro Yausepcutera Hegtu n
Ipomsinutennoctr. Email: niyaz.zeynalov@asoiu.edu.az, https://orcid.org/0000-0003-1164-3258

PE3IOME

AHanu3 aBapuii B peMOHTHBIX TPyOOIPOBOJaX PEMOHTHBIX CKBa)KUH IOKA3bIBAET, YTO OCHOBHOM
OPUYMHON TOTepu pPabOTOCIOCOOHOCTH TpyOONpOBOJA SBIAETCS JACHCTBYIOLIEE Ha HEro
JIOTIOJTHUTEIBHOE HAIIPSDKEHHE, KOTOPOE MPUBOIUT K MPOJOIBHOMY U IMONEPEYHOMY Pa3pyILICHUIO
TpyOonpoBoga © morepe repMeruuHoctd. Ila3oBble  coenmHeHHMsT  pa3pyllaloTcs U
paznaBiauBatoTcs. [loaromy 3TO cienyer mpoBEepuUTh 1O TOro, Kak Hakep OyaeTr cOpolleH B
ckBaxuHy. K makepy npukiagblBacTcs MEXaHMYecKas WIM THApaBIMYecKas Harpys3ka, 4ToObl
MOCAJNTh €T0 Ha JIEHTY. M3BECTHO, UTO 3TH CHJIBI JICHCTBYIOT Ha TaKep, Kak M Ha ero COCTaBHBIE
YacTH, HE B CTaTMYECKUX, a B JUHAMUYECKUX YCIOBHIX. OJHAKO MOJIXO/A0B K ONpPEAeNEHHBIM
MyTSAM TYIIEHHS €€ MIOKOBOTO XapakTepa HelI0CTaTOYHO. J[JIsl 3TOro BaXKHO 00ECTIeYHTh TUTAaBHYIO
— «cOalaHCUPOBAHHYIO IOCAJKy» Iakepa B CKBaXUHY (B TOM 4YHCIE OIyCKaHHE IaKkepa B
CKBA)XMHY, YCTaHOBKY €ro KpeIUIeHHH Ha TofAC, HU3BJIe4eHHE (OCBOOOXKIEHHE) Makepa W3
CKBQKUHBI).

KiroueBble cioBa: oceBoil m3ru0, 30Ha (uiIbTpa, Makep, HACOCHO-KOMIIPECCOPHBIE TPYOBI,
CKMMaIOIIas CUIa.
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MOJJUO®UKALNA KIIAITAHA HE®@TEITPOMBICJIOBOI'O HACOCA

U6parum I'aoudos!, lyma IMuTpuii

TMpodeccop, kapeapa «IpoMbliIeHHbIE MAIIMHBDY, A3epbaiinxkanckuil [ocyqapcTBeHHbIH YHUBEpCHTET

Hedru u [pomeinnienHocty, AsepOaiimkan. E-mail: h.ibo@mail.ru.

Maructpant, Hedremexanuueckuii (axyinbrer, AszepOaiipkanckuil [ocynapcTeennbiii Yuusepcurer Hedru u
IMpombrinutienHocTH, AzepOaitmkan. E-mail: dimaduma2000@gmail.com

PE3IOME

N3BecTtHO, 9TO OypoBBIe U HE(DTEIPOMBICIOBBIC HACOCHI BHICOKOTO JIaBJICHUS, UCIOIB3YEMbIC B
OypeHHH CKBaXHMH U J00bIYe He(TH, MUMEIOT CXOJIHBIM NPUHIMUN JEHCTBUS M paboTaloT B
TSDKEIIBIX YCIOBHUSX JKCIUTyaTanuu. OTIUYUTEIbHBIMU X OCOOCHHOCTSIMH SIBJISTFOTCSI BBICOKHE
JABJICHUsl HArHeTaHWs, MEpeKauka pa3JIMYHbIX BSI3KUX JKUIKOCTEH: TJIMHUCTBIX, LEMEHTHBIX,
KHCIIOTHBIX U JIPYTUX PACTBOPOB, COJEPIKAINIUX, KaK MPABUIIO, aOpa3UBHBIC YACTHIIBI.

PesynpTaram wucciaenoBaHUM YCTAHOBJIEHO, YTO JI€TalIM TUAPABIMYECKOW dYacTh OypOBBIX U
He(TEPOMBICIIOBBIX HACOCOB MMEIOT HU3KHE HApaOOTKH 10 OTKa3a. KpoMe 3TOro ycTaHOBIICH,
YTO HAJEKHOCTU U JJOJTOBEYHOCTH YKa3aHHBIX HACOCOB BO MHOT'O OMPEENIIETCS CPOKOM CITY>KOBI
y3na kianaHoB. CTaTHCTUYECKHE MapaMeTphbl paclpeiesieHus] OTKA30B KIIAMIAHOB COCTABJISIOT:

T,= 725 wuyacoB ¢ =558 4acoB u V:gZO,77. 3aK0OH pacrpeienicHUs] OTKa30B-

SKCITOHCHITUAIBHBIN.

B nanHOW cTaThe MpeACTaBICHBI M PACCMOTPEHBI OCHOBHBIC MPOOJEMBI  KJIAllaHOB
He(TETPOMBICIIOBBIX HACOCOB, KOTOpBIE TMpeAHA3HAYeHBbl I TOJbEeMa CBhIpOM HEPTH U3
CKB)KUHBI JIJIS TIOCNEAYIOMel 00paboTKH, MOAbeMa MIaCTOBOM BOABI, MOAAEPKAaHUS IJIACTOBOTO
JABJICHUSI B CKBAKMHE, C TTOMOIIBIO HUX MPOU3ZBOAIT OYUCTKY XUMUYECKUM MHTHOUTOpAMU IS
OYHUCTKU KOPPO3UHU U OTJIOKeHUU. KilanaHel TaHHBIX HACOCOB PabOTAIOT MPH BBICOKUX HArpy3Kax
Y 1101 OOJIBIIIUM JIABJIEHUEM, YTO IPUBOAUT K U3HOCY €T0 YIJIOTHUTEIHHON YacTH.

KuroueBble cjioBa: HeTEIPOMBICIOBBII HACOC, TapenbyaThlil KJarnaH, U3HOC, YIUIOTHUTEb.

Brenenne

bnarogaps mpocToTe M HaAEKHOCTU PabOThl HE(TENPOMBICIOBBIE HACOCHl HAIIM IIUPOKOE
npUMEHeHHe B He(TAHOW, Ta3oBoi M HeYTEXUMHUYECKOH OTpacisx NpoMblluIeHHOCTH. Bce
OCHOBHBIE TEXHOJIOTUYECKHE IPOLIECCHI, KOTOPBIX CBS3aHBI C MEpPEKayKod Mo TpyOonpoBogamM
Pa3IMYHBIX KHUIKOCTEN.

B OypeHun ra3oBeIXx M HEQTSHBIX CKBaXHH HE(TENPOMBICIOBBIE HACOCHI UMEIOT Ba)KHOE
3Ha4yeHue. JlaHHble HACOCHI MCMONB3YIOTCS AJIS JOOBIYM CHIpOW HE(PTH, HUPKYISIIUUA U TOJauu
BOJIbl 1 XUMUYECKUX HACOCOB.

[Io npuymHe TOrO, YTOo B HEPTIHOH MPOMBIIUIEHHOCTH Ha KaXJAOM OJTale M Yy4acTKe
MCIOJIb3YIOTCSA HEe(TEPOMBICIIOBBIE HACOCHI, JalibHENIIee YIyUIlIeHHe UX U UX Y3JIOB SIBISETCS
Ba)XXHOH 3a/1auell HeTAHOM MPOMBIIIIEHHOCTH.

B HedrenpoMbICIOBBIX Hacocax OCHOBHAs JIOJII OTKA30B IMPHUXOIUTCS Ha UX TUIPABINYECKYIO
yacTh. B cBsi3u ¢ Tem, uTO paboume cpelbl COAEp)KaT arpecCHBHbIE M abpa3uB cojepKaliue
YacTULIbI U NIPU paboTe MO BRICOKUM JIaBJICHHEM JI0JITOBEYHOCTh U pab0OTOCIIOCOOHOCTh JAeTane
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TUAPABIMYECKON YaCTH HACOCOB.

BaxuelmMM 5>71€MEHTOM T'MIPAaBIMYECKOM YacTH HEe(QTENPOMBICIOBBIX HACOCOB SIBIISIOTCS
Kiamnanel. B HG(I)TCHpOMHCJIOBbIX MOPITHEBBIX HACOCAX HMCHOJIB3YIOTCA KJIallaHbl TApCiIb4aTOI O
TUIA, B KOTOPBIX OCHOBHOMY M3HOCY U BBIXOAY M3 CTPOs IOABEPraercs €ro yIUIOTHUTEIbHas
4acTb.

OcHOBHAA 4YaCTh

HC(l)TGHpOMLICJ'IOBBIC HacoCbl — OTO THUAPABIMYCCKHUE MallWHBI 00BEMHOTIO BO3HCﬁCTBHH,
1810)7050005001 pa6OTBI KOTOpPbIX OCHOBAaH Ha BBITCCHCHUN XHIKOCTU U3 pa6oqe171 II0JIOCTH
HUCIIOJIHUTCIIbHBIM ~ OPraHOM,  BBIIIOJHAONIMM  BO3BPATHO — IOCTYIIATCIIBHOC  IBWIKCHUC.

OCHOBHBIMU BHUJAMHU HE(PTEIPOMBICIOBBIX HACOCOB SBISIOTCS HACOCHI IUIYHXXEPHOTO U
MOPIITHEBOTO THIIA.
Jetanu u y3I1bl THAPABINYECKON YaCTH HE(PTEIPOMBICIIOBBIX HACOCOB UCIBITHIBAIOT KOPPO3UHHO-
aOpa3uBHBIN, aOpa3uBHBIM, a TaKkKe KOPPO3UHHO-MEXAaHUYECKUM HW3HOC, YTO HPUBOIAUT K
HEOKUJAHHBIM OTKa3aM, KOTOpPHIE COMPOBOXKJIAIOTCS BHE3AMHBIMU aBapUsSMU, KOTOpPbIE B CBOIO
ouepeab COMPOBOXKIAIOTCS MOTEPEH BPEMEHH | 3aTpaT Ha PEMOHT.
Ha teppuropun AzepbaiimkaHa B HacTOsIIEe BpeMsl Ha ra30BbIX U HEPTSIHBIX MECTOPOXKICHUIX
OKCIUTyaTUPYIOTCSI B~ OCHOBHOM  HE(TENPOMBICIOBBIE  HACOCHI ~ TPUIUIEKCHOTO  THIIA,
MIPOM3BEICHHBIE Pa3IMYHBIMH 3aBojamu, Takumu kak *“ Weatherford International” (Texac,
CIIIA), “ National Oilwell Varco (NOV) ” (Texac, CIIA), “ Baker Hughes ” (Texac, CIIIA),
“Borets” (Mocksa, Poccus), “Weir Group” (I'masro, [llotnanaus), “Novomet” (ITepms, Poccus).
B ocnoBHOM 11151 6ecniepe0oitHOTO (HYHKIIMOHHUPOBAHUS HEPTEIIPOMBICIOBBIX HACOCOB, KJIAllaHBI
3TUX HACOCOB JIOJIKHBI COOTBETCTBOBATH CJIEIYIOIIUM OCHOBHBIM KPUTEPHSIM U TPEOOBAHMSIM:

1. TapaHTHpPOBaTH IIOTHOCTH B 3aKPHITOM ITOJIOKEHHH.

2. VmeTtb BBICOKYIO M3HOCOCTOMKOCTb U JI0JITOBEYHOCTb.

3. CBOEBpEMEHHO 3aKpBIBATh M OTKPHIBATH OTBEPCTHE JJIS IIPOXOKACHUS JKUIKOCTH.
OnHMM W3 TOTEHUHMAIbHBIX MCTOYHMKOB YBEJIMYEHUS MPOU3BOJUTENIBHOCTH  SIBISETCS
YBEIIMYEHUE CPOKa CIyKObl IyTeM IOBBIIICHUS JOJTOBEYHOCTH Y3JIOB Hacoca. B cpemHem,
OPUMEPHO TPeTh  OTKa30B  OYpOBBIX  YCTaHOBOK  HPOMCXOJUT  M3-3a  MpodiieM ¢
He(TEeNPOMBICTIOBBIMU HacocaMH. D(P(EKTUBHOCTh pabOThl MOPIIHEBHIX OYypOBBIX HAacOCOB B
3HAYUTEIbHOMN CTENEHH 3aBHCUT OT 3aMEHSAEMbIX KOMIIOHEHTOB THIPaBINYECKOI CHCTEMBI, TAKHX
KaK MOPIIIHH, BTYJIKH [IWINHAPOB, YITIOTHEHUS U KJIANIaHbI.
HccnenoBanuss W ydaydlIEHHs JOJTOBEYHOCTH KIJIAlIAHOB HE(PTENPOMBICIOBBIX HACOCOB,
NPOBE/ICHHBIE 70 HACTOSIIET0 MOMEHTA, HANpaBJIEHbl HAa W3yYEHUE MEXaHH3MOB YIUIOTHEHUS U
u3Hoca. llenpro 3TUX paboT sBisieTcsl pa3paboTKa CPEACTB Ul MOBBILIEHHUS JOJITOBEYHOCTH
KJIamaHoB. B Hacrosmiee Bpemsi TpeOOBaHHs K TOPITHEBHIM HACOCAM BKIIIOYAIOT OOECIIeYeHUe
OCHOBHBIX JKCIUTyaTal[MOHHBIX MapaMEeTpOB, SKOHOMMYHOCTH U JIOJTOBEYHOCTH, a TaK¥kKe
MUHHMH3ANWI0 WIYMHOCTH W BHOpPOAaKTUBHOCTH. KilamaHHBIE Y351l SIBISIOTCS OJHUAM W3
UCTOYHMKOB BHOpAIMM B THAPABIMYECKON YacTH MOPIIHEBOro Hacoca. [loBbieHHas BUOpaIus
STHX VY3J0B MOXET TMPHBECTH K TIPEKICBPEMECHHOMY H3HOCY, IIOJIOMKaM JeTalell u
NEepEeHaNpsHKEHUIO0 3JIEMEHTOB KOHCTPYKIIMM Hacoca. OJHAKO CyIIECTBYIOIIME KOHCTPYKLUHU
KJIAITAHOB HE PEIAIOT ATH MPOOIEMBI.
O6a KiamaHa, BCaChIBAIOIIMI W  HArHeTaTelbHbIM, IOABEPralOTCs IPO3UOHHOMY U
MOBPEXAAIOIIEMY BO3JECUCTBUIO MOTOKAa HepTenpoaykToB. HedrenpomykT comepX uT mnuiam u
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MyCOp, KOTOpbIE MOTYT IPUBECTU K pa3pyLICHUIO JeTajlell KianaHa (HaupuMmep, celell, IITOKOB,
3JIEMEHTOB KJIalaHa, YIUIOTHEHUH, HAIPABJSIIOUIMX BTYJOK, BKJIaAbIIIEH, BKIAABIIIEH U3HOCA U
T.1.). Kpome TOro, HedTrenmpoMbICIOBBIE HACOCHI, KOTOPBIE MOTYT IMEpEeKauyuBaTh MPOIYKT CO
ckopoctbio, 10-100 6appeneit npu naBienun ot 10 70 30 Mna nprw>XUMarOT 3PO3HUOHHBIN PACTBOP
K JleTaJIM KJIallaHa C BBICOKOM CKOpPOCTBbIO, UYTO YCWJIMBAET pa3pyLIAIOLIee BO3JAEHCTBUE
AKUIKOCTH.

MHorue KiamaHbl, HCHOJb3yeMble B CHCTEMax HE(QTEIPOMBICIOBBIX HACOCOB, HMEIOT
HaIpaBJSOIIYI0 BHYTPU KJIAllaHa, KOTOPAasl MEPEeCceKaeT MOTOK, WM HAIpaBJISIOLIME Majblbl,
UIyLIMe OT AJIEMEHTa KiamaHa K Ceuly KiamaHa. JTo oOecreurBaeT MPaBHIbHOE MOJOKEHUE
3JIEMEHTA KJIarnaHa OTHOCUTENBHO ceia it 3P PEeKTUBHOTO MPHUIICTaHusl.

B OonblImHCTBE KJamaHOB WjealibHas MOCAJ0YHAsi MOBEPXHOCTHh Celjia KiarnaHa, Ha KOTOPYIO
ONUPAETCsl KJIalaHHbIN 3JIEMEHT, U MOBEPXHOCTh KJIAMAHHOI'O 3JIEMEHTAa, KOTOpas IepMETHYHO
MpUJIeraeT K ce/uly KiamaHa, JOJDKHBI OBITh IUIOCKMMHU. HampaBinsromias Wid HarpaBisiolInue
Naiblbl YIY4YIIalOT TOYHOCTH IMOCAJKH IIJIOCKOM MOBEPXHOCTH 3JIEMEHTA KjalaHa Ha IUIOCKYHO
MMOBEPXHOCTh CeJyla KianaHa. B cimydae, ecinu oHa U3 MOBEPXHOCTEN HE SIBISETCS IJIOCKOM WU
HE MapajUlelibHa JIPYroi, 3TO MOXKET MPUBECTH K HedpdexkTtuBHOU padore kiamana. [loTok
OypoBOro pacTBopa d4epe3 KiamaH MOKET BbI3BaTh 3PO3UI0 WM MOBPEXKACHHUE MOCATOYHBIX
MIOBEPXHOCTEH, Mellas UAEaJbHOMY IMPWIETaHUIO IUIOCKOCTH K IJIOCKOCTH. Takike BO3MOKHBI
MOBPEXKACHHSI HAMpaBJIAIONIeH (Harpumep, pedpa )KeCTKOCTH U KaHal AJisl pa3MEIIeHUs IITOKa U3
AJIEMEHTA KJIallaHa) WIM HaNpaBisSIOUUX HaJbLEB, YTO MPUBOAUT K HENPaBUIIBHON IOCAJKE Ha
MMOBEPXHOCTH.

Wuorna 3po3ust 0ypoBOro pactsopa Jej1aeT IIOCKHUE 0CAJ0UHbIE TOBEPXHOCTU HEIUIOCKUMH, YTO
NPUBOIUT K HEd(P(DEKTHUBHOMY YIUIOTHEHHIO U 3aKPBITHIO KiIamaHoB. B pesynpTaTe MHOTHE
cUCTeMbl OypOBBIX HAacOCOB BBIHY)KJIEHbl NEPUOAMYECKH PEMOHTHUPOBATh WM 3aMEHSTh
BCACBIBAIOIINE U HATHETATENIbHBIE KJIAMaHbl H3-3a BBILIICONUCAHHBIX POOIEM.

Pucynok 1. TapeabuaTslii KianaH.

1 — xpecToBUHA, 2 — KOJIBIIO YIUIOTHUTEIBHOE, 3 — mai0a, 4 — KOIbII0 CTOMOPHOE, S5 — BTYJIKA,

6 — mpyxuHa, 7 — YIUIOTHUTEIbHOE KOJIbLIO, 8 — Tapenka, 9 — cemno, 10 — rugpaBmudeckas
KOpoOKa.
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YcTpoiicTBa Ki1anaHoB, IPUMEHSIEMbIE B HETEITPOMBICIOBBIX HACOCAX, PA3IMYAIOTCS B
KOHCTPYKLUHU YIUIOTHUTEIbHBIX 3JIEMEHTOB, UX PACIIOI0KEHUH, METOAAX KPEILICHHUs, a TAKXKE B
0o(opMIICHUH OTIOPHBIX U HANPABJISIONINX JIEMEHTOB.

W3y4as ycioBus SKCIUTyaTaluy U IPOBOJS aHAJIN3 ITPOLIECCa M3HOCA KIIAIIaHOB
HEPTETPOMBICIOBBIX HACOCOB, MOKHO BBIACTHUTH CIIEAYIONINE 00JacTH, Ha KOTOPBIX IPOSIBISAETCS
U3HOC:

- Ha [IOBEPXHOCTSX HAIIPaBJIAIOLINX JJIEMEHTOB;

- Ha OIIOPHBIX U COCUHUTEIBHBIX TIOBEPXHOCTSX;

- B YIUIOTHUTEJBHBIX YCTPONCTBAX.

3akiouyeHue

[Tyrem u3yuyeHHUs AAaHHON NPOOJIEMbI ObLIO MOHATO, YTO M3HOC PE3WHOBOTO YIUIOTHUTEIHBHOTO
DJIEMEHTA KJIallaHa HAYMHACTCS C CaMbIX MEPBBIX YacOB €ro padoThl. TakuM y4acTKOM SIBISICTCS
Ta 4acTh €ro MaHXEThl, KOTOpas HaXOJUTCS Ha CTHIKE cejyla ¢ Tapeiakoi. B ToT MOMEHT, koraa
MPOUCXOJUT 3aKPBITUE CAaMOr0 KJIalaHa, pPAacCTOAHUE MEXKAY JOTKOM H KIJIAMlaHOM pPE3KO
COKpAIlaeTCsl, YTO MPUBOJUT K yAApy TAPEJIKU. DTO MOXKET MPOU30MTH B CUTYyalUsX, KOTI/1a U3-3a
WHEPIMU HAYMHAETCSI OOpaTHBIN MOTOK KUIAKOCTH JIO TOTO, KaK KJIAMaH YCIEET 3aKPBIThCS. ITOT
MOTOK NEPEABUTAET YIUIOTHSIOUIUICS 3J€MEHT B YMEHbIIAKOIINKCS 3a30p. B pe3ynbTaTe Takoro
JIBVDKEHUS BO3MOJKHO 3alIEMIIEHME PE3WHOBOTO Marepuajga MEXKAYy METALUIMYECKUMU
NoBepXHOCTAMU. [Ipu mocnenyromeM 3aKpbITUM TapelIKd € CEIJIOM U YBEJIWYECHHUM JaBJICHUS
3aCTPSIBIINI O00BEM OTIEISICTCS, YTO MPUBOAMT K OBICTPOMY BBIXOJY YIUIOTHCHHSI W3 CTpPOSL.
TakXe CTOJKHOBEHHMS M yJapbl MOIYT BbI3BATh IIOBPEXKJICHUS OCHOBHBIX M YIUIOTHEHHBIX
METAJUTNYECKAX KOMIIOHEHTOB KIIATTAHHOTO y3J1a, TPUBOAS K UX ITOJOMKE.
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MODIFICATION OF THE OILFIELD PUMP VALVE

Ibrahim Habibov?, Duma Dmitriy?

Professor, Department of "Industrial Machines", Azerbaijan State University Qil and Industry, Azerbaijan. E-mail:
h.ibo@mail.ru.

2Master's degree, Faculty of Petroleum Mechanics, Azerbaijan State University of Petroleum an Industry, Azerbaijan.
E-mail: dimaduma2000@gmail.com

ABSTRACT

It is known that high-pressure drilling and oilfield pumps used in well drilling and oil production
have a similar principle of operation and operate under severe operating conditions. Their
distinctive features are high injection pressures, pumping of various viscous liquids: clay, cement,
acidic and other solutions containing, as a rule, abrasive particles.

According to the results of the research, it was found that the hydraulic parts of drilling and
oilfield pumps have low operating times to failure. In addition, it has been established that the
reliability and durability of these pumps is largely determined by the service life of the valve

assembly. The statistical parameters of the valve failure distribution are: T_lz 72,5 hours, 6 =55.8

hours and V —_I_— = 0.77. The law of failure distribution is exponential.

1
This article presents and discusses the main problems of valves of oilfield pumps, which are
designed to lift crude oil from a well for subsequent processing, raise reservoir water, maintain
reservoir pressure in the well, with the help of them, chemical inhibitors are cleaned to clean
corrosion and deposits. The valves of these pumps operate at high loads and under high pressure,
which leads to wear of its sealing part.
Keywords: oilfield pump, poppet valve, wear, sealer.

NEFTMODON NASOSUNUN KLAPANININ TOKMILLOSDIRILMOSI

Ibrahim Habibov!, Duma Dmitriy?2

Professor, "Sonaye maginlar1" kafedrasi, Azarbaycan Dovlot Neft vo Sonaye Universiteti, Azorbaycan.
E-mail: h.ibo@mail.ru.

2Magistrant, Neft-Mexanika fakiiltasi, Azorbaycan Dévlot Neft vo Senaye Universiteti, Azorbaycan.
E-mail: dimaduma2000@gmail.com

XULASO

Quyu gazma va neft hasilatinda istifado olunan yuksak tozyiqli gazma va neftmoadon nasoslarinin
oxsar is prinsipino malik oldugu vo agir is soraitindo islodiyi molumdur. Onlarin fargli
xususiyyatlori yiksok tozyiq, muxtalif 6zIukli mayelorin vurulmasidir: gil, sement moahlulu, tursu
Vo bir qayda olaraq asindirict hissaciklor olan digor mahlullar.

Todgigat naticalorine gore, gazma vo neftmodon nasoslarinin hidravlik hissasinin hissalori Kigik
resursa malikdir. Bundan olave, bu nasoslarin etibarliligt vo dayaniqhigi klapan qurgusunun
xidmot muddoti ilo mloyyon edilir. Imtina soboblorinin paylanmasimin statistik parametrlori
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bunlardir: 'Tl: 72.5 Saat. 6 = 55.8 Saat vo V =Tg = 0.77. Ugursuzluglarin paylanmas1 Qanunu
1

eksponentdir.

Bu mogalodo xam neftin sonraki emal {iglin quyudan qaldirilmasi, madan suyunun qaldirilmast,
guyuda tozyiginin qorunmasi U¢iin nozordo tutulmus neft yatagi nasos klapanlarinin osas
problemlari togdim olunur vo noazardon kegirilir, onlarin komayi ilo korroziya vo gokunttlori
tomizlomak Uglin kimyavi inhibitorlarla tomizlonir. Bu nasoslarin klapanlar1 yiiksok yiklords va
yuksok tozyiq altinda isloyir, bu da onun sizdirmazliq hissasinin aginmasina sabab olur.

Acar sozlar: neft yatagi nasosu, gablasdirma klapani, asinma, mohir.
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INCREASING THE PERFORMANCE OF CHRISTMAS TREES IN SANDY
CONDITIONS

Zenfira Huseynlit, Ali Mansurov?, Gulshad Aghayeva®, Rovshana Aliyeva*

LAssociate professor, Industrial machines, Azerbaijan State Oil and Industry University, PhD in technology.

E-mail: huseynli_z@rambler.ru
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shana.azimli@mail.ru

ABSTRACT

The key reason to make this research is to find solutions for mechanical impurities, or commonly
sand clogging in christmas trees. As it’s known, christmas trees are equipment made for
controlling flow of oil and gas, which consists of several gauges and valves for specific purposes.
This equipment installed on wells are constantly clogged with various impurities. These
mechanical consistency interrupt christmas tree’s work and cause wears and tears which leads to
failure of system and overall oil production delay. Thus, frequent maintenance is required. There
are two main ways to release the clogging in wells: mechanical and chemical. In this research,
mechanical way is applied. To improve and increase the performance of christmas trees, various
types of filters are considered with their advantages and disadvantages according to previous
experiences. Studies show that, for different type of wells different type of filters, separators etc.
are used. Filters used to prevent sand particles are gravel filter, slot filter, perforated filter, wire
well filter, well mesh filter, frame-rod filter, slot filter, support element filters and other filters
which are considered in this research. According to the mesh principle, the filters which are a
component of the ESP - are intended to prevent sand particles from entering the production
stream by holding big particles and filtering the resulting liquid. To choose a filter with the best
permeation rate and to stop particles larger than a specific size from penetrating, the size of the
channels must be calculated. Modification and other movable factors are used to separate each
group of filters.

Keywords: Christmas tree (oil and gas), mechanical impurities, sand, filter, oil well, separators.

Introduction

A piece of machinery that controls flow on an oil or gas well is called a "Christmas tree". It
consists of vertical assembly of valves, including gauges and chokes. These valves allow for
production-stimulating injections as well as modifications to flow control. As a result of wear and
subsequent failure of subsurface equipment, the operation of wells throughout the later stages of
field development is characterized by an increase in the volume of maintenance work. The
procedure of removing mechanical contaminants (sand) into the well together with the produced
products hinders the well's operation [1]. This phenomena is brought on by weak reservoirs,
formations affected by depression and repression, and high formation fluid filtration rates in the
vicinity of the wellbore, which results in collector destruction. When sand is removed from a
weakly cemented reservoir, the components of centrifugal and sucker rod pumps, tubing,
threaded connections, Christmas tree fittings, downhole filters becoming clogged with sand, and
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sand plugs are all severely worn out. Sand plugs obstruct the perforation interval, causing the
well's functioning to be disrupted. Sand plugs necessitate repair and isolation work using a lift,
which includes shutting off the well, disconnecting downhole machinery, and cleaning the bottom
of mechanical contaminants. The operation of wells made challenging by the removal of sand
from a weakly cemented reservoir has seen extensive experience. The downhole equipment wear
and tear caused by sand generation is one of the causes driving up the number of well workovers.
There are two categories of sand-removal techniques: mechanical and chemical. In this research
mechanical technique is applied. The most common, economically feasible and universal
methods are technical developments to prevent or reduce the penetration of sand into the
produced product, the working parts of the pump, into the internal cavity of tubing and other parts
of the ESP assembly (ESP installation, Electric centrifugal pump installation) [2].

Ways to combat sand deposits include the use of the following equipment:

Filters:

e separators of mechanical impurities;

e sand anchors;

e wear-resistant equipment.

Filter

The filters are part of the ESP or housing (liner), designed to prevent sand particles from entering
the production stream according to the mesh principle, retaining large particles and thereby
filtering the resulting liquid. Filters, like any other device, have a number of requirements:

e introduction of hydrocarbons into the internal chamber of the pump;

e reduces the ability to create additional drag

Product line;

e protects submerged equipment from wear and tear.

To select a filter, it is necessary to calculate the size of the holes (passages) to have the best
permeation rate and prevent the penetration of particles exceeding a certain size. Basically, the
following types of filters can be used [2].:

e alluvial gravel

® wire

e grilles

e mesh sheets

e perforated

e slotted

Each group of filters is divided by modification and other changeable parameters. For maximum
efficiency and reduced costs for experienced tests combined filters that combine several types of
filters are used. The most common designs are frame-rod, ring and perforation filters (Figure 1).
At the same time, a large number of filters are known, the principle of which is that formation
particles are retained around the filter holes [3].

1) gravel filter

2) slot filter

3) perforated filter

4) wire well filter

5) well mesh filter

6) frame-rod filter diagram
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7) slot filter

8) filter with support element

A large number of filters are known, the principle of which is that formation particles are retained
around the filter holes.

Such anti-sand structures include:

e wire filters, the filter surface of which

consists of multilayer meshes;

o filters with slotted and round holes;

e downhole frame filters with gravel filling.

Analyzing foreign and domestic experience in the use of sand filters used in the oil industry, the
following requirements were derived:

e ensuring the specified characteristics: productivity,

™
I
o
~
©
o
L
-]
0
2
o
e
©
-
L
=
-]
0
o
>

b
i oe |

-~a

TRARANAANN RN
AN

) -

Figure 1. The frame-rod, ring and perforation filters

durability and cut-off level of sand by particle size;

e ensuring residual mechanical strength and

stability under conditions of corrosion and erosion loads;

e cleaning must be possible

filter mechanically or chemically.

Each type of filter element has its own advantages and disadvantages. Table 1 summarizes the
advantages and disadvantages of filters, having different designs [4].
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The disadvantage of this type of filter is that during operation the installed filter may become
clogged and sand plugs may form, reducing the operational characteristics of the well. However,

when the

productive formation is represented by sandstone, which consists of fairly small grains, there is a
possibility of penetration of these grains through the barrier. One of the main requirements for

sand filters include:

Table 1. The advantages and disadvantages of filters, having different designs.

Filter type | Advantages

Disadvantages

Slotted - simple design;

- simplified process

regeneration;

- low contamination;

- can withstand elevated temperatures
pressure drops

- large specific length;

- different filter gap in two mutually perpendicular
planes;

- low filtration accuracy;

- small entrance area sections;

- high hydraulic resistance;

- possibility of deformation unprotected filter
element when lowering the filter to well;

- the need for compensation when increasing

the length of the filter element caused by thermal
expansion;

- different designs for injection and production
wells

Metal - high mechanical strength;
foam - volumetric mechanism
- filtration;

- communicating porosity — 95%;
- possibility of partial cleaning

- rapid contamination

- fragility
- non-corrosive design

- filtration surface;

- production technology

allows the production of filters with
different filtration fineness

(up t020 pm);

- possibility of manufacturing
multilayer filters elements;

- impact resistance and vibration
loads;

- possibility of cleaning
countercurrent

countercurrent
Meshed - identical filter gap in - complex design;
two mutually - sensitivity to high pressure inside the filter at
- perpendicular clogging (the problem is solved introduction to the
- planes; design safety valve);
- low hydraulic - high prices
- resistance;
- high specific

e ensuring maximum flow area
filter element;

e ensuring minimal clogging of the flow area while working.

€202 90 ANSSI (20) 8T IINNTOA



™
I
o
~
©
s
L
-
)
@
o
e
©
-
L
=
-}
0
o
>

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

When selecting a filter, the following characteristics are taken into account:
e granulometric composition;

e porosity and permeability of the formation;

® viscosity in reservoir conditions;

e well flow rate;

® reservoir pressure and temperature;

e well design;

® physical and chemical characteristics of the recovered fluid.

Various designs of filter devices are also known, which use different filter elements:
e slotted;

e tape-perforated;

e metal sintered;

e metal foam.

Conclusion

It’s obvious that the composition of oil obtained in different parts of the world is not the same.
Each well has its own composition of mechanical impurities. The filters mentioned above are
unique according to the types of wells. In order to keep wells in working conditions filters should
be correctly chosen. Investing in filters results with rising prices for wells, thus oil price also rises.
Various types of filters used in christmas tree systems reduce cost in maintenance and increase
lifespan of a well.
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INOBBIINEHUE MMPOU3BOJIUTEJIBHOCTHU ®OHTAHHBIX APMATYP
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PE3IOME

OcHOBHasi NpHUYMHA NPOBEACHUS 3TOTO HUCCIENOBAHMS — IIOMCK DPELIEHUM A yCTpaHEHUs
MEXaHMYECKUX MPUMECEH MM, KaK MPaBUIIO, MECKa, 3aCOPSIONEro poHTaHHbIe apMarypsl. Kak
U3BECTHO, ()OHTAHHAs apMmarypa — 3TO 000pyHOBaHME JUIl KOHTPOJIS HMOTOKOB HE(TH U Trasa,
COCTOAIIIEE U3 HECKOJIbKMX 3aJBMKEK M KIAlaHOB CIENUAIbHOrO HasHaueHus. JlanHoe
000py10BaHUE, YCTAHOBJIEHHOE HAa CKBAXXMHAX, IOCTOSIHHO 3aCOPSIETCS Pa3IMUHBIMU IPUMECIMHU.
OTH MeXaHWYeCKHEe KOHCHCTEHIIMH TPEPHIBAIOT PadOTy €IKM M BBI3BIBAIOT U3HOC, YTO MPHUBOIUT
K BBIXOJY M3 CTpOsI CHCTeMBbl M o0Iel 3ajnepxke no0bun Heptu. Takum oOpasoM, TpebGyercs
4acToe TEXHU4YEeCKoe oOcykuBaHue. CylecTBYeT JjBa OCHOBHBIX CIIOc00a YCTpaHEHHs 3acopa B
CKBAKMHAX: MEXaHMYECKMH M XUMHYECKMH. B 1aHHOM HccieloBaHMM INPUMEHSETCS
MeXaHWYeCKUH crnocol. [[nst ymydmieHuss W TOBBIIIEHHUS HPOU3BOJUTEIBLHOCTH (POHTAHHOU
apMaTypbl pacCMaTpPHUBAIOTCA PA3JIMYHbIE THUMBI (HIBTPOB, WX MPEUMYIIECTBA M HEIOCTATKH
COIJIACHO MpEeIbIaylIeMy ONbITY. MccnenoBanus MOKa3bIBAIOT, YTO JJISl Pa3HBIX THUIIOB CKBAKUH
UCTIOJB3YIOTCSl pa3Hble TUIBI (PUIIBTPOB, CENapaTopoB U T. 1. PUIBTpaMu, UCHOIb3YEMbIMU IS
NPEIOTBPALICHUs] YacTUI[ T[eCKa, SBIAIOTCS TpaBUNHBIA  QUIbTp, MIENeBOH  (QUIBTD,
nephopupoBaHHbIN (HIBTP, TPOBOJOYHO-KOJIOIE3HBIH (DUIBTP, KOJOJE3HO-CETUaThI (QUIBTD,
KapKaCHO-CTEP>KHEBON (DUIIBTP, 11e1eBON PUIBTP, GUIBTPBI C OMIOPHBIMU JIEMEHTAMU U JIpyTUe
(GWIBTPBI, KOTOpbIE paccMaTpUBAIOTCA B JaHHOM HcciefoBaHuM. Ilo ceryaromy mnpuHLIMIY
¢unbTpel, Bxoasauue B cocras DIIH, nmpenHasHaueHsl Ui MPeIOTBPALLEHHS TONadaHUs YacTHUIL
necka B MPOU3BOJICTBEHHBIN MOTOK, 3a/1€P’KUBAsi KPYITHbIE YaCTHIIBI U (PUIBTPYs 00pa3yroIyroCs
KUAKOCTb. UTOOBI BHIOpATh (GUIIBTP C HAUITYUIIEH CKOPOCTHIO MPOHUKHOBEHUS M IPEIOTBPATUTh
NPOHUKHOBEHHE YacCTUL[ pa3MepoM OoJjblle ONpe/eIEHHOr0, HE0OX0MMO pacCYUTaTh pa3Mep
KaHajoB. Moaudukauus H Apyrue MNOABMXKHbIE (DAKTOPBl MCIONB3YIOTCS Ui pa3/ieieHHs
KaXJ10# rpynibl pUIBTPOB.

Kurouesrble ciioBa: @oHTaHHas apMarypa, (HepTh U ra3), MEXaHMuecKue NpUMECH, TIECOK,
GmIbTp, HEPTAHAS CKBAXKMHA, CEapaTOphI.
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QUMLU MUHITDO iSLOYON FONTAN ARMATURLARININ iSQABILIYYOTININ
YUKSOLDILMOSI

Zenfira Huseynli', Oli Mansurov?, Giilsad Agayeva®, Rovsana Oliyeva*

!Dosent, Sonaye magilar1 kafedrasi, Azarbaycan Dovlot Neft vo Sonaye Universiteti, texnika iizra falsafa doktoru.
E-mail: huseynli_z@rambler.ru

2Magistr, Sonaye masimlar1 kafedrasi, Azorbaycan Dovlot Neft va Senaye Universiteti.

E-mail: mansurovali2000@gmail.com

3Miiollim, Sonaye masinlar1 kafedrasi, Azorbaycan Dovlot Neft vo Senaye Universiteti.

4Laborant, Sonaye maginlar1 kafedrasi, Azorbaycan Dovlot Neft vo Senaye Universiteti, E-mail: shana.azimli@mail.ru

XULASO

Bu todqgiqatin aparilmasinin asas sababi, fontan armaturlarinda mexaniki ¢irklor vo ya adston qum
tixanmasinin aradan qaldirilmasi ti¢lin hallor tapmaqdir. Molum oldugu kimi, fontan armaturlari
neft vo qaz axinina nazarot etmok {i¢iin hazirlanmis, miisyyon mogsadloar ii¢lin bir ne¢o 6lgmolor
vo klapanlardan ibarot avadanliqdir. Quyularda quragdirilmis bu avadanliq daim miixtolif
cirklorlo tixanir. Bu mexaniki konsistensiya fontan armaturunun isini dayandirir vo sistemin
siradan ¢ixmasina vo imumi neft hasilatinin gecikmasine sobab olur. Belalikls, tez-tez tomir tolob
olunur. Quyularda tixanmanin aradan qaldirilmasinin iki asas yolu var: mexaniki vo kimyovi. Bu
todqgigatda mexaniki isul totbiq edilir. Fontan armaturunun isqabiliyyotini yaxsilasdirmaq vo
artirmagq ti¢iin, avvalki tocriibalors asason, miixtalif név filtrlor iistiinliiklori vo manfi cohatlori ilo
nazordon kegirilir. Todqiqatlar gostorir ki, miixtolif név quyular {i¢iin miixtolif nov filtrlordon,
separatorlardan va s. istifado olunur. Qum hissaciklorinin qarsisini almaq ligiin istifade olunan
filtrlor ¢inqil filtri, yuva filtri, perforasiya edilmis filtr, moftil quyusu filtri, quyu torlu filtr,
car¢iva ¢ubugq filtri, yuva filtri, dayaq elementi filtrlori vo bu todqiqatda nazordon kegirilon digor
filtrlordir. “Mesh” prinsipino osason, ESP-nin torkib hissosi olan filtrlor - boytik hissaciklori
saxlayaraq vo yaranan mayeni siizorok qum hissociklorinin istehsal axinina daxil olmasinin
qarsisin1 almagq tiglin nazords tutulub. On yaxst kegirmas siiratino malik filtr segmok vo miioyyon
Olcidon daha boyiik hissociklorin niifuz etmosino mane olmaq {igiin kanallarin Olctisti
hesablanmalidir. Har bir filtr qrupunu ayirmagq ticiin modifikasiya vo diger dasinan amillorden
istifads edilir.

Acar sozlor: Fontan armaturu (neft vo qaz), mexaniki ¢irklor, qum, filtr, neft quyusu,
separatorlar.
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AHAJIMTUYECKOE ONPEJAEJIEHUE CHUJIbI TIPOCTOM MAPBI C
MNO3NIMUU CUHEPI'ETUKHU

Bbanaxan AnmeB
Hoxropaut, bakunckuit Umkenepusiii Y ausepeutet, E-mail: balaxan.aliiev783@gmail.com

AHHOTALUSA

[Tpu onpenenenne K0MycKaeMbIX HaIPsDKEHUM B 3yOuaThIX Nepegadax cielyeT OpUueHTUPOBATHCS
Ha UX BBIHOCIIMBOCTb U U3HOCOCTOMKOCTb, 4, 3HAYUT, U HA TPEIIUHOCTOMKOCTh. IlepcrieKTUBHBIM,
II0 MHEHHUIO aBTOPOB, SBJIAETCA NOAXOJ, NPU KOTOPOM MOYKHO CIIPOTHO3UPOBATh MapaMeTpbl
TPEIMHOCTOMKOCTH 3yOuaTblX Map aHAJIMTUYECKH, HCXOAS U3 TIO3ULUNH CUHEPreTUKU U
caMOOpraHu3alMil K BO3HMKHOBEHHMIO TpPEUIMH B HEKOTOpoM noBepxHocTHOM cioe (IIC)
3y04aToro koseca.

Jis He mpupa®OTaHHOrO 3y0O4YaToOro CONPSKEHUS COCTOSHUE CTOMKOCTH MasloBEpOsITHO. s
JIOCTH>KEHHSI PaBHOBECHS, OIIPEAEIIIEMOI0 TEPMOJUHAMUYECKUM IPUHIIUIIOM MaKCUMyMa II0TOKA
IIPOU3BEICHHON TEPMOJUHAMMYECKMM IPHUHIMIIOM MaKCHMyMa II0TOKa IPOU3BEICHHOU
DHTPOIIMHU, B CHCTEME JIOJDKHO MPOM3OWTH COTJIACOBaHUE (PU3NKO-MEXAHUYECKHX CBOWCTB
IIOBEPXHOCTEN TPEHMsI C AHAJIOTMYHBIMM XapaKTEPUCTUKAMM TeEJl, KOTOPbIM IPHHAUIEKAT ITH
MOBEPXHOCTH. B pe3ynpTare M3HOCA TaKOE COTJIACOBAHUE BITOJIHE BEPOSITHO, OCOOCHHO B acCIeKTe
reoMeTpun MukKpopenabeda nosepxHocteil. Ilo mMepe M3HOCa NMPOUCXOAAT U3MEHEHHUsS! CBOMCTB
MOBEPXHOCTEH TpEHHsI, MPH STOM IPOUCXOAUT HM3MEHEHHE pPa0OThI TUCCHIANMH. Torma, B
COOTBETCBUU C MPUHLUIIOM MHMHHMYyMa pPabOThl AMCCHUIALMBHBIX CHJ, 3TO HU3MEHEHHE Oyjaet
HAIpaBJIEHO HAa yMEHbIIEHHE padoThl AUCCUMAaUMU 0 MUHHMyMa. CleoBaTeIbHO BIIOJIHE
BO3MOYHO JIOCTHXKEHHE CTOMKOT0 CTAllMOHAPHOTO COCTOSHUS TPHOOCHCTEMBI.

KaroueBble ciioBa: OnpeenuTs JOMYCTUMbIE HAIPSDKEHHUS B 3yOUaThIX mepeaayax, CTOMKOCTb K
U3HOCY, TPELIIUHOCTOMKOCTh U TPEUIMHOCTOMKOCTD 3y0UaThIX map.

AHaJM3 JIUTEPATyphI

AHau3 IUTEpaTypHBIX UCTOYHUKOB [1-8] moka3biBaeT, 4TO TPEUIMHOCTONKOCTh 3y04aThIX map ¢
MO3UIUI CHHEPTreTUKU U CTPYKTYPHOM caMOOpraHM3aluy HE paccMaTpUBallach 3a UCKIIOUEHUEM
pabortsl [1], rae aTa npobiaema nocraBieHa B 00ILEM BHJIE.

eanb cTaTbu

Takum oOpa3oMm, TeNbI0 CTaThbU SIBISIETCA aHAJTUTHYECKOE OMpeneleHHe TapaMeTpoB
TPEIIMHOCTOMKOCTH Ha pabouMx M TEepeXOIHBIX TMOBEPXHOCTIX 3yOdUaThiX Koyec (manee
Ha3bIBAEMBIX  HECYIIMMH) 4Yepe3 aHaIu3 WX  CTPYKTYpHOM  caMOOpraHu3aluud |
MPHUCTIOCAOINBAEMOCTH (CUHEPTETHKH ).

Camoopranmsanusi u cuHepreruka IIC kak pasBuBawmierics HHPOPMALIMOHHON CHCTEMbI
OcHoBoli mony4yeHus: (OPMaIM30BaHHOX 3aKOHOB, OMNMCHIBAIOIIUX TIOBEIEHUE CIONKHBIX
CaMOOPraHU3YIOIIUXCS CHUCTEM, SIBJISAIOTCS BapUallMOHHBIE IIPUHLIMIIBI, HAIpUMEp IPUHIMUII
I'amunbpToHa. OTOT MNPUHIUIT OINTHUMU3BHUPYET TOBCACHUC CHUCTEMBI C MCJIBIO IOITYYCHUSA
pe3yibTaTa IIpu MUHUMAJIbHBIX 3aTpaTax pecypcoB.
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ILJIH MCXAaHUYCCKUX CHUCTCM HNPHUHIUIL I'amMuiIbTOHA TaK)Ke€ Ha3bBIBAIOT MIPpUHOUIIOB HAMMCHBIICTO
I[CﬁCTBPIH. On 3akmoJaeTcs B TOM, 4TO ®YHKHHOH3H

I L[a(t, @), qlt, @) that,

kotopbii o 'amuiibToHy [2,3] Ha3bIBaeTCA JAEHCTBHEM Ha OTpPE3KeE [to,tl], Ha MNPSMOM IyTH

MPUHUMAET YKCTPEMAIBbHOE 3HAUEHUE 110 CPABHEHUIO C APYTUMHU HEMPSIMHUMH Ty TSIMH.
B ¢dynkmuonane ob6o3naueHo: (-00001IeHHas KoopauHaTa; l-Bpems; « —ImapameTp, HYJIEBOE
3HaYEHHE KOTOPOr0 COOTBETCBYET MPSIMOMY ITYTH.
B TepMuHax BapHallMOHHOTO MCUYUCIICHUS ypaBHeHHE Jlarpamxka sBisiercs nuddepeHnnanbHbIMU
ypaBHEHUAMU DHiepa sl BApUallMOHHOW 3a/1auu:

51t L(g,q,t)dt=0

IIpu 3TOM NpsAMOI MyTh NPUHATO HA3BIBATh IKCTPEMAIbIO [4].
OCHOBHBIM B TEOpUHU CAMOOPraHU3ALMHU SABJSETCA PEaKLMOHHO-TU(DY3MOHHOE YpaBHEHUE [5]

ou ou

—=>»a (ux.)—+F(,u,x.); 1

2~ LA SR ®
i,j=1..3,

rze U-uckomas pyHKuusi; 4, X; — HE3aBUCHMBIC IEPEMCHHBIE; F-IeHCTBYOIINE CHIIBL.

VYpaBuenue (1) Oyaer MMeTh SMIUPHUECKUI XapakTep A0 TeX MOop, MOKa He OyAyT HalJIeHbI
COOTBETCTBYIOIIME BapHaIlMOHHBIE PUHIUITEI caMOpraHu3anuu. Hampumep, OTKpbITast cuctemMa
NOJyyaeT M TpeoOpa3oBBIBAET HHEPTUIO; TaKOH IMpoOLEecC MOXKHO ONHMCATh H3BECTHBIMHU
ypaBHeHUsIMH [6,7,8].

B cucremax, rae craaus MEUIEHHOTO JABMXKEHHMS CMEHSETCS IMHAMMKOW CKauKOMOJO0OHOro
nepexo/a, BO3MOXKEH Mepexo] B HEKOTOPOE KOTEPEHTHOE COCTasHUE, KOTOPOE INPEIIECTBYET
sToMy mnepexony. OgHa M3 BO3MOMKHBIX pealM3aluil ATOro MOBEACHHs CBsi3aHa C BBIOOPOM
HAYaIbHOTO COCTOSTHHSI, KOTOPOE MOKET OBITh KaK HECTONKUM, TaK M CTOMKHM.

Bropas BO3MOXHOCTH BO3HHKaeT B TOM ciydae, KOrja HaudaibHas (a3a HMHIYKIHH,
XapaKTepu3ymomascs O4YeHb MajJoil CKOPOCThIO M3MEHEHHS COOTBETCBYIOUIEH IEPEMEHHOM,
CMEHSIETCSI  B3pBIBONOAOOHBIM TOBEACHHUEM, KOTOPOE WHUIMAIU3UPYETCS B HEKOTOPBIN
XapakTepHbIi MOMEHT BpemeHu t, (cM. puc.). B utore B cucreme ycraHaBIMBaeTCs COCTOSHHE,

KOTOpoe OyJIeT €IMHCTBEHHO CTOMKUM B JAHMAara3oHe HHTEPECYIOINX HAC 3HAYECHUI TapaMeTpoB.
[IpousmmocTpupyeM  OCHOBHBIE OCOOEHHOCTM JWHAMUKM TAaKOro THMA Ha MpUMeEpe
aanabaTHIecKoro B3phIBa (CropaHus B 3aMKHYTOM 00beMme). B 3ToM ciydae Terio oT cropaHus
pacxojayeTcsl Ha HarpeBaHUe TOPIOYei cMecu. DTo-HeoOpaTuMas SK30TepMHUYECKast PeaKius
X0 5 A (2

B KOTOPOH 3aBUCHUMOCTH KOHCTaHTBI ckopocTu K(T) ot temmepatypsl T ompenensieTcss 3aKOHOM
AppeHnnyca:

k(T) = kpe &/ ®
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[Ipu 5TOM ypaBHEHUE OaniaHca MAacChl M SHEPTHU UMEET BUJL
dx
prin =—k(T)x, 4)
dT dx
cgp =g =KX ©)

rac Cv u rv - COOTBCTCTBCHHO TCINIOCMKOCTD U TCIJIOTA PCAKIIUU IIPHU ITOCTOAHHOM oObeMe.

[NepemeHHasn

— B ——

P ——
| | - Tae
| MHAYKUMA | BCbIWKA | B3prB

—————y =

’.1——«- ,—-—:‘ —_‘

—~
-

Pucynok 1. — Mmtoctpaniusi caMmoopranu3aiiii CUCTEMBI B BUIE B3PBIBOTIOIOOHOTO TTOBEICHHUS.

YMmHOXUB (4) Ha I, C ydeToM (5) MOXKHO MOJIyYUTh 3aKOH COXPAaHEHMS:
CT +rx =CT,+rx=CT (6)

v o max’

Trac TO U X, -Ha4aJIbHbIC 3HAYCHMS T mu X; Tmax -KOHCYHAsA TEMIICpaTypa MO 3aBCPIICHUIO

peakiuu. biarogapst 5ToMy 3aKOHY coXpaHeHUs ypaBHeHUE (5)
CTaHOBUTCA 3aMKHYThIM. Hampumep, ypaBHEHHe TEIIOBOro OajaHca 3amHILETCs B CIEIYIOIEM
BUJIC:
dT
ar = Tmae =TK(T). (7)
Bgenem temepb B paccMoTpeHue nonsTHe (aykryaruid. Ilpu 3ToM MMeem neno ¢ mnpoueccom
THIIa ((FI/I6€J'II/I)), IIOCKOJIBKY KOHLCHTpAalusd BEIIECTBA MOXKET TOJBKO YMCHIIATHCA. OcHoBHOE
ypaBHEHHE MOXKHO 3amucath B Buje [7,9]

dP(x,t)

i = AePEL )+ PO LY — (A = )P, (8)
rne A U g4 - CKOPOCTH poskaeHHs U rudenn. [Ipu 3ToM KoHCTaHTa ckopocTH pokaeHus A ~0.
O0603HauuB Yepes x YUCII0 YaCTUIl peareHTa, UMeeM

dP(x,t)

dt x+lP(X +1 t) Hy P(X t) (9)
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CKOpOCTB rudeIu JIerKo HaﬁTH, BOCIIOJIb30BABIINCH 3aKOHOM COXPAaHCHUS:

u(x)= k(T)x = k;Xexp S0
Kg(Tyax — T, X/C N
I'ne N-mapameTp, mponopuoOHaIbHBIA pa3Mepy CUCTEMBI.
Takum 00pa3oM, CHHEPreTUIECKHI MOAX0]] K MPEIJI0KEHHON MOJICTH MOKA3hIBAET BO3MOKHOCTh
ckaukonogo0Horo mnepexona [IC kak OTKpbITOH HH(POPMALMOHHOW CHCTEMBI M3 HEKOTOPOTO
KOTE€PEHTHOTO COCTOSIHUS (MHAYKIIUS) K OMpPEACICHHOMY YPOBHIO CaMOOpraHu3anuu (Harmpumep,
K KBa310E3M3HOCHOMY) TPEHHIO U MOJHON TPEIIMHOCTOUKOCTH).

(10)

CuHepreTuka TepMOHANPAKEHHOT0 COCTOSIHUSA 3y04UaThHIX Map

Takoe TCILIOHAITPAKCHHOC COCTOSAHUC OTKpI:ITOﬁ TpI/I6OCI/ICTCMI>I BBI3BIBACT OTXOH OT TCILJIIOBOI'O
paBHOBECHSI, IOATOMY OHO SIBJISIETCS HEYpPAaBHOBEIICHHBIM M JIJISi HEr0 XapaKTepHBI HECTOIKHE
nporeccsl  camoopranmzsiiuu  [1-3].  CnemoBaTenbHO, 3Ta CHUCTEMa MOXKET CUUTATHCA
CHUHEpPreTHUECKOl, TaKk Kak, U3MeHsisl Temnepatypy AT, Mbl MOXKEM YNpaBisTh 3TOW CHCTEMOI
CHApYXH.

CornacHo [10] SBOMIONMOHHBIA CTOXaCTHYECKMM IMEPEXOJ] M3 COCTOSHUSA (; B COCTOSHUE

(, OIIUCHIBAETCS] ypaBHEHHEM

0, = ot + Ao, + f (1), (11)
rne  «,f - YOpaBISIONME TapaMeTpPhl, KOTOPhIE 3aMal0TCSl WU ONPEACTSIOTCS
nerepmuaupoBano; f(t) — “daykTyaninoHHBIE” CHIIBI , SBIISIONIUECS HEICTEPMHUHUPOBAHHBIMU U

JEIISIOLIAE BOTIOLMIO BPDEMEHHOM.
Ecnu mpuHATE SHTPONHUIO S 32 MEpy HEOIPEIEIIEHHOCTH COCTOSIHUS MPEIOKEHHON CHCTEMBI, TO
C pa30aJaHCHPOBKOM TeMIEpaTyp CTENeHb YIOPSJIOYEHHOCTH CTPYKTYPHOrO ciog  Ap

YMEHBIIAETCS, U OJHOBPEMEHHO HWHUIMAIN3UPYETCS MPOLECC CaMOOPTaHU3allUU CTPYKTYpPbI
storo cios («S-teopema» [11, 12]). Tam ke MOKa3aHO, YTO HM3MEHEHHE SHTPOMUU HOCHUT
Kos1e0aTeNbHbIN (MyIbCUPYIOIINI) XapaKTep, ONUChIBAEMbIi ypaBHEHUEM

AT(Sl—SZ)zg(éV)2> 0, (12)

rie AT - u3MeHeHnwe temmneparypsl; S,, S,-3HTpomus coctosHud 1 m 2; OV -mynscanus

CKOpPOCTH M3MEHEUs CTPYKTYPHOT'O COCTOSIHUSA IIECTEPHU 3y0UaToro CONpsiyKEHUs..
B paccmarpuBaemoii cucteMe BbIpaOaThIBACTCSl HSHTPONUS, IpPHUYEM, OJHOBPEMEHHO C €€
BbIPaOOTKOW BHYTPU CUCTEMBI IPOMCXOAUT TEIIOOOMEH ¢ BHelHel cpenoid. Torna

dS =d,S + dTQ (13)

rae d,S -suTponus, BeipabaTeiBaeMasi BHyTPH OTKpBITOM cuctemsl, dQ/T -moTok Tema.
BripaboTka 3HTPONUM MPOUCXOAUT C OINpPENEJIEHHOW CKOPOCTHIO U B YCIOBHUAX HEpaBHOBECHS
BCeT/1a
d,S
dt

O603HauuB yepe3 ¢ MPOU3BOJCTBO SHTPONUH €IMHUILY BpEMEHH Ha €MHUIY 00beMa OTKPHITON

>0 (14)

TpI/I6OCI/ICTeMBI, MOXKHO 3a11uCaThb:

e
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dS
E_Igdv >0 (15)

Bennuuny @ cornacho [13,14] HazoBeM (yHKIMENH AUCCUTIAIIMN SHTPOITHH.
3navyenne d,S/dt akTrueckn ompenensier CKOPOCTh BHIPAOOTKH SHTPOIHMH, IPUYEM BO BpEM:

W3MEHEHUs HanpshkeHHO-nedopmupoBanHoro coctossaus (HC) aTa ckopocTh OyaeT HEKOTOPBIM
o0pa3om u3MeHsieTbes. Haiia 3a1aua cocTOUT B ONPEENIEHNUH, OT 4Yero M Kak 3aBUCUT CKOPOCTh
BbIPA0OTKH SHTPOIIMHU U COOTBETCTBYIOLIEH €l y/1€1bHON BEJIUUUHBL @ .

Outponust dS BeipabaTeiBacTCst O1aroaapsi TEIIONPOBOIHOCTH 3y0uaToi mapbl. M3-3a pazHocTH
TeMIiepaTyp Bo3HMKaeT moTtok sHepruu JE/dt, mpuyem ero nBrKymied CHlOi CIyXXHT pa3HUIA
temnepatyp AT . 3Has 3aBUCMMOCTb SHTPOIUM OT Temrepatypsl [13, 14], nis paccmaTprBaemMoro
3y04YaTOro COMpPSKEHUS MOXKHO 3aITUCaTh

RN NI (16)
T, T, TT,
1 1) dE(T,-T,
g-UEfL 1 . (17)

dt (T, T, T dt T1T2

Taxkum 006pa3om, GYHKIMS AUCCUIIALIUN SHTPOIIUM BbIPAXKAaeTCsl MPOU3BEIEHUEM IIOTOKA SHEPTUU
Ha UHULUHUPYIOUIYIO €ro CHly; APYTMMHU CJIOBAaMM, B paccMaTpUBAEMOM CUCTEME JEUCTBYET
«Hacoc» Mo rnepekauke sHTponuu [15,16], Ha NPOU3BOAUTELHOCTh KOTOPOTO AKTUBHO BIIUSIOT
TeroBoi motok u u3menenune HJIC.
N3BecTHO, [4,6], YTO yMEHbILIECHHE 3HTPONMM BEIET K yBEJIMYEHHUIO MH(popManuu HaobopoT. B
HallleM cllydae TaKoe YBEJIWYEeHHE HH(QOpPMAIMM BbIpa)KaeTcs 4epe3 CTPYKTYpPHbIE H3MEHEHUS
BHYTPH CHCTEMBI, PEOJIOTHYECKHE U CHHEPreTHMYECKHe M3MEHEHUs! CBOMCTB Ted TPUOOCHUCTEMBI.
UucneHHO CBSI3b MH(POpPMAIMM O COCTOSIHUM TPUOOCHCTEMBI C €€ JHTPONHEH BbIpakaercs
u3BecTHOM popmynoii lllenHona [5,6]. K TakoMy ke BBIBOLy IPUXOJIUT U aBTOp padoThI [4].
B pabore [9] nokaszaHo, 4TO 3aKOH TEILIONEPEAAYU B TEPMOHAIPSHKEHHBIX TPUOOCUCTEMAaX UMEET
BUJ

dT dE

roodt’

T

(18)

rac J- moToK OHEPTHUHU B CUCTEMC, rT -TCIIJIOBOC CONIPOTHUBJICHUC CUCTCMBI. Tam xe IIOKa3aHo, 4TO

IMPpU KOHCYHOM MHTCPBAJIC BPEMCHHU

s 10 1
S 1XN__ 2 (19)
or T or r+T/J
U3 (19) cnemyert, 9TO MPH MOCTOSTHHOM TOTOKE dHepruu J = CONSt u mocTostHHO#M Beiwunae AT
CKOPOCTh  BBIPA0OTKH  SHTPONMM  ONPEICISIeTCS  TOJBKO  CBOHMCTBAMH  CHUCTEMBI,

XapaKkTepH3YIOIMMHU €€ TeIioBoe compoTuBieHue I,. Takum oOpasmom, mpu J =cConstu
AT = const ckopocTh BEIPaOOTKH YHTPOITHH JOCTHTaeT MaKCUMyMa Iipu I, — Min.

CTONKOCTb CTallMOHAPHOI'O COCTOSIHUS XapaKTEPU3yeTCsl JOCTUKEHUEM MaKCUMAJIbHON CKOPOCTH
BbIPAa0OTKH SHTPONUH, MOETOMY YCJIOBHE CTOMKOCTH AJIi paccCMaTpUBAEMON CHCTEMbI MOXKHO
BBIPA3UTH KaK
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2_8 —max eciu I, — min (20)
T

OTMGTI/IM, 4qToO TCIuIonepcaada B 3y6an0M CONPSKCHUN OCYHICCTBIIACTCA YCPEC3 KOHTAKT JABYX
TEJI, IIPpXU 3TOM I'€HEpalus TEIJIa TaKXKE IIPOUCXOJUT B IOBEPXHOCTHBIX CJIIOAX 3Y6BCB IMECTCPHU U
Koseca. TemiaoBoe COIIPOTHUBJICHUEC I‘T HaIeu TpI/I6OCI/ICTCMBI CICOyeT OmpeACiIsATh C Y4YETOM

3aKOHOB pa3BeTBiICHHUsS Kupxroda kak B aKTUBHBIX 3BEHBSIX (T€HEPHpPYEMBIC IMOTOKH), TaK U B
MacCHUBHBIX (paccenBaeMbIe MOTOKH), COTIIACHO peKoMeHanusm [7,8 ].

3Hast, cKoibKO Terma QQ BO3HHMKIO B MOBEPXHOCTHOM CJIO€ Tela, MOXKHO TOKa3aTh, CKOJBKO
MEXaHU4YeCKOi paboThl A TpaHCHOPMHUPOBAIOCH B 3TOM CIIOE.

Takum 00pa3oM, yCIOBHS CTOMKOCTH CTAllMOHAPHOTO COCTOSHUS TPUOOCOMPaKEHUSI 3yObEB MOJ
BO3/IECTBUEM IIOCTOSSHHOT'O BHEIIHETO JIABJICHHUS:

-paBHOBECHE TEIMJIOBOTO U MEXAHUYECKOTO B3aUMOJEHCTBUI B CUCTEME;

-OTCYTCTBHE HAIIPABIEHHOTO TEIJI000MeHa Yepe3 (PPUKIIMOHHBIA KOHTAKT;

-paBEHCTBO T'€HEPUPYEMOT0 U PACCEUBAEMOI0 IOTOKOB B TEJIE M KOHTPTETIE;
-IPONOPLIMOHATILHOCTh TOTOKOB, TEHEPUPYEMBIX B TEJIAX, UX TEIJIOMPOBOAHOCTSM.
MaTemMaTH4eCKH 3TO MOKET OBITh BBIPAKECHO KaK

Yty A -
‘JZ rrZ A2
CootHomienue (21) HacTymaer, Korgja B CHCTEME MHUHMMH3UPOBAHBI CaMOMPOU3BOJIbHBIC
MIPOLIECCHI HAITPUMEP, OTCYCTBYET HANPABJICHHBIN TEINIOOOMEH uepe3 PPUKIIMOHHBIN KOHTAKT.
Jlnst He mpupaboTaHHOTO 3y0YaToro COMPSDKEHUS COCTOSHHE CTOMKOCTH MajloBeposATHO. Jlist
JOCTUKEHMS PABHOBECHS, ONPEAEIAEMOro TEPMOJAUMHAMUYECKUM ITPUHIIUIIOM MAaKCHMyMa IIOTOKa
MIPOM3BEJACHHON TEPMOJUHAMUYECKHM TPUHIMIIOM MaKCHUMyMa II0TOKa TpPOU3BEACHHON
SHTPOIUHU, B CHCTEME JOJDKHO MPOU30MTH COIVIacoBaHHE (PU3UKO-MEXaHMYECKHX CBOMCTB
MOBEPXHOCTEH TPEHHS] C AHAJIOTMYHBIMHM XapaKTEPUCTUKAMH TeJl, KOTOPbIM MPHHAJJIEKAT 3TU
MOBEPXHOCTHU. B pe3ynpTare H3HOCA TaKoe COTIACOBAHUE BIIOJHE BEPOSITHO, 0OCOOEHHO B acleKTe
reOMEeTpUU MUKpopenbeda moBepxHocTe. [lo mMepe m3HOCA NMPOUCXOAAT W3MEHEHHUS CBOMCTB
MOBEPXHOCTEH TpEeHMs, MPH 3TOM IPOUCXOAUT HM3MEHEHHEe paboThl auccunanuu. Tornaa, B
COOTBETCBUHM C IMPUHIUIIOM MUHUMyMa paOOThl JUCCUMALMBHBIX CHUJI, 3TO M3MEHEHHE OyneT
HamnpaBlIeHO Ha yMEHbIIEHHE paboThl AUCCUMALUU 10 MHUHUMyMa. ClieoBaTeNbHO BIIOJIHE
BO3MOKHO JIOCTH)KEHHE CTOMKOIO CTAI[MOHAPHOTO COCTOSIHUS TPUOOCHCTEMBI.
B [9] moka3aHo, uTO TpeHHe B MPOMU3BOJIBHOM TpuOOocHucTeMe 00s1afaeT CBOMCTBOM aBTOHOMHOM
MEPECTPOUKN T'€OMETPUUECKUX MapaMeTpoB MHUKpopeiabeda. ITO MPUBOJIUT K BBHIOOPOYHOMY
paspylIeHUI0 IIEpOXOBATOCTEH, a Takke K (QPPUKIMOHHOMY YCTAJOCTHOMY pa3pyLICHHIO.
Hpyrumu cinoBamu, BBIOOPOYHOE pa3pylIeHHE (QPUKIMOHHBIX CBS3€H CIYKUT MEXaHH3MOM
CaMOpPETYJIMPOBaHUs TPEHUS.

O6osnauus yepe3 R® u R’ cpemHue paauycel miepoxoBaToCTeil MOBEPXHOCTEH TpeHust Ten | u
1, cornacHo [9] MOXHO 3amucaTh

R® (T, Y(r
1 _ |1 7l (22)
o

R2 T2 r12
B coorBercTBUM ¢ TEOpHEW KHHETHYECKOW IPOYHOCTH, pa3pylICHHE pPacCMATPUBACTCS Kak
MOCTETIEHHbI KMHETUYECKUH TEPMOAKTHUBHBIM MpOIECC, pa3BUBaIOIIMiica BO BpemeHu [8,9].

e
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CrenoBaTebHO, CKOPOCTh paspyiieHuss V B 3aBUCMMOCTH OT HOMHUHAIBHBIX XapaKTEPUCTUK
marepuana U,,7,,), JCUCTBYIOYLIEr0 KOHTAKTHOIO HANPSDKEHUS. O, M U3MEHEHUS TEMIIEPaTypbl
AT [8]:

\V :iexp _M , (23)

7, RAT

rae R- mocrosuHas bonbiMana.
Cuuras, 4YTO TEIUIOBBIICICHUE MPOMCXOAUT Yepe3 KOHTAKTHYIO AchOpMaIMio, MOXKHO
MPEANOJIOXKUTh, YTO 30HBI OJIMHAKOBOTO TEIUIOBBIJCICHUSI HMEIOT M pPaBHbIE KOHTAKTHbBIC
HanpspkeHusa. Torga 30HbI IIEPOXOBATOCTEH € OJMHAKOBBIMU KOHTAKTHBIMU HAMNPSHKECHUSAMH
OyIyT UMETh JUTUTEILHOE «BPEMS )KU3HW» M MCHBIIIYIO CKOPOCTh pa3pylICHUs BCICICTBUE Oojiee
HU3KOHM TeMIepatypbl B3auMoaeicTBus. K 3TuM BpIBOJIaM MOKHO IPUITH U3 aHAIM3a XapaKkTepa
3aBucumoctent (22) u (23).
Bompoc omnpenenenns cKopocTel M3HOCA TPUOOCOMPSHKEHUM JOCTATOYHO IMOJTHO PacCMOTPEH B

9]

MartemaTu4yeckoe onucaHue SIBJCHHUS aJaNTalU¥ NPU TPeMIMHOOOPAa30BaHUM B 3y0UaThbIX
napax

HaubGonee uHTEepecHbli MOMEHT Ipu uccienoBanuu ananrtauuu I[1C- omnpeneneHue BpeMeHU
pocTa U CIUSHUA PACTYILUX TPEIIMH.

PaccMoTpuM KOHEYHOE COCTOSIHHE, PE3YNIbTaTOM KOToporo Oynet paspymenue I1C.

[IppuMeM KOIMYECTBO IapaMeTpoOB, ONPENCIAIOMIMX IOBEACHUE MMKPOTPEUIMH B Cllydae
IPWIOKEHUST HArpy3Kd paBHBIM K. 3HAUEHUs 3THUX [apaMeTpoB IIPU IEpPEexXole OT OAHON
MUKPOTPEIIMHBI K IPYTrOi U3MEHSIOTCA JUCKPETHO, 4 UX COBOKYIHOCTB SIBJISIETCS HEIPEPBIBHON
cucteMoii. COBOKYITHOCTb BCEX BO3MOJKHBIX 3HAQUEHHUH MapaMETPOB M3-3a HENPEPBIBHOCTH HX
U3MEHEHHs 00pa3yeT HEKOTOPYIO OAHOCBS3HYIO 00JacTh B K-MEepHOM npocTpaHcTe. Konnuectso
tpemmH D, B HeompeneneHHOM oObeMe XapakTepU3yeTCs HapaMeTpaMH  Zy,Z,,..., Z,,

Haxoxsmmmucs B obmact AW k= MEpHOTrO MpOCTpaHCTBA W MOXKET OBITh HAWICHO W3
YpaBHEHUSA

= J‘f(z._:z:..._.z_,;. )ﬁ az;.

AP o (24)

rzae l—IdZi - DJIEMEHT K-MEpHOro oObema; f(Zl,ZZ,...,Zk) - muddeperunanbHas yHKIUSA

pacripesiesieHus], 3aBUCUT OT CBOCTB CTPYKTYPbI MeTaJljIla U 00yCIaBIMBAET BEPOATHOCTh TOTO, UTO
CIIy4aifHO BBIOpBIHHAS MUKPOTpPEIMHA UMEET [apaMeTpaMu B rpaHHIlax

k
(20 2y 2ol 202, ) + ] [ @)
i=1

Tak Kak pacHnpoCTpaHEHHE MUKPOTPEIIMHBI MPOUCXOIUT MPU HEKOTOPOM YPOBHE HAIPSIKEHUU,
MOYKHO TIPENIONIOKUTh, YTO 3HAUSHHs HX TMapaMeTpoB Jexar BHyTpu obOmactu AW u

€202 90 ANSSI (20) 8T IINNTOA



™
I
o
~
©
s
L
-
)
@
o
e
©
-
L
=
-}
0
o
>

ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

XapakTepusyeTcst TeH3opoM o, (r,f). DTOT TEH30p COOTBETCTBYET JMHAMHYECKOMY [MOJIO
HAIpPsHKEHUH, KOTOPOE € IOCTATOYHOM BEPOSITHOCTHIO OMMCHIBACTCS 3aBUCHMOCTHIO

AW, = ®lo;,; (r,0)] . (26)
C yuerom Toro, uyro mMexay obmsictbro AW u tensopom oy, (r,6) CylecTByeT 3aBUCHMOCTb
fl(zl,zz,...,zk), Ciy; (r,H)J:O, YHUCIIO TPEIIWH, MOTEPSBIINX CTOMKOCTh, MO aHajoruu c (24)

MO’KHO BBIYUCIIUTH KaK
k
D, = m(c{’ﬁ) (2,2, 2, )I;Idzi (27)
Kunematnueckoe ycioBHe, ONpeNeIOIEee YCTAIOCTHOE paspyumenue warepuana [III,
3aKJII0YaeTCs B TOM, YTO 3HA4YCHHsS TEH30pa Ha MPOTSHKEHUM HHTEepBaja BpeMeHu U He OyayT
nomnajath B BOBHYTpb obnactu W 3HaueHuit o, J, T.c.

0;,; €W mpu t; <t <t +t,. (28)
rae t —cduxcupoBanHblii MomeHT Bpemenu; t, = f(z,,z,,.,2.;8,,8,,.,8,);8,,8,,.,8,-
YIpyTrHe KOHCTAaHTBl MaTepuaa.

W3 ananuza ypaBHeHuii (26) u (28) MOXKHO 3aKJIIOUUTH, YTO OHH SBIAIOTCS HEOOXOTUMBIMU U
JOCTaTOYHBIMH ~ YCJIOBHSIMH ~ PEAU3alldd HAKOIUICHHBIX HANPSOKECHUH, BhIpAXKAIOMICHCS B
Pa3BUTUM YCTAJIOCTHBIX TPEIIMH. OJTH 3aBHUCHUMOCTH MOTYT OBITh OOOOIIEHHBIM KpUTEPHEM
KOHEYHOU CTaJINU Pa3pyIICHUS.

W3BecTHO, YTO y4yeT B3aMMOBIUSHHUS PAa3BUBAIOIIMXCS MHUKPOTPEIIMH YpPE3BBIYAIHO BaKEeH.
OpHako 9TO BIMSHHE HA PAa3BUTHUE TPENIMH CYIIECTBEHHO oOcjabeBaeT ¢ yBEIHMYCHUEM
WHTEHCUBHOCTHU HATrpy>KEHUSI.

[ToaTomMy MpeArnockiIKa O He3aBUCHMOCTH ITapaMeTPOB, XapaKTEPU3YIOMUX POCT MUKPOTPEIIHH,
B CJTy4ae UMITyJIbCHOTO HECTAllMOHAPHOTO HArPYKEHHUS SIBJISIETCS MOJILHOCTHIO ONPaBAaHHOM.
Takum 00pa3oM, KOJTMIECTBO MHUKPOTPEITUH IMOAYNHSICTCS 3aKOHY

© 2
D, =k, [e kdz, (29)
S

rae  K,-mocrosiHHas, xapaktepusyromas cTpyktypy IIC; V, -mocTosHHBIA KOI(GHUIUEHT (C

pasmepHoCTBIO 1/ M?), 3aBucsmuil oT Gpusrko-MexaHuueckux cBoiicts I1C U onpenensrommii ero
IIPOYIIOCTb.

CBsi3p Mexay JACHCBYIOIIMMHU HaBOPSDKEHUSIMH W pa3MepaMUd MUKPOTPEUIMH, Ha TIpaHuUle
KOTOPBIX KOHIIEHTp(alus HaNpsDKEHHBIM JOCTUTAaeT KPUTHUYECKOW BEJIMYMHBI, OIpENeNsIeTcs
ypaBHenueM [ puddurca

(30)

rae  L-nuHeiHBI pasmMep MHMKpOTpeumMHBI; 4 -Kodp¢uuuent Ilyaccona; S, -ruromans
MHUKpPOTPEUINHHI - Koddduiment [lyaccona; S, - mromans MEKPOTPEIINHBI C IUIOMAIbI0 S >> S,
HauHyT pacTd. KoinnuecTBo TakuxX pacTyInX TPELIH

e
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_Vk

k_kje dz. (31)

C yuerom (30) u (31) MOXKHO IPUHSATH, YTO PACCTOSIHUE, IPOUJIEHHOE MUKPOTPEILIUHHOMN K
IIOBEPXHOCTHU, paCCMaTPUBAETCs KaK JIByXCTaleHHBIN polecc pa3BuTHs. Torna odiee Bpems
paspyliieHus eIuHUIb 00bema MaTepuana [1C

1/3 -1/3
ol o) e e
0 T o

W3 anaimza (32) BUIHO, YTO JaKe TPU CTPEMIICHUHM HAIPSDKEHUS K OCCKOHEYHO OOJIBIION
BenmunHe Bpemsi paspymeHus [1C ocraercs koneuHbiM, a ipu o =0 t—o0, 9TO, KaK H3BECTHO
u3 [6,8], cornacyercs ¢ MoBeeHUEM PEATbHBIX TBEPABIX TEII.

3aki0ueHue

I[Iporiecc camMoopraHuM3anuu U CTPYKTYPHOH afalTalMy K YCIOBUSM SKCIUTyTallMM B 3yOUaThIX
napax MpOUCXOJHUT B IIOBEPXHOCTHOM CJIO€, IIPHUYEM CKauKOOOpa3Ho.

1. TpemuHOCTOMKOCTh HECYLIMX OBEPXHOCTEH 3yObeB 3y0UaThIX mepenay

11e71eco00pa3sHO  MOAENMPOBATh C TO3UIMHA CHHEPreTMKH M CaMOOPTaHM3ALMH OTKPBITBIX
TPUOOCHCTEM.

2. YCTaHOBJIEHA pacyeTHas 3aBUCHMOCTb, ITO3BOJISIONIAs ONPEAICIIATD

KPUTHYECKUE HANpsDKCHUs, HPH KOTOPBIX HAUMHACTCS pA3BUTUE YCTAIOCTHBIX TPEIIMH Ha
Hecymed noBepxHOCTH 3y0a. CienoBaTenbHO, 3TH HANPSDKEHUS MOXHO NPHHATH 3a 0a30BYIO
BEJIMYUHY JOIYCKAaeMbIX SKBUBAJICHTHBIX HANPsOKEHUH (110 CyTH Jema, aHajlor 6a30BOro mpezaena
V3THOHON BBIHOCIMBOCTH O g iy, 0 TOCT 21354-87).

3. OmnpeneneHo KOTMYECTBO PACTYIIMX MUKPOTPEIIUH, BPEMs UX POCTa B
(GYHKIMM ~ SKBHUBAJICHTHBIX  HampspkeHuil.  [losyueHHBle  pe3ynbTaThl  MOTBEPHKIAIOT
IIpaBOMENHOCTh ypaBHeHUs ['puddurca 11 niaacTUYHbBIX MaTepHAIIOB.
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ENERJI NOQTEYI-NOZORINDON SADO QUVVO CUTLORININ ANALITIK TOYINI

Balaxan Oliyev
Texnika elmlori namizadi, doktorant, Baki Miihandislik Universiteti. E-mail: balaxan.aliiev783@gmail.com

XULASO

Ottrticiilordo icazo verilon gorginliklori toyin edorkon, onlarin dayanighigmna vo asinmaya
davamliligina vo buna go0ro do ¢atlara qarsi miiqavimoto diggoet yetirilmolidir. Muolliflorin
fikrinco, perspektivli yanasma, disli ciitlorinin catlara qarsi miigavimot parametrlorini analitik
olarag, mioyyan bir soth qatinda (SQ) ¢atlarin meydana golmasina sinerji vo 0ziinl toskil etmo
movgeloring asaslanaraq prognozlagdirmaq miimkiin olan bir yanagmadir.

Islomoyan disli ciitlosmo (iglin miigavimat voziyyati ¢otin deyil. Istehsal olunan entropiyanin
maksimum axminin termodinamik prinsipi ilo yaradilan maksimum entropiya axininin
termodinamik prinsipi ilo mioyyan edilmis tarazliga nail olmaq tiglin sistem siirtiinma Sathlarinin
fiziki vo mexaniki xassalori ilo uygunlagdiriimalidir. sothloro aiddir. Asinma noticasinds belo
koordinasiya, xususilo sath mikrorelyefinin hondasasi baximindan olduqca miimkiindiir. Asinma
bas verdikca slrtinmo sothlorinin xassslori doyisir vo dagilma isi doyisir. Daha sonra dissipativ
giivvalorin minimum isi prinsipino uygun olaraq, bu doyisiklik dissipasiya isini minimuma
endirmays yonaldilmisdir. Buna goéro do tribosistemin sabit stasionar vaziyystino nail olmag
oldugca mumkinddr.

Acar sozlor: Oturlcilords icazo verilon gorginliklori, asinmaya davamliligi, disli ciitlorinin
catlara qars1 miiqavimatini vo gatlara migavimatini toyin etmok.
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ANALYTICAL DETERMINATION OF THE STRENGTH OF A SIMPLE PAIR FROM
THE POSITION OF SYNERGISTICS

Balakhan Aliyev
Ph.D., doctoral student, Baku Engineering University. E-mail: balaxan.aliiev783@gmail.com

ABSTRACT

When determining the permissible stresses in gears, one should focus on their endurance and wear
resistance, and, therefore, crack resistance. According to the authors, a promising approach is one
in which it is possible to predict the crack resistance parameters of gear pairs analytically, based
on the positions of synergy and self-organization to the occurrence of cracks in a certain surface
layer (LS) of the gear.

For a non-run-in gear mating, the state of resistance is unlikely. To achieve equilibrium,
determined by the thermodynamic principle of maximum flow of entropy produced by the
thermodynamic principle of maximum flow of produced entropy, the system must be harmonized
with the physical and mechanical properties of friction surfaces with the similar characteristics of
the bodies to which these surfaces belong. As a result of wear, such coordination is quite likely,
especially in terms of the geometry of surface microrelief. As wear occurs, the properties of the
friction surfaces change, and the work of dissipation changes. Then, in accordance with the
principle of minimum work of dissipative forces, this change will be aimed at reducing the work
of dissipation to a minimum. Therefore, it is quite possible to achieve a stable stationary state of
the tribosystem.

Keywords: To determine the permissible stresses in gears, resistance to wear, resistance to cracks

and resistance to cracks of gear pairs.
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ELEKTROMEXANIKI MUHORRIKLI MEXANIZMLORD®O DiSLi
CARXIN iSLOMO RESURSUNUN HESABI

Omir Mustafayev!, Darya Oliyeva?

Dosent, “Mexanika” kafedrasi, Azarbaycan Dévlot Neft vo Sonayo Univsersiteti. E-mail: mustafaev-1959@mail.ru
2Magistr, “Mexanika” kafedras1 Azarbaycan Dévlot Neft vo Sonays Univsersiteti.

E-mail: aliyevaderyaO0@gmail.com

XULASO

Yiiksok doqiqlik tolob edon sonaye sahoalorindos (aviasiya, miidafio obyektlori, masingayirma, neft
sonayesi vo digor sahoalordo ) elektromexaniki miiharriklordon istifads olunur.

Uzunmiiddotli istifads zaman disli ¢arxlarda dislor get-geds yeyilir, dislorin profillori vo Olgiilori
doyisir, ilismo zamani dislor arasinda araboslugu yaranir.Noticodo miiharrikin faydali is omsali
azalir, sartliyi, kinematik doqiqliyi vo dinamiki yliklonmasi artir.

Dislorin yeyilmo intensivliyi genis hoddlor daxilindo (I =1072...10712) doyiso bilor.Yeyilmo
intensivliyi kontaktda olan materiallarin toxunan sothlorinin qarsiligli tosir ndviinden,
gorginliklorin qiymatindon, silirlisma silirotindon vo otraf miihitin temperaturundan asilidir. Bu
parametrlorin tonzimlonmasi materialin nazik tabaqosinin sothinds yeyilmao intensivliyini azaldir.
Adi atmosfer soraitindo toxunan sothlords siirlismodon materialin nazik toboqesi dagilaraq
oksidlosmo pordasi yaranir.Digli c¢arxlarin diglorinin toxunma saholorindo siirtgli yaglarindan
istifado bork vo ya mosamoli mayeli maddslarin islok sahslorinin qaz vo mayeni udmasi disli
carxin materialinin dagidilmasinin qarsisini alir.

Baxilan moqalods elektromexaniki miihorriklordo yeyilmo kriteriyasina goéro disli ¢arx
Otlirmosinin resursunun hesablama metodikas1 verilmisdir.9ldo olunan asililiglar disli  carx
otiirmolorinin uzun Omiirliililyliniin hesabatinda istifade oluna bilor.Aviasiyanin, kosmosun,
miidafio todbirlori tiglin komplekslorin vo sonayenin digor saholorinin, o climlodon do neft
sonayesindo ekstremal soraitdo istifads olunan disli carx mexanizmlorinin igloma qabiliyyatini vo
resursunu artirmaq todqiqatcilarin vo konstruktorlarin qarsisina qoyulan miihiim masalalordon
biridir.

Dayison kontakt gorginliklori va dislorin profillorindo yaranan siirtlinmo, dislorin is¢i sothlorinin
zadolonmasina sabab olur.

Hom ag1q, hom do gapali 6tiirmolords dislorin ¢irklonmodon qorunmayan is¢i sothlorindon abraziv
hissaciklorin yaratdigi gorginlik, dislorin abraziv yeyilmasina sobab olur.

Yeyilmoyo moruz qalan dislor ilismoya daxil oldugda onlarin arasinda qalan araboslugu boyiiytir,
dinamiki yiiklor vo sos-kily artir, Otiirmonin kinematik doaqiqliyi azalir.Bu da hom dislorin
mohkamliyinin, ham ds en kasik sahasinin azalmasina va hatta sinmasina gatirib ¢ixarir.
Agreqatla idaro olunan elektromexaniki miihorriklor boylik 6tiirmo nisbotino malik olan disli
carxlardan, elektrik miiharrikindan, evolvent profilli adi silindrik 6tlirmalorden va ¢ixis pillasindo
planetar vo ya dalgavari disli mexanizmlordan ibaratdir.

Elektromexaniki miihorriklorin siradan ¢ixmasinin asas sobobi disli ¢arxlarin is¢i sothlorinin
yeyilmosidir.
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Bu todgigatin aparilmasinda asas moqgsod miixtalif siirtgli materiallarinin istismar soraitindon asilt
olaraq disli ¢arx mexanizmlorinin is¢i sahalorinin mohkomliys hesabat problemlorindon asililigini
Oyronmokdir.

Acar sozlar.disli ¢arx, miiharrik, slirtiinma stliriismosi, yeyilmo, kontakt gorginliyi.

Giris

Disli garx otiirmalorinds yeyilmonin qarsisini almaqdan 6trii diglorin sothini méhkemlondirmok va
kalo-kotlrllylnl azaltmag, Otlirmoni abraziv hissaciklordon qorumagq, ilismo korreksiyasinda
nisbi siirlismo siiratini azaltmaq vo yaglanmada yiiksok o6zliiliiklii yaglardan istifado etmok tolob
olunur.

Hoddindon artiq yiiklonmis, itigedisli vo ortasiiratli disgli 6tlirmalor {igiin xarakterik olan zadslor
dislorin st hissasinin yeyilmosidir.Dislorin iist sothinin yeyilmasi, yiiksok tozyiq vo temperaturun
tosirindon toxunan profillor arasinda yag tobagosinin qirilmasi vo metal sathlor arasinda kontakt
gorginliklorin yaranmasi sobabindon bas verir.Ogor toxunan sothlor arasinda mikrokontaktlarin
say1 ciizi olarsa, onda toxunmadan ayrilan zaman dis toboqgasindoki kigik sahalor dagilir vo is¢i
profillordo yaranan temperatur siirotlo asagi diigiir.Bundan sonra metal hissociklorin daxilindo
istilikkecirmo va dislor arasinda yag toboaqasi yenidon barpa olunur vo dislords yeyilmanin yiingiil
formas1 yaranir.Bu proses “siirtiinma” prosesi adlanir.Bu zaman metal hissociklor disin sothinin
yalniz bir torofindo qopdugundan disds yeyilma todricon bas verir.

Mikrokontaktlarin say1 ¢coxaldiqda, istiliyin sathdon ayrilma prosesi gecikir, carxin firlanmasinin
tam bir dovrii orzindas istiliyin miqdar1 artmaga baslayir vo disdo miioyyon miiddotdon sonra nazik
yag toboqosi artiq borpa olunmur vo yiiksok temperaturun tosiri noticosindo kontaktda olan
carxlardan birindaki disin profilinden yumsaq metal hissaciklor qoparaq diger ¢arxdaki disin
profilindoki bork metala yapisib toxunan sothlor arasinda yapisqanliglar(qabarciglar) omoalo
gotirir.Mohkom disdo yaranan qabarciglar, siiriismo istigamatindos kontakta oldugu nisboton
yumsaq disdo sirimlar yaradir vo qisa miiddst orzindo 6tlirmoni siradan ¢ixarir.Belo yeyilma novii
“c1zilma” adlanir.

Disli ¢arx tigiin rasional materialin segilmosindon olavo disin iist qatinda yeyilmonin qarsisini
almaga tominat veron an somarali vasito torkibina yiiksok 6zliiklii vo kimyovi aktiv maddolor daxil
etmoklo ovulmaya qars1 xiisusi yaglardan istifads edilmosidir.

Hoddon artiq yiiklonmis, astagedisli Otlirmolordo yumsaq materialdan hazirlanmis ¢arxlarin
dislorinin toxunan sathlorindo, siirlismo istiqgamoatindo plastiki siirlismo deformasiyasi yarana
bilor.Bu deformasiya novii “ plastiki siirismo”adlanir vo bu siirlismo ¢arxin dislorinin ilismo
xottinda(qiitb ndqtasinds) aparan ¢arxda “kicik ganovun”, aparilan ¢arxda iso “onurga siitiinunun
“yaranmasina sabab olur.Bu da ilismo qanunauygunlugunun pozulmasina vo dislorin dagilmasina
gotirib ¢ixarir.

Plastiki siirligmonin yaranmasinin qgarsisin1 almaqdan 6trii digli ¢arxin materialinin méhkomliyini
artirmaq tolob olunur.

Dislarin is¢i sothinin keyfiyystsiz termiki vo kimyovi termiki emali, bazon disin sothindon metal
hissaciklorin lay soklindo qopmasina gatirib cixarir.Belo hallar dislerin tablandirilmast zamani
disin azotlanmis vo ya sementlonmis iist qatinda yaranan qiisurlar vo yaxud da disin 6zok
hissasinin istonilon qador mohkomliys malik olmamasi, kévrak is¢i sothin boyiik yiikiin tosiri
altinda sixilmasi hesabina bas verir.Ovulmanin yaranma sobablorindon biride Gtiirmenin hodden
artiq yiiklonmosidir.
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Qapal1 konturda galan kifayot qodor yaglanmis, tozdan vo ¢irkdon mudafio olunan otlirmalordo
dislorin dagilmasinin osas sobobi, doyison kontakt gorginliklorinin hesabina is¢i sothlorin
yorulmadan ovulub-dagilmasidir.

Ovulma adoton dislorin dib hissosindo, ilismo qiitbii yaxinliginda kicik catlarin hesabina bas
verir.Bu zonaya yiik yalniz bir ciit dislo 6tiiriiliir, dislorin siirlismasi vo diyirlonmasi istiqgamotindo
yag catlara sixilaraq metal hissociklorin qopmasina imkan yaradir.Ogor ¢arxlar hazirlanan zaman
qiisurlardan yaranan mosamoliklords ilkin yeyilmo bag verarsa, onda miioyyon miiddot kec¢dikdon
sonra bu yeyilmonin vo plastiki deformasiyanin hesabina mikrokolo-kotiirliiklorin say1 vo yiikiin
konsentrasiyasi azalir,masamoliklor iso genislonir.Belo ovulmalar disli 6tiirmonin isino monfi tosir
gostormir.Qiitb ilismo xotti baslangicinda omolo golon xirda masamoliklor ¢oxalaraq disin dibinin
is¢i sathi boyunca, bazaon ds disin zirvasine godar yayilmaga imkan tapir.

Yorulmadan ovulan diglor, disli ¢arx 6tlirmasinds halo uzun miiddat islomo qabilliyatini saxlasalar
da, lakin ilismods dislorin dagilmasini tezlogdiron artan dinamiki yiiklor yaranir.Dislori miioyyan
dorocado yeyilmoyos moruz qalan Otlirmolordo disin iist tobogolorinin siirtiilmasi noticosindo
yorulmadan yaranan catlar genislonmoys imkan tapmadigindan Otiirmolords ovulub-dagilma
prosesi gozlonilmir.Diglorin sothinds yaranan yorulmalarin qarsisini almaqdan 6trii dislorin
kontakt gorginliklorine goro doziimliiliyo hesabatinin aparilmasi, materialin  sasthinin
mohkomlondirilmasi vo disli ¢arxlarin hazirlanmasinda doqiqliyin artirilmasi tolob olunur.

Disli ¢arxin ¢okisini azaltmaqdan vo andazs 6Slgiilorini kigiltmokdon 6trii termiki emal olunmus
legirlonmis poladlara daha ¢ox {istiinliik verilir.Poladdan hazirlanan disli ¢arxin dislorini termiki
emaldan sonra kosilorso, bu dislorin Olgiilorina vo Otlirmonin doaqiqliyino heg¢ bir xolol
gotirmaz.Kicik carxlarda dislorin kosilmasindo HB= 350, orta vo bdyiik Ol¢iilii ¢arxlarda iso

HB<250 barkliya godor termiki emal olunmus poladlardan istifade olunur.

Disli ¢arxlarin materialimi vo termiki emal néviinii secorkon osas diqqet Gtiirmods yikiin
artirilmasina yonoldilir.

Ilismado yaranan giic, yalmiz yiikiin kontakt xatti boyunca qeyri-baraber paylanmasima vo olavo
dinamiki yiiklorin yaranmasma deyil, hom do vallarin, gévde vo dayaqlarin deformasiyaya
ugramasina sobab olur.

Belo yiiklor otiirmoys daxil olan hissalorin qurasdirilmasinda ve hazirlanmasinda miioyyan
xotalarin yaranmasinda 6z monfi tasirini gostarir.

Dislorin méhkomliya hesabatinda, bu faktorlarin tosirini nozors almaqdan 6trii yiik amsali bir neco
dofo artirilir.

Xiisusi yiikiin on boyiik qiymati dislorin qarsiligh oyriliyinden asili oldugundan, bu yiikiin doqiq
qiymatini tayin etmok olduqca ¢otindir.

Konsentrasiya amsalinin qiymati yiikiin ndviindon,disli ¢arxlarin materialinin xarakteristikasindan
vo Otlirmonin doqiqlik doracasindon asili olaraq toqribon Kx*1-+1.4 hodlori daxilindo qobul

olunur.

Kontakt xottinin bir metrino diison yiikiin vo qiymetlorinin azaldilmasinda mogsod dayaqlara
nisbaton c¢arxlarin simmetrik qoyulmasini, qeyri-simmetrik vo yaxud da konsol qoyulmus
carxlarin soraitindon asili olaraq enlonmasinin qarsisini almagq, dislorin oyilmasine tosir edon yiik
artdigindan miimkiin qador ensiz ¢arxlardan istifado etmok, vallar1 qisaltmaqla onlarin sortliyini
artirmaq va diglora xiisusi ¢ollogakilli formanin verilmasini tomin etmokdir.

Xatani yaradan osas saboblordon biri do dislorin qarsiligh yerlosdirilmasi, dis ciitliniin geyri salis
islomasi vo garxin bucagq siiratinin doyigsmosidir.
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Carxin bucaq siirotinin doyigmosi, ilismodo dinamiki ylik adlandirilan olave otalot qiivvolori
yaradir.Belo yiiklor zororli faktorlar olmaqla, Gtiirmonin Omriinii qisaldir, 6tiirmoys daxil olan
hissalordo sos-kiiy va titrayislor yaradir.ilismodo yaranan xotalardan asili olan dinamiki yiiklori,
ani titroyislordon yaranan xarici ylkiin 6tiirmoya tosiri ilo qarigdirmaq olmaz.

Normal tozyiq qiivvesinin tosiri altinda diglorin kontakt zonalarinda miisyyan soraitde ovulma va
disin is¢i sathlorinds plastiki deformasiya yarada bilon kontakt gorginliklori yaranir.On az kontakt
doéziimliiliiyline ilisma qiitbii  yaxinliginda, ilismoys daxil olan vo ilismado istirak edon bir ciit
disin sothlorinin toxunma sahoslori moruz qalir.

Yiiklonmolor statiki soraitdo bas verdikdo;sixici qiivvo kontakt sahosine normal istigamotdo
yonoldikdo, basqa sozlo silindrlorin sothinds toxunan qiivvolor olmadiqda; yaglanma olmadiqda;
sixilan cisimlor ideal elastiki vo bircinsli materialdan hazirlandiqda;

Digli ¢arx otiirmolorinds, kontaktda olan sothlor arasindaki yaglama qatinda bas veron
hidrodinamiki hadisolori, dinamiki yiikiin migdarin1 va toxunan sothlordos siirtiinma qiivvalarini,
yukun geyri-barabar paylanmasini va digar spesifik faktorlari nozora almir.Ona goéra do dislorin
hesabatinda Hers diisturundan istifads etdikdo, diistura bazi amsallarin slave olunmasi vacibdir.
Real 6tiirmolords, disin mohkomliys hesabatinda aparan carxla aparilan ¢arxin ilismo addimlari
arasindaki forqin qagilmaz olmasina baxmayaraq ilismonin tam bir dovrii arzinds yiikiin yalniz
ilismoya daxil olan bir ciit dislo Gtiiriilmasi qobul olunur.Praktikada tosdiq olunmusdur ki, dislori
oyilma vo siirlismo deformasiyalarina vo homginin kontakt zonasindaki deformasiyalara 7,8,9
doqiqlik deracalari ilo hesablanmig 6tiirmalar, dislorin hazirlanmasinda yol verils bilocok xatalari
va ¢evravi addimlarda yaranan forqin tam aradan qaldirilmasina zomanot vermir.

Belo hallarda aparilan ¢arxin diglori ilismonin baslangicinda, aparan ¢arxin dislori iso iligmonin
sonunda disin zirvesine totbiq olunmus qiivvenin yaratdigi oyici momentin tosirindon maksimum
garginliklora moruz qalirlar[1-2].

Ilismodo siirtiinmo omsali kicik qiymeotlor(f=0.05+0.08) aldigindan, dislorin siiriigmosi zamani

yaranan siirtlinma qiivvasi nisbaton az olur.Ona gors ds bu qiivvonin disds yaranan gorginliklorin
yekun gqiymaoting tosirini nozors almamagq olar.

Masalonin qoyulusu

Tadqiqgat isinin aparilmasinda qarsiya qoyulan on asas moagsad iso elektromexaniki miiharriklorin
coxsayl tocrubi todqiqatlarin bazasi osasinda disli mexanizmlorin resursunun artirilmasini tomin
edon metodikanin iglonib hazirlanmasidir[3-22].

Masalonin halli iisullar

Aparilan ¢oxsayli todqiqatlar gostarir ki, disli carxlarda firlanma zamani bas veron yeyilmalarin
qarsisini almaqdan 6trii layihslondirmoni sifir vo gorarlasmis rejimlords isloyon otiirmalor {iciin
aparirlar[3-12].

Disli garx otlirmolorinin lahiyslondirondirilmasi ilo moasgul olan miitoxasislora bu 6tlirmonin o
gador do keyfiyyatli hondasi gostaricilors malik olmadigi molumdur.

Bu gostoricilori miioyyon etmokdon vo osas parametrlori segmokdon o6trii layiholondirmo
marhalasinda 6tiirme mexanizmlorinda carxlarin yerdoyismosing tosir edon yerdoyigsmo amsalin,
ilismado dislorin ¢ixisinda yaranan siirlismo omsalini, diglorin ilismoya daxil oldugu va ilismadon
¢ixdig1 anda siirtiinma vo xiisusi tozyiq amsallarin1 minimallagsdirmaq toklif olunur.
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Stirtisma omsali, disli ¢arxlarda dislorin pillslorinds siiriismonin qiymatine hondasi vo kinematik
faktorlarin tosirini nozors almaga imkan verir.

Stirigmo haddi, bir ¢arxdaki disin bir profilinin kontakta girdiyi diger ¢arxdaki disin profilini
sixmasl, dislorin profillorinin yeyilmosino gotirib ¢ixardir.

Siiriismo oamsali asagidaki kimi toyin olunur[2-3].

Vsiir Vsiir
AM=—"; A =—— (€]
Viik Vizk

burada, vs,-dislorin profillorinin siirlisma siiratidir; vg; vo vz —kigik vo boyiik disli carxlarin

yerdoyismo siiratidir.
Strtinmads siirlismo omsallart (A1 ve 22) yerdoyismo omsallarindan (x1 vo x2 ) asihdir.
Yerdoyismo omsallarini (x1 vo x2 ) doyismoklo lahiyogi istismar soraitini yaxsilagdiran A; vo A,

omsallarinin qiymatlorini miioyyon eds bilor.
Dislorin ilismoys daxil oldugu anda siirlismo omsali asagidaki kimi toyin olunur:

" Zg (to =gy} z
}11_ 2 (tg oap w (1+_1) : (2)
(zy 42z )tgaw—7; tgaaz Zz

Dislorin ilismadon ¢i1xdig1 anda siiriismo omsali:

" Zq (te —tgo
12_ 1 (tg gy —80hw) (1+Z_1) (3)
(zy+z2)tgay, —2; tgag,

burada, z1 va z2 — uygun olaraq kigik vo bdyiik ¢arxlardaki dislorin sayidir; @,y vo @gz - kigik vo
boylik carxlarda disin zirvo cevrosinin profil bucaqlaridir; @, —evolvent profilli disli ¢arx

Otlirmasinin ilisma bucagidir.
Buraxilabilon haddlar daxilinda X1 vo x2 —nin qiymatlori artdiqca siirligmo amsali azalir.
X1 Vo Xz —nin qiymotlorini variasiya etmoklo vo 1), A, —nin giymatlorini azaltmagla A; vo A,
omsallar1 arasindaki asililig1 azaltmaq olar:

A=A,
Belo dtiirmolords dislor ¢ox az yeyildiyindon uzun miiddeat islomo gabiliyyatini saxlaya bilocok.Bu
zaman hom kicik, hom do bodyiik carx eyni gaydada uzun miiddstli islomo qabiliyyatini
saxlayacag.
Disli carx otlirmosindo dislorin  moéhkomliyino vo yeyilmosino qarsi tosir edon hondosi

parametrlordon birids xiisusi tozyiq omsalidir:
m

V= @
burada, m- disli ¢arx otiirmasinda disin moduludur;P,,.- evolvent profilin gatirilmis ayrilik
radiusudur:

rc"gat :P1xP2 ' (5)

burada, p; va p2 —kigik va boyiik disli ¢arxin disinin ayrilik radiusudur.

e
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Xiisusi tozyiq omsali (V) vo disin handasi dlgiilori ( oyrilik radiusu vo profillori) dislorin kontakt
noqtolorindo yaranan kontakt gorginliklorinin giymatine gostordiyi tosiri nozoro almaga imkan
Verir.

Hers diisturunda xtisusi tozyiq amsalini (V) nozors alsaq, onda yazariq:

0=0.418 /—M;i“ , (6)

burada, Frg—dislarin ilisms ndqtasinin kontakt xattindoki hesabi ¢evravi qlivvadir;E ., —% —
1 2

disli ¢arx ciitliiyliniin materialinin gotirilmis elastiklik moduludur:E1 vo E2 -ki¢ik vo boyiik
carxlarin materiallarinin elastiklik modullaridir.
Xiisusi tozyiq omsalinin qiitb ndqtasinds (P) ilisma xattindo hesabatinin aparilmasi talab olunur.
Onda:

Ve = ez )
burada, a- giris konturunun bas bucagidir.
X1va X2 omsallar1 boyiidiikca V- omsali kigilir.

Xiisusi tozyiq omsali kigildiyindon konstruktor X1 vo X2 yerdoyismo omsallarint secorkon kontakt
gorginliklorini azalda bilor. ©gar siiriismo amsallari (x1 vo x2) 2-don, xiisusi tozyiq omsal iso 1.5-
don az olarsa, onda disli carx Gtiirmoasi yaxsi 6tiirmo hesab oluna bilor [23].
Disli ¢arx otlirmasinin yeyilmoys qarsi resursunun hesabina baxagq:
Disli garxlarin hazirlanmasi va yeyilmosi ila bagli ¢oxlu sayda tadqigatlar aparilmisdir [6-13].
Bu tadqiqatlar arasinda on ¢ox diqqati calb edon hesabatlar disli ¢arxlarin dislorinin yeyilmoyo
qars1t davamliligi 1lo bagl mithandislorin apardig: tacrubi todqiqatlardir.
Aparilan todqiqatlar arasinda Y.A.Droslevin vo onun davamgilarinin todqiqatlar1 daha moagsoda
uygun tadqiqatlardir[15-17].
Bu todqiqatgilarin  apardigi todqiqatlara osason disli ¢arx Otlirmosinin  yeyilmoyos qarst
uzunomirliililyliniin hesabat1 yeyilms intensivliyinin (J) 6l¢iistiz komiyyastlors gore aparilmasidir.
Disin iist sothinin yeyilma qalinlig::

é=IS, (8)

burada, S-siirlisma siirtiinmoasinin got etdiyi yoldur.
Hers diisturuna asason kontakt sahasinda bir tsiklde ilismada siiriisma siirtlinmasinin gat etdiyi yol
Kicik disli ¢carxin on torafdoki disinin baslangic ¢evrasi ti¢iin (Z1-¢arxinin):

Si= ©)
Uy
Boytik disli carxin arxa torofdoki disinin dib ¢evroasi tigiin (z2-¢arxinin):
Szz—plv_pz; (10)
2

burada, 91 vo U2 —kigik vo boyiik disli ¢arxlarin ¢evravi siiratloridir.
Disli ¢arx otlirmasi islok voziyyatdo olan zaman siirtlinmads got olunan {imiimi yol:
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S=512 112 nat; (11)

burada, ni.-kigik ¢arxin firlanma tezliyidir; n3- disli ¢arxlarda ilisma ciitliiklorinin sayidir.
Nozoros alsaq ki:

V1= W1py, (12)
Vo= WP, (13)
burada, w1 va w> - kigik vo boylik disli ¢arxlarin bucaq siiratloridir.
Onda:
Bsir 9182 _wypy—wap2 =1- 1 pz : (14)
34 9y Wit Uiz P
Ssur _ 9192 _wip-w
si:lr = 11‘32 "= lzlei'zzpz :ulz% -1’ (15)

burada, ui2- 6tiirma nisbatidir.

Toyin olunmus ifadslori yerins yazib, miioyyon cevrilmolor etsok, onda disli ¢arx 6tiirmasi li¢lin
asagidaki ifadolori oldo edorik.

Disin 6n sathi tigilin (kigik carxin baslangic zirve ¢evrasi ligiin):

t,= 4] , (16)

2.251, |q o2
\‘I gat( UjapPy ) ]n1n3

Disin arxa sathi {liglin (bOyiik ¢arxin baslangic dib gevrasi tigun):

ty= 41 , (17)

2250, |q )
2 | Hﬂt (1‘-'12%_1']“2“3

burada, [6] —kigik vo boyiik disli ¢arxlarda buraxilabilon yeyilmolordir; /[12-kicik vo boyiik
carxlarda disin yeyilmo intensivliyidir ;q, —kontakt xattinin bir metrino diison yiikdiir; ¥1 vo 92—

disin 6n vo arxa sothlorinin yellonma stiratidir.
Otlirmonin resursunu miioyyon edok:
Yeyilmanin buraxilabilon qiymoti [8] istismar tolablori asasinda verilir.

Buraxilabilon kinematik xota vo ya disin mohkomliyi yeyilmonin qarsisini alir.

Belalikls, endirms — qaldirma masinlarinda yeyilmonin buraxilabilon haddi ilisme modulunun
0.4-mislindon ¢ox ola bilmaoz.

Disli ¢carx mexanizmlorinds diiz disli ¢arxlarda kontakt xottinin 1 metrino diison giic asagidaki
kimi tayin olunur:

_2KypKng T2

n=
dyzcosa by,

(18)

e

1 132




ISSN: 2663-8770, E-ISSN: 2733-2055

I:TM

REFERRED & REVIEWED JOURNAL

burada, Kyg - kontakt sahosinin faktiki Olgiilorinin nozeri Olgiilorindon forqini nozero alan

omsaldir, Kpyg- ilismodo dinamiki tosirin hesabina yaranan yiikiin artmasint nozors alan
omsaldir; T>-boyiik ¢arxa diison burucu momentdir; dy,» —bOyUK carxin baslangic g¢evrasinin
radiusudur;a —ilisma bucagidir; by, — ilismado ¢arxin is¢i enidir.

Kontakt sahasinin xarakterik noqtalorinds ayrilik radiuslari ( p; va p5), disin profilinin baslangic
(1) va son (pz) ayrilik radiuslarinin orta qiymatlorine gors hesablanir[16].

Ogor baglangic oyrilik radiusunun (pp;2) qiymoti hesabatdan ovval gobul edilorso, onda

yeyilmonin miioyyon edilmasinds xata 30% -o cata bilor.
Deyilonlordan natics ¢ixararaq oyrilik radiuslarini agagidaki asililiglardan toyin eds bilorik:

+
Plsz1 - PE1 : (19)

P2 _PHz ;'F-‘Kz’ (20)

Evolvent profilli disli carx mexanizmindo kigik disli ¢arxda gapama bucagindan asili olan
xarakterik noqte disin zirvesindon disin modulunun 0.3 misli qador geri qalan ndqtedir.Boyiik
disli ¢arx {igiin xarakterik noqto disli ¢arxin dib ¢evrasina toxunan néqtadir[16].

Kigik va boyiik disli ¢arxlarda baslangic oyrilik radiuslarinin xarakterik noqtolori uygun olaraq
asagidaki kimi miioyyan olunur:

Pp1 =Ta1Sinay | (21)
3111 +O 7m:m(2—1 +O 7) (22)
Iy €osa _mzy cosa
cosa,= - o (23)
Ppz =Ta28iNd;y; (24)
Ta2=0y - 131, (25)
Iz COSa _mzzcosa,
cosa;= - - (26)

Dislor yeyilon zaman ilismonin hondasi formasi doyisir vo bu hal dislorin profillorinin ayrilik
radiuslarina xeyli doracods tasir gostorir.Plastiki yaglanma ilo tochiz olunmus kicik vo boyiik disli
carxlar ilismoys daxil olan zaman yeyilmis profillorin oyrilik radiuslar1 asagidaki kimi
hesablanir[16]:

Pr1=Pb1+330[8] (27)
Pr2=Pp2+550[8] > (28)

(16) vo (17) ifadolorindoki intensiv yeyilmonin (f) parametirlori molum deyil.
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Intensiv yeyilma ¢oxlu sayda faktorlardan asilidir: disli ¢arxin materialimin fiziki vo kimyovi
torkibindon, yaglayict materialin noviindon vo xarakteristikalarindan, disli carxlarin is¢i
saraitindoen(temperaturdan, tozyiqdon va.s)va yiiklonmo parametrlarindon asilidir.Sakil [3-17].

10 /

10

10 10 10 |

Sakil 1. Intensiv yeyilmonin (J) zamandan asililigin1 miioyyan edon qrafik.

1-u=2.5; 2-u=3.5; 3-u=4.8 (¢arxin materiali polad 30XQC-don hazirlanmigdir.
Elektromexaniki miihorrik mexanizminin asag1 temperaturlarda (463 C°) disli ¢arxinda dislorin

yeyilms intensivliyinin, normal temperaturdaki yeyilma intensivliyi ilo miiqayisado orta hesabla
15%-5 qoder artmasi yaglama materialinin plastikliyinin azalmasi ilo slagoadardir.
Aparilan todqigatlardan aldo olunan naticalori normal soraitds isloyon elektromexaniki miihorrik
mexanizminin disli ¢arxin resursunun qiymatlondirilmasindas istifads etmok olar.

Notica

Aparilan aragdirmalardan bels bir noticoya golmok olar ki, hal-hazirda disli ¢arx mexanizmlorinin
resursunun uzundmiirliiliiylinii hesablamaqdan 6trii tocriibi tadqiqatlarin aparilmasi talab olunur .
Biitiin disli ¢arxlar ii¢iin dislorin yeyilmasi ilo ¢arxin islomo miiddsti arasindak: asililigi miisyyan
etmokdon 6trii, bu asililigr iki xarakterik sahayo bolmak tolob olunur:

Birinci sahads yeyilmo intensivliyinin azalmasi miisahids olunur.Bu tsikl dislorin is¢i sothino
uygun galir.

Ikinci sahada yeyilmo intensivliyi sabitlasir vo bu voziyyat xeyli miiddotdo davam edir.
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PACYET PABOYEI'O PECYPCA IIEPEJJAY B QJIEKTPOMEXAHUYECKHUX
MOTOPHBIX MEXAHU3MAX

Amup Mycradaesn?, lapba Anmnesa?

ouent kadenpo “Mexanuku” AzepOailPKaHCKOTO TOCYJaPCTBEHHOTO YHUBEPCUTETA HE(YTH M IPOMBIILIEHHOCTH,
Aszepb6aiimkan. Email: mustafaev-1959@mail.ru

2Maructp, paxyisrer “Mexanuku”, AzepbalikaHCKHii rOCYIapCTBEHHBIH YHUBEPCUTET HEPTH U
npoMbIIeHHOCTH, A3epbaiimkan. Email: aliyevaderya0O@gmail.com

PE3IOME

DJIEKTPOMEXAHHYECKHE JIBUTATEIN IIPUMEHSIOTCS B OTPACIAX, TPEOYIOMIMX BHICOKOH TOYHOCTH
(aBuamus, 0OGOPOHHAS MPOMBINLUIEHHOCTh, MAIIMHOCTPOEHHE, He(TAHASA MPOMBINLIEHHOCTh H
JPYTHE OTPACIIH).

[Ipy JIMTENBHON JKCILTyaTalluK 3y0bsl B IIECTEPHSX IOCTENEHHO M3HAIIMBAIOTCS, H3MEHSIOTCS
npoduIn U pasMepsl 3yObeB, NPH 3aLEIVIEHUM MEXKIY HUMHM BO3HHMKAaeT 3a30p. B pesymbrare
CHHKaeTcsl KO(Q(QMIMEHT IIONE3HOH pabOThl JBUTATENs, YBEIMYMBAIOTCA €ro IKECTKOCTB,
KMHEMATU4YeCKas TOYHOCTh U IMHAMMYECKAst HArpy3Ka.

VHTEHCHBHOCTD W3HAIIMBAHUS 3y00B MOYKET BApbUPOBATHCS B IIMPOKHX MPEIEIax

(I =1073...10712). PerynupoBKa 3THX NapaMeTPOB CHUKAET HWHTEHCUBHOCTH TPABJEHHS Ha

MMOBEPXHOCTU TOHKOI'O CJIOSI MaTepuara.
B 00blyHBIX aTMOC(EpHBIX YCIOBUSX TOHKHH CJIOM Marepuana JTUCIEPTHPYETCS H Ha
KOHTaKTUPYIOIIUX  TOBEPXHOCTSIX oOpa3yercs OKCHUIHAs IUIGHKa 0€3  CKOJIb)KEHUS.
Hcnonb30BaHne CMa304HBIX Maced B 30HAaX KOHTaKTa 3yObeB 3yOuaThIX KOJIEC MPEIOTBpAILAET
MOTJIONIEHUE Ta3a M KHUJIKOCTU pabodYuMM 30HAMU TBEPIBIX WM MOPHUCTHIX JKUJIKHUX BEUIECTB U
paspylieHre Matepuaia 3youaToro Kojieca.

B penensupyemoii craThe mpeacTaBlieHa METOIMKA pacyeTra pecypca 3y0daroil mepemaud Mo
KPUTEpPUIO H3HOCA B JJIEKTPOMEXAaHWYECKHUX JBHUrareisax. [lomydeHHblE 3aBUCHMOCTH MOKHO
UCIIONIb30BaTh TMPU COCTABIEHWU OTYETOB O JOJTOBEYHOCTH 3yOuaTeix mnepenad. OHuU
UCIOJIB3YIOTCS B aBHAIlMM, KOCMOcCe, OOOpDOHHOM KOMIUIEKCE U JIpYTUX OTpacisx
MPOMBIIIJICHHOCTH, B TOM YHCII€ JKCILUTyaTUPYIOTCS B OKCTPEMATbHBIX YCIOBHSIX B He(TAHOM
MpoMbIIIIeHHOCTH. [loBblmieHne paboTocmocoOHOCTH W pecypca 3yO0daThbIX MEXaHHU3MOB
SIBJISICTCSI OJTHOW U3 BAKHBIX 3a/1a4, CTOSALLUX II€PEl UCCIIEI0BATEISIMU U KOHCTPYKTOPaMHU.
PaznuuHble KOHTaKTHBIE HAIIPSKEHUS M TPEHUE Ha MPOUIAX 3yObeB MPUBOIAT K MOBPEKIACHUIO
pabouux moBepxHocTell 3yObeB.

Kak B OTKpBITBIX, TaK W B 3aKPBHITHIX II€pelavax HaTHKEHUE, CO3/1aBacMoe aOpa3UBHBIMU
YacTUIIaMH C HE3AlUIICHHBIX OT 3arps3HEHUst pabo4YMX TMOBEPXHOCTEH 3yOheB, BBI3BIBAET
abpa3uBHBIN U3HOC 3yObEB.

[Ipy momagaHWUM W3HONICHHBIX 3yObeB B 3allelJICHHME 3a30p MEXAy HHUMHU YBEIHMYHMBAETCH,
Harpy>kaeT JMHAMHUK U YBEJIMYMBAET IIyM, KHHEMaTU4YeCKasi TOYHOCTh MEPEIaud CHUKAETCS. DTO
MPUBOJUT K YMEHBIIECHUIO MPOYHOCTH W IJIOMIAAMU MOTMEPEYHOr0 CEYEHHUs 3yOOB U Jake K UX
ITOJIOMKE.

DNEeKTPOMEXaHUUYECKUE JIBUTATENIM C arperaTHbIM MPHUBOJOM COCTOST W3 IIECTEPEH C OONBIITNM
MepelaTOYHBIM YUCIIOM, 3JIEKTPOIBUTATENS, OOBIUYHBIX HWJIMHIPUUECKUX Tepeaayd IBOJIbBEHTHOTO
npoduis U MIaHeTAPHBIX WM BOJTHOBBIX Mepe/iad Ha BEIXOJAHOM KacKaJe.
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OCHOBHOH TNPUYMHON BBIXOAA M3 CTPOS 3JIEKTPOMEXAHMUECKHUX BUTATEECH SBISETCS H3HOC
pabouux NOBEPXHOCTEH 1IECTEPEH.

OCHOBHOH 1I€JIBI0O IIPOBEJECHHUS JAHHOTO UCCIICJOBAHMS SIBISETCS M3YUYEHHE 3aBHUCHUMOCTH
pa3IMYHBIX CMAa304YHBIX MATEpUAIOB OT 3ajad COOOIIEHUs IPOYHOCTH PabOYMX 30H 3yOuaThIX
MEXaHU3MOB B 3aBUCUMOCTH OT YCIIOBUH DKCILTyaTal1H.

KiroueBble cjI0Ba: 1IECTEPHS, ABUraTellb, PPUKLUOHHOE NIPOCKAIb3bIBAHNE, U3HOC, KOHTAKTHBIE
HaIPSKCHUS.

CALCULATION OF WORKING RESOURCE OF GEAR IN ELECTROMECHANICAL
MOTOR MECHANISMS

Amir Mustafayev', Darya Aliyeva?

1Associate Professor, Departament of Mechanics, Azerbaijan State Oil and Industry University, Azerbaijan.
Email: mustafaev-1959@mail.ru

2Master, Department of Mechanics, Azerbaijan State Oil and Industry University, Azerbaijan.

Email: aliyevaderya00O@gmail.com

ABSTRACT

Electromechanical motors are used in industries that require high precision (aviation, defense
facilities, machine building, oil industry and other fields).

During long-term use, the teeth in the gears gradually wear down, the profiles and sizes of the
teeth change, and the gap between the teeth occurs during engagement. As a result, the useful
work coefficient of the engine decreases, its rigidity, kinematic accuracy and dynamic load
increase.

The intensity of tooth wear can vary within wide limits (I =1073...10712). it depends. Adjusting

these parameters reduces the intensity of etching on the surface of a thin layer of material.

Under ordinary atmospheric conditions, a thin layer of material is dispersed and an oxidation film
is formed on the surfaces in contact without slipping. The use of lubricating oils in the contact
areas of the teeth of the gear wheels prevents the absorption of gas and liquid by the working
areas of solid or porous liquid substances from destroying the material of the gear wheel.

The reviewed article provides a methodology for calculating the gear transmission resource
according to the wear criterion in electromechanical engines. The obtained dependencies can be
used in reporting the longevity of gear transmissions. They are used in aviation, space, defense
complexes and other areas of industry, including those used in extreme conditions in the oil
industry. increasing the working capacity and resource of gear mechanisms is one of the important
issues faced by researchers and designers.

Varying contact stresses and friction on the tooth profiles cause damage to the working surfaces
of the teeth.

In both open and closed gears, the tension created by the abrasive particles from the working
surfaces of the teeth, which are not protected from contamination, causes abrasive wear of the
teeth.
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When the worn teeth enter the mesh, the gap between them increases, loads the speaker and
increases the noise, the kinematic accuracy of the transmission decreases. This leads to a decrease
in the strength and cross-sectional area of the teeth and even to their breakage.

Aggregate-driven electromechanical motors consist of gears with a large transmission ratio, an
electric motor, conventional cylindrical gears with an involute profile, and planetary or wave
gears on the output stage.

The main reason for the failure of electromechanical motors is the wear of the working surfaces of
the gears.

The main purpose of conducting this research is to study the dependence of various lubricants on
the problems of reporting the strength of the working areas of gear mechanisms depending on the
operating conditions.

Keywords: gear wheel, engine, friction slip, wear, contact stress.
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LAZERLD MOHKOMLONDIRILMIS POLADLARIN SOTHINDO
BORKLIYIN PAYLANMASINA QALIQ AUSTENITIN TOSIRININ
ARASDIRILMASI

Jalo Pasayeval, Agsli Quliyev?
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XULASO

Lazerlo mohkomlondirmanin tasiri ilo emal edilon soth gatinda faza vo struktur ¢evrilmolori bas
verir ki , bu sotho tribotexniki vo mohkomlik xassolorini vermoys imkan yaradir . Todqiqatda
lazerlo mohkomlondirilmis qatin qalinligina vo borkliyino tosir edon olave amillor miioyyon
edilmisdir. Askarlanmisdir ki, lazerlo tablanmis qatin qalinlig1r austenit dens Sl¢iilori ilo miioyyon
edilir . Poladda secilmis legirloyici element lazerlo emal zamani on yiiksok doracads istilik
keciriciliyini asagi salmalidir. Tadqiq olunan poladlarin igarisinds an bdyiik tablandirma dorinliyi
yiiksok karbonlu silisiumlu legirlonmis polad olmusdur. Lazerlo mohkomlondirmods qatin
borkliyina tosir edon qaliq austenitin miqdart oldugu miioyyon edilmisdir.

Acar sozlor: legirlonmis poladlar, termiki emal,lazerlo emal,méhkomlondirma,legirloyici
element,qaliq austenit,dons olgiisii,struktur,barklik.

Aktualhq

Hal — hazirda lazerlo tablandirma iisulu siiratlo artmaqla miixtalif poladlarda totbiq olunur. ©n
boyuk maraq lazer texnologiyasindan istifado etmoklo detallarin is¢i sothlorindo  yeyilmoya
davamlilig1 artirmaq vo yiiksok doqiqlik oldo etmokdir. Bu mogsadlo totbiq edilon hocmi
tablandirma tisulu uzunmiiddatli istismari, stabil 6l¢linii tomin etmoyi talablorini tomin etmir. [1]
Bir ¢ox detallarin lazerlo tablandirilmasi zamanmi ¢ox galinligh tablandirma gati almaq tolob
olunur. Bu iso baslica olaraqg momulatin yiiksaldilmis kontakt gorginliyi iigiin cox vacibdir. Ikinci
torofdon 1s¢i sothds pardaxlamadan sonra mohkomlondirilmis gatin qalmasinin tomin etmosidir.
Qalan bu mohkomlondirilmis gat 0,6-0,8 mm-don az olmamalidir .Coxdandir bu deyilon yerino
yetirilmir.Qabaqcadan tabalmaya ugradilmis poladlarin lazerlo emal edilmosi hagqinda ¢ox
molumatlar var.[2,3]

Burada moéhkomlandirilmis qatin qalinlig1 0,2...0,8 mm toskil edir ki, bu da yiliksak doqiqlikli
detallar vo Olciicii alotlor {iglin termiki emala imkan vermir.Eyni zamanda axrinci mexaniki
emalda imkan yaratmir.(masalon pardaxlama ,cilalama va.s )[4].

Lazerlo mohkomlondirilmis qatin qalinhigmnin istilik kegirmesino tosiri artiq lazimi qodor
Oyronilmisdir .Bunun asasinda islonon metodikalara asaslanaraq mohkomlonmis qatin qalinligini
vo borkliyini lazimi qoader artirilmasi olave termiki emal yolu ilo yerino yetirilir.Belo emal
noticasinda nisbaton strukturlarin sorbit yaxud trostitin alinmasini tomin edir.

Isin Moagsadi
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Lazerlo mohkamlondirilmis qatin qalinligini,barkliyini lazimi gader artirilmasi ii¢lin karbonlu va
azlegirlonmis poladlarda olavo termiki emalin aparilmasihomginin  is¢i  sothindo
yeyilmoyadavamlilig1 artirmaq vo yiiksok doqiqlik oldo etmokdir.

Metodiki hissd

Metodiki hissads lazerlo méhkomlondirmo aparmaq iiciin ilkin olaraq kosmo emali dozgahinda
totbiq edilon yumrucuq detallarinin polad markalar1 seg¢ilmigdir.Lazer emalinin aparilmasina
karbonlu va silisumlu azlegirlonmis poladlar 40, 60C2,80C2 gabul edilmisdir.Bu poladlarin ilkin
termiki emalindan sonra todqiq edilmisdir.

Poladlarin se¢ilmosi elo hoyata kegirilmisdir ki, onlar 0.45 —don 0.8%-0 qodor olmagla karbonun
vo miixtolif legirlonmis elementlorin qata vo borkliyo tosirini miioyyon etmoys imkan
verir.Barklik TK-2M-do T'OCT 9013-Is toyin edilmisdir

Lazerlo emalda fasiloesiz rejimdo Slgilisii 20*20*30 mm olan niimunslor asagidaki rejim tizro
yering yetirilmisdir :stialanmanin giicii 1.25 Kvt, stianin skanirlomo suroti 5 mm/s xallanmanin
diametri 9 mm .Niimunslorin lazer sliasinin yaxs1 udmasi ii¢iin qabaqcadan slave olaraq termiki
emala ugradilmast CH3-3,6.2 /TOMI markali sobada aparilmisdir.illkin névbade hazirlanmis
niimunalor vo detalin tutucu disli hissolori lazer qurgusunda (IXUN lasertechnik GmbH)patron
yumrucugunun tutucu dislorinin borkidilmosi {i¢iin polad 40,60C2 vo 80C2 poladdan
hazirlanir.[3]Sothde NK siialar1 yaxst udmasi vo udma omsalini yiiksaltmok {igiin sotho CI'-504
ortliyll istifads edilib vo Ortiiyiin qalinligi 0,2/0,5 mm (bir ne¢o qatli) qurudulmadan (2 saat) sonra
niimuna vo ya lazer modula yerlosdirilir vo firladilan lazer tablandirilmasi derinliyindon vo
mikrostrukturu yoxlamagq ti¢iin metalloqgrafik standartlardan istifado edirlor.[4]

Metallarin strukturunu Syronmok iiciin TOSHIBA firmasinin istehsal etdiyi PMI OLYMPUS
markal1 optik mikroskopdan istifads edilmisdir.

Detal vo ondan hazirlanan niimunslorin lazerlo emaldan qabaq vo sonra gokill —do gdstorilmisdir

Sakil 1. Detal hissosindon hazirlanan mikrosliflor. a-Lazerlo emala qodor (a, b) vo sonra (c)

Tadqigatin miizakirasi va naticalor
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Tadqiqatin gedisindon aydin olmusdur ki, evtektoido godor vo evtektoid poladlarindan miixtolif
strukturda barkliklor do lazer tablanmasinda miixtolif olur.On yiiksok an bdyiik qalinliq ve borklik
evtektoid vo 60C2-do , on az iso evtektoido qodor polad 45-do olmusdur.Miixtalif qalinliglt
mohkomlondirilmis qatlarin yaranmasini tadqiq edilon poladlarin tablandirma temperaturu ils izah
olunur hansi ki, an boyiik qalinliq evtektoide gadar poladlarda olur.(polad 45 vo 60C2) (sakil 2)
Naticads bu poladlarin tablandirma temperaturuna qodar lazerls siialanmasi zamani ¢ox da boyiik
olmayan qalinliq qizir vo martensit ¢cevrilmasi mohdud hacmds bas verir [6].Evtektoid poladinda
tablandirma temperaturu asagi olur .Tablandirilmis zonanin mikrostrukturu todqiqi ( sokil-3)
naticalori gostarir ki, evtektoido qador poladlarda onlarin strukturu geyri bircinsdir .Polad 40-ds
martensit sahoasi askarlanmisdir.Bu sahonin barkliyi ¢cox yiiksok olub H 750...800 olmagqla barabor
irsi ferrit sahasini saxlayir.Evtektoid 80C2 poladinda struktur tam martensitdon ibaratdir.

H
800 b { ?\\ -
700 > o

=L NN
600 -
500 3 \ N N
400 \.\-\ \
300 i =

0,2 0,6 1,0 h,mm

Sakil 2. Lazerlo méhkomlondirilmis karbonlu vo legirlonmis poladlarda qalinliq tizre borkliyin
paylanmasi

1-60C2 ; 2-80C2; 3-polad 40

Sakil 3. Polad 40 va 60 C2 poladlarin lazerlo tablandirmasindan sonraki strukturu
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a-polad 40 , b-60C2I" , c-80C2*500

Lazerls tablanmis qatin qalinlig1 austenit donslorinin 6l¢iisii ilo miioyyan edilir. Bu deyilanlorin
tosdiglonmasini 60C2 vo 80C2 poladlar {izorindo todqiqat aparmagla dono olgiilori miioyyon
edilmigdir. Donalorin Slgiilori migdart metalloqrofik analizls yerino yetirilmisdir[7] .Donalorin
konturu(sokil 4)oksidlogsdirmo metodu ilo askarlanmisdir .Hor bir niimunado donolorin orta sorti
diametri toyin edilmisdir.[8].Naticado asagidaki dona dl¢iilori alinmisdir.Burada hesablama xatasi
2 mkm olmusdur.

Sakil 4. Danoalarin oksidlosma metodu ilo konturunun tayin edilmis goriiniisii, a-polad 40; b-60C2

Askarlanmisdir ki, evtektoid poladlarinin dons 6l¢iisii 1,5 dofo evtektoiddon sonraki poladlardan
coxdur. Danolarin 6lgiilorinin boyiimasi austenit ¢evrilmasini longidir. Eyni zamanda kristallasma
morkozlorinin yaranmasi dono sorhodindo {stilinliikk toskil edir. Bu iso evtektoid poladinin
tablanmis qatinin qalinliginin slave bdyiimasine gotirib ¢ixardir.

Cadval 1. Poladin dons 6lgtilari.

Ne Poladin markasi Dona 6l¢iisii, mkm
1. 40 22
2. 80C2 19
3. 60C2 17

Lazerlo legirlonmis poladlan siialandirmada boyiik tablandirma dorinliyi karbonlu poladlardan
istiinliik toskil edir. Tablandirma gatinin gqalinli§ina poladin istilik kec¢irmasi giiclii tosir edir.
Legirlonmis poladlarin istilikkecirmasi karbonlu poladlarla miiqayisade 2 dofs azdir. Tadqiq
olunmusdur ki, legirlonmis poladlarin tablandirilmasi karbonlu poladlara nisbaton qalin qat1 tizro
qizdirilir. Bu zaman istilik metalin daxilina paylanir vo yiiksok istilikkegirmaya sabab olur vo
tablandirma temperaturuna qoador az qalinliql qat qizdirilir.

Molumdur ki, polada legirloyici element daxil etdikdo molum ganunauygunluq {izro
tablandirmanin bohran siirati azalir. Onu deyok ki, lazer tablandirmasi zamani1 metal igarisindon
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istilik ¢cixmasi siirati ¢ox bdyiik olur. Bu amilin méhkamlonon qalinliga az tasirlidir, neinki hacmi
tablandirma. Odur ki, lazerlo tablandirmada polada daxil edilon elementlor diizgiin secilmalidir.
Secilon legirloyici elementlor poladin istilikkegirmasini yiliksok doracado azaltmalidir (mosslon,
silisium). Tadqiqat gostorir ki, bir sira legirlonmis poladlarda (XBI', XBCT", 2X1, X12M, 7H3 vo
S.-do) tablandirma dorinliyi 60C2 poladindan azliq toskil edir.[9]

Belaliklo, tablandirma gatinin maksimal galinlig1 almaq ti¢lin evtektoid polad: segilmoklo borabor
onlarin istilikkegiriciliyini azaldan legirloyici elementlorlo zonginlosdirmok vo olave termiki
emala ugratdiqdan sonra trostit strukturunu almaq daha slverisli sayilir.

Todqiq olunan poladlarin miixtolif borkliyo malik olma sobobini arasdirmaq tigiin poladlarin
lazerlo emaldan sonra galiq austenitin miqdar1 rentgenostruktur analizi ilo agkar edilmisdir.
Tadqiqatin naticalari  polad 40, 80C2 VO 60C2 iizra codval 2-do agkarlanmisdir.

Cadval 2. Poladin markasindan qaliq austenitin vo mikroborkliyin asililig:.

Polad Aqal. , %0 H
40 0 670

60C2 8 870

80C2 9 830

Cadval 2-do goriindiiyii kimi galiq austenitin miqdar1 artdiqgca mikroborklik azalir. Evtektoid
poladlarda qaliq austenit on az olub (4 — 8%) intervalinda doyigir. Onda mikroboarklik H
(830....880) olur.

Notica

1. Lazerlo tablandirmada legirloyici elementlorin poladin tablandirma derinliyinin artmasi
onun istilikke¢irmasinin azalamasiilo miisyyan edilir.

2. Lazerlo mohkomlondirilmis atin borkliyine osasli doracods qaliq austenitin miqdart tosir
edir. Evtektoid poladlarinda qaliq austenitin migdar1 minimal saviyyads olur.

3. Lazerlo mohkomlondirmods tablanmis qatin qalinligmi yiiksoltmok iiclin legirlonmis
evtektoid poladin se¢ilmasi magsadsuygun sayilir.

4. Polada daxil edilon legirloyici elementlar yiiksok doracods onun istilikkecirmasinin ytliksok
doracads azaltmalidir va bu mogsadls trostit strukturuna nail olunmagq sorti ilo gabagcadan
termiki emala ugradilmalidir.
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HCCJEJTOBAHUE BJIIUSIHASI OCTATOYHOI'O AYCTEHUTA HA
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PE3IOME

OTO TMNPOUCXOAUT 3a CUET CHUTYallMH, CO3JaBacMoil 00pabOTKOl sa3epHOM yCTaHOBKH,
MO3BOJIAIONIEN co37aTh 3TOT 3(deKT TPUOOTEXHHUUECKUX M MPOYHOCTHBIX CBOWMCTB. B xome
WCCIICIOBAHMSI OBUIM OIPEENICHBl JIOTIOMHHUTENBHBIC (aKTOPHI, BIUSIONIMNE HA TOJIIUHY H
TBEPJIOCTh JIA3€pPHO-aPMUPOBAHHOIO CJOs. YCTaHOBJEHO, YTO TOJIIIMHA CJOS JIa3epHOTro
MOKPBITHSL OTIPENEISIETCS Pa3MepOM 3€pHa ayCTeHUTA. BHIOpaHHBIA JETHPYIOIIUH JJIEMEHT B
CTaJIM JIOJDKEH B HauOOJIbIIEH CTENEeHU CHIKATh TEIJIONPOBOJHOCTH IMPH JIa3epHOI 00paboTKe.
Cpenu uccneoBaHHBIX cTajded HauOOoNbIIyI0 TIIyOUHY TaOYyJsSUU MMeENa BBICOKOYIJIEPOIUCTAs
JIETUPOBaHHAs KPEMHHUEM CTallb. Y CTAHOBJIEHO, YTO KOJIMYECTBO OCTATOYHOI'O ayCTEHUTA BIIUSET
Ha TBEPJOCTH CJIOS TPH JIA3€PHOM YIIPOYHEHHHU.
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KiroueBble cJIOBa: JICTUPOBAHHBIE CTalM, TEePMHUYECKas 00paboTka, ja3epHas o00paboTKa,
yIPOYHEHHE, JIETUPYIOIIUI 3JEMEHT, OCTaTOYHBIA ayCTEHHUT, pa3Mep 3epHa, CTPYKTypa,
TBEPIOCTb.

INVESTIGATION OF THE EFFECT OF RESIDUAL AUSTENITE ON THE SURFACE
HARDNESS DISTRIBUTION OF LASER HARDENED STEELS

Guliyev Agalil, Jala Pashayeva?
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master‘s degree. E-mail: jalepasayeva525@gmail.com
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ABSTRACT

Phase and structural transformations occur in the processed surface layer under the effect of laser
strengthening, which allows to give the surface tribotechnical and strength properties. Additional
factors affecting the thickness and hardness of the laser-enhanced layer were identified in the
study. It was found that the thickness of the laser-coated layer is determined by the austenite grain
size. The selected alloying element in steel should reduce thermal conductivity to the highest
degree during laser processing. Among the studied steels, the greatest depth of tabulation was
high carbon silicon alloyed steel. It was determined that the amount of residual austenite affects
the hardness of the layer in laser strengthening.

Keywords: alloy steels, thermal processing, laser processing, reinforcement, alloying element,
residual austenite, grain size, structure, hardness.
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AIMS AND SCOPE

IRETC MTU The Baltic Scientific Journals publishes peer-reviewed, original research and review articles
in an open access format. Accepted articles span the full extent of the social and behavioral sciences and
the humanities.

IRETC MTU The Baltic Scientific Journals seeks to be the world’s premier open access outlet for academic
research. As such, unlike traditional journals, IRETC MTU The Baltic Scientific Journals does not limit
content due to page budgets or thematic significance. Rather, IRETC MTU The Baltic Scientific Journals
evaluates the scientific and research methods of each article for validity and accepts articles solely on the
basis of the research. Likewise, by not restricting papers to a narrow discipline, IRETC MTU The Baltic
Scientific Journals facilitates the discovery of the connections between papers, whether within or between
disciplines.

IRETC MTU The Baltic Scientific Journals offers authors quick review and decision times; a continuous-
publication format; and global distribution for their research via IRETC MTU The Baltic Scientific Journals
Online. All articles are professionally copyedited and typeset to ensure quality.

Those who should submit to IRETC MTU The Baltic Scientific Journals include:

1. Authors who want their articles to receive quality reviews and efficient production, ensuring the quickest
publication time.

2. Authors who want their articles to receive free, broad, and global distribution on a powerful, highly
discoverable publishing platform.

3. Authors who want their articles branded and marketed by a world-leading social science publisher.

4. Authors who want or need their articles to be open access because of university or government
mandates.
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NGO International Research, Education & Training Center (Estonia, Tallinn) is publishing scientific
papers of scientists on Website and in Referred Journals with subjects which are mentioned below:

© The Baltic Scientific Journals

ISSN: 2613-5817; E-ISSN: 2613-5825; UDC: 0 (0.034);

DOI PREFIX: 10.36962/PIRETC

Proceeding of The International Research Education & Training Center.
https://bsj.fisdd.org/index.php/piretc

ISSN: 2674-4562, E-ISSN: 2674-4597, UDC: 620.9 (051) (0.034);
DOI PREFIX: 10.36962/ENECO

Proceedings of Energy Economic Research Center. ENECO
https://bsj.fisdd.org/index.php/eneco-peerc

ISSN: 1609-1620, E-ISSN: 2674-5224; UDC: 62 (051) (0.034);

DOl PREFIX: 10.36962/PAHTEI

Proceedings of Azerbaijan High Technical Educational Institutions. PAHTEI
https://bsj.fisdd.org/index.php/pahtei

ISSN: 2663-8770, E-ISSN: 2733-2055; UDC: 672, 673, 67.01-67.02
DOI PREFIX: 10.36962/ETM

ETM Equipment, Technologies, Materials
https://bsj.fisdd.org/index.php/etm

ISSN: 2733-2713; E-ISSN: 2733-2721; UDC: 33

DOI PREFIX: 10.36962/SWD

SOCIO WORLD-SOCIAL RESEARCH & BEHAVIORAL SCIENCES
https://bsj.fisdd.org/index.php/swd

E-ISSN: 2587-4713; UDC: 620.9 (051) (0.034)
DOl PREFIX: 10.36962/ECS

Economics
https://scsj.fisdd.org/index.php/esc
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Society of Azerbaijanis living in Georgia. NGO. (Georgia, Thilisi) is publishing scientific papers of
scientists on Website and in Referred Journals with subjects which are mentioned below:

© Southern Caucasus Scientific Journals

ISSN: 2346-8068; E-ISSN: 2346-8181; UDC: 611-618

DOl PREFIX: 10.36962/ALISIMSC

Ambiance in Life-International Scientific Journal in Medicine of Southern Caucasus.
https://scsj.fisdd.org/index.php/ail

Representation of the International Diaspora Center of Azerbaijan in Georgia. NGO (Georgia Thilisi)
is publishing scientific papers of scientists on Website and in Referred Journals with subjects which are
mentioned below:

© Southern Caucasus Scientific Journals

ISSN: 2298-0946, E-ISSN: 1987-6114; UDC: 3/k-144

DOI PREFIX: 10.36962/CESAJSC

The Caucasus-Economic and Social Analysis Journal of Southern Caucasus
https://scsj.fisdd.org/index.php/CESAJSC
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Title of the Paper (14 point, Bold, Times New Roman)

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

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

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

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

ABSTRACT

(Times New Roman, 12)

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

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

Introduction (Times New Roman, 12)

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

Research Methodology (Times New Roman, 12)

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

Theory and Calculation (Times New Roman, 12)

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

Mathematical Expressions and Symbols (Times New Roman, 12)
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Mathematical expressions and symbols should be inserted using equation tool of Microsoft word.
References may be added for used equations to support its authenticity, e.g. this result has been
analysed using Fourier series [5].

[x)—au-l-z a, cos—-l—b sin — ) (1)

Results and Discussion (Times New Roman, 12)
This section may each be divided by subheadings or may be combined. A combined Results and
Discussion section is often appropriate. This should explore the significance of the results of the
work, don’t repeat them. Avoid extensive citations and discussion of published literature only,
instead discuss recent literature for comparing your work to highlight novelty of the work in view
of recent development and challenges in the field.

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

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

Formatting Tables (Times New Roman, 12)

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

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

Layout Size Margin (Normal) | Header Footer
Single column A4(827°X | Top=1" Do not add So not add
11.697) Bottom=1" anything in the | anything in the
Left=1" header footer
Right=1"
Font Article Title | Headings Subheadings Reference list | Text
Times New Times New Times New Times New Garamond, 11
Roman, 16 pt, | Roman, 11 pt, Roman, 10 pt, Roman, 8 pt, pt, Justified
Bold, centred | Bold, Left aligned | Bold, Left Justified
aligned
Line Spacing 1.15 1.15 1.15 1.15 1.15
Page number We will
format and
assign page
numbers
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(Times
New Roman,

10)

Figure 1: Logo of the AIJR Publisher (Times New Roman, 12)

Formatting Figures (Times New Roman, 12)

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

Conclusions (Times New Roman, 12)

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

Declarations (Times New Roman, 12)

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

Acknowledgements (Times New Roman, 12)

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

Funding source (Times New Roman, 12)
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Provide funding source, supporting grants with grant number. The name of funding agencies
should be written in full, if no funding source exist, write, none.

Competing Interests (Times New Roman, 12)

Declare any potential conflict of interest exist in this publication.

Human and Animal Related Study (Times New Roman, 12)

If the work involves the use of human/animal subjects, each manuscript should contain the
following subheadings under the declarations section-

Ethical Approval (Times New Roman, 12)

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

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

References (Times New Roman, 12)

Author(s) are responsible for ensuring that the information in each reference is complete and
accurate. Do not use grey literature (unauthentic website, news portal, social media,
Wikipedia etc) as reference, only scholarly literature (Journal, online books, proceedings,
patents, authentic websites with permanent archival policy) are acceptable references.
Author should include sufficient recent (last 2 years) references in the article. All references must
be numbered consecutively and citations of references in the text should be identified using
numbers in square brackets (e.g., “as explained by AIJR [1]”; “as discussed in many reports [2]-
[6]”). All references should be cited within the text correctly; do not add only list of references
without citation within the text. All cited references should be listed after declarations section in
the following style-

1. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. x, pp. XXX-XxX,
Abbrev. Month, year. https://doi.org/10.21467/ajgr

2. Bahishti, “Peer Review; Critical Process of a Scholarly Publication”, J. Mod. Mater., vol.
2, no. 1, pp. 1.1-1.2, Oct. 2016. https://doi.org/10.21467/jmm.2.1.1.1-1.2

3. Bahishti, “A New Multidisciplinary Journal; International Annals of Science”, Int. Ann.
Sci.,, vol. 1, no. 1, pp. 1.1-1.2, Feb. 2017. https://journals.aijr.in/index.php/ias/article/view/163

4, W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XxX,

Abbrev. Month, year. Access online on 20 March 2018 at https://www.aijr.in/journal-
list/advanced-journal-graduate-research/

S. W. S. Author, “Title of paper,” Name of Journal in italic, vol. X, no. X, pp. XXX-XXX,
Abbrev. Month, year. Access online on 5 March 2018 at https://www.aijr.in/about/publication-
ethics/

6. M. Ahmad, “Importance of Modeling and Simulation of Materials in Research”, J. Mod.
Sim. Mater., vol. 1, no. 1, pp. 1-2, Jan. 2018. DOI: https://doi.org/10.21467/jmsm.1.1.1-2
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Main features of citation style are given as-

. The author name format is, "first name (Initial), middle name (Initial) and last name". This
differs from other styles where author's last name is first.

. The title of an article (or chapter, conference paper, patent, etc.) is in quotation marks.

. The title of the book or journal is in italics.

. Online link of the original paper. If any reference is not available online, it should be

modified with available online reference

Ha3Banue crarbu (14 myHkTOB, moayxupHselii mpudt, Times New Roman)

Hmsa nepsoro apropa’, Ums BTOporo apropa?, Ums Tpernero apropa’, .......

(Times New Roman, 12)

UMpunannexuocts (kadeapa, paxyabTeT/KOMIEIK, HHCTUTYT/YHUBEPCUTET)

23Ad¢unuanus Opyrux  aBTOPOB, ecnM  oTamuaeTca  (kadempa,  (aKyIbTeT/KOIIEIK,
WHCTUTYT/yHUBEPCUTET)

DJEeKTpOHHAs TI0YTa OTBETCTBEHHOT'O aBTOpa:

(Times New Roman, 10)

Tumn crareu: MHGOpMALINIO 0 JOMYCTUMBIX THUIIAX CTATEH CM. B MMOJUTHKE pa3zesa KypHaja.

AHHOTAIIUS (Times New Roman, 12)

Pykomucr nomkHa conmepxkarh aHHoTamuio B mpenenax 300 cioB. Pykomuchk moimkHA WMETh
CaMOJIOCTaTOUHBIH pedepar 0Oe3 LUTHPOBAHMSA U KpaTKO u3jaraTh Leidb HCCIEIOBAHUS,
METOJIOJIOTHIO, OCHOBHBIE PE3YJIbTAaThl 1 OCHOBHBIE BBHIBOJIBI. AHHOTAIMS JIOJDKHA OBITh B OJTHOM
ab3aue ¢ npemioxkeHussMu. He ucnonb3yiiTe MoA3arooBKM WM CIHUCOK TOYEK B aHHOTAILMU.
Kpome Toro, cienyer uzberaTb HECTaHAAPTHBIX HJIM HEOOBIYHBIX COKpAllleHWH, HO, €CIH OHU
HE0OXO0/IMMBI, OHU JIOJIKHBI OBIThH OIpe/IeNIeHbl IPU X IIEpBOM YIIOMHUHAHUU B caMoOM pedepare.
KiroueBbie crmoBa: ABTOpaM pEeKOMEHIYETCSl YKa3bIBaTh 3-5 KIFOUEBBIX CJIOB, OTHOCSIIUXCS K
CTaThbe, Yyepe3 3aIATY0. DTH KIIIOUEBbIE CIIOBa OYIyT UCIIOIb30BaThCS I LesIel MHISKCalUH.

Magalanin adi (14 punkt, Qalin, Times New Roman)

Birinci Miiallifin Adil, ikinci Miiallifin Adi2, Ugtincii Miiallifin Adi®, (Times New Roman, 12)
L Afiliasiya (Departament, Fakiilto/Kollec, Miiossiso/Universitet)

2 3pgor forqlidirss, digor miiolliflorin  monsubiyyati (Departament, Fakiilta/Kollec,
Miiassiso/Universitet)

Cavabdeh miisllifin e-pogtu:

(Times New Roman, 10)

Moaqals novii: Magbul mogalo névloari tigiin jurnalin bélmo siyasatino baxin.

XULAS®O (Times New Roman, 12)
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Olyazmada 300 sozdon ibarot abstrakt olmalidir. ©lyazma 6z mozmunlu, sitatsiz bir referat
olmalidir vo todqgiqatin mogsadini, metodologiyasini, asas naticolorini vo asas alinmis naticalori
qisa sokilds ifado etmolidir. Xiilaso davam edon ciimlolorlo bir paraqrafda olmalidir. Xiilasods heg
bir alt basliq vo ya noqtolor siyahisindan istifado etmoyin. Bundan olava, geyri-standart vo ya
geyri-adi abbreviaturalardan gqagmaq lazimdir, onlara ehtiyac olduqda, onlar xiilasads qeyd
edilmaklo yerlari toyin olunmalidir.

Acar sozlor: Miollifloro moqaloys aid 3-5 acar s6zl vergillo ayiraraq yazmalari tovsiys olunur.
Bu acar sozlor indekslosdirmo mogsadils istifads olunacaq.

Complete Detail of Each Author
Provide complete detail of each author in the following format as well as add each author with
complete detail during online submission (step 3) in the same order as appears in the manuscript.
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Highest Qualification:
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Highest Qualification:

Department:
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