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I'HAPOTA3OAMHAMUYECKHUE YPABHEHUE JIBUJKEHUA I'A30-
AKUIKOCTHOU CMECH B BEPTUKAJIBHOU KOJIOHHE HUWJINMHAPUYECKHUX
TPYb

1p.C. I'yp6anos, 2T.I'. T'yp6anosa
Hayuno-Hccnenosarensckuii Uactutyt “T'eotexnosnorndeckue [poonemsr Hedru, ['aza u Xumus”
2Azep6aiimxanckuii [ocynapcteennsiilt Yausepcuter Hedrru u [TpoMbliieHHOCTH

E-mail: turkan.gurbanova@asoiu.edu.az

Crnemys padoram T.I'. 'ypOaHOBOI1 IBIKEHHE CMECH TIPEICTaBUM YpaBHEHHEM BUA:

_ 2
Q=av°+bV+c )

I'ne a, b U C TIOCTOSIHHBIE (pU3NUECKH KO PHUINCHTBI.

Otmerum uto ypaBHeHue (1) paboramum T.I'. T'ypOaHOBOH MHOCTOBEpPHO TMPOBEPEHO MPOMBICIOBBIMHU
SKCIEpUMEHTaMH I APEHAKHON 30HBI CKBAXKHH.

B nanHoit paboThI OyeT HOATBEPIKICHO, CIIPaBEAIMBOCTh MCIIOIb30BaHUs ypaBHeHUE (1) Uit Ta305KHIKOCTHOTO
noabemMuuka [1-3].

B pabote P.baxTusuHa mpuBEJCHBI SKCIICPUMEHTANIBHBIC TaHHBIC B KPYIIbIX TpyOax ¢ muamerpamu 0,038M,
0,05M, 0,063m, 0,075M, 0,100M KOTOpBIC OYIET UCIOIB30BAHBI IJIs TIOATBEPKIACHUS TOTYUYCHHBIX PE3yJIbTATOB
TEOpeTUYECKOro noaxona [4].

[IpencraBuM IpeATIOKEHHOTO TEOPETUIECKOTO IMOIX0/1a, UCTIONB3Ys ypaBHeHHE (1).

[ocrostaabIe K03 PHITMeHTH ypaBHEHUS (1) OIpeeM C y4eTOM yCIOBUI

d
W, "0
N Vo )
d V
v (=N N 0
Q €
(2) u (3) v moyunm ycioBus (3) CpaBeIIMBO HA YCTHE MMOTBEMHHAKA C YICTOM
b=-2aVv,, 4
_ 2
C= aVOpt 5)
(4) u (5) moncraBuB B ypaBHeHue (1) HaxoquM
2 2
Q = a‘(\/ - 2Vmaxv +V0pt) (6)
Benuuuna onpeznensercs U3 yclloBus, 4TO IIPU v :Vmax OyzneTr paBHBIM Q= Qmax , TOTJ1a TIOJy4UM
2 2
_ Q _ (A 2Vmaxvopt +Vopt
- 2 2
Qmax Vmax _Vopt @)

O0e ctopons! 3aBrcuMocTH (7) 1006aBUB 1, OTy4InM
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1— Q — (\/ _Vmax)2
Qmax Vn?ax _Vo?)t
HIIN

Vrr?ax (1 - L)2

1— Q — Vmax

Qmax 2 _ Voipt 2
Vmax |:1 (V ) :|

max

(8)

9)
U3 (9) momryunm

Vv

1 Vi
’1_ Qi — max
Qi 1— hy

§

(10)
1— & (1 | )
N N Qunax \/
VYpasrenue (10) B KoopAUHATHOM cUCTEMeE SIBJIAETCS IPSMOMN JIMHUH, C KOOPAUHATAMHU u max
1 _ ( Vopt )2
Vmax
1 HampasJsiioe ko3ddureHTom , M IPOXOJIUT 4epe3 Hadallo KOOPAKHAT.

OKCIepUMEHTaIbHBIC JaHHbIEe 00pabOTaHBl METOMOM HAWMEHBIIMX KBAJAPATOB U PE3yJbTaThl PACcYCTOB
npeacTaBieHsl B Tabmure 1.

PesynbraTh pacuetoB ypasaennu (1), M y "' penuuun

Tabmuma 1

JuameTps! TpyO, B MeTpax

0,038 0,05 0,063 0,075 0,10
Q=-0,01102V°*+ Q =-0,0149V*+| Q =-0,003V°*+| Q =-0,00218V>+ Q=-0,017V*+
+0,4040V -0,535 +0,396V —0,3856 +0,187V —0,374 +0,345V -1,164 | +1,821V —32,45¢

Vv, =1833 |V, =1319 V., =34,46 |V, =79,49 V. =53,556
V,, =0,148 V,, =5,07 Vy, =179 | V,, =7,314 V,, = 43,68
Vi 0,38 0,339 0,092 0,826
JE-=0,0724

max

1-— & (1 _ Vi )
Jannble B Tabaune 1 moctpoeHHbIe 0000MEHHBIE TPSIMBIE IMHUN B KOOPAMHATAX Qmax u Vmax .
10T NOAXO0A MPOBEACHO MJIs AaBJICHUA € UCIIOJIb30BAHUEM YPABHCHU A
dP 0 d (V ) 0
— 2 V " V:Vopt -
P a1V +b1V +C M yCIIOBHIA V =V - dv Q

3)1601: YpaBHCHUA MPUTOKA M3 IUIACTC B CKBAKUHY U 3a00MHOI0 JAAaBJICHU ONMCBIBAKOTCA MMOJIMHOMAaMU BTOPOT'O
nopsaka.
Pe3yJ'H>TaTLI noaxoja nmpeAcTaBjJICHUU HA puUC. 1.
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+J(1-QL/Qmax)

L-v1i/vmg

L 0|1 02 0j3 0j4 0[5 0|6

.

[ ]
Puc. 2. 3aBucuMoOCTL
Vi
= AP = f (V.
Q f (V) U (V') , COOTBETCTBEHHO MPEICTABICHBI B KOOPIHUHATAX , max /-y
1- Vi
Vv

ITpu cCOBMECTHOM [BIIKCHHH JKHUAKOCTH U Tra3a B BEPTUKAIBHOW TPyOe MOIBEM >KHIKOCTH KPOME JHEpPTuH
TUIPOCTaTUYECKOrO0 HAlopa W PacIIUpPSIOLIEr0 Ia3a IPOUCXOAMUTH TAKXKE METOJOM IIPOTAJIKUBAHMSA WIIH,
3ara3upoBaHUs MOMEPEYHOTO CEYCHUS TPYO 3IIEMEHTAPHBIH CTPYHKaMH BHYTPH KOTOPBIX TEUET KUAKOCT. DTUM
1 OTIPaBIBIBACTCS MOJIENH A€ONTA U TaBICHUSL.

Pesynbrar uccnenoanust. [1osryueHHble 3aBUCUMOCTH MTO3BOJIMIIN ONPEIAEIUTD PACXOJ JKUIKOCTH U IaBICHUS B
3aBUCUMOCTH OT pacxoja rasa.

BbIBO/IbI

1. Tloxa3zaHo, 9YTO IBMKCHNE BEPTHKAIBHON IIMIMHAPUIECKON TPYObI ra30’KUAKOCTHOM CMECH ypaBHEHUEM
dQ d v,
—(=)y-
Q=aVv?+hbV +c AV, dv Q7T

C YCIIOBUSIMH ~Vmax g .
2. PesynpraThl TEOPETHYECKHX pAcYeTOB XOPOILIO COINIACYETCSI C OKCIEPUMEHTAIbHBIMHU JaHHBIMH
MIPOBEJICHHBIX B Tpy0ax ¢ auamerpamu: 38, 50, 63, 75, 100mMM.
3. Teopernueckue pe3yabTaThl XOPOIIO COBNAJAIOT C AKCIIEPUMEHTAIbHBIMHU JJAHHBIMH.
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HYDRODYNAMIC EQUATION OF MOVEMENT OF GAS-LIQUID MIXTURE ON
VERTICAL CYLINDRICAL PIPELINE

IR.S. Gurbanov, T.H. 2Gurbanova

IScientific-Research Institute "Geotechnological Problems of Qil, Gas and Chemistry"
2Azerbaijan State Oil and Industry University.

E-mail: turkan.gurbanova@asoiu.edu.az
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OBOCHOBAHMUE IEJIECOOBPA3ZHOCTH JIAJIbHEHIIET O
YCOBEPIHIEHCTBOBAHUSA CTAHKOB-KAYAJIOK C HECUMMETPUYHbBIM
PEXKXKUMOM OTKAYKH

13.2. Ditpasosa, T.A.I'yceiiHoB
12 Azep6aitmxanckuii Tocynapcreennbiit Yausepcurer Hedu u ITpoMbllieHHOCTH

Email: eyvazovaze@mail.ru

ABSTRACT

Currently, in connection with the increasing role of sucker rod pump operation, the most relevant studies aimed at
improving the operational performance of the balancer drives of the borehole sucker rod pump unit (BSRPU) as
the most reliable and easy to manufacture and operate the drive. This paper discusses the research and development
of balancing one-arm pumpjacks with a large angle of deaxial. In the asymmetric mode of pumping fluid from the
well, due to the fact that the plunger moves down and up at different speeds, pumpjacks with a large deaxial angle
(15° to 25°) can be used to produce highly viscous oil. The rationale for the further improvement of pumping units
with an asymmetric mode of pumping high-viscosity oil from a well is given. The use of an asymmetric pumping
mode with a coefficient of change of the average speed other than unity is a direction that is qualitatively different
from traditional ways of increasing the efficiency of a borehole sucker rod pump installation. As a result of the
studies, the design of a one-shoulder pumpjack with a large deaxial angle and a stand deflected with a jack
(mechanical or hydraulic) was proposed, which allows the wellhead to be freed up for repair work in the well in
cases Where the design of the rotary head is impossible. An additional purpose of the jack is to use it as an additional
support at the time of changing the stroke length of the rod suspension point, when, due to the need to disconnect
the connecting rods from the cranks, the balancer loses stability. A computer simulation of the proposed design
was carried out and design options were presented in the working position and in the position when the stand is
rejected and the wellhead is freed up for free-wheeling of the tackle block for repair work.

Keywords: sucker rod pump drive, pumpjack, one-shoulder, angle of deaxial, assymetric pumping mode.

PE3IOME

B HacTosimee Bpemst B CBSI3U C BO3PACTAIOILEH POJIbIO IITAHIOBONM HACOCHOH 3KCINTyaTalluu CKBaXXMH Hauboree
aKTyalbHbl HCCIICAOBaHMS, HalpaBJIeHHbIE Ha YJIy4lICHHE AKCIUTyaTaIl[MOHHBIX I[OKa3aTeled OaJaHCHPHBIX
IIPUBO/IOB CKBa)XKMHHOHN INTaHroBOoM HacocHOil ycraHoBkH (CIIHY) kak Hambosiee HageKHOTO M IPOCTOrO B
M3TOTOBJICHUHM M 9KCIUTyaTalluyl MpUBOAa. B manHO# paboTe pacCMOTPEHBI BOIPOCH! HCCIIEAOBAaHUS U pa3pabOTKu
OaJlaHCHPHBIX OJHOIUIEYMX CTAHKOB-KAyaJlOK ¢ OOJIBIIMM YIJIOM Je3aKCHaya, OOecleuMBAaIONIUN HECUMMET-
PUYHBIH peXuM paboThl CTaHKa-KavyajkH. [IpM HECHMMETPHYHOM pPEXHME OTKAYKH >KHUAKOCTH M3 CKBa)KHHBI
Onaromapst TOMy, 4YTO JBW)KEHHE IUTyHXXEpPa BHU3 M BBEPX OCYIIECTBISIETCS C pa3HO CKOPOCTBIO, MOXKHO ISt
J0OBIYM BBICOKOBSI3KOW HE(TH MCIOJIB30BATh CTAHKU-KadaJlKu ¢ OOJBIIMM yriioM ae3zakcuana (150+250). Jano
000CHOBaHHE I1€7IECO00PAa3HOCTH JATBHEHIIEr0 yCOBEPIICHCTBOBAHMS CTAHKOB-Ka4aJOK C HECHMMETPHUYHBIM
PEKUMOM OTKAa4YKH BBHICOKOBS3KOH HE()TH M3 CKBaXXMHBI. VICII0Ip30BaHNE HECHMMETPUYHOTO PEXHMMa OTKAuKU C
K03(h(PUIMEHTOM M3MEHEHUsI Cpe/IHel CKOPOCTH X0Ja OTJIMYHOTO OT €MHUIIBI SIBJISICTCSI HAlpaBJICHUEM, Kadyec-
TBEHHO OTJIMYAIONIUMCS OT TPAJAUIIMOHHBIX yTeH MOBHIMIEHUS 3P PEKTHBHOCTH pabOTHI CKBaXKMHHON IIITAHTOBOI
HACOCHOW YCTAaHOBKH. B pesynbprare nccienoBaHuil Obla HPEUIOKEHAa KOHCTPYKIMSA OIHOIUIEYEro CTaHKa-
KagaJkd ¢ OOJBIIMM YIJIOM Je3akChaja M OTKJIOHSeMON NpH IOMOIIM JOMKpaTa (MEXaHHYeCKOTO WU
THIPABIMYECKOTO) CTOMKOH, MO3BOJISIONIEH OCBOO0XK/IaTh YCThE CKBAKUHBI IS IPOBEICHUS PEMOHTHBIX paboT B
CKBOXHMHE B TeX CIydasX, KOT/Ia HEBO3MOXXHO KOHCTPYKTHBHOE HCIOJHEHHE IIOBOPOTHON TOJIOBKH.
JlonoTHUTENEHBIM HAa3HAYEHUEM JOMKpATa SBISIETCS UCIIOJIB30BAaHHE €T0 B KA4eCTBE JOTOIHUTEIHHOMN OMOPH B
MOMEHT CMEHBI JUIMHBI X0Jja TOYKH II0/IBECa IITAHT, KOT/a M3-32 HEOOXOIMMOCTH OTCOEAMHEHUs IIaTyHOB OT
KPHUBOILIUIIOB OajaHCHp TepsieT YCTOMYMBOCTH. [IpoBeleHa KOMIBIOTEpHAs CHUMYJBILUS —HpeaiaraeMoi
KOHCTPYKIMH U IIPEACTaBJICHbl BApUAHThl KOHCTPYKIMU B PabOoYeM MOJIOKEHNH U B IOJIOKEHNH, KOT/Ia CTOMKa
OTKJIOHEHA U YCThE CKBKUHBI OCBOOOX/ICHO JJIsl CBOOOAHOTO X0/Ia TaJIeBOTro OJIOKa AJIsl POBEAECHUSI PEMOHTHBIX
pabor.

KuroueBble cj10Ba: NpUBOJ MITAHTOBOIO CKBAXKMHHOIO HACOCA, CTAHOK-KauaJlka, OJHOIUICYHH, YroJl Ae3aKcuana,
HECHMMETPUYHBIN PEKUM OTKAYKH.

XULASO
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Hal-hazirda quyularin stanq nasos istismarinin artan rolu ils slagadar olaraq quyu stanq nasos qurgusunun (QSNQ)
on etibarli, hazirlanmada vo istismarda sado olan tarazli intiqallarinin istismar gostoricilorinin yaxsilagsmasina
yonoldilmis todqiqatlar on aktualdir. Bu isds, qeyrisimmetrik igloma rejimini tomin edon boyiik dezaksial bucaqgi
olan tarazli bir¢iyinli mancanaq dozgahinin tadqiqi v inkisafint miizakirs edilir. Quyudan geyrisimmetrik rejimdo
mayenin ¢ixarilmasinda, plunlerin miixtslif siiratlo asagiya vo yuxartya dogru horakst etmasi sayasindo, yiiksak
ozliiliikli olan nefti istehsal etmok {i¢iin boylik dezaksial bucaqli (150+250) mancanaq dozgahlardan istifads edilo
bilor. Quyudan yiiksok 6zliiliiklii neftin ¢ixarilmast iiciin geyrisimmetrik rejiminds igloyon mancanaq dozgahlarin
daha da yaxsilasdirilmasi {igiin osaslandirma verilmisdir. Gedisinin orta siiratinin vahiddon forqli olan doyismo
omsal1 ilo geyri-simmetrik ¢ixartma rejimindon istifado etmok quyu stanq nasos qurgusunun somaroliliyinin
artmasinin ononavi yollarindan keyfiyyatco forqlonon istiqgamatdir. Todqiqatlar naticosindo boyiik dezaksial bucaqli
va domkratinin (mexaniki yaxud hidravliki) komayi ilo quyuda tomir iglorinin aparilmasi {i¢iin quyunun agizini
azad etmoyo imkan veron dayaqla (donmo basmin konstruktiv icra edilmesi miimkiin olmzdigda) birgiyinli
mancanaq dozgahinin konstruksiyasi toklif edilmisdir. Domkratin slavs toyinati ondan ibaratdir ki, siirgii golunun
asq1 noqtasini doyismo vaxtinda siirgii qollarini ¢arx qollarindan ayirmagq tolob olundugda ondan slave dayaq kimi
istifado etmokdodir. Toklif edilon konstruksiyanin kompiiter simulyasiyasi kegirilmisdir vo is¢i voziyyotdo vo
dayaq oyildikdo vo quyunun agzi tomir islorinin kegirilmosi ii¢iin tal blokunun sorbost gedis voziyyotindo
konstruksiyanin variantlar1 toqdim edilmisdir.

Acar sozlar: stanq quyu nasosunun intigali, mancanaq dozgahi, bir¢iyinli, dezaksialin bucagi, ¢ixartmanin geyri-
simmetrik rejimi.

[Ipumensemple Ha mpombiciax A3sepbalmkaHa OaTaHCHPHBIC ABYIUICYHE CTaHKH-Kadanku a0 1985 roma
W3rOTaBJIMBAINCH N0 aKCHAJIBHOM cxeme, Korga yron jaezakcuaina 6 = 0. B 1986 romy B cooTBeTcTBUH C
paspabotanabiM OCT 26-16-08-87 Hatre mpon3BOACTBO NEPENIIO Ha H3TOTOBICHUE ABYIUICYHX CTAHKOB-KadaloK
tuna CK]/] mo me3akcuanbHOM cxeme ¢ yriioM ae3akcuana 0 = 9o0. Takoii yron mesakcuana cuuTaeTcs Hambolee
ONITUMAJIEHBIM U COOTBETCTBYET aMepukaHcTBoMy crannapty API. Ipu Hanmune yria nezakcuana pexuM OTKad-
KU HE()TH M3 CKBaXXHMHBI MPHOOPETaET HECUMMETPUYHBIN PEXKUM B CPABHEHUU C CUMMETPHYHBIM PEXKUMOM PU
aKCUaJbHOU KNHEMAaTUUYECKOU CXeMeE.

B cBsI31 ¢ HEYKIOHHBIM POCTOM JTOOBIYM BBICOKOBA3KHX U BSI3KOMIJIACTUYHBIX KHUIKOCTEH MOSABISIETCS HACYIIHAS
MOTPEOHOCTh B HCIIOJIB30BAHUM HECHMMETPUYHOTO PEKHMMa OTKAYKH C IENbI0 MOBBIMICHHUA 3(deKTHBHOCTH
OTKA4YKH BSI3KOI HEDTH.

Kak wn3BecTHO, THIpaBINYECKHE CONPOTHBICHUS, BO3HUKAIONIME IPH OTKAYKe HEHBIOTOHOBCKUX HedTei
JOCTUTAIOT OYEHB OOJIBIINX BEJIMYUH, KOTOPHIE, B IEPBYIO 0YePEIb NPUBOAAT K YBEINIEHHIO MOITHOCTH ITPHUBOJIA
HACOCHOW YCTAHOBKH, yBEINYEHHIO MaKCHMaJIbHOW Harpy3ku B Touke noaseca mranr (TIIII) u kak cienctsue, k
yBeJIMUYEeHNI0 00pbIBa TaHT. [Ipy ABMKEHUH e KOJIOHHBI IITAHT BBEPX 3TH )K€ Harpy3KH MPUBOJIAT K OTCTAaBAHUIO
LITAHT OT TOJIOBKH OajaHCHpa — JIBIKEHUE TOJIOBKH OajlaHCHpa BBEPX HAUMHAETCS TOT/a, KOT/1a KOJIOHHBI IITaHT
elle MPOI0JDKAET ABUIaThCS BHU3. JTO COKpPAIIAET MOJIE3HYIO JUIMHY X0Ja IUTyHXKepa M CO3/1aeT yaap Ha ITaHTH
M3-32 BHE3AITHOTO W3MEHEHMs HAIpaBIeHMs JBIDKEHUS. IloAaTOMy HCHOIBb30BaHHME OOBIUHBIX AaKCHAIHHBIX
JBYIUICUUX CTaHKOB-KAUaJIOK WJIM JI€3aKCHAIIBHBIX C MajbIM YIJIOM Jie3aKcuayia JJisi OTKaYKu Bsi3KOoW HedTu
MIPAKTUIECKH CTAHOBUTCA HEA(P(PEKTHBHBIM BBHJYy YacTOTO OOpBIBAa INTAHT, a TaKXe H3-3a OYEHb HHU3KOTO
Kod(HIHEHTa 3aMOTHEHNS Hacoca.

YcTpaHeHune BBIIEyKa3aHHBIX OCIOKHEHHUH PEemIaroTcs B HACTOSIIEE BPEMsI B CIISAYIONMINX ABYX HAIPABICHUAX:

1. IIpobrema HEMOTHOTO 3aMOTHEHUS! CKBAXXKMHHBIX IITAHTOBBIX HACOCOB PEIIACTCS ITyTeM YBEIUICHHUS
MIPOXOJIHOTO CEYEHUs KJIAllaHOB, YMEHBUIEHUs! BA3KOCTH HE(TH ITyTE€M MOJJIMBA XXUJIKOCTH M yMEHBIICHUS
TUJPAaBINYECKUX COMPOTUBICHUN Ha ITyTU KUAKOCTHU K BCACHIBAIOLIEMY KJIaNaHy.

2. Ilpobnema oTcTaBaHMs IUTaHI OT TOJIOBKM OajaHCHpa pEIIaeTcsi IyTeM CO3AaHUs IOCTOSIHHO
JICUCTBYIOIIEH BHU3 HAarpy3Ky (HE YTSDKEIsIs IITAHT Y, TaK KaK MOClelHee IPUBOANT K YBEINYEHHIO TUTONIAIN HX
KOHTaKTa C KUJIKOCTHIO), YBEIMIEHHS TUaMeTpa OABEMHBIX TPYO, OJ0rpeBOM HE(TH B IO JbEMHBIX TPYOax MIIN
KOMOMHAIMEH TOTO U APYToro.

OpnHako yKa3zaHHBIE CITIOCOOBI HEAOCTATOYHO 3(p(PEeKTUBHEI U TPEOYIOT JOMOTHUTENBHBIX 3aTPaT M 000PyIOBAHNS.
CremyeT OTMETHTB, YTO BONPOC BIMSAHUS KOX(OUIMEHTa M3MEHEHHS CpeIHEH CKOpOCTH ABIKCHHS TOUYKH
noaseca mranr (TIII) wa pabory CHIHY, kak oawH W3 OCHOBHBIX BONPOCOB TEXHUKH W MEXAHHKH
MEXaHU3UPOBAHHOTO CcIIoco0a J00bIYM He)TH, BO3HUK JaBHO.

Pexxum paboOTBl HACOCHOM yCTaHOBKH ¢ KOA(QUIIMEHTOM H3MEHEeHHUs! cKopocTH Ko # 1, T.e. Koraa OTHOIICHHE
ckopoctn akeHns TIII BBepx M BHH3 HEOAWHAKOBOE, HA3BAH «HECHMMETPHYHBIM PEKUMOM OTKaukm» [1] u
TaM K€ BO3HUKAET BOIIPOC O HEOOXOANMOCTH HCCIIEI0BAHMS 3TOr0 pexknMa. MccnenoBanus mpoBoAMINCh Ha Oaze
KOHCTPYKLMH OJIHOIUICUEro CTaHKa-KayajKH C JOMKpaTHBIM MexaHu3MoM (puc.l), pazpaboTaHHoil Ha Kadenpe
«TexHrnka mpoM3BOJCTBa W mepepaboTKH HedTH M Taza» AsepOaimkanckoil ['ocymapcreennod HedrsiHoit
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Axanemun (AI'HA). B naHHO# KOHCTPYKIIMH JOMKpAT IpeHa3HavaIcs TOJIbKO A MOAJIepKaHus OajaHcupa Ha
BeCy IIPU OTCOEMHEHUH IATYHOB OT KPUBOILIUIIOB BO BpeMsl U3MeHeHUs AynHbl xona THIII.

[Tpn HECUMMETPUYHOM pEKMME OTKAYKH JKUAKOCTH M3 CKBaXXHMHBI OJIarofapsi TOMy, 4TO JBHXKEHHE ILTyHXKepa
BHU3 U BBEPX OCYILIECTBIICTCS C Pa3HON CKOPOCTHIO, MOKHO JUIsl OOBIYM BBICOKOBSI3KOM HE()TH MCIIOIb30BaTh
CTaHKU-Ka4YaJKH ¢ OONbIINM yriioM jae3akcuaina (6150+250). OnHako co3naBarh ABYIJIEYHE CTaHKH-KAYaJIKH C
OOJIBIIM YTJIOM Jie3aKCcHaa, 00eCIeYHBAIOLIMM HEOOXOAUMBII PEXXUM OTKaYKH JKUIKOCTH, HE MPEICTABISIETCS
BO3MOJKHBIM H3-32 KOHCTPYKTHBHBIX CIIOKHOCTEH. J[7s1 MOmMOOHBIX yciOBHI pabOThl CKBaXMHHOW IITAHTOBOU
HACOCHOW YCTaHOBKHM MOJKHO HCIIOIb30BaTh CTAHKH-KAYaJKHd C OJHOIUICYMM OaJaHCHPOM, B KOHCTPYKIINH
KOTOPBIX BO3MOKHO TIPELYCMaTPHUBATh OONBIION YToJl Ie3aKCHaNa.

Kpome »3TOro, onHOmIEUME CTaHKH-KA4aJKH II0 CPABHCHMIO C JIBYIUICYMMH CTaHKaMH-KadalkaMH HMEIOT
MEHBIIYI0 METaJUIOEMKOCTh, B OCHOBHOM M3-3a OTCYTCTBHSI 3aJHETO Iuleda OajaHCHpa, IIMHBI paMbl U T.O. B
OJIHOIIJIEUNX CTaHKaX-KadalkaX BpallaTebHOE ABIDKEHHE Bajla 3JICKTPOJABMIaTeNsl Takke, Kak U B JBYIUICUUX
CTaHKaX-KayallkaX, IpeoOpa3oBbIBAETCSI B BO3BPATHO-MIOCTYNATENLHOE JBM)KEHHE TOYKH IOJ(BECA LITAHTH HPU
TIOMOIIX IIAPHUPHOTO KPUBOILHUITHO-IIATYHHOTO TIPE00pas3yIoIero Mexanu3ma.

Kunemarndyeckuif aHaiau3 JaHHOTO OJHOIJIEYETr0 CTaHKAa-KayalKW MPOBOJMICS B COOTBETCTBUH C
cymecTByromumMu Gopmynami [ 1, 2] o paspadoranHoii Ha kadeape AI'HA koMIbroTepHOU porpaMMe pacuera
CTaHKOB-Kadanok. OCHOBHBIMU NapaMeTpaMu ObUTH BIOpaHbI: Oe3pa3MepHbIe OTHOILCHUS:

r/k=0,4; 1/1=0,3; k1/k=1,4; nnamerp Hacoca da=28mm; V-00pa3HocTs kpuBommmuma — 300; yroy nezakcuana 6=
250; uncno kayanuil TIII B MunyTy

n = 12; nmaa xoma TIIL S =3,5 m; rmy6maa noaseca Hacoca H = 2500 m.

i 3215

3640
N

1100 1

6760

Puc.1. KoHCTpyK1Ms 0JHOIIEUEro CTaHKa-Kadallki C JOMKPAaTHBIM MEXaHU3MOM
Ha puc.2 npencrapnena cpaBHUTENbHAs] KHHEMAaTHUECKask CX€Ma OJHOILIEYEro CTaHKa-KayalKy C aKCUAJIBHBIM U
JIe3aKCHaJIbHBIM PacloIOKeHHEM MeXaHu3Ma. [Ipr cMMMeTpHYHOM IMKJIE OTKa4YKH, T.€. IpH O = 0, yriel moBopoTa
KPHBOILNIIA TIPH XO0JI€ BBEPX U BHU3 UMEIOT OJIMHAKOBBIE 3HAUEHHMS, T.€. PH = PB, ko=1.
IIpunumas Bo BHUMaHME ycnoBue, uTo B Hadane xoja TIIIII BBepx HampaBieHUs BpalleHHs KPUBOLIUMNA U
OanaHcHpa COBIAJAIOT, MpH MIpaBoM pacnonoxennu Mexanmma (O1A1BC), TITII xpmwxeTcs BBepX MeAJICHHEE,
4YEM BHU3, T.C.:

H

V, ¢, m+0

k 0o = = — —e >1
VB (2 = (1)
Ipu neBom pacnonoxernu Mmexanusma TIIII geikeTcst BBEpX OBICTpee, 4eM BHH3, T.€.:
\Y; 5 m—0
Y8R0y
Vv, 0, T+ @)

PaccmoTpumM cirygaii ¢ MmemieHHBIM X010M BBepX (ko >1). Ecii mpeamonoxuTs, 9To ckopocTh nepemeresust T TTHIT
IIPH XO/I¢ BBEPX MEHBIIE Ha 25% MeHbIIle, YeM IPH X0JIe BHH3, YroJ Je3aKchana OyeT OnpeaensiThes Kak:
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21725 o0
1+1,25

CpaBHHBasi OTIEIBHO XOJ BBEPX M XOA BHM3 OJHOTO MOJE3HOTO IMKJIA PabOThl HACOCHOH YCTaHOBKH C
CUMMETPHYHBIM pexuMoM Tipu ko = 1 (puc.3) BUOHO, 9TO BO BpeMs X0/1a BBEpX B MOMEHT OKOHUYAHHS ITepHoaa
HavdalbHOH fnedopMarnyy Touka B Touka mojBeca mraHr Bce €Il ABHKETCS OTHOCHTEIBHO IUTYH)Kepa ¢ KOHEUHOH
CKOpOCThIO V.

Puc.2. CpaBHI/ITeHBHaH KHHCMAaTH4YCCKasa CXCMa OJJHOIIICUYCTIO CTaHKa-Ka4aJlIKu C aKCHAJIbBHBIM U 1€3aKCUaJIbHBIM
PACIIOJIOKEHUEM MEXaHU3Ma

Ilocie OTKPBITHS BCACBIBAIOIICTO KJIallaHAa IUIYHXKEP W KHUJAKOCTb HaJl HUM IMPUXOIAAT B JABHUIKCHUC C 6I>ICTpO

HapaCTaIOH.[Cﬁ CKOPOCTh1O, 06y0J’IaBJ’IHBaIOH.[eI>i BO3HUKHOBCHHUE B KOJIOHHEC IITAHI" MHEPLUOHHBIX HaHp?[)KeHPIfI.

[

(=}

20 40 60 80 100120 140 160 1 220 240 260 280 300 320

CKopocTb V, Mfcek

)

Yron noBopoTa KPUBOLIKMNAE @, TPag,
—e— [le3aKcvanbHbli CTaHOK-Kayanka c 60AbLIMM YINOM AeKaKkcuaoa

—8—Acua/ibHblii CTAHOK-Kavaska

Puc.3. CpaBHuTeNBHBIH rpad K C CHMMETPHYHBIM U HECHMMETPUYHBIM PEKUMOM Pa0OTHI CTAHKOB-KayaloK

B nnTepBase Bpemenu tu (ygactox BC), B koTopoM HHEPIIMOHHBIE HATIPSXKEHUS GU HApacTaroT C

_ v
c,=E H t,
®)
rae H — rmyOuna nmonBecku Hacoca; E — Momynb ynpyroctu MaTepuaia MTaHT.
WHTEHCUBHOCTD HAPACTAHUSI HAMIPSKEHUSI (THHAMUYHOCTD HATPY>KEHHUS ) Ha 9TOM y4acTKe OyeT BEIYMCIATECS 10
bopmye:
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0 V,
V, = atu =E I_;’
(4)
MaxkcuMaibHas ¥ MUHUMaJbHas JMHAMHYECKUE HATPY3KHU ONPEIENAIOTCS 110 POPMyJIaMm:
Pamax = kv.VA1l + kw. WAl (5)
Pamin= kV VA2 + kw. WA2 (6)

rae kv, k" u kw — mocrosiHHbIe KO (OHUIUECHTBHI, 3aBUCAIINE OT YCJIOBUI pabOThl HACOCHOW ycTaHOBKH; VA1 H
WAL — ckopocti u yckoperus TTIII B MOMEHT OKOHYAHUS yHpyroi AedopMaIiii IITaHT IpH X0 BBepX; VA2 1
W2 — ckopoctr u yckopennst TIII B MOMEHT oKkOHUaHHMS yHIpyroil qedopManuy ITaHT IPH XOE BHU3.

Tak kak 3xcTpemainbHble 3HaueHUs Harpy30k B TIIII B HeckonbKO pa3 OoIbIIIe 3aBHUCST OT VA, YEM OT yCKOPEHUS
WA, B dpopmymax (5) u (6) wieHaMH, MPOMOPIMOHATHHBIMH YCKOPEHHIO, MOXKHO MpeHeOpeds W TPUHATH
WHTCHCUBHOCTh HArpy)KCHUS KOJIOHHBI INTaHT W JUHAMUYECKHE HArpy3KH IpH MPOYMX PaBHBIX YCIOBHUSIX
3aBUCSALIMMH, TJIaBHBIM 00pa3oM, TONBKO OT BenuuuHbl ckopoctu TIIII B MOMEHT OKOHYaHWS YIPYTuX
nedopmanuii npu xomax BeepX u BHU3 (VA1 u VA2). Bemmuuna ckopocteii B TTII npu xoe BBEpX B MeXaHU3MaX
¢ ko > 1 3ameTHO MeHbllle, YeM B aKCHaIbHOM MexaHu3Me ¢ ko = 1, T.e. HaIMIO BO3MOXHOCTh YMEHB ILICHUS
BeIUMYMHBI MakcuMmanbHOU Harpy3ku B TIIII. Yro kacaercsa Bemumuumsbl ckopoctu TIIII B koHUE nepuona
nedopmanum npu xoxe BHH3 VA2, TO OHA 3aBHCHT €UIe W OT 3HaKa yIVla JIe3aKCHaja M MOXKET 00eCHedHnTh
YBEJIUUCHHUEC MHHAMAJILHOW HATPY3KH, 1aTh BO3MOXHOCTH CONM3UTE dKCTpeMyMbl Harpy3ku B T u co3aats s
KOJIOHHBI HAaCOCHBIX IITaHI Oosiee OIaronpusTHbIE YCIOBUS pabOThI, YeM B Clly4ae CO CTaHKaMHU-KadaJIKaMH,
paboTaronMu Ha CHMMETPUYHOM IIHKJIE.

C menpio TOMCKa BO3MOXHOCTEH COBEPIICHCTBOBAHUS OJHOIUICUNX CTAHKOB-KayaloK OBUTH MPOBEICHBI HCCIIe-
JIOBaHMSI KHHEMaTHYECKUX CXEM C OOJIBIINM YIIIOM JIe3aKCHaa, B Pe3yIbTaTe KOTOPBIX ObIIH BEISIBIICHB HanOoIee
s¢dexTuBHbIe cXeMbl. OTHAKO OAHUM M3 HEJIOCTATKOB OKA3aJIOCh TO, YTO Pa3HHUIA MEKAY HEPETHUM U 3aJHUM
wedamMu coctaBisuio MeHee 0,5 M. OTOT (akT SBISIICS OCHOBHBIM NPENSATCTBUEM JUISI BHEIPCHMS TaKHX
KHHEMaTHYEeCKUX CXEM, TaK KaK KOHCTPYKTHBHO CJIeIaTh FOJIOBKY OajlaHCHpa MOBOPOTHOM OBLIO HEBO3MOXKHO M3-
32 OTPaHWYEHHOTO IMPOCTPAHCTBA AJIS YCTAHOBKM HIAPHUPHOTO IOBOPOTHOTO ycTpoHcTBa. [IOBOPOT romoBKu
OanaHcHpa HEOOXOJMM MPH MPOBEACHHH PEMOHTHBIX Pa0OT B CKBa)KHHE NPU OCBOOOXKICHUH ITPOCTPAHCTBA HAJl
YCThEM CKBa)KHHBI JJIsl CBOOOAHOTO IIPOX0/Ia TAIEBOr0 OJI0KA MObEMHBIX YCTAaHOBOK.

B pesynbTare npoBeieHHbIX UCCIIEA0BaHU T ObLJIO IPEI0KEHO IPUBAPUBATH FOJIOBKY K Tely OallaHCUpa, a CTOHKY
ClieNiaTh COCTOSIIIEH W3 JIBYX CEKIIMH, BEPXHSAS MX KOTOPBIX clelaHa OTKJIOHsAeMOW. OTKIOHEHHE CTOMKH
OCYIIECTBIISIT P TIOMOIIM JOMKPATHOTO MEXaHU3Ma (MEXaHHYECKOTO WIIH THAPABIMYECKOT0), YCTAHOBIEHHOTO
Ha paMe craHka-kadauku [3]. B ommume or mporotmma B paboyeM IIOJIOKEHUHM CTaHKa-KadajlKd IITOK
JOMKPAaTHOTO MEXaHW3Ma IPHCOEIMHEH K CHEeINalbHOMY IPHCHOCOOJIEHUIO, YCTAaHOBJICHHOMY Ha BEpXHEH
CEeKIIMU CTOMKH, IMAPHUPHO COEMHEHHON ¢ HIDKHEH cexumeil (puc.4, a), a KOpIyc — MapHUPHO NMPHCOEANHEH K
pame cTaHka-kadaiaku. [Ipy BEIABMKEHUH IITOKA JOMKpATa JOCTUTAETCsl OTKIOHEHNE BEPXHEH CEKIIMU CTOMKH U,
COOTBETCTBEHHO, OYIET OTKJIOHATHCS OT YCThSI CKBRXXHHBI Ha HEOOXOANMOE PACCTOSIHUE W NPUBApEHHAs K TEITy
OamaHcupa royioBka (puc.4, 6). CrnernuanbHoe TPUCITOCOOICHNE MTO3BOISIET YIEPKUBATH BEPXHIOIO CEKITIO CTOMKHU
B OTKJIOHEHHOM COCTOSTHHH.

[Ipu »TOM y mOMKpaTa MMEEeTCs TakXe IOIOJHHUTEIbHOE HAa3HAYeHHWE — OH HCIOJIB3yeTcs KaK Omopa IpH
M3MEHEHHH peXKuMa paboThl, a MMeHHO npu cMeHe umHBl xoga TIII, korga HEOOXOAMMO M3MEHHTH paanyc
BpamieHus kpuBomuna. [Ipy oTcoeanHEHNH MIATYHOB OT KPHBOIIMIIOB OaJaHCHUP TEpsieT YCTOHYMBOCTH M IS
MIPOBEACHUS AalbHEHIINX paboT HeoOXoanMa JAOMOJIHHUTEIbHAS OTOpa Ul HEYpaBHOBEIIEHHOTO OajaHCHpa, B
Ka4yecTBe KOTOPOH M MCHOJIb3YeTcs IOMKpaT (puc.4, B).
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Puc.4. KoMmmberoTepHast MOJIeNib KOHCTPYKIIMU OJTHOTIIIEYETO CTaHKa-Kadajaky B paboueM (a), OTKIOHEHHOM (0)
MIOJIOKEHUAX U IIPU CMEHE JUTMHBI X072 (B)
[Ipu M3MeHEeHUH UIMHBI XOJa TOYKH IOJIBECa LITAHT HEOOXOIMMO, HalmpuUMep, TOUKY COWICHEHHE HIapHHPHO
3aKpEIUICHHBIX Ha TpaBepce 6 MIaTyHOB 4 ¢ KpUBOLIMIIAMHU 3 TIEPEMECTUTD M3 TOUKH a B TOUKY b (puc.5). st atoro
OCYILIECTBIISIOT CJIEAYIOIINE ONIEPaIIH:
- OCT@HABIMBAIOT CTAHOK-KaydalIKy, 3aKpeIUITIOT TOPMO30M | Bexymmii Baj peayKTopa 2, 0CcBOOOXIAIOT IITOK
nomkpara 11 n3 maprupa 12, 1 noBopaunBasi JOMKpaT BOKPYT TOYkM C BBIABHTAIOT IITOK Ha HEOOXOIMMYIO
JUINHY, BBOASAT €T0 JI0 YIOpa B HIAPHUPHBIN AepXKaTesb 7, MociIe Yero OTCOSANHSIOT IIaTyHbl BMECTE C HIKHEH
rosoBkoit matyHa (T. Ol) w3 oTBepcTHA a; MPH 3TOM IIATYHBI, [TOBOPAYMBAsCh BOKPYr TOYKH B, mpumyT
BEPTHKAJIbHOE MOJIOKEHNE, a OalaHCUP HE CMOJKET MIOBEPHYTHCSI BOKPYT Touku O;
- MpOM3Be/Isl HEOOXOJMMBIE AEHCTBUS C JOMKPATOM, CBSI3aHHbIE C MI3MEHEHHEM PACCTOSHHS MEX1y TouKkaMu B u
b, coenunsror Touky Ol MIaTyHOB ¢ KPHBOIIMIIAMH B TOUKE b;
- BBIBOJSIT LITOK JJOMKpaTa U3 IMAPHUPHOTO AepKaTelisi 7 ¥ BO3BPAIIAIOT B MCXOJHOE IMOJIOKEHUE, COEANHNB C
mapHUpoM 12 CTOUKH.
Yeunus, [eHCTBYIONINE HA Y3€JI IOMKpaTa B TIpoliecce NoAepKaHus OanaHCupa CTaHKa-KadaJlKy, ONPEIETISIIOTCS
cnenyromumM obpa3zoMm. Ha puc.5 mokazano pacmpenerneHue AEHCTBYIONMX yCcWiIMd. 31mech Rn — peakiust Ha
nomkpare; Pui, Pt, Pr, PO — cooTBeTCTBEHHO Beca IIaTyHOB, TpaBepChl, FOJIOBKH OanaHcupa u Oanancupa; X0, X,
Xmr, Xr — paccTosiHEE OT ONOpHI OajaHCHpa COOTBETCTBEHHO JI0 LEHTPA €ro TSXKECTH, IOMKpaTa, IIaTYHOB W
LEHTpa TSXKECTU roJ0BKH. M3 ypaBHEHUS paBHOBECUS MOJIyUUM:

Rna = [PrXr — (Pur + Pr)Xur - P6X6] /Xn
Pacuersl, mpoBeieHHBIE /1JIsI BHIOPaHHBIX NTapaMETPOB OJJHOIIEYETO CTaHKa-Kadallky, II0OKa3bIBAlOT BIIOJIHE ITPU-
eMJIEMble 3HAUEHHs! YCUIIUI JUIs IPOEKTUPOBAHUS U HCIIOJIb30BaHUs JOMKPATHOIO MEXaHU3Ma.
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Puc.5. Cxema momnep>kanus OanmaHcHpa ¢ MOMOIIBIO JOMKpaTa Ipu cMeHe AmuHbI xona TITII

3AKJIIOYEHHE

Jano oOocHOBaHME II€JI€COO0PAa3HOCTH JalbHEHIIEro yCOBEPUICHCTBOBAHUS CTAHKOB-KayaloK ¢
HECHUMMETPUYHBIM PEKUMOM OTKAYKH HE(TH U3 CKBAKHUHBI HA 0a3¢ OHOIUICYNX CTAHKOB-KaYalloK.

2. IlpexncraBieHsl 3aBHCHMOCTH, ONPEACISIONIME MaKCUMAIbHYI0 ¥ MHHUMAJBbHYIO JHHAMHYECKUE
Harpy3KH, BO3HUKAIOIKE B TOUKE [10JIBECA ILITAHT.

3. IlpoBeneHa KOMIBIOTEPHAS CUMYJIALUS MPEAJaraeMoro BapuaHTa KOHCTPYKIMH OJHOIUIEYEro CTaHKa-
Ka4aJKH C JIOMKPAaTOM, [TO3BOJISIFOIUM OTKJIOHSITh CTOMKY JJIsl 0CBOOOXK/ICHHUS IPOCTPAHCTBA HAJl YCThEM
CKB&)KMHBI ITPY TIPOBEICHUN PEMOHTHBIX Pa0OT B CKBaKHHE, a TAKXKE ITOJUIEPKHUBAIOIINM OallaHCHp TIPH
CMEHE JUIMHBI X0/1a TOYKH [10J[BECa IITAHT.

4. [laHbl 3aBHCHMOCTH MJISI OIpENETCHUs YCHWINH, NIEHCTBYIOIIMX Ha y3eJl JOMKpaTa B IIpolecce
ToJI/Iep KaHus OamaHCcHpa CTaHKa-KadalKy.

5. B pesynbrate pacdeToB, MPOBEICHHBIX IS BHIOPAHHBIX MapaMeTpOB OJHOIUIEYETO CTaHKA-KAdaJKH,
TMIOJTy4eHbI BIOJIHE TIPHEMIIEMble 3HAYCHUSI YCHITHIA ISl IPOSKTUPOBAHHMS U UCTIOIb30BAHHS JIOMKPATHOTO
MeXaHHU3Ma.
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ABSTRACT

Currently, in connection with the increasing role of sucker rod pump operation, the most relevant studies aimed at
improving the operational performance of the balancer drives of the borehole sucker rod pump unit (BSRPU) as
the most reliable and easy to manufacture and operate the drive. This paper discusses the research and development
of balancing one-arm pumpjacks with a large angle of deaxial. In the asymmetric mode of pumping fluid from the
well, due to the fact that the plunger moves down and up at different speeds, pumpjacks with a large deaxial angle
(15° to 25°) can be used to produce highly viscous oil. The rationale for the further improvement of pumping units
with an asymmetric mode of pumping high-viscosity oil from a well is given. The use of an asymmetric pumping
mode with a coefficient of change of the average speed other than unity is a direction that is qualitatively different
from traditional ways of increasing the efficiency of a borehole sucker rod pump installation. As a result of the
studies, the design of a one-shoulder pumpjack with a large deaxial angle and a stand deflected with a jack
(mechanical or hydraulic) was proposed, which allows the wellhead to be freed up for repair work in the well in
cases Where the design of the rotary head is impossible. An additional purpose of the jack is to use it as an additional
support at the time of changing the stroke length of the rod suspension point, when, due to the need to disconnect
the connecting rods from the cranks, the balancer loses stability. A computer simulation of the proposed design
was carried out and design options were presented in the working position and in the position when the stand is
rejected and the wellhead is freed up for free-wheeling of the tackle block for repair work.

Keywords: sucker rod pump drive, pumpjack, one-shoulder, angle of deaxial, assymetric pumping mode.
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BAGLAYICI QURULUSLARA YENi MODEL REZIN MATRISALI
KiPLONDIRICILORIN TOTBIQi

C.N Aslanov
Azorbaycan Dovlot Neft vo Sonaye Universiteti

E-mail:camaladdin.aslanov@asoiu.edu.az

XULASO

Maqals Fontan armaturunun baglayici quruluslarin kiplondirici manjetlorine rezin matrisanin tatbiqi ile kaugukdan
alinmig bark baglayicilarin xarakteristikalarinin idars edilmasinin onun strukturuna rezin matrisin anizotropiyasint
yeriritmakls rezin kiplondiricilarin kiplandirms effektnin artirilmasina hasr edilmisdir. Bu magsadla, yeni siyirtma
konstruksiyalar1 alinmis vo bu konstruksiyalara yeni model modifaka edilmis rezin elostomer matris asasl iki qat
matrislonmis yeni panel kiplondiricilor totbiq edilmisdir.

Acar sozlar: siyirma, kiplondirici, baglayici, rezin, matris, anizotropluq, deformasiya.

ABSTRACT

The following problem was considered in the article:the increase in the sealing effect of rubber seals with the
control of the characteristics of rigid closures obtained from rubber with the introduction of rubber matrices into
their sealing cuffs into the structure of which anisotropy of the rubber matrices of the christmas tree closing devices.
To this end, a new valve design developed and a new model with rubber matrices of rigid rubber seal closures
introduced.

Keywords: valve, seal, connector, rubber, matrix, anisotropy, deformation.

AHHOTAIUA

CraTps OCBSICHA HA MOBBIIICHHE YIUIOTHUTEIHFHOTO 3(dekTa pe3nHOBBIX YIUIOTHUTENICH C BBEICHHEM Ha €ro
CTPYKTYPY aHW30TPOIHNHU PE3NHOBBIX MAaTPHIL IOIyYCHHBIX U3 KaydyKa C YyIPaBICHHEM XapaKTePHCTHK KECTKUX
3aKpBIBATENILHBIX YCTPOHUCTB (POHTAHHOM apMarypsl. C 3TOH 11e1bI0, TOTy4eHbl HOBbIE KOHCTPYKIIHH 33/IBUKKH U
JUISL OTUX KOHCTPYKLMH ObliIa NpHMEHEeHa HOBask MOJeNb MOAMGHUIMPOBAHHBIX, TaK HA3bIBAEMBbIX, HaHEIbHbIC
YIUIOTHUTEIHN Ha OCHOBE JIBYXCJIOMHBIX MaTPHIBI U3 PE3HHOBOTO JIaCTOMEPA.

KiroueBble cj10Ba: 3a/1BIKKa, yIJIOTHUTENb, 3aKPHIBATENb, PE3NHA, MATPHILIA, AHU30TPOITHOCTH, Ae(hopMariis

GIRIS

Fontan armaturlarmin vo onlarm dostlogdirilmasila isladilon baglayici quruluslarin igqabiliyyatini yiiksaltmak
tigilin zaruri konstruktiv hallar gabul etmokls onlarin kipliyinin artirtlmasini va is rejiminin asanlagdirilmasini tamin
etmak olar(sokil 1). Bu istigamatda siyirtmelarin ig goraiti, onlarin metal va rezin detallarimin diizgiin material
tominati Gnamli masalalordandir.

Baglayici quruluslar sinfine daxil olan siyirtmalarin imtina etma sabablarinin sitemlogdirilmasi gostarir Ki, asasan,
problemlor 6ziini siyirtmalorin tam agilib-baglanmamasi sipar va ysharin is¢i sathinin yeyilmasi(26%) , siparin
yayinin sinmasi (38%) va kipkoc elementlarinin siradan ¢ixmasi (36%) kimi biruzs verir [3,4,5].

Baglayict quruluglarin diiyiin detallarinin oturdulmus yuvalarinda metal —metal soth arxasinda, birlogmolor
arasinda vo sonluglarda hermetikliyin tomin edilmasi bilavasito elastomer kiplandiricilorin vasitesi ilo hayata
kecrilmis olur. Kiplondiricilor osaon rezen materialdan hazirlanmaqla mixtalif konstruksiyalara malikdir.
Baglayic1 quruluslarda osason en kosiyi dairovi, diizbucaql, trapesli, ugbucaqli vo Y —sokilli kipladirici
halgalardan istifads olunur.Dairavi enkasikli va Y —sakilli kiplandiricilor an ¢ox istifads olunan kiplandiricilardir.
Qeyd edilan kiplondiricilor metal metal sotlor arasinada, hamginin arxasinda vs yiv birlosmalarin yuvasinda tam
hermetiklik yaratmaq tli¢lin nazards tutulmusdur.

Umumiyyatlo masin vo avadanliglarin kiplondirici diiyiinlorinds vo dizayninda islodilon an mohsur kiplondirici en
kasiyi dairovi olan halqalardir. API standartlarina osason dairovi enkosikli kiplondirici halqalrin materiallar Nitril
(NBR veya Buna-N), Silikon (VMQ), Florokarbon (Viton, FKM), perfloroelastomer (Kalrez ® (FFKM),
Florosilikon (FVMQ), Etilen Propilen (EPM, EPDM, EP, EPR), Neopren (CR, Kloropren), Politliretan (AU, EU)
-lardan istifads edilir. Dairovi enkasikli kiplondiricilor texniki gostaricilorina gors standarlagdirilmisdir vo DUST
14896-84 tizra texniki parametrlori Codval 1. onlarin texniki gostaricilori verilmisdir(sokil 2.).
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Sakil 2. Dairavi enkasikli kiplendirici imumi goriiniisii
Dairavi Kiplondirici elementin DUST 14896-84 iizro texniki parametrlori
Codval 1
d mm Kiitlo
Holgonin n6vii vo olgiilori Nominal ]"3ur"ax11'an haddi 1000 odod, kg
olciilori
028 — 036 - 46 27.5 05 1.68
030 — 038 - 46 29.5 ' 1.78

Siyirtmonin tixayici diiyiinyno daxil olan halgavi kiplondiricilor girisds ¢ixigda tam kiplik yaratmasi va bu kipliyi
uzun miiddat saxlamast siyirtmonin sipindel -qayka dityiiniin daxil olan manjetlorin uzunéiirliilyiine ssbab olur.Hal
hazirda bir ¢ox tipik (kipliyi ¢ixigda tomin olunan siyirtmalords daha ¢ox) bir miiddst isladikdan sonra tezyigli
mayenin giris bogazindan siyirtmoenin yuxari qapaq bosliiguna dolmasi hesabina hamin bdlgads olan manjetlorin
yorulmadan siradan gixmasi hesabina sizmalarin bas vermasinoe Sobob olur.Qeyd edilon kiplondiricilarin rezin
materiallarinin konstruksiyasinin va strukturnun méhkamlandirilmasine ehtiyac vardir.Bu masals elmin qarsisinda
duran aktual maesalardandir.

Isin mogsadi: Todqigat isinde mayenin bogulmasi girisinds va cixisinda tomin olunan yeni siyirtmo
konstruksiyasinin [1,2,7] istiliys Vo donmaya davamli kiplandirici elementlarini rezin matrisli bark baglayicilrdan
hazirlamagqla tozyigli mayenin siyirtmonin giris bogazinda tam bogulmasi vo bu bogulmani siyirtmenin etibarliliq
miidattinds saxlamasidir.

Azorbaycanda vo ya Sibirdo miixtolif hava soraitine uygun (- 550 C vo +550 C) etibarli sokildo islayabilon
kiplondirici elementlorin islonmosins ehtiyac vardir.Hotta bura miihitin aqresivliyinids slave etsok masalo bir daha
miirokkablogmis olur.Osason donmya vo istiliys davamli rezin kiplondiricilora genis ehtiyac vardir. Yiiksok
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aqressiv mithitdo mexaniki yeyilmo (abraziv, hidroabrazim vo tutugsma) igloyon Kiplandiricilorin moderin
kompazitlordon hazirlnmasin talob edir.

Rezin kiplandiricilorin sortlik xarakteristikalarinin doyisdirilmasi ilo aparilan konstruktiv mesale vo problemlorin
hollinds rezin matris Kiplondiricisine ¢ox vaxt bork baglayicilar yeridilir, onlarin deformasiyasi matrisin
deformasiyasi ilo miiqayisads qoruna bilir. Bu magsadlo baglayici quruluslarda istifade etmok méveud elostamer
matrisalar asasinda yeni rezin konstruktiv kiplondiricilorin “Honeycomb Panel matrisi” modeli osasinda ikiqat
matrislonmasi yolu ilo matrislomonin yeni modeli toklif edilmisdir. Yiiksok keyfiyyatli B-14 markali, 7130
markali, 7455 marakali modifaka edilmis rezin elostomer matrislori[8] “Honeycomb Panel matrisi” modelino
ugradilaraq iki qat matrislonmis yeni panel kiplondiricilor alinmisdir. iki qat matrislomo modeli asasinda moderin
kopozitli Kiplondiricilor yiiksok aqressiv miihit soraitinds ham donmaya hoamda istiliys dayanigli olmagqla
yeyilmoys davamlhidir. Bu kiplondiricilor ixtira edilimis yeni siyirtmanin Kiplondiricisi kimi gobul edilmis vo
miixtalif tipli baglayici quruluglara totbiq edils bilor.

Rezin matrisinin deformasiyali voziyyatinin hesablanmasi aparilankon ortiiklorin siikunat vo harokatinin sarhod
sortlorindon istifado edilmoklo nozars alimir [1, 3, 4, 5]. Buna goroa do yalmiz miioyyan doaracados sorbast olan
ortliklori nazors almaq lazimdir vo onlarin vaziyyati rezin matrisinin deformasiya hali ilo eyni tayin olunsun[6].
Bu noqteyi nazardan, masalon, liflorin giiclondirilmasi iisulundan istifads edilmoklo bark baglayiclarin iglonmosi
ilo aparilir [6,8].

Real material gismindo kauguka qeyri-bircins strukturdan va diffuziya mikrozadslonmolordon yaranmis
anizotropiya hocminds, homginin, svvalcadan nazordan kegirilmis qagilmaz gorginliklor konsentrasiyasinin sothi
effekti kimi baxmaq olar[6,8]. Rezin kiplandiricilorin matrisdo davranis1 haqqinda malumat hom kiplandiricinin
(rezinin) dagilmasinin hesablanma modeli qurularkan, hom do rezin Kkiplondiricilarin struktur-texnoloji
tokmillosdirilmasi zamani nozare alinmalidir.

Liflorlo yiiklonmis bork baglayicilarin giiclonan gorginlikdon dagilma prognozu biitiin digar liflorin  dagidict
gorginliklorindon vo mohdudlasdirici deformasiyalarindan xobar verir. Gliclondirilmis 6rtiiklii rezin kiplandiricilor
do belo mohdudlagdirict goarginliklor vo deformasiyalarla xarakterize olunduglarindan, rezin kiploandiricilorin
eksperimentlorlo yaxsi tosdiq olunmus bazi xarakterik davranis xiisusiyyatlorindon istifads oluna bilar.
Notica:Baglayict quruluglarda istifado etmok movcud elostamer matrisalar osasinda yeni rezin konstruktiv
kiplondiricilorin “Honeycomb Panel matrisi” modeli osasinda ikiqat matrislomasi yolu ilo matrislomanin yeni
modeli alinmigdir.Bu model asasinda B-14 markali, 7130 markali, 7455 marakali modifaka edilmis rezin elostomer
matris osasli iki gqat matrislonmis yeni panel kiplondiricilor toklif edilmisdir.

Yeni panel kiplondiricilorin baglayict quruluslarin on asas névii olan siyirtmanin giris bogazinda kipliyi tam tamin
olunmus yeni vo movcud siyirtmo konstruksiyasiyalarinda isladilmasi {i¢lin nazords tutulmusdur.
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NEW MODEL RUBBER MATRIX FOR CONNECTORS APPLICATION OF
EALERS

J.N.Aslanov
Azerbaijan State Oil and Industry University
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ABSTRACT

The following problem was considered in the article:the increase in the sealing effect of rubber seals with the
control of the characteristics of rigid closures obtained from rubber with the introduction of rubber matrices into
their sealing cuffs into the structure of which anisotropy of the rubber matrices of the christmas tree closing devices.
To this end, a new valve design developed and a new model with rubber matrices of rigid rubber seal closures
introduced.

Keywords: valve, seal, connector, rubber, matrix, anisotropy, deformation.
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K BOITPOCY UHTEHCUDPUKALINU TEIIJ/IOOBMEHA B KOXYXOTPYBYATbBIX
AIIITAPATAX
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AHHOTAIIUA

PaccMoTpeHbl BOIPOCHI MHTEHCH(HUKAIMK Tpolecca TEII00OMEeHa B KOXKYXOTPyOUaThIX armaparax Hu, Kak
CJIC/ICTBHE, COKpAICHHE WX pa3MEepPOB M MAacCChl (METAJUNIOEMKOCTH), CHH)KEHHE MOIHOCTH MPOKAYMBAHHSI
TEIIOHOCHUTEINEH Yepe3 anmapar npu yCIOBUU (PUKCUPOBAHHOM TEIIONPOU3BOIUTEILHOCTH.

KaioueBble ciioBa: mpouecc TeriooOMeHa, KOXKyXoTpyOUuaThlii anmnapar, HHTeHCU(UKaIys nporecca, nepeaaya
Teria, TpyOHasi peméTka, neperopoKHu.

XULASO

Govdaborulu aparatlarda istilik miibadilesi prosesinin intensivlosdirilmosi vo bunun naticasi olaraq onlarin
Ol¢iilarinin va kiitlalorinin (metal intensivliyinin) azaldilmasi, sabit istilik istehsali sortilo istilik dasiyicilarinin
aparat vasitosilo nasos giiciiniin azaldilmasi mosalalorine baxilmigdir.

Acar sozlori: istilik miibadilasi prosesi, gdvdaborulu aparati, prosesin intensivlosdirilmasi, istiliyin Gtiiriilmasi,
boru sabokasi, arakosmalor.

ABSTRACT

The issues of intensification of the heat exchange process in shell-and-tube devices and, as a result, reduction of
their size and weight (metal content), reduction of the power of pumping heat carriers through the device under the
condition of a fixed heat capacity are considered.

Keywords: heat exchange process, shell-and-tube apparatus, process intensification, heat transfer, tube grating,
partitions.

BBEJIEHUE

W3BecTHO, 9TO KOKYXOTPYyOUaTHIil TEIUIOOOMEHHUK TIPEICTABISIET COOO0H ammapaT, UCIOIb3yeMBIi IS TepeJadn
TEIUIa MEXAY OBYMS KAAKUME cpemamu [1]. XKuakoctar MOTyT OBITH pa3felieHbl CIUIOIIHOW CTEHKOW, Y4TOOBI
MIPEJOTBPATUTH CMEIINBAHNUE, WIIK OHU MOTYT HaXOAUTHCS B MPSIMOM KOHTakTe [2]. TerurooOMEeHHUKH IIHPOKO
UCTIONB3YIOTCS B CHCTEMax OTOIUICHUS, OXJaXKIEHWS, KOHIWUIIMOHUPOBAHMS BO3MyXa, OSJEKTPOCTAHIIHIX,
XUMHYECKHX 3aBOJaX, He()TEXMMHUYECKHX 3aBoJaX, HedTenepepabaThBAIONIMX 3aBOJaxX, MepepadoTke
TIPUPOTHOTO Ta3a MU OYHUCTKE CTOYHBIX BOJ. TEXHHKO-DKOHOMUYECKHE MOKA3aTeNd YCTAaHOBOK B 3HAYUTEIHHON
Mepe ONpeAeISIIOTCS MapaMeTpaMH TeIUIOOOMEHHBIX ammaparoB. OOmias mMacca TEIUIOOOMEHHBIX amapaToB
MoxkeT cocTaBiiaTh 10 40% maccel ycraHoBOK. [lo Mepe yBeluMdeHMs] €IMHUYHOW MOIIHOCTH  YCTAHOBOK
(ocHOBHAs TEHJCHIMS WX Pa3BHTHUsS) BCe 0Oojee BO3pacTaloT aOCOJOTHBIE MAacCOTa0apUTHBIC XapaKTCPHCTHUKU
TEIUIOOOMEHHBIX allapaToB, BXOSIINX B COCTAB YCTAHOBOK. BIIOIHE OYEBHIICH BBIBOJI, YTO B HACTOSIICE BPEMs
U B IIEPCIIEKTUBE OJIMH U3 TJIaBHBIX, TEXHHYCCKH U SIKOHOMUYECKH HanOoJiee JOCTYITHBIX U 000CHOBAHHBIX ITyTEH
YMEHBIICHUS MAacChl M TOBBINICHHS 3KOHOMHUYHOCTH YCTAaHOBOK — COBCPIICHCTBOBAaHHE TEIIOOOMEHHBIX
anmapaToB, KOTOPOE€ MOXKHO OCYIICCTBHUTBH 33 CUET HCIOJIb30BAHUS d(PPEKTHBHBIX COCOOOB MHTCHCH()HUKALIUU
TEII000MEHa.

3amaya mo ompeneneHUt0 3PGHEKTUBHOCTH Pa3IUYHBIX METOJOB M YCTPOWCTB WHTCHCHU(PHUKAIIUU TEIIOOTAAYN
SIBIISIETCS. KOMIUIEKCHOH W JOCTaTOYHO TPYJAHOW W3-32 MHOTr000pasus KputepueB. [IoMUMO OTHOCHUTENBHON
TEIUIOTHAPABINYECKON I(PPEKTUBHOCTH HMHTCHCH()HKATOPOB TEIIOOTIAAYM CYIIECTBYeT OoibImoii Habop
KPUTEPHEB, OTHOCSIIUXCS K 3TOH 3amade. OHM yUUTHIBAIOT SKOHOMUYECKHE (3aTpaThl Ha pa3paboTKy, CO3IaHHe,
AKCITTyaTaIuio, 00CITy)KUBaHNE U IPYTHE 3aTPAThl) U TPOU3BOICTBEHHBIE (PAKTOPHI (TEXHOJIOTHYHOCTh 00PabOTKH
MMOBEPXHOCTEH TerooOMeHa, uX (OpPMOBaHKE, YCTAHOBKY YCTPOMCTB M JPYTUX MPOIIECCOB MPOU3BOJCTBA),
HAJICKHOCTH (COBMECTHMOCTh CPEJl U MaTEPHUANIOB, )KECTKOCTh KOHCTPYKIIUI U pecypc), 0€30MacHOCTb U JIp.

B 0oJpmIMHCTBE Ciy4aeB MPaKTUYECKOTO MPUMEHCHHS METOJO0B MHTCHCU(UKAIMY TEIUIOOTIAYN Pa3pabOTIYHKU
TEIUIOOOMCHHBIX allapaToB, KPOME BBIMOJIHCHHUS TEXHUYCCKHX YCIOBUH M OOCCIICUYCHUsS 3aJaHHBIX pab0odnx
XapaKTEPUCTHK TEINIOOOMEHHHUKOB, TIPECICAYIOT CICTYFOIIUC [ICITH:
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1. YBennueHue TEIIOBOI MOIIHOCTH CYIIECTBYIOLIETO TEIUIOOOMEHHOTO armapara 6e3 n3MeHEHHs MOIIHOCTH Ha
MIPOKaYKy TEIUIOHOCUTE ! (MM MOTepPh AaBJIEHHs) TPHU (UKCUPOBAHHOM PacXoe TeIIOHOCUTEICH.

2. CHWKEHUE TeMIIepaTypHOTO Hamopa MeXIy TEIUIOHOCUTEISIMU Ul OOecHedYeHus] 3aJaHHOW TEeIUIOBOM
MOIIHOCTH NpU (PUKCUPOBaHHBIX rabapUTax TEIIOOOMEHHHUKA.

3. YMecHblIeHHE BeCOra0apUTHBIX MapaMeTpPoOB TEILIOOOMEHHHMKA IPU COXPAaHEHHUH TEIUIOBOM MOIIHOCTH
TETI000MEHHHKA M YPOBHS ITOTEPH JABJICHUS B €r0 TPaKTax.

4. YMCEHBIICHNE MOIIHOCTH Ha MPOKAYKy TEIUIOHOCHTENS HpH (UKCHPOBAHHON TEIUIOBOM MOIIHOCTH H
COXpaHEHWH IJIOIIAAN IIOBEPXHOCTH TEIUIOOOMEHA.

Lens uccnenosanust. [TytéM nHTEHCHHUKAINY ITPOLIECCca TEMIIOOOMEHA B KOKYXOTPyOUaThIX ammapaTax pelInTh
3a[1aui HEPTO- U pecypcocOepekeHus (CHIDKESHIE METAJUIOEMKOCTH M CTOMMOCTH).

OO6cyxneHne pe3yIbTaToB HCCIeIOBaHUHA. MeToasl MHTEHCH(UKAINY, [0 CYIIECTBY, CHMKAIOT TEPMHUYECKOE
COIIPOTHBIICHHE IPUCTEHHBIX CJIOEB IPH KOHBEKTHBHOM TEIUIOOOMEHE B TEIJIOOOMEHHHKE, CII0COOCTBYS
MOBBILICHUIO KOA((UIUECHTa TEIUIOOTHaul C WM 0Oe3 yBelaudeHus Iuiomanu noepxHoctu. lllectHaanars
Pa3IMUHBIX METO/OB MHTCHCU(]HUKAIMK TeryiooTaaun Obuin Kiaccuduimposanbl A.E. Bepricom u ap. [3,4] u
pas/ieNieHbl Ha TacCUBHBIE (He TPeOYIOT BHELIHETO MOJIBOJIA SHEPTHH JUIsl HHTCHCH(HUKAIMN) U aKTUBHBIE METObI
(TpeOyIOT BHEIIHEro MOABO/IA HEPTHH). [IpH CIIOKHBIX METO/IaX MHTEHCU(PHKAIMH TEIUIOOTAAYN HCIIOIb3YIOTCS
Jro0BIe 1Ba MM OOJIbIIE U3 TIEPEYUCIICHHBIX METOOB (ITACCHBHBIX W/MIIM aKTHBHBIX) OJJHOBPEMEHHO.

TpyOuaTble TETIOOOMEHHWKH pa3MYHBIX THIIOB M HaszHaueHMs cocTaBisiioT 80-90% MHpOBOro phIHKA
TEII000MEHHBIX anmaparoB. OCHOBHOE NMPENMYIIECTBO TPyOUaTHIX TEIUNIOOOMEHHHKOB — INIUPOKHI THAIa30H
pabounx TemrepaTyp M JaBJICHHH, BO3MOXKHOCTH HCIIOJIb30BAHHS B PA3INYHBIX OTPACIAX MPOMBIIUICHHOCTH U
BU/IaX TEXHUYECKUX YCTPOMCTB M TEXHOJOTHH. B 3T0il CBs3M manee paccMaTpuBarOTCsl pe3ysbTaThl HCIIBITAHUH
JAHHBIX TEIUIOOOMEHHBIX AMIapaToB C PA3IMIHBIMU HHTEHCH()UKATOPAaMH TEIUIOOTIauH.

B paborax [7-9] moka3aHO, YTO HaWOOJNBIICH TEIUIOTHAPABINYECKON S((PEKTUBHOCTHIO, T.€. COM3MEPHUMBIM
MPUPOCTOM THIPOCONPOTHBICHUSI MNPU MOBBIIIEHUH KOI(GHUIUCHTOB TEIUIOOTAaYd NPU JIAMUHAPHBIX,
MEPEXOHBIX U TypOyJIEHTHBIX PEKUMaxX TCUCHHUS PA3IMYHBIX TEIIOHOCHTENEH 00J1alaloT NHTEHCU(HUKATOPHI B
BHUJI€ KOJIbIIEBBIX BBICTYIIOB, CUCTEM C(HEPHUUECKHX BBHIEMOK/BBICTYIIOB M 3aKpYy4MBAIOIIUE MMOTOK YCTPOMCTBa B
BHJIC CKPYYICHHBIX JICHT.

B naHHON paboTe mpeacTaBiIeHBI pe3yAbTaThl HCCICAOBAHMH TEIUIOTHIPABIMYECKHX XapaKTEPUCTHK
KOXKyXOTpyOuaToro TEIUIOOOMEHHOTO armapara Ha pa3jIMdHBIX TEIUIOHOCHUTENSIX B LIMPOKOM JIHaria3oHe
N3MEHEHHS PSKUMHBIX [TapaMeTPOB.

HccnenoBanns NMpoBOAMINCH Ha TJIAAKOTpYyOHOI TerutooOMeHHoW Matpuue (puc.l,a) M Tpex MaTpuuax c
WHTEHCH(HUINPOBAHHBIME TEIUIOOOMEHHBIMH TpyOamMu. B  KadecTBe HWHTEHCH(HUKATOPOB TEIIO00OMEHa
UCTIOJIb30BAJINCH:

* KOIIBIIEBBIC BHICTYTIHI (pHC.1,0) — BHYTpeHHHN quaMeTp TpyO mMarpunbl D=7,6 MM; BeIcoTa BEICTYIOB (0,75 MM;
auaMeTp mo BeicTymam d=6,1 MM; oTHOcuTenbHas BbicoTa BbicTymoB d/D=0,8; mar BeICTymoB s=10 Mwm;
OTHOCHTEJIbHBIN Iar BeIcTynoB s/D=1,3;

* cHCTeMBI CheprIecKuX BBICTYINOB B TpyOax (puc.1,B) — BHyTpeHHHH quamerp TpyO Marpuisl D=7,6 MM; BbIcOTa
BoicTynoB 0,75 mMm; muametp mo Beictynam d=6,1 MM; OTHOCHTENIbHAs BbICOTa BHICTYNOB d/D=0,8; npomoapHbIit
1ar BEICTYNOB t1=9 MM; monepeuHslii mar

BBICTYTIOB t2=4 MM.

* BCTaBKH B BHJIE CKPYUYECHHBIX JIEHT B INIQIKOTPYOHYIO MaTpuily (puc.1,r) — BHyTpeHHHH JuaMeTp TpyO MaTpHIlbl
d=7,6 mm; mar 3akpyTKkH (moBopoT JieHThl Ha 180°) S=28 MM, OTHOCHTENBHBIH 1war 3aKkpyTkd — S/d=3,5.
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Puc.1. BHenHunit Bui MHTEHCU(QHUIMPOBAHHBIX TPYO CMEHHOH TEIIIO00OMEHHOM MaTpHUIbl TEMI000MEHHOTO
anmapara: IaaKoTpyOHas MaTpuia; O — TeIUI00OMEHHAs MaTpHLA C TPYOaMH C KOJBLEBBIMH BBICTYIIAMH; B —
TerI000MEeHHast MaTpuIa ¢ TpydaMH C TPEXMEPHBIMH BBICTYIIAMU/BBIEMKaMHU; T — MIaAKOTPYOHasi MaTpHLIA C
BCTaBKaMH B BUJIE CKPYYEHHBIX JICHT

KomnbueBbie BEICTYIIBI IOBOJIBHO IIMPOKO HCIIOIB3YIOTCA B TEINIOOOMEHHBIX alaparax 3a pyoesxxom. Heobxonumo
OTMETHTD, YTO HCIIOIB30BAHNE TAaHHOTO BHa HHTEHCUPUKATOPOB npexycmorpero B 'OCT 27590-2005 Ha Bomo-
BOJITHBIC IIOJIOTPEBATENM CHCTEM TEIUIOCHAOXKEHUs C NMpOQHUIMPOBaHHBIMU TpyOamu. OIHAKO KOHKPETHBIX
PEKOMEHIAIMH 10 BEIOOPY MapaMeTpOB KONBLEBBIX BBICTYIIOB JaHHBIN TOKYMEHT HE COAEPKUT. PekoMeHmannu
JUIsL pacyeTa TeIUIOOTIAud W TMIPOCONPOTHBIICHHS BHYTPH M CHapyXH TPYO C KOJIBLEBBIMH BBICTYNAMH TIPH
TypOyJIEHTHOM peKUMe TeUeHUS IpHUBeeHbI B [8]. i1 JaMHHApHOTO U IEPEXOIHOTO PEKUMa TeUeHHs O00HbIe
cBeneHusi uMmerorcsi B [9]. MHTeHcHukauus TemooOMeHa B TpyOax HpU TYpOYJIEHTHOM pEXHUME TEUEHHs
JOCTHTaeT 3,2 pasa Mpu yBeJIMYeHUHU ruapoconpotusicHus B 10,5 paza. Ognako B nuanazone d/D>0,94 u s/D=1,0
HaAOJII0aeTCsl OMEpeXKaloMi pOCT TEIUIOOTIAAud [0 CPABHEHUIO C THIPOCONPOTHBICHHEM. YBEIHYCHHE
TEIUIOOTAaYn cocTaBiasier — no 1,13-1,8 pasa. DTo jAenaerT AaHHBIA BUA HMHTCHCU(GUKAIMHM TEIUIOOTAAYH
MIEPCIIEKTUBHBIM.

Pa3HOBHIHOCTBIO AAaHHOTO CIMOCO0a WHTCHCH(MKAIMU SIBISIETCSI HCIIOJB30BAHHE CHCTEM IIEPUOIMYECKUX
cepuuecknx BBICTYNOB. [Ipn naHHOM BHIE WHTEHCH(HKAIMHM TEIUIOOTAAYM TaKXKe HaOJIONaeTcsi pOCT
TEIUIOOTAAYH B KaHaJaX 70 3,5 pas3a, HO yBEIWYEHHE THIPOCONPOTHBICHHUS 00Jee BEICOKOE, YEM C KOJIbIIEBBIMHU
BeicTynaMu [9]. Taxoke mpu 1aHHOM criocoOe HaHeceHHs penbeda Ha TPyObl YBEINYMBAIOTCS €€ MPOYHOCTHBIC
XapaKTePUCTUKH.

3akpyTKa NOTOKa B KaHajaxX CO BCTaBJICHHBIMU CKPYYEHHBIMU JICHTAMH INPUMEHSETCS B MCIAPHUTENSX |
KOHJIEHCATOpaXx IpH TEYEHUH IBYX(Pa3HBIX TEMJIOHOCUTENEH, B MACIOOXJIQAUTENIIX U Ma3yTOO0OTPEeBaTENAX IS
3 (QEKTUBHOTO MEpeMEIINBaHMsl BSI3KUX IKHUAKOCTEH, B Ta30TPyOHBIX KOTIOArperarax Majoil M cpegHeil
MOIIHOCTH. [IpenMyIecTBOM JaHHOTO BHJAa MHTEHCHU(DHKALMK 110 CPABHEHUIO C JAPYTMMH SIBISETCS JIETKOCTb
JEeMOHTaXa JIGHT IpPU OUYHUCTKE TeriooOMeHHbIX moBepxHocTed [10]. IloBeImIeHHE YpPOBHS TEMIOOTIAYH
coctasisier 1,2 - 4,5 pa3a 110 CpaBHEHHIO € TIIAAKIMHU KaHAJIaMH TP COTIOCTaBUMOM POCTE THAPOCONPOTUBIICHHS.
VYpoBeHb TEIIOOTAAYM IMOBBIIIAETCS C YBEIWYEHHEM CTEIEeHH 3aKpyTKH II0TOKa, MO3TOMY Hauboiee
TIEPCIIEKTUBHBIMU JIJIS1 IPOMBIIIJIEHHOTO UCTIOJIb30BAHUS SIBIISTIOTCSI CKPYUEHHBIE JIHTBI C OTHOCHUTEIBHBIM LIIaroM
S/d=3-6.

Heobxoanmo Takke ykasaTb, YTO B JIMTEPaTypHBIX HMCTOYHHMKAaX B OCHOBHOM IIPEACTAaBJICHBI JaHHBIC IS
BHYTPEHHEH 3aJaud, a HWMEHHO II0 TEIUIOOTIaue K THAPOCONPOTHBICHHIO B TpybaX W KaHajlax c
nHTeHcudukaropaMu. OIHAKO OTCYTCTBYIOT PEKOMEHAALMM JUIl BHEIIHEH 3aJaud, T.K. NPU HAHECEHHH
HMHTEHCU(HUKATOPOB HA BHYTPEHHHE MOBEPXHOCTH TPYO METOJOM HAKATKW WJIM MPECCOBAHMS HA UX BHEIIHHX
MOBEPXHOCTAX TaKKe TMOSIBISIFOTCS pesibedbl, MPUBOISIINE K HHTEHCH(UKAUMU TemiooTaadn. IloaTomy
HEOOXOAMMBbI ~ KOMIUIEKCHBIE  HCCIICJIOBAaHUS METOJOB HMHTEHCH(MKAIMU  TEIUIOOTIAYd Ha  MOJEIIX
TEIUIOOOMEHHBIX aIlllapaToB JJIS HCCIEJOBAHUS BIUSHUS WHTCHCH(UKATOPOB TEIUIOOOMEHA Ha KO3 (HHUIIMEHTHI
TEIUIOTIePeIauy WIIN O0IIHe TEIUIOBBIE IIOTOKU B TEIUIOOOMEHHOM armapare.

PesynbraThl MccneoBaHus TEIIOOOMEHHOTO allliapara THIIA «BO/Ia-BOay MPeJICTaBIeHbI Ha puc. 2. JlaHHbIH THI
TETI000MEHHHUKA MOXKET MCIO0JIB30BaThCSI KaK BOJIOBOJISTHO MojjorpeBareiib. ['opsiunii TemIoHOCHTeb IPOTeKal
BHYTpPHY TpyOHOTO IMy4YKa, XOJOIHBIA — B MEXTPYOHOM NpOCTpaHCTBe. Pe3ynbTaThl ncciae[0BaHUN MMOKa3bIBAIOT,
YTO IPH UCHOJIb30BaHNH B KAYeCTBE MHTEHCH()UKATOPOB TEIIOOOMEHA KOJIBIIEBBIX BBICTYIIOB Ha TEIIIOOOMEHHBIX
TpyOax TemyioBasi MOIIHOCTH TEINIOOOMEHHHMKA «BOAa-BoJa» Bozpocia 10 50% mpu TypOYJIEHTHOM peXhMe
teueHus teronocureneil (Rer=4000-18000). B obmacTu ManbIx pacxoJoB TeueHHs TeruoHocuteneii — no 0,03
kr/c (Rer<1000) — unTeHCHUKAIMH TEMIOO0MEHA HE HabIroAaeTcs. B 061acTH TaMHUHAPHBIX OTPBIBHBIX TEUEHU I
mpu pacxogax temiaonocurenss ot 0,03 mo 0,1 kr/c (Rer=1000-4000) nabmomaeTcsi BO3pacTaHHE YpPOBHS
naTeHCcHupuKarmu ot 0 10 50%.

[Ipu wucmons30BaHWM B KadyecTBE WHTEHCH(PHUKATOPOB TEIUIOOOMEHa C(EpUYEeCKHX BBICTYNIOB BHYTPH TpPYyO
TEIUIOBasi MOIIHOCTE TEINIOOOMEHHHKA «BOJa-BoAa» Bo3pocia 10 37,5% mpu TypOyJIEHTHOM pEeXHMeE TCUCHHS
teroHocureneit (Rer>4000). B o6iactu Manbix pacxonoB TeyeHus temionocureneit — 1o 0,03 kr/c (Rer<1000)
— uHTeHCH(UKaMKU TeriooOMeHa He HabmoaeTcs. B o0nacTu 1TaMHHapHBIX OTPBIBHBIX TEUEHUI MIPU pacxoaax
teroHocurenst ot 0,03 o 0,1 kr/c (Rer=1000-4000) HaGutoaeTcst Bo3pactaHue ypoBHsS HHTeHCHUKauuu ot 0
1o 37,5%.
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Ienecoobpa3HocTs BbIOOpa MHTEHCH(UKATOPA TEIUIOOTAaYH 3aBUCHUT KaK OT PeasIM3aliuy PEKUMOB TEUECHHS IS
TEIUIOHOCHUTENEeH (JJaMUHAPHBIH, IePEeX0AHbIN, TYpOYJICHTHBIN), TaK ¥ OT MX THIIOB. Pe3ysbTaThl McciienoBaHus
TEII000MEHHHUKA «BOJA-BOJa» CO CKPYYEHHBIMHU JICHTaMH B TpyOaxX He NMpHBEACHBI U3-32 HE3HAYUTEIHBHOTO
TIOBBILIEHUs] TEIUIOBOM MOIIHOCTH TeMJIOOOMEHHMKA (B TIpenenax MOTPENIHOCTH JKCIEPUMEHTa). OTo
00yCIIOBIICHO HE3HAYUTEILHBIM YPOBHEM ITOBBIICHUS KOO PHUIIMEHTA TEIUIOOTIAuH [IPU TEYEHHH BOABI B TPYOax
CO CKPYYEHHBIMH JICHTaMH, COITIOCTaBUMOTO C KO3((HIMEHTOM TEINIOOTAAYH CO CTOPOHBI IMIaJKUX TPYO, a TakxKe
3HAYUTEIBHBIM YBEJIMYCHUEM THIPOCOIPOTUBIICHHUS B TpyOax cO CKPYUCHHBIMU JICHTAMH.

[MoBbieHne 3(GEKTUBHOCTH TEIUIOIHEPIeTHKA BHAUTCS BO BHEAPEHHU OTPOMHOTO KOJMYECTBA Pe3yJbTaToB
HAay4YHBIX HCCJICIOBAHUI, a TAaKXKe OIBITA IPHUMEHCHUS WHTCHCH(UKAMU TEIIOOTHAa4YM JUI TeII00OMEHHOTO
obopynoBanus. Ilpu 3TOM [JODKHBI NPUHUMATBCS BO BHHUMAHHE OCHOBHBIE LM WHTCHCU(DUKALUH —
olnepekaroliee YBEIUUCHNUE TEIUIOOTIAYH 0 CPABHEHHIO C POCTOM TI'HAPOCONPOTUBICHHS IS OOECIICUeHUS
sHeprodpdexruBHoctr (noseieHus KIIJ[) w/umu pecypcoaddexTnBHOCTH (MUHMMHU3ALIMs BECOTa0apUTHBIX
XapaKTEePUCTUK U METANIOEMKOCTH) TEIIO00OMEHHOro obopynoBaHus. Pa3zeutue ydeHus 00 MHTECHCU(pHUKALUH
TEIJIOOTAAa4YH, B CBOIO 04ePe/ib, JOJKHO IIPOUCXOJUTh Ha OCHOBE aHAIM3a BO3ACHCTBHS HA IOTPAaHUYHBIN CIIOU U
HaKOIUICHHOW 0a3bl MO Pa3IM4YHbIM THIIAM WHTEHCH(UKATOPOB TEIMJIOOOMEHa, peXHMaM TEUSHUS M THIIAM
TEIUIOHOCHTEJIEH, B HAIIPaBJICHUH pa3pabOTKU KOHCTPYKLMI ONTHMalIbHBIX HHTEHCH(HUKATOPOB TEINI00OOMEHa U
pa3paboTKU MPOPHIBHBIX TEXHOJIOTUI HHTCHCU(UKAIIUH TEIIOOOMEHA.
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PesynpraThl nccneqoBaHMH  TEINIOOOMEHHHMKAa MOKAa3bIBAalOT, YTO TP HUCIOJb30BaHMM B  KadyecTBE
MHTEHCH(HUKATOPOB TEIJIO0OMEHAa KOJNBLEBBIX BBICTYIIOB B TEIUIOOOMEHHBIX TPYOax TEIUIOBash MOIIHOCTb
TEIUI00OMEHHUKA BO3pocia B 3 pasa.

[lpn wmcronp3oBaHMM B KayecTBE HMHTCHCH(HUKATOPOB TEII00OMeHa C(HEPHUYECKHX BBICTYIIOB BHYTPH TPYO
TEIJIOBasi MOLITHOCTH TEINIOOOMEHHHKA Bo3pocia B 2,3 pasa.

OOpaboTKa JaHHBIX NPH HCIIOJIb30BAHMU CKPYYEHHBIX JICHT B Tpy0Oax IIOKa3aja, 4TO TEIUIOBas MOIIHOCTb
TEIUI000OMEHHHUKA Bo3pocia B 2,1 pasa.

Jlureparypa.

1. Ahmed T. Al-Sammarraie & Kambiz Vafai (2017) Heat transfer augmentation through convergence
angles in a pipe, Numerical Heat Transfer, Part A: Applications, 72:3, 197-214,
https://dx.doi.org/10.1080/10407782.2017.1372670

2. Sadik Kakag; Hongtan Liu (2002). Heat Exchangers: Selection, Rating and Thermal Design (2nd ed.).

CRC Press. ISBN 978-0-8493-0902-1.

Webb, R. L. Principles of Enhanced Heat Transfer, Wiley, New York. 1994.

4. Bergles, A. E. Techniques to Enhance Heat Transfer, in Handbook of Heat Transfer,3rd ed., (Rohsenow
W. M.,Hartnett, J. P., and Cho, Y. L., eds.), McGraw-Hill, New York, Chap. 11. 1998.

5. Toptemo 10.®., Omummue B.B., Ilomo M.A. D¢ (peKTHBHOCTh NMPOMBIIUICHHO HEPCHCKTHBHBIX
uHTeHCHUpUKaTOpoB Temiootaadu // 3. PAH. Duepreruka. — 2002, — Ne3— C. 102-118.

6. JleontseB A. U., T'opteimos 0. @., Omummues B. B., [Tonos U. A. D¢ddexruBHBIE HHTCHCHUKATOPHI
TEIUIOOTAAYH JUIs JTaAMHUHAPHBIX (TypOyJeHTHBIX) IIOTOKOB B KaHalax 3HeproycraHoBok // M3s. PAH.
Ouepreruka. 2005. — Nel. —C. 75-91.

7. Jleontses A.U., Onumnues B.B. [ToTeHnman sHeprocoepexeHns pa3audHbIX CIIOCOOOB 3aKPyTKU MOTOKA
U JIMCKPETHO-LIEPOXOBATHIX KaHaoB (0030p) // M3Bectust Poccuiickoil akaneMuu HayK. DHepreTuka. —
2010. — Ne 1. — C. 13-49.

8. Kamunuun 3. K., Jlpeituep I'. A., Konn U. 3., u ap. DddekTrBHbIC MOBEPXHOCTH TEILIOOOMEeHa. — M.:
OueproaTomuszaar, 1998. —407 c.

9. Ilomos U.A., IllemukoB A.B., fpkaes M.3. TemnoruapaBimdecKue XapaKTEPUCTHKH IHCKPETHO-
IIEpOXOBATHIX TPYO Ha MEPEXOAHBIX PEXUMax TedeHHus // V3BecTs BBICIIMX Y4eOHBIX 3aBEICHUIL.
Asnannonnas texuuka. 2013. — Ne 1. —C. 61-65.

10. Manglik R.M., Bergles A.E. Swirl Flow Heat Transfer and Pressure Drop with Twisted-Tape
Inserts//Advances Heat Transfer. 2002. — Vol. 36. — P. 183-266

w

ON THE ISSUE OF HEAT EXCHANGE INTENSIFICATION IN SHELL AND TUBE
DEVICES

N.M.Abbasov .
Azerbaijan State University of Oil and Industry
E-mail: natig.abbasov@asoiu.edu.az

ABSTRACT

The issues of intensification of the heat exchange process in shell-and-tube devices and, as a result, reduction of
their size and weight (metal content), reduction of the power of pumping heat carriers through the device under the
condition of a fixed heat capacity are considered.

Keywords: heat exchange process, shell-and-tube apparatus, process intensification, heat transfer, tube grating,
partitions.

YENiI KONSTRUKSIYALI iSTILIK MUBADILOEDICIDO HIDRODINAMIKI
DEFORMASIYANIN QiYMOTLONDIRILMOSI
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ABSTRACT

In the oil and gas extraction and processing industries, as well as in the petrochemical industry, numerous heat
exchangers are used, among which shell-and-tube are the most common. The disadvantage of these refrigeration
units is the low efficiency of heat transfer on the outer surface of the pipes and the time interval for optimal
intensification of heat transfer, as well as a decrease in operability in the conditions of oil and gas production,
collection, preparation and transportation of products. The developed new design of the heat exchanger is
distinguished by both a simple design and the intensity of cooling of compressed hot gas through the use of natural
cold sea water.

The paper presents the results of a study on the assessment of hydrodynamic deformation in a new heat exchanger
design.

Keyords: heat exchanger, working medium, sea water, compressed gas, temperature, hydraulic deformation

Problemin aktualligi. Qazin naqli vo gazlift sisteminds istifadasi qapali va fasilosiz bir proses olmaqla, yiiksok
etibarliliq tolob edon osas vo komok¢i kompressor toSorriifati avadanliglarindan, elaco do miixtolif texniki
vasitalordan istifads olunmasidir.

Bu istiqgamotdo aparilan todqigat islorindo [1,2] diqget kompressor tossorriifatinin osas avadanlhglari
(kompressorlar, onlarm klapan diiyiinlori, silindr, val vs s.) ilo bagl oldugundan, kdmok¢i avadanliqlara (istilik
miibadils edicilori, soyuducular vs s.) ikinci daracali shomiyyat verilir. Lakin sonuncu geyd olunan avadanliglarda
imtinalar todrican vo gozlonilmodon bas vedriyindon onlarin fasadlari ¢ox bdyiik ola bilir. Demali kompressor
tossarriifatinin asas avadanliglar1 vo texniki vasitolorlo yanasi yiiksok etibarliliq vo samaraliyi ilo segilon istilik
miibadiloedicilorinin (IME) yaradilmasi va totbigi mosalosi bdyiik aktualliq kasb edir.

Son illards bu istigamotdo aparilan elmi-tadqiqat islori sirasinda [3] miialliflor tarafindan toklif olunan gévds-boru
tipli yeni IME konstruktiv halli ila digerlorinden forglidir. Tokilf olunan IME-ds soyuducu agent gisminds axma
stirati 9 = 1,5 m/san olan su harokat edarak turbulentlik yaradir, bu ise 6z ndvbasinds konstruksiyanin is prosesinda
etibarliginin tominini talob edir. Yani avadanlhigin layihalondirms vo hazirlanmasit moarholalorinda konstruktiv
parametrlarin miiayyanlagdirilmasi ilo yanasi istismar prosesinds yarana bilocak vibrasiyalarin giymatlondirilmasi
Vo onlarin ig prosesins tosirinin doyarlondirilmasi nazors alinmalidir.

Isin mogsadi. Gévda-boru tipli istilik miibadiloedicisinde istismar prosesi zamam bas veron vibrasiyalarin vo
onlarin yaratdiglar1 deformasiyalar sobsbindon konsol tir prinsipi ilo barkidilmis on gox yiiklonmoalors moaruz galan
borunun sarbast ucunda yaranan yerdoyismonin giymstinin miisyysn edilmasidir.

Govda-boru tipli IME-nin konstruktiv xiisusiyystleri. Toklif olunan IME-i silindrik i¢i bos metal borulardan ibarat
olub, burada harakoat edon iki agentin(soyuducu maye va sixilmadan qizmis qaz) tosiri naticasinds bas veran
hidroaeroelastik tosirdan bir ucu sarbast olan boru yerdaysmalys maruz galir (bax sok.1).
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Sokil. 1. Istilik miibadilo edicisinin iimumi goriiniisii:
1 - daxili boru; 2 — orta boru ; 3 — xatici boru.

Sokill-don goriindiiyii kimi yiiksok axinli soyuducu agent daxili diametri d1=200 mm olan 1 borunun igarisine
daxil olub diiz axinli harokatls iraliliyarak 2 borunsunun (d2 = 500 mm) sferik satiha toxunaraq geriys torof
istigamatlonarak 1 va 2 borular arasindaki boslugu doldurur. Xarici sathine spiralvari qabirga qaynaglanmis 2
borunun sathi {izra horokat edan, 2 vo 3 borular arasinda yigilan sixilmadan qizmis qaz buradaki temperatur
miibadilasinds soyuyur.

Hesablamalar noticasindo miioyyon edilmisdir ki, maye axinmin istigamatinin doyisdiyi zona {i¢iin Reynolds

4
adadinin giymati Re =15,67-104 barabardir vo bu maye aximimin turbulent rejimde olmasim ( Re>1-10 )
tasdiglayir.
Alinmis naticalor vo onlarin miizakirasi. Hesablamalara asaslanaraq miiayyon edilmisdir ki, soyuducu agent daxili
borunun iginds, elaca ds onunla orta boru arasindaki bosluqda uygun olaraq M1 =204,1 vo M2=766,5 kg olmagla
yiiksok siiratlo harokar edir. Bos borularin kiitlasi uygun olarag m1= 521,3 vo m2 =1092,8 kq-dur.
Borular TOCT 9941-80 iizro 08X18H10T markali legirlagmis poladdan hazirlanmagla yiiksak fiziki-mexaniki
gostaricilora malikdirlor.
Taqigat isinds vibrasiya probleminim giymatlondirilmosi hidrodinamiki masalo kimi baxilmisdir.
Maye aximninin boru daxilinds vibrasiyalar yaradan qiivvenin differensial tonliyi asagidaki kimi yazila bilor [4,5]:
.ot a2 i}
. EI-ﬁ+m-an+.E-%:F(x,t)
Burada EI — borunun ayilms sartliyidir; E-elastiklik modulu, I-en kasiyin inersiya momentidir.
m — i¢i soyuducu agentla dolu borunun kiitlesidir, kg;
& — siirtlinmo omsalidir.
F(x,t) = Fh + Fx uygun olaraq hidrodinamik va digar xarici tasirlari nazars alan hidrorinamiki givvalarin comidir.
Konstruksiyanin etibarli is rejimi istismar prosesinds yarana bilacok vibrasiyanin tezliyinin vo bu ssbabdan
borunun sarbast ucunda amplitudun buraxila bilon hodlordon konar olmamasi ilo tomin edilir.
Basqa s6zlo, kinematik tosirdon sistemds omola goalon titromolarin tezliyinin £ bu tip qurgular {iglin miioyyan
edilmis [f,] 50 hz-don ¢ox olmamasinin tomini vacibdir[6], yoni f < [f,]. Digor torafdan bu titromaloarin tezliyi
axinin yaratdigi tezliklo iist-iisto diismomalidir. Eyni zamanda borunun sarbost ucunda amplitudun y giymati {igiin
nozordos tutulmus maksimal hodd ymax, yoni y= ymax sarti tomin olunmalidir.
Turbulent rejimin yarada bilacayi sarbat titromslarin tezliyi asagidaki kimi miiayyen edilir [7]:

26 EQUIPMENT, TECHNOLOGIES, MATERIALS




-

ETM

ISSN: 2663-8770: E-ISSN: 2733-2055 4%

CiLD 03 BURAXILIS 01 2020

Burada Sh — Struxal omsalidir; Sh=0,2. v = 1,5 m/s boruda axan suyun siiratidir. dyborunun xarici diametridir.
d,=0,23 m. Onda

Shv _ 0,2:1,5
dyx 0,23

f= =1,3 hz

Alinmig noticedon goriindityii kimi f= 1,3 hz oldugundan qorxulu rezonansin yarana bilme ehtimali yoxdur,
belaki, turbulent rejimin yarada bilacok vibrasiyanin tezliyi buraxila bilon hoddin yalmz 2,6%-ni toskil edir.

Borunun sarbast ucunda yarana bilacok yerdoyismonin amplitudunun giymati asagidaki kimi miloyyon edilmisdir

[7]1.

B 3
Y, .. =0,06 2% (3) -G

m f

Burada

- dyborunun xarici diametridir vo d,=0,23m.

- p = 1000 kg/m3 borunun daxilinds axan soyuducu agentin (su) sixligidir.
-m = 236,1 kq igorisi su ilo dolu daxili borunun kiitlosidir.

-v =1,5 m/s soyuducu agentin (su) siiratidir.

- f=1,3 sorbost titromoalarin tezliyidir.

-¢=0,26 axinin miiqavimatini nozars alan amsaldir.

-86= 0,027 demferloma amsal1 olub [6] tizre miioyyan edilir.

Sh — Struxal amsalidir vo Sh = 0,2 gsbul olunur.

Konstruksiyanin normal foaliyyat gdstormasi ti¢iin Ymax < [Y] sortinin tomin olunmas vacibdir.
Belaliklo, toklif olunan IME-ds sarbast ucunda yarana bilacok yerdoyismonin amplitudunun giymoti asagidaki
kimi olacaqdir:

_ pdd [\ 2 11000:0,23% [(15)\3 0,262 _ _
Yimax = 0,06-= (f) srsn 07 0,06 725,4 \/(1,3) 0,027:6,5:0,2 2.5=0,0121m =1,21mm

Sakil 2-ds daxili va araliq borular arasindaki istigamstlondirici dayagin araboslugu gostorilmisdir.
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) I BN 2
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Sokil 2. Daxili vo araliq borular arasindaki istiqgamatlondirici dayaglar vo araboslugu

Sokil 2-don goriindiiyii kimi daxili borunun araliq boruda yerlogdirilmasinds onun diizgiin istigamatlondirilmasi
magsadi ila nazords tutulmus konstruktiv arabosluglarinin giymsti A=2,0-2,5 mm. Demali daxili boruda yarana
bilacok yerdoyisma (Y) noticasinds konstruksiyaya zarbslor endirmasi vo onlarin oamoalo gstirs bilacayi fosadlar
gozlonilmir.
Istismar prosesindo IME-nin daxili boruda yaranan yerdoyismonin omola gotirdiyi gorginlik asagidaki kimi
milayyan edilir.

24 Ymax - El
g = Jmax

12-wW

Materiallar miiqavimoti kursundan i¢i bos boruda yaranan oxboyu miigavimot momenti asagidaki kimi toyin edilo
bilor:

3,14
32

W = % (@@ —d3) = (0,233 —0,2%) = 0,41-1073m3
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Inersiya momenti asagidaki kimi toyin edilir.

i=2-(di—df) = 27(0,23* - 0,2*) = 0,58 - 107*m4

Onda EI qiymoti asagidaki kimi miioyyan oluna bilor:
El=1,96-10°-0,58-10"* = 11,36

Yuxarida qeyd olunanlar nazars alinmagqla istismar prosesindo IME-nin daxili borusunda yaranan yerdayismanin
amalo gatirdiyi goarginliyi asagidaki kimi miiayyan etmok olar:

_ 24ymaxEl _24:0,012111,36_
T2zw 6,5:0,00041

1239,8kg/m2 = 0,012Mpa

Alinmig naticanin tohlilindon goriindiiyii kimi bu buraxila bilan hadle miiqaisados ciddi forgdir.

Belaliklo, asagidaki naticalori geyd etmok olar.

-yeni govdoa-boru tipli istilik miibadiloedicisinds omoalo galon vibrasiyalar daxili boruda hidroelastiki
deformasiyalarin yaranmasina sabab olurlar;

-konsol tir prinsipi ilo borkidilmis daxili boru an ¢ox yiiklonmaloro moruz qaldigindan onun sarbost ucunda
yaranan yerdoismoanin giymeati buraxila bilan giymotdan ciddi farglidir.
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ASSESSMENT OF HYDRODYNAMIC DEFORMATION IN A NEW HEAT
EXCHANGER DESIGN
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Annotation

In the oil and gas extraction and processing industries, as well as in the petrochemical industry, numerous heat
exchangers are used, among which shell-and-tube are the most common. The disadvantage of these refrigeration
units is the low efficiency of heat transfer on the outer surface of the pipes and the time interval for optimal
intensification of heat transfer, as well as a decrease in operability in the conditions of oil and gas production,
collection, preparation and transportation of products. The developed new design of the heat exchanger is
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distinguished by both a simple design and the intensity of cooling of compressed hot gas through the use of natural
cold sea water.

The paper presents the results of a study on the assessment of hydrodynamic deformation in a new heat exchanger
design.

Keyords: heat exchanger, working medium, sea water, compressed gas, temperature, hydraulic deformation

AZORBAYCANDA MAGISTRAL QAZ KOMORLORININ KORROZiYADAN
MUHAFIZOSININ MUASIR VOZIiYYOTIi
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ABSTRACT

Equipment and construction in the oil and gas sector are characterized by large dimensions and metal consumption.
Among the main causes of hardware failures used in this industry sector are corrosion.

This paper discusses the current state of corrosion protection of gas pipelines in Azerbaijan and ways to resolve
problems in this direction.

Keywords: Gas mains, corrosion, active and passive protection, polymer coating.

ANNOTASIYA

Neft vo gaz sektorunda istifado olunan avadanlhiq vo qurgular 6z iri hacmlori, eloco do metal tutumlugu ilo
farglonirlor. Sonayenin bu sektorunda totbig olunan texniki vasitalords bas veran imtin sobablori sirasinda
korroziya faktoru dnamlidir.

Toaqtim olunan mogalo Azarbaycanin magqistral qaz kemoarlari sisteminds korroziyadan miihafizonin voziyyoti vo
movcudola problemlorin aradan qaldirilma yollarina hosr olunmusdur.

Acar sozlar: Magisrtal gaz kamorlori, korroziya, aktiv vo passiv mithafizo, polimer ortiik materiallari.

AHHOTALUS

OOopynoBaHHE U COOPYXKCHHE B HE(TErasoBOM CEKTOPE OTIMYAIOTCSA KPYIMHOTAOAPUTHBIMU pa3MepaMu U
METAUIOEMKOCThI0. Cpeli OCHOBHBIX MPUYHH OTKAa30B TCXHUYECKUX CPEACTB, MPUMEHICMBIX B 3TOM CEKTOpPE
MIPOMBIINICHHOCTH CBSI3aHBI C KOPPO3HEH.

B nanHO#t paboTe pacCMOTPEHO COBPEMEHHOE COCTOSIHIE KOPPO3HMOHHOM 3alUThl MArHCTPAIIbHBIX ra30MPOBOJIOB
AzepbaiikaHa v TyTH YCTpaHEHUs POOIEM B 3TOM HANPaBICHUH.

KiroueBble cjioBa: MaructpaibHble T'a30IPOBOIbI, KOPPO3Us, aKTUBHAS M IACCUBHAS 3alllUTa, MOJUMEPHOE
MOKPBITHE.

Problemin aktualli@i. Magistral qgazkomoarlorinds bas veran imtinalarin 2sas Sobablori sirasina
korroziya proseslarinin yaratdig: fasadlar dominatliq toskil edir [1,2]. Bu isa 6z ndvbasinds igtisadi problemlarla
borabar ekoloji tahliikalarin soviyyasin kaskin sokilds doyisdirir. Hazirda diinya miqyasinda istifade olunan metal
konstruksiyalarda korroziya sobabinds har il orta hesabla bas veran itgilorin migdari onlarin imumi istehsalin 20%-
no godarini togkil edir. Bu itgilorin boyilk bir hissasi (toxminan 40%-o godari) neftqaz¢ixarma, onlarin emali,
saxlanmasi va nagli, eloca do kimya sektorunun payina diisiir.

Hal-hazirda Azarbaycada neftqazgixarma idaralori asason Abseron yarimadasinda, Qobustan-Siyazon orazilorinds
Vo 6lkanin Xozor donizi sektorunda yerlosirlor. Bu orazilordon kegon gaz magistral kemorlori 61ko shalisinin gaza
olan tolobatinin 6danilmasine va diinya bazarma ¢ixarilmasina xidmat edir.

Iqtisadiyyatin belo bir mosul istigamatinds, xiisusi olaraq neft vo gaz tochizat sistemin qargisinda duran énomli
vazifo burada effektivlik vo ekoloji masalalarla yanasi sanaye tohliikasizliyinin tamini kimi aktual promlemlor
durur.

Toagdim olunan mogals magisrtal gaz kemarlari sisteminds korroziya problemi vo bussasda bas veran ekoloyi
problemlarin tahlilina hasr olunmusdur.

Isin mogsadi. Azorbaycanda magistral gaz komorlorinin korroziyadan miihafizosinin miiasir vaziyystinin tohlili vo
movcud problemlorin aradan qaldirilma yollarinin miioyysn olunmasidir.

Problemin islanmoa saviyyasi. Hal-hazirda metal sothlorin korroziyadan qorunmasi moagsadi ilo miixtalif passiv vo
aktiv mithafizo metodlarindan istifads olunur. Sak.1.1-ds neft sektorunda metal sathlorin korroziyada qorunmasi
ti¢lin istifads oluna bilacok metodlarin tasnifati verilmigdir. Goriindiiyii kimi burada asasen dord yanagma tisulu
moveuddur: istismar miihitin aqressivliyi azaldilmasi, korroziyaya davamli ortiiklordan istifads, passiv vo aktiv.
Passiv metodun mahiyyati ondan ibaratdir ki, metal ssth ilo onun kontaktda oldugu miihit arasinda kegilmoz
miixtolif vasitolorlo baryer effekti yaradilir. Burada adaton iki yanagsma mévcuddur: metal sath ilo is¢i tosir mithiti
arasinda miixtolif izolyasiya vasitalatindon (boy materiallarindan, bitum va polimer asasli 6rtiiklorden, genis
¢egidli gotranlardan vs s.) istifads olunur [3,4,5,6]. Biitiin halda texniki vo texnoloji tatbirlarin talablori pozuldugda
mithafizo olunan metal sathlords catlar, daliklor, yirtiq vo yariglar amalo galmasi ilo sistemds hermetikliyin
pozulmasina, konstruksiyanin dasiyici xarakteristikalarinin azalmasina sabab olurlar.

30 EQUIPMENT, TECHNOLOGIES, MATERIALS



mailto:konul.iravanli@gmail.com

ISSN: 2663-8770: E-ISSN: 2733-2055 4‘

CiLD 03 BURAXILIS 01 2020 F
ETM

Metal konstruksiyalarm vo NMA-nin korroziyadan mithafizasinds tatbig olunan aktiv metodun mahiyyati kontakt
sothlorinds bas veran elektro-kimyavi proseslorin tonzimlomasidir. Bu mogsedls katod (galvanik vo elektrik),
protektor vs elektrik drenaj metodlaindan istifads olunur[7,8,9].

Bozi hallarda metal sathlords, xiisusi ila boru xatlorinds miihitin tesirindon yarana bilocok korroziya proseslorinin
qarsisini almaq tigiin onlarin xiisusi torkibli inhibitorlarla emali metodundan istifado olunur[10,11]. Metodun
mahiyyati ondan ibaratdir ki, metal soth xiisusi mohlulla emal olunduqda onlarda sathi passivlik yaradilir vo bu
sobobdon metal sothdon ionlarin ayrilma siirstini azaldaraq korroziya proseslorinin siiratinin agagi salir.
Korrozion tosirlorin azaldilmasi mogsadi ilo NMA-i, qurgu vo boru kemarlorinin hazirlanmasinda istismar
mithitinin tasirine yiiksok dayanagliliq gostors bilocok materiallardan istifads genis totbiq tapmigdir.

Codv. 1-do boru kemorlarinin korroziyadan qorumasinda istifade olunan {isullar vo onlarin istismar miiddatlori
gostorilmigdir.

Boru kamoarlorinin korroziyadan qorumasinda istifads olunan tisullar vo onlarin istismar miiddatlori

Codval 1
Ne Totbig olunan Boru Miidafio tsulunun
miidafis tisulu komarlarinin tothigindon sonra istismar
amortizasiya miiddati, il | miiddatinin yiiksalmosi, %
1 Bitum izolyasiyasi 10-20 30-65
2 Polimer ortiik
materiali ils izolyasiya:
-Miiassisa soraitine 30-35 100-120
-Col islari goraitindo 15-20 50-60
3 Qalvanik 6-8 20-25
anod miihafizasi
4 Katod miihafizasi 10-12 30-60
5 Elektrik drenaji 10-15 25-50

Boru komorlorinin istismar soraiti no doracods miirakkobdirso, onlarin korroziyadan miihafizasi metodlar1 va
materiallar bir o godoar ¢oxgesidlidir. Onlarin tatbiginds qoyulan asas sortlor sirasinda materialin ucuz basa galmasi
Vo Ortiik materialimin ¢okilma texnologiyasinin sadsliyidir.

Diinyada metal borularin istehsali tizra aparict miiassisalor olan Vallourec & Mannesmann Tubes (Fransa),
Eurotube (Almaniya), Rotenberq gardaglart Boru evi (Russiya), Ozbal Celik Boru Inc (Tirkiys), Nippon stil
(Yaponiya) , SIF (Fransa), Canusa (Kanada), vo digorlori sirketloristehsal etdiklori mohsulun keyfiyyat
gostaricilorinin yiiksaldilmoesindo miixtslif asasli polimer kompozisiya materiallarindan, o ctimlodan, polietilen,
epoksid, polivinilxlorid, bitum vs s. istifads edirlor.

Ortiik materiallarinin istehsali iizra ixtisaslagmis vo bdyiik tocriibayo malik olan sirkatlor sirasinda Ameron (ABS),
BHUMCT (Moskva), Setmers (Holland), Epon (Ingiltors), Pipeline Rehabli (italiya) va s.

Xiisusi aqressiv milhitlords korroziyadan qorunmaq {iglin siiso strukturlu materiali asasinda hazirlanan
ortiiklor(Flakeglass) tatbig olunur [12].
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Sokil 1.Metal sathlorin korroziyada qorunma metodlar

Fransanin SIF sirkati qaz kemorlarinin xarici sathlorinin atmosfer va torpaqm tesirinden gorumag mogsadi ilo
Alkaten 9211 BLK 9024 markali polietilen asasli kompozisiya materialindan istifads edirlor [13].

Ortiik materialli vo texnologiyalar1 sirasinda lentvari materiallar genis totbiq tapmisdir. Bu sirada bitum, PVX,
petrolatum, das komiirii asash vo saira oOrtiiklori gostormok olar. Lentvari ortiiklordon istifads effektiv olsada,
burada ortiiklorin ¢akilma sxeminin optimalligt vo tamlig1 vacib faktorlardandir. Bels ki, ¢ox vaxt hormativ
sonadlords verilmis tolablorlo sothlorin izolyzsiyasi zamani  konkret soraitin nazors alinmamasi sababindsn
korroziyzdan miihafizonin etibarlig1 yiiksok olmur. Istismar baslanan miiddstdon 3-5 il sonra artiq &rtiik alti
korroziyanin baslandigi miisahido olunur. Bu osasda bas veron imtinalarin tohlili gostorir ki, istismarin kigik
Omiirlillityi  ortiik materialinin  osasini  togkil edon polietilenin adheziya vo sukegiriciliyi ilo bagh
xarakteristikalarinin asagi olmasidir. Adotan bels hallarda ¢ixis yolu kimi 6rtiik qatinin 1+1 sxeminin 2+1 ilo avoz
olunmasi 6n plana ¢akilir. Burada innovasiyon totbirlorin hoyata kegirilmoasi daha mogsads uygun ola bilar.
2006-c1 il respublikada yaradilan «Azkompozity MMC boyiik diametrli (2000 mm) va tazyiglards (5-25 Mpa)
isloya bilon polimer liflor osasl kompozit boru istehsalina baslamigdir [14]. ilkin olaraq su, kanalizasiya, soyutma
sistemlori tiglin boru istehsali ilo masqul olan bu miiassisa onlarin neft va qazin naqli istigamatinds totbiqi tizra
genis islor aparir. Bu borular ISO, ASTM, DIN va API standartlarina uygundurlar.

NMA-nin, metal qurgu va konstruksiyalarin, elaco do boru kamarlari sisteminin korroziyadan qorunmast {i¢iin
hal-hazirda yuxarida qeyd edildiyi ki, Azorbaycan Respublikasinin neft vo qaz sektorunda “Azneft” IB-nin
torkibinds olan 11, eloco do 9 birgs miiassise vo amsliyyat sirkatlori foaliyyat gostorirlor. Bunlarda olava 1994-cii
ilds baglayaraq bu sektorda bir nego beynolxalq omoliyyat sirkatlori ¢aligirlar.

Neft vo gaz quyularinin istismarinda yaranan miirokkablogmalar vo bu sabablrdon bas veran fosadlarin aradan
qaldirilmasi, hasilat gostoricilorinin yiiksaldilmoesi Azorbaycanin neft sektorunda miitoraqqi texnologiyalarin
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todbigini tolob edir. Bu baximdan son illords hasilatin sabitlogdirilmasi, tomir-barpa islorinin keyfiyystinin
artirilmas1 vo tomirlorarast miiddstlorin uzadilmasi, kooroziya, duz vo parafin ¢okiintiilori ilo miibarizonin
giiclondirilmasi yiiksok reoloji gostoriciloro malik sothi-aktiv maddslorin (SAM) vo digor miixtalif kimyovi
reagentlorin islonmasi vo todqigi il ciddi elmi, elmi-praktiki iglor aparilir.

Neft sonayesinin miiasir saviyyasindo hasilat gostoricisinin artirilmasinda, korroziya, duz ¢okiintiilori vo s.
miibarizods istifado olunan reoloji, texniki vo diger tisullar sirasinda an 6namlilordon birisi nanotexnologiyalarin
tothiqidir.

Son illordo ARDNS torafindon 2010-2015 va 2016-2020-ci illor {igiin tesdiq olunan ‘“Nanoneft programi” bu
texnologiyanin genis totbiqi ligtin alverisli imkanlar yaratmigdir. Nanotexnologiyalardan istifads etmoklo azdebitli
quyularda hasilatin artirilmasi, quyudibi zonanin emali vasitasilo sulasmig quyularda suyun garsisini almag, hasil
edilon mayenin torkibinds suyun miqdarini azaltmag, hasil edilon mayenin torkibinds olan qumun quyu liilasinds
¢okmosinin, qum tixaclarmim amola golmasinin qargisini almaq, qum tixaclarimin yuyulmasi ilo slagedar tomir
islorini siiratlondirmok, tomirdon sonra monimsomo miiddstini qisaltmaq, neftyigma vo neftin hazirlanmasi
montagolorinds suyun neftdin ayrilmasi prosesini siiratlondirmok, yiiksok 6zliiliikklii neftlorin hazirlanmasi vo
moadoandaxili naqlinin texniki gostoricilorini yaxsilagdirmaq, quyularda parafin ¢okiintiilorinin qarsisini almaq,
conlards vo atq1 xatlorinds metal ¢okiintilorini tomizlomok, avadanliglardaki duz ¢okiintiilorinin aradan qaldirmaq
Vo s. istifado olunur.

Hal-hazirda ARDNS-ds nanotexnologiyalar neftgixarma, qazma, neft-kimya vo ekologiya sahalorindo, elacoda
geoligiya va modon avadanlhiqlar istiqgamatinds do genis tatbiq olunurlar.

Neftgixarmada nanotexnologiyalarin tatbigi naticesinds neftin 6zlilliiyiinii asag1 diismasina, neft-su kontaktinda
hidrofob xasss yaradilmasina, kollektora tosir etmoklo olave neft aximi tominina nail ounmusdur. Bu isa 6z
ndvbasinds hasilat quyularinda neft verimini 0,4-don 0,63-0 godor qaldirmaga imkan yaratmisdir.

Diinya praktikasinda ilk dofo neft vo qaz quyularinin qazilmasi vo sementlonmasi ticiin “NANONEFT”,
“NANOBITUM?”, “NANOYAG”, “NANOQUDRON”, “NANOMAY”, “NANOTAMPON” vs “NANOBUFER”
sistemlori totbiq olunmusdur.

Son illor Azarbaycanda nanokimya vo nanoekologiya problemlori istigamotinds elmi-tadgiqat islori boyiik siirat
almugdir.

Apardigimiz aragdirmalar naticasinds miisyyon edilmisdir ki, neft sonayesindos nanotexnologiyalarin tatbiginin gox
saxaliliyino baxmayaraq onlarin neftmadon avadanhglarinin (NMA), magistral va modon taSarriifatindaki boru
komoarlorinin funksional xassalarinin yiiksaldilmasinds hols ki 6z hallini tapmamusdir.

Belaliklo, aparilmis tadgiqgatlar vo arasdirmalar naticesinds miiayyan edilmisdir:

-Azorbaycan MQKS-nin istismar soraitlorinin miirokkabliyi vo miiddstlorinin buraxila bilon hoddi kecdiyini
nozars alinmagqla, onlarin yenilogdirilmasi aktualliq kosb edir. MQKS-nin anomalliq daracslori osas gotiiriilorok
onlarin rekonstruksiyasi {igiin toxira salinmaz totbiglor planinin hazirlanmasi vs icrasi qaz toSorriifati qarsisinda
duran 6namli masalalordon biri kimi goabul edilmalidir;

-MQKS-do gozalar sebsbhindon yaranan itgilorin hacmi illor iizro azalsa da, onlarin kemiyyet gostoricilori buraxila
bilon normadan yiiksokdir;

-MQKS-nin istismar prosesinds nozarst edilon texnoloji molumatlarda xstalarin genis hadlords doyismosi, burada
gorar gabul etms prosesinds geyri- miloyyonlik yaradir. Bunlar nozors alinmagla, sistem {igiin vahid informasiya
bazasimin yaradilmasi istiqgamotds genis islor aparilmasi qaz sektorunun asas mosalalorindoandir;

-Respublikada gaz tachizad sisteminds bas veran biitiin doyisikliklora operativ tasir gostormok vo gorar gabul
etmads optimalligin tomin olunmasi moagsadi ilo, miiasir talablora cavab veran vahid diagnostika markazinin
yaradilmasi vacibdir;

-MQKS-i sisteminds etibarliq xarakteristikalarinin qiymatlondirilmesinds vo adekvat riyazi modellorinin
qurulmasi zamani tokca borunun divarmm galinliginin doeyismasina asaslanmaq kifayst deyildir. Eyni zamanda
naql olunana qazin va otraf mithitds bag veran iglim, atmosfer, hidromexaniki va digar proseslor nazars alinmalidir;
-Miasir qaz tochizati sistemlarinds nazarst vasitalorinin tatbig saviyyasi bunlara qoyulan talablordan shomiyystli
doracadoa geri qaldigini geyd etmoklo sistemin somaraliyinin va etibarliliginin artirilmasi tigiin burada ¢oxsaviyyasli
diaqnostika strukturunun yaradilmasi aktualdir. Burada boru daxili ve xarici diaqnostikasi ilo yanasi geotexniki
tisullarin tatbiqi vacib vo zoruridir.

9dabiyyat

1. Tlporacos B.H. Merononorniyeckiue OCHOBBI DPa3pa0OTKH TEXHHYECKHX TpPEOOBaHUH K KauyecTBY
TIOJIMMEPHOTO TOKPBITHS HApyXXKHOM W BHYTpEHHEH moBepxHocTeil HedTerazomnposonos // Kopposus
tepputopun HEOTEI'A3, -Nel, -2005, C.11-19.

2. barupos P.A., MemukoB A.C., TI'abubo W.A. Ilytm pa3BuTHs Ta30BOH NPOMBIIUICHHOCTH
Azepbaitmkana. baxy: Maapud, 2004. -260c.

AVADANLIQLAR, TEXNOLOGIYALAR, MATERIALLAR 33




10.

11.

12.

13.

14.

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

VOLUME 03 ISSUE 01 2020

IMporacoB B.H. Teopuss ¥ mnpakThka NpPUMEHEHHS MOIMMEPHBIX MNOKPHITHH B 00OpYHOBaHUHM H
coopyxeHusx HedrerasoBoit orpacmu. M.: Heapa 2007, 306 c.

Kopmak A.A., HeuBane A.M. IIpoekTrpoBanue u 3kcrutyaramus razoHedrenposogos. CII6.: Henpa,
2008. — 488 c.

Mycrapun ®.M., Kyznenos M.B., beikoB JI.W. 3ammra ot kopposun. T. 1. Ya: Juzaiin [lomurpad
Cepauc, 2004. — 806 c.

CemenoBa U.B., ®nopuanosud I'.M., XopommioB A.B. Kopposus u 3amura ot koppo3un. M., 2006. —
306 c.

Mengenesa M.JI.- Koppo3us u 3amura o00pynoBaHus npu nepepadoTke HepTr 1 ra3a. M.: Hed1h m ras,
2005.

Mycradpuna ©.M. 3amuta Tpydbomnposoaa ot kopposuu. CI16.: Henpa, 2005, T. 1, - 617 c.:

Hosuukuit B.C., IIucuux JI.M. Koppo3uoHHBIH KOHTpOJb TeXHONOrHueckoro obopynosanus. Kues,
Hayxogsa J[ymxa, 2001

AdanacbeB A.B. [ToBbimenue 3¢)(eKTUBHOCTH HHTHOUTOPHOMN 3aIUTHI TPOMBICIIOBBIX TPYOOIIPOBOJIOB
METOJAaMH aKTyaJM3allMl CHCTEMHBIX mpoueccoB. ONBIT NPUMEHEHUs WHTHOUTOPOB KOPPO3HMHU
«MACTEP KEMUKAIJI3» // nxenepHas npakTHKa: IPOU3B. — TeXH. HedTeras. ;kypH. 2012. N5 C. 34-
42 URL: http://glavteh.ruffiles/IP-5_Afanasiev.pdf.

TypmemmatoB A.A., AOmpaxmanoB P.H., Eropos A.M. HWHTHOHTOpH KOPPO3HUH IPOMBICIOBBIX
TpyOOIPOBOJOB,  KJIaccCHpHUKAIMi, oueHka d3(dexTuBHOCTH// DKCIEepTH3a  MPOMBIIUICHHON
0€30MacHOCTH U THAaTHOCTHKA OTIACHBIX MTPOM3BOJICTBCHHBIX O0BEKTOB: Hayd. TexH. TexH. 2016. T. 7, Ne
1. C. 172-176.

HoposeeBa A.B., Cemur M.A. 3amuTHbIC CTEKIOBHIHBIC TOKPHITHS IJIS CTAaNH. / YCIIEXH B XHUMUU U
xumudeckor Texuonorun. T.XXVIII, Ne8, - 2014. —c.43-47.

Mycradpun ®.M. O630p METOI0B 3aIIUTHI TPYOOIIPOBOIOB OT KOPPO3UHU U30JIAIIUOHHBIMHU MTOKPBITHSIMHU.
/ Hedrenpomsiciosoe aeino, 2003,Ne4.C.27-34.

http://www.azkompozit.az Azkompozit MMC.

CURRENT STATE OF TRUNK CORROSION PROTECTION GAS PIPELINES OF
AZERBAIJAN

K.B. Iravanli
Azerbaijan State University Oil and Industry
E-mail: konul.iravanli@gmail.com

ABSTRACT

Equipment and construction in the oil and gas sector are characterized by large dimensions and metal consumption.
Among the main causes of hardware failures used in this industry sector are corrosion.

This paper discusses the current state of corrosion protection of gas pipelines in Azerbaijan and ways to resolve
problems in this direction.

Keywords: Gas mains, corrosion, active and passive protection, polymer coating.
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KiPLONDIRICi ELEMENTDO OZ-OZUNO KiPLONDIRMO TOMIN EDON
GORGINLIK DEFORMASIYANIN HESABLANMASI

IL.S. Haciyeva, 2U.E.Nosirli
L2Azorbaycan Dovlot Neft vo Sonaye Univarsiteti

XULASO

Pakerlor quyularin tobagslori arasinda hidrostatik tazyiqi hesabina sixilma effekti yaradir vo eyni zamanda forgli
laylarin eyni zamanda istismar edilmasSine sorait yaradir. Pakerlorin ehtibarl foaliyyat gdstormasi liglin rezin
yiiksok tozyigo vo temperatura tab gotimolidir. Bu magalods, quyunun hidrostatik tozyigi hesabina kiplandirme
effektinin hesablanmasi edilocak. Vo eyni zamanda tozyigs gora Kiplandirmonin necs doyismasi gostorilocak.
Acar sézlor: Paker, Kiplondirma effekti, Istismar borusu, Siirtinma, Deformasiya

AHHOTAIUA

[Makeps! obecmeunBaioT 3PQPEKT YIIOTHEHHS 3a CUET THAPOCTATHYECKOTO JABJICHHS M AAIOT BO3MOXKHOCTD
9KCIITyaTally pa3HbIX CII0EB OJHOBPEMEHHO. [ HaexHOH paboThl TAKEPOB Pe3rHA JOJDKHA OBITh YCTOHINBOM
K BBICOKOMY JIaBJICHHIO W TeMIiepaTtype. B maHHOH craTtbe OyzneT mpoBeneHO BeMHCcICHUE d()(EKTa YITIOTHEHHS
3a CYET TUAPOCTATHIECKOTO NaBJICHUS CKBaKUHBL M B TO e Bpems, OyJeT MOKa3aHO N3MEHEHHE YIJIOTHEHHS B
3aBHCUMOCTH OT JABIICHHS.

Kaiouesbie ciioBa: [lakep, o ekt yrnoTHeHuUs, SKCITyaTallMOHHAs CKBa)KWHa, TPEHUE, AehopManus

ABSTRACT

Packers enable sections of the wellbore to be sealed off and separately fractured by hydraulic pressure, one at a
time, while the remainder of the wellbore is not affected. However, reliable sealing properties of the packer rubber
are required to meet the high-pressure and high-temperature (HPHT) conditions of reservoirs. In this artical, self
packing effect by hydrostatic pressure will be define. At the same time grap of relation between packing effect and
hydrostatic pressure will be given.

Keywords: Packer, Packing effect, Tube, Friction, Deformation

Kiplondirms yaranmasi tigtin kiplandirici elomentlords miioyyan deformasiya oxboyu deformasiya yaradilmalidir.
BuA h oxboyu deformasiyadan asili olaraq kiplondirici radial istiqgametde yerdeyisme edarek pakerin lilasi ile
istismar komoarinin daxili sothi arasinda qalan halqgavi araboslugunu doldurur. Lakin bu A h-deformasiyamn

giymatindan asili olaraq asagidaki hallarda ola bilor.Sokil 1 pakerin quruldugdan sonra Ah oxboyu doyismosi
gostorilib.

Az Ahk - onda 6zii-6ziins Kiplondirme effekti yaranir. Eyni zamanda Ah -in giymatinin Ahk -dan na godar
¢ox olmasi da vacib messlalordan biridir. Ciinki, rezin kiplondiricinin ¢ox yiiklonmasi do onun tez dagilmasina
sobab olur. Demali, kiplandirma diiyiinii igiin kiplandiricinin gerilme vaziyyatini xarakteriza edir va onun Kiplik
effektina bilavasits tasir gostarir.

Malumdur ki, kiplendirici rezin material kimi, yiiksak elastiki material oldugu tigtin garilmanin (deformasiyanin)
milayyen bir giymstinds 6z forma va odlgiilorini doyisma xiisusiyyetine malikdir. Onun deformasiya halinda
kiplondirma yuvasinin hacminin formasini asanligla alir vo tolob olunan araboslugunu vo mikro araboslugunu
doldurur. Lakin todqiqatlar siibut edir ki, gorginliklorin vo deformasiyanin elo giymatlori rezin kiplondiricids is
vaxt1 yarana bilor ki, bu onun artiq doracads yiiksalmasine sobob olur vs rezin Kiplondiricinin axmasi ile hem de

kiplondiricinin isinin pozulmasi ila naticalons bilar. Bu magsadls paker kiplondiricisinds yaranan 63, Op, 69
gorginliklarini vo deformasiyani tayin edok.
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Sokil 1
Hidravliki pakerlarin kiplondirici elomentlori (vo ya elomenti) silindrik bir formaya malik olan elomentlradan
ibaretdir. Bu kiplondirici elomentlor pakeri istismar kemorinde oturtmaq ti¢iin pakerin is prinsipina géra onun
hidrosilindirde miloyyon tozyig (mesalon: maye-su ilo) yaranir. Bu tozyigin - P tosirindon porsen haroket etdirilir
vo Kiplondirmo diiytiniindeki alt dayaq saybasini rezin kiplondiricilors sixir. Bu halda kiplondirici elomentlor
istismar komorinin daxili sathino ¢atana kimi o, deformasiya etdirilir. Kiplandirici elomentlor tozyiqdon yaradilan
qiivva:

silindr

P=Q=AP-S = AP 7 (D )
M

O giymoto kimi artirthr ki, kiplondirici elomentlor noinki pakerin liilasi dliilo - hem de ona baglanmis nasos
kompressor borulart ila istismar komarinin daxili sothi arasinda qalan halgovi DL araboslugu:

Dk B dlula

o =
2 doldurulmalidir.

Homginin istismar kamorinin sathinds olan kala-kotiirliilitkdon amals galon mikro arabosluglarini doldurmali va
bunun osasinda kiplik yaratmahidir. Bu veziyystds Kiplondirici elomentlords gorginliklor yaranir, habelo
kiplondirici elomentlorde yaranan gorginliklor elo hodds olmalidir ki, onlar1 dagitmasin, kiplandiricilor uzun
milddet isleys bilsin, demsli kiplondiricinin deformasiyasina miisyyen mshdudiyyatlor qoyulmalidir. Demali
Kiplondiricinin daxili diametri ona baglanacaq (konkret quyu iigiin) NKB borularina gérs segilir. Onda qalir ki,
kiplondiricinin xarici diametri gorginlikloro gors diizgiin se¢ilsin. Burada da rezin kiplondiricinin xarici diametri
iki telobi 6demalidir.

Birincisi bu diametr els olmalidir ki, pakerin quyuya buraxilmasinda istismar kamerinin daxilinden rahat manessiz
kegmolidir.

Ikincisi iso araboslugu elo bdyiik olmalidir ki, kiplandirici hodden artiq yiiklonmasin. Onda yaranan deformasiya
va garginliklar Kiplandiricinin materiali rezin {igiin olan buraxila bilen deformasiya va gorginliklorin hallindan
boyiik almmasin. Qeyd etmak lazimdir ki, bu veziyyetds pakerin Kiplondiricisi miirokkab garginlikli voziyystda
olur. Ona gors Kiplondiricinin bu miirokkob gorginlikli vaziyystdon xarici diametrinin (on boyiik buraxila bilen
giymoatini) hoddini tamin etmak lazimdir.

Moalumdur ki, miirokkab gorginlikli voziyyatin imumi nisbi-deformasiya intensivliyi asagidaki kimi xarakterizo
olunur.

3 :ﬁ'\/(ge _82)2 +(82 _‘c"r)2 +(80 _‘C"r)2 < [8]
3 )
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Burada: nisbi deformasiyanin intensivliyi:

€r _radial nisbi deformasiya;

. oxboyu nisbi deformasiya;

[ €1 Kiplondiricinin materiali figiin buraxila bilon nisbi deformasiya.Bizim hal ii¢iin rezinin sixilmamazliq sertino
gora.

g,+e,+&, =0

®)
Onda:
V12
& =——¢&y < [g]
3 ()
Buradan maksimum tangensial nisbi deformasiyani tayin eds bilorik.
3
g, =——|e]=087-[¢]
Dy«
= d
€ ¢ n %  oldugu iigiin kiplondiricinin xarici diametrini DXk komoarin daxili diametrina va nishi

deformasiyanin buraxila bilon doracasine gors toyin etmok olar:
DXK d ka
0,87
n d puradan “x=" ]

g, =1

Burada ¢ N = 2,72 natural logarifmdir. (f - Neper ododidir)

Dx-rezin kiplondiricinin istismar kamorinin daxili diametrino ¢catandan vo bu diametrs berabar giymatds olan xarici
diametri (yeni deformasiyadan sonraki diametri)

Rezin kiplondiricinin deformasiyadan ovvalki xarici diametri; indi do gorginlikli yoani deformasiya vaziyystindon
kiplondiricinin qalinligini tayin edok. Yuxarida qeyd edildiyi kimi pakeri istismar komorindoa (daxili sathinda) onun

kiplandirici elomentlari bu vaziyyetds istismar komorinin daxili sathine sixilir vo AP vaziyyetinds olur. Bu halda
pakerin quyu divarinda borkitmo omsali agagidaki kimi hesablanir:

K= P (6)
Burada P - rezin kiplandiricinin deformasiyaya kimi diametri.

P« - rezin kiplondiricinin is¢i vaziyystds xarici dimetri.
Bu halda Kiplandiricinin kamer sathi ilo tomasinda tangensial garginliklar an boyiik qiymats gatir.

_ 2AP
1 w2
1-K @

Oy

—o. <
Mohkemlik nazariyyesine gora Op~0r = [6] burada [G] - rezin ligiin buraxila bilan garginlikdir.
Buradan:

2AP
—2 S G
1-K (8)
K-n1 bilondon sonra rezin kiplandiricinin daxili diametrini vo qalinligini onun is¢i vaziyystinds teyin eds bilarik.
D, =kD
P Pk (9)
D,, —D

p

2 o
Kiplandiricinin ilkin vaziyyatine géro qalinligini bilmak {iglin agagidaki ifadelarden istifads edirik.
€0 =78 (1)
Belo ki:
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P12

(13)

Buradan:

D
50 =0- —Pk = E
De (15)
Onda kipladiricinin ilkin vaziyystds daxili diametric:

dy =d,~20, ¢

Tozyiqin kiplondirma diametrindon (6lgiisiiz) asililigi sokil 2-da verilmisdir.
Kiplandiricinin tozyiqden asili diametrinin deyismesi:

X

P, MPua

Sokil 2

NOTICO
Aparilan aragdirma zamani1 malum olmusdur ki, pakerin en ideal seraitde kiplandirme effekti yarada bilmasi ti¢iin

istismar borusunun diametrindon asili olaraq miisyyan tozyiqdon ¢ox vo ya az olmamalidir. Bu ATD nisbetindan asil
olaraq 23-25 Mpa olaraq hesablanmigdir.
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THE CALCULATION OF COMPRESSION DEFORMATION OF FIXING
ELEMENT WHICH PROVIDES SELF PACKING EFFECT

L.S. Hajiyeva, 2U.E. Nasirli
12Azerbaijan State University of Oil and Industry

ABSTRACT

Packers enable sections of the wellbore to be sealed off and separately fractured by hydraulic pressure, one at a
time, while the remainder of the wellbore is not affected. However, reliable sealing properties of the packer rubber
are required to meet the high-pressure and high-temperature (HPHT) conditions of reservoirs. In this artical, self
packing effect by hydrostatic pressure will be define. At the same time grap of relation between packing effect and
hydrostatic pressure will be given.

Keywords: Packer, Packing effect, Tube, Friction, Deformation
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PAKERIN QUYUDAN CIXARILMA USULUNUN TODQIQi

IC.N. Aslanov., °F.F. Mustafayev

!Azorbaycan Dévlat Neft vo Sonaye Universiteti”
2Azarbaycan Respublikast Tohsil Nazirliyi
E-mail: camaladdin.aslanov@asoiu.edu.az

XULASO

Magalods neft vo gaz senayesine, bilavasito neft, gqaz vo su vurucu quyularda laylarin ayriliqda istismarinda,
izolyasiya islorindoa totbiq edilon paker avadanliginin quyudan ¢ixarilmasi todqiq edilmis va paker avadanliginin
quyudan c¢ixarilmasmin on genis yayilmig nasos-kompressor borularini yuxari qaldirmaqla pakerin quyudan
¢ixarilmasi lisulunun xatasiz yerino yetirilmo metodik ardicilligr islonmisdir.

Acar sozlar: Paker, iisiil, ¢ixarilma,kiplondirici, manjet

AHHATANUA

B crathe paccmarpuBaeTcs yaalieHHE MaKepHOTo OOOpYIOBaHUS M3 CKBaXXHUHBI, KOTOPOE HCIIOJIB3YETCS B
He(TEera30Boi MPOMBIIIIICHHOCTH, TIPU Pa3IeIbHON JKCIUTyaTalldl IUIACTOB B HE(TSIHBIX, FA30BBIX U BOMSHBIX
HATHETATCIBHBIX CKBAXXMHAX, W30JIAIUOHHBIC PA0OOTHI, a TAKKE METOA OE3yNpeyHOro JIEMOHTa)XKa MaKepPHOI'o
o0opynoBaHUsI ~ IIyTeM MOJAbeMa  HauOoliee  PAaCHpPOCTPAHEHHBIX  HACOCHO-KOMIIPECCOPHBIX  TpPYO.
IIOCTIeI0BATENbHOCTD pa3paboTaHa.

KuroueBbie ciioBa: [Takep, cioco0, OTKUM, TEPMETHK, MaHKeTa

ABSTRACT

The article examines the removal of packer equipment from the well used in the oil and gas industry, in the separate
operation of layers in oil, gas and water injection wells, insulation work, and the error-free method of packer
removal from the well by lifting the most common pump-compressor pipes. sequence developed.

Keywords: Packer, method, extraction, sealant, cuff.

Paker avadanliginin quyudan c¢ixarilmasmin ii¢ tisulu mévcuddur ki, bu tsullarin on genis yayilani nasos-
kompressor borularini yuxari qaldirmagla pakerin quyudan ¢ixarilmasi isuludur (bax [1]).

Bu iisul pakerin azad edilmasi Vo quyudan ¢ixarilmasi nasos-kompressor borularimi(NKB) yuxari qaldirmaqla bas
verir. Bu zaman pakerdan oxboyu qiivva gotriiliir vo Kiplondirici manjet elastikliyi hesabina sixilmadan azad olur.
Paker qaldirilakon pakerin liilosi yuxari horokst edorok konusu plaskalardan ayiraraq pakeri 16vbarlogsmodon
cixarir. Paker NKB -1 ils birlikdas galxir[1-3].

Burada pakerlorin quyulardan ¢ixarilmasi, nasos-kompressor borularmin va ya kanat texnikasmm quyu
saxlanildigdan sonra ixtiyari vaxt arzinds (qisa miiddatds) hayata kecirilmasi ilo bas verdiyinden bu vaxta diizgiin
riayyat edilmomoasindon manjetlorin agilmamasi naticasinds bir ¢ox hallarda pakerin quyu divarinda ilismasi bas
verir. Bu sebab tisulun somaraliyini agagi salir, hom da gozalarin bag vermasi miisahids olunur.

Buna sobab gozlanilon vaxt orzinds isci tozyigindon radial istigamotdo sixilmig voziyystindan (kiplondirma
vaziyyatinds radial genislondirilir) baslangic vaziyyatino qayidib 6zlorini barpa etmoys vaxt tapa bilmir, rezin
manjetin dlgiilorini — baglangic diametrini (tobii ki, hiindiirliiytinii do) barpa eds bilmadiyindan, bu zaman histrezis
— qaliq deformasiyasi amolo galdiyindon istismar komorino siirtiino-siirtiino pakeri yuxari galdirmaga cohd
gostarilir. Bunun naticasinds rezin manjetlor ¢ox vaxt pakerin gévdasi ils istismar kamari arasindaki arabosluguna
axaraq arani tutur va bu pakerin quyu divarina par¢imlonmasine sabab olur. Yaranan pargimlonmoeden yuxari
dartilan (pakers baglanmis) nasos-kompressor borularinda boyiik dagidict dinamiki qgiivvelari va garginliklori
yaradir. Bunun naticasinds boyiik gozalar torana bilir [2]. Paker avadanliginin va biitiinliikkds quyu i¢i avadanliginin
barpasina xeyli xarclar va amak sarf olunur.

Taocriibalor gostarir ki, pakeri quyudan o halda gozasiz rahat ¢ixartmaq miimkiin olur ki, onun kiplandirme
diiytiniindaki  kiplondirici manjetlor (adoton bunlarin say1 ti¢ adod gétiiriiliir) is¢i qiivvani bu rezin manjetlordon
gotiirditkdon sonra tam olaraq 6z avvalki — baglangic vaziyystini ala bilsin. Lakin bu asas amilo praktikada fikir
verilmadiyindan tozyiqi (ve qiivveni) kiplandirici manjetlorin tizorindon gotiiron kimi nasos — kompressor borulari
yuxari dartilir vo pakeri quyudan yuxari ¢akirlor.

Silindrik boyiik hocmli manjetlor vo “O” - “U” sokilli manjetlor ti¢iin manjetlorin agilma miiddotinin miixtalifliyi
istanilon zaman miiddatini gozlomakla pakerin quyudan yuxari qazasiz qaldirilmasina taminat vermir.
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Bunun iigiin har tipli manjet uygun zaman miiddsti molum olmalidir.

Isin mogsadi: Pakerin quyudan gozasiz ¢ixarilmasinin etibarlihigimi yiiksaltmak, kiplondirici rezin manjetlori 6ziinii
borpaetms rejimini gézlomoklo manjetlarin baslangic formaya gayitmasi miiddatini tayin etmoklo pakerin quyudan
sorbast, maneasiz ¢ixarilmasina nail olunmasidir.

Bunun igiin pakerin rezin kiplondirici manjetlarinin iizarinden yiikii gétiirditkde (kiplondirici manjetlor pakers
baglanmis nasos-kompressor borularini yuxariya dartmagqla yiiksiizlogdirilir) rezin manjetlorin 6zlorini barpaetma
rejimini gozlamoaklo onun baslangic 6l¢iilarine vo formasina gaytarilmasinin tomin olunmalidir.

Pakeri quyudan ¢ixaran anda nasos-kompressor borularini yuxariya qaldirdiqda pakerin rezin kiplandirici
manjetlorino miioyyan bir vaxt (rezinlorin 6ziinii barpa etmo vaxti tb) verilmolidir ki, rezinlorin istismar kamorinin
sothindon azad olnalaraq baslangic 6lgiilarina vo formasina gayida bilma gabiliyyatini barpa etsinlor. Bu halda
eksperimentlorin siibut etdiyi kimi rezin manjetlords histrezis — qaliq deformasiyalari praktiki olaraq (g¢ox kigik
hodds 0.5-1%) aradan qaldirilmig olur. Buna gora do paker quyudan manessiz (he¢ bir qaza olmadan) azad
olunaraq ¢ixarila bilir.

Bundan olava rezin manjetloro 6zlorini borpaetmo vaxti verdikdo onlar tokrar igslomoys yaraliglarimi qoruyub
saxlayir.

Bizim torofimizdon aparilmigs nozori todgigat osasinda[5] molum olmusdur ki, pakerin rezin kiplondirici
elementinin texniki cohotdon 6ziinii barpa etmas omsali

VA ~ g9 _%i An Hrrle_hnf [Lin Sin wnT, - (2 - L2n )COS a)“z-']
n=1

P= (1)

[fadosi Ilo miioyyonlosdirilocokdir[2].

/
Burada VO Vo V-zorbonin yayilmasinin baslangic vo son siirati, * -zorbs vazti, 9 ve 9,-rezen daxilindo dalga
cohbosinin baglangic vo son  surati e-kiplondiricilorin qaliq deformasiyasi, o-dinamiki gorginlik, An-
kiplondiricinin hormonik ragsi harokatindan sinus va kosinus bucagindan dogan amsal, Hn-hayacanladirici
qiivvanin tesiri altinda ragsdos olan Kiplondiricinin hiindiirliyii, Lin —rezolventoperator miistavisinin sinus vo
kosinus gevrilmasidir, w-ragsin tezliyidir.
Homginin barpaetmo omsalina asasan paker Kiplondiricisinin zarba vaxti 6ziinda topladigi enerrjinin tayin eds

bilarik.
V 2
n{(2)
VO

)

Burada 1, zorbaya godar sistemin kinetik eneriji; HU - kiplondiricin elementin zobs zamani topladigi kinetik

enerji
V_ 4
V, 11, @)

11 11 . ,
Burada “ 70 vo "7 tocriibs asasinda tayin olunur.

ct
= —Cr’]" b
(1)-ifadasinds geyd olunmus 0 - Kiplondirici elementin daxilindo zorbenin yayilma vaxti diisturu ilo
miioyyonlosdirilorak, 4)

Burada Ccm-dalganin yayilma surati, hO-kiplondiricinin baslangic hiindiirliiyti, tb —kiplondiricinin 6zliniin
barpaetmas vaxtidir.

/
4 Olgiisiiz komiyyatdon tb zamanma kegmoklo miixtolif icrali paker konstruksiyalari tigiin tb= (12.....24) daqiqp,

gbzlomo miiddoti gozladikdon sonra yerina yetrilir[2]. Miixtolif silindrik formali rezin manjetlor iigiin tb=
(12....24), vaxtim golomoklo histrezisliyin bu ciir azaldilmasina nail olunma pakerlorin quyudan gozasiz
¢ixarilmasini tomin edir va pakerlorin iginds effektivliyi yiiksaldir.

Toklif olunmusg iisulun pakerin azad edilmasi vo quyudan ¢ixarilmasi nasos-kompressor borularini(NKB) yuxari
qaldirmagla bas verir. Bu zaman pakerdan oxboyu qlivveni gotiirdiikkde kiplondirici manjetin elastiklikliyi
hesabina onun sixilmadan tam azad olunmasi tigiin (1),(4) ifadssinina asasan gozlame miidatini gézladikdon sonra
pakeri dartmaq lazimdir. G6zlame miiddati bitdikden sonra paker qaldirilaken pakerin liilasi yuxar1 harokat edarok
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konusu plagkalardan ayiraraq pakeri l6vbarlogsmadan tohliikasiz vo gozasiz ayiracaqdir. Paker NKB —r1 ilo birlikda
qalxiacaqdir.

NOTICO

1.Paker xatasiz quyudan ¢ixarilmasinin yeni iisulu verilmigdir.

2. Pakerin ¢ixarilmasi kiplandirici rezin manjetlorin istismar kamorinin sothindon azad olub baglangic forma vo
Olgiilarini barpa etmok, histrezis qaliq deformasiyalarini vo yiiksiizlondirma prosesini, qaliq nisbi elastikliyini
aradan qaldirmaq mogsadi ila 6ziinii barpaetma vaxtinin 6l¢iisiiz qiymatini

2
(_ \%J — —19% = —%nz_; AHe™ L, sinw,r'—(2-L,, )cosw,z’]

diisturu ilo miiayyoanlogdirilocokdir.
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PAKER'S WELL REMOVAL METHOD

1J.N.Aslanov, 2F.F Mustafayev
! Azerbaijan State University of Oil and Industry
2Ministry of Education of the Azerbaijan Republic

ABSTRACT

The article examines the removal of packer equipment from the well used in the oil and gas industry, in the separate
operation of layers in oil, gas and water injection wells, insulation work, and the error-free method of packer
removal from the well by lifting the most common pump-compressor pipes. sequence developed.

Keywords: Packer, method, extraction, sealant, cuff.
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YUKSOK MEXANIKI XASSOLi UYUDUCU POLAD KUROLORIN
ALINMA TEXNOLOGIYASI

F.M.Homidov
Azorbaycan Interneysnl Mayning Kompani Limited Sirkoti
Email: famil-433@mail.ru

ANNOTASIYA

Azorbaycan Interneysnl Mayning Kompani Limited Sirkoti Azorbaycan Respublikasinin dag-madan sanayesinin
aparict miassisalorindon biridir. Miiessisads istehsal olunan mohsulun maya doyari bir sira amillordon, 0
climladan, {iyiitma prosesindo sarf olunan kiiralarlo bagli masroflordir.

Bu magsadls tadqiqat isi yiiksok fiziki-mexaniki xassaya malik olan va asagi maya doyorli tiyiidiicii polad kiiralarin
alinma texnoloiyasinin iglonmasina hosr edilmisdir.

Acar sozlar: Dag-modon sonayesi, filiz, iylitma, yeyilmo, borklik, zorbs méhkomliyi.

ANNOTATION

Azerbaijan International Mining Company is one of the leading non-oil enterprises. The cost of production at the
enterprise depends on a number of factors, including the number of grinding balls used.

In this regard, the goal is to develop a composition and technology for producing grinding balls with high physical
and mechanical parameters and low cost.

Keywords: Mining, ore, grinding, hardness impact strength

Problemin aktuallhigl. Dag-modon Sonayesindo totbiq olunan texnoloji proseslor iri maliyys tutumlu
omaliyyatlardandir. Belo Ki, burada hasil olunan mohsulun maya doyari birinci pillo material emali (filizin
parcalanmasi vo tytidiilmoesi) ilo slagslidir. Bu proseslords istifado olunan enerji, doyirman astarlar1 vo kiira
sarfiyatina sorf olunan xarclor iimumi moasraflorin 60%-don goxdur[1].

Hal-hazirda Azarbaycan respublikasinin dag-modon Sonayesinin aparict muossisalorindsan biri Azarbaycan
Interneysnl Mayninq Kompani Limited Sirkatidir (AIMKL). Arasdirmalarimiz naticasinds miioyyon edilmisdir ki,
AIMKL-do istismarda olan doyirmanlar ii¢iin ortalama ayliq kiire sorfiyyat1 dlgiilorinden asili olaraq d=40 mm
olan kiiralar {i¢iin 60-80 ton/ay; d=100 mm olan kiirolor {igiin 31-33 ton/ay borabardir.

Kiiralorin hazirlanmasinda miixtalif {isullarlardan, o ciimladan, torpaq ve metal gslibds tokma, doymo-stamplama,
preslama, qizmar vardanaloma vo sarbast doymadan istifads olunur[2,3,4].

Bu proseslords formalasan maya dayor forgli olsalarda metal goliba tokma (kokil) olverisli hesab olunur [4]. Belaki,
tokiiklards boyiik siiratli soyuma va barkimonin tomini onlarda mitkommal strukturun va yiiksak fiziki-mexaniki
gostaricilarin olds olunmasina imkan yaradir.

AIMKL-nin iiyiidiicii kiiralora olan tolabati Ukraynanin Enerqosteel zavodu, Rusiyanin Craperii Co6oms sirkoti
Vo Tiirkiyanin Proses miihondislik danismaliq insaat vo tasarim anonim sirketi tarfindon ddanilir.

Kiiralorin materiallar1 vo hazirlanma texnologiyalarina olan tolabatlar standartlarla miioyyan edilir. Onlara asason
tiylidiicti kiiralor yiiksok doracados yeyilmaya va zorboalors garsi davamli, barkliklori toyin edilmis normalara uygun,
xarici sathlori defektsiz v 6l¢iisii buraxilan haddon konar olmamalidir.

Moveud standarta (TOCT 7524-2015) uygun olaraq diametri 120 mm qadar olan kiiralar emal olunan filizin barklik
gostaricisindan asili olaraq kiiralor dérd qrupda istehsal olunurlar:

I grup- normal barklikli imumi tayinath. Barkliyi- 35-43 HRC;

II qrup yiiksoldilmis barklikli {imumi tayinatli. Barkliyi 38-49 HRC;

I grup yiiksak barklikli gara metal torkibli filizlorin iiytidiilmas tayinatli. Barkliyi 50-55 HRC;

IV qrup xiisusi yiiksak barklikli alvan metal filizlorin (sementin) {iyiidiilms toyinath 55-60 HRC.

I vo II grup kiiralor karbonlu, asagi legirlosdirilmis vo legirlosdirilmis konstruksiya poladlarindan hazirlanirlar. I1I
qrup kiiralor TOCT 24182-80 iizra P50, P65 vo P75 poladdan hazirlanirlar vo IV qrup kiiralor iso TOCT 5950-73
tizro X vo XT'C markali legirlondirilmis alot poladlarindan hazirlanirlar. Bozi hallarda borkliyin giymati kiiralorin
sathinds 64 HRC, markazinds iss 62 HRC olur.

Miiasir polad kiirs istehsalinda on sado metod kimi tokmo tisulundan istifado olunur, lakin prosesin boyiik enerji
tolabati, elocado tokiiklordo bosluglarin qalma ehtimalinin yiiksakliyi onun totbigini mohdudlagdirir. Digor
torofdan bu iisulla hazirlanan kiiralords yeyilmays qars1 davamligin asagi olmasi onlarin sorfiyyatini artirir. Polad
kiiralords yeyimays garst davamhigin yiiksaldilmasi li¢iin onlarin yiiksok legirlosdirilmis ¢uqunla avoz olumasi
toklif olunur [5].

Belo ki, yuxarida qeyd olunanlara va [12] asaslanaraq kiirs istehsali {i¢iin niimuna olaraq gotiirdiiylimiiz yiiksok
karbonlu vo legirlonmis alot poladim XI'2CA markali polad secilmisdir. Bu iisulla hazirlanan kiiralor yiiksok
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yeyilmoys qarst davamhigi ilo segilmosinds onlardan istifadonin effektivliyi birmanali deyildir.

Yuxarida qeyd olunanlar nozars alinmagqla tadqiqat isinds asagidaki magsed qoyulmusdur.

Tadqiqatin magsadi. Kiirs istehsali ilo bagli qabaqcil texnologiyalara osaslanaraq yiiksok fiziki-mexaniki xassalora
malik olan, agag1 maya doyarli polad iiyiidiicii kiiralorin istehsal tisulunun iglanmasi.

Tadgiqatin noticalori vo miizakirasi. Malumdur ki [6,7,8], torkibina doldurucu olavalor daxil etmokls poladin
mohkomliyini vo barkliyini artirmaq miimkiindiir. Bununla slagodar olaraq, son vaxtlar iiyiidiicii kiiralorin
hazirlanmasinda istifado oluna bilon poladlarin ¢oxlu miixtalif kimyavi torkiblori toklif edilmigdir.

Codval 1-ds tadqgigat isinin noticasi asasinda toklif olunan tyiidiicii kiiralorin va bozi analoglarla[9,10] miqayisali
torkibi verilmisdir.

) Cadval 1
Uyiidiicii kiiralorin torkib gostoaricilorinin miiqayisasi
Torkib gostaricilarinin %-lo miqdari
ads RF patenti 2340700, C22C | RF Patenti 2082530, | ToKIif olunan
38/58,2008 r B21H 1/14,1997 r
Karbon 2,0-2,5 0,2-0,4 1,6-1,8
Mangan 1,2-1,7 0,9-1,5 0,5-1,2
Silisium 0,5-1,0 ¢ox 0,17-0,4 0,3-0,4
Kiikiird 0,035 ¢ox deyil - 0,02 ¢ox deyil
Fosfor 0,040 ¢ox deyil - 0,02 ¢ox deyil
Xrom 12 -15 1,2-1,8 0,3-0,8
Nikel 1,0 cox deyil 0,3-0,6 -
Mis 0,4 ¢ox deyil 0,2-0,4 -
Molibden 0,4-0,6 - -
Aliiminium 0,01-0,1 0,02-0,06 -
Bor - 0,001-0,01 -
Vanadium - 0,15-0,30 -
Domir Qalan1 Qalan1 Qalant

Cadval 1-in tehlilindon goériindiiyii kimi kiirs istehsalinda kompozisiya materialinin torkibinin osasi domir olmagla
10-12 adda olavalar daxildir. Bu slavslorin sirasinda yiiksak maya dayari il farglonan elementlor vardir vo onlar
kompozisiya materialinin imumi giymatine ciddi tasir edir.

Tadqiqat isinde kiira istehsali ligiin sado torkibli (demir daxil olmagla 7 komponentin istifadesi ils) yiiksok
yeyilmoaya davamliliq va zarbs 6zlilyiine malik olan polad kompozisiya materiali toklif olunur [11].

Qarsiya qoyulmus magsad hazirlanma tisulunun mévcud metodlardan forgli olarag prosesin tokmillagmasi kimi
hall edilmigdir. Buraya poladin aridilmasi, tokmalorin alinmasi, onlarin tomizlonmasi, gslib yapisiginin kanar
edilmasi vo termiki emalr daxildir.

Toklif edilon tisulun yeniliyi tokmslorin alinmasinda moarhalsli termiki emalin-yumsaltma, tablama va tabaksiltme
aparilmasindadir. Bu poladin torkibinds bahali gatqilar olave etmodon yiiksok mexaniki xarakteristikalarin oldo
edilmasinas imkan yaranir.

Tokilklorin hazirlanma texnologiyasi. Sok.1-da sinaq niimunslorinin en kasiklori verilmigdir. Toklif edilon tisul
agsagidaki kimi hoyata kegirilir. Poladin oridilmasi UCT- 0,25 induksiya sobasinda hoyata kegirilir. Sinaq
niimunslari oridilmis vo maye halina gatirilmis poladin galiblars tokiilmasi yolu ils alinir. Qaliblordon ¢ixardigdan
sonra tokiikler tamizlonir vo galib yapigig1 kenar edilir. Tomizlonmis ve gslib yapisigi kenar edilmis tokmalor
adatan bu mogsadlar iigiin totbiq edilon termik sobalarda emal olunur (yumsaltma, tablama, taboksiltms).
Yumsaltma prosesinda tokiik 820-8300C-a gadar ¢atdirilir vo bu rejimds 5-5,5 saat saxlanilir, sonra marhalos ilo
720-7300C temperatura gadar soyudulur, 5-5,5 saat saxlayirlar, sonra 600-6200C temperatura godor catdirtlir,
1050-10600C temperaturda 15 dagige miiddstinds tablandirilir, sonra poladi taboksildmays ugratmagq tigiin 400-
4200C temperatura godor qizdirlir, bir saat saxlanilir, sonra havada soyudulur.

Tokiiklordo termik emal morhalolorinin aparilmas: yiiksok mexaniki xarakteristikali poladin oldo edilmasino
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(grafitlosmis poladin alinmasina sobob olur ki, burada sementitin bir hissasi grafits, digari iss ferrito pargalanir,
naticads poladin zarbs 6zliiliiyii artir, eyni zamanda tokiiklorin tablandirilmasinda strukturda martensit (poladin
bork fazast) alinir, tabaksiltmads iso martensitdon mangan, xrom vo domirin dispers Karbidlori ayrilir, bu da
tokiiyiin barkliyinin artmasina sabab olur.

Qum-gil galiblords tokiiklorin hazirlanmasi. ilkin morhalada induksiya oritmoa sobasinda, torkibi 45% cuqun, 50%
polad qirintis1 va 5% mangan, xrom Vs silisiumun ferro qatigigi olan xolitalor oridilir. Sonradan oridilmis polad
qum-gil gsliblorina tokiiliir. Soyuma basa ¢atdigdan sonra tokiiklor goliblordon ¢ixarilir vo tomizlonir, gslib
yapisigl konar edilir. Poladin torkibinds asagidaki komponentlor vardir, kiitls, %: Karbon-1,6; Silisium-0,35;
Mangan-0,8; Xrom - 0,5; Fosfor - 0, 01; Kiikiird - 0,015 va galan hissasi domir. Gostarilan tarkibli polad tokiiklor
asagidaki ardicilligla termik emal edilmisgdir: 820 0C-o godor qizdirmagla yumsaldilma omsliyyatina ugradilmig
vo bu voaziyystdo 5,5 saat saxlanmigdirlar. Sonra morholo ilo 720-7300C-o temperatura godor soyudularagq bu
rejimds 5 saat saxlanmiglar vo sonda atmosfer soraitinde 6100C-5 godor soyudulmusdurlar.

a) b)
Sakill. Qum-gil galiblorinds hazirlanan tokiiklar en kasiyi.

Novbati marholada tokiiklar tablama prosesine ugradilmigdirlar. Bu magsadls onlar 10500C temperatura godar
qizdirilaraq 15 dagige saxlanilmig, sonra ise soyuq suda soyudulmusdurlar.
Tabaksiltme omaliyyatinda tokiiklor 4200C-o temperatura goder qizdirilaraq bir saat orzinds bu rejimds
saxlandiqdan sonra hava seraitinds soyudumusdur.
Malum va taklif edilan iisulla alinmig tékmolarin xassalori miiqayiss ti¢iin cadvalds verilmisdir.
Alinmig tokiklorin yeyilma davamligi, barkliyi vo zorbo 6zlityii miioyyon edilmisdir.
Metal galibds tokiiklorin hazirlanmasi. Niimunolorin hazirlanmasi sok.2.-do gostorilon tékma goliblords yerina
yetirilmigdir. Texnoloji proses vo tokiiklorin torkib gostoricilori ovvalki niimunslorin hazirlanmasi ilo eyni
olmusdur.

Sak.2-nin tohlilindon goriindiiyii kimi bu disulla hazirlanan niimunslor tizarinds (vizual nazarstds) qum-gil
galiblarinds hazirlanan tokiiklardan forgli olaraq catlar va hava bosluglari miigahids olunmurlar.

Codval 2-ds sinaq niimunslerinds barklik va zorbs 6zlikklorinin miiqayisali giymetlori  gostarilmisdir.
Niimunalarda barklik va zarba 6zliiklarinin giymatlondirilmesi miivafiq standartlarla miisyyan edilmis tolablara
uygun yering yetirilmisdir.
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Sakil 2. Metal goliblorinds hazirlanan tokiiklor en kasiyi.
Sinaqlar asason AIMKL-nin laboratoriyasinda, gismon Enerqosteel zavodunda (Ukrayna Respublikasi), Hacattepe
Universitetinds (Tiirkiys, Ankara) va Bos Self sirkatinds (Azarbaycan, Baki) yerins yetirilmisdir.

Sinaq niimunslarinin barklik va zarbs 6zlitkklorinin miiqaissli giymatlori

Codval 2.
Mexaniki xassalor Nisbi abraziv
Tokmolorin hazirlanma tisulu KCU, C/sm2 HRC davamliliq
Prototip 70 54 1,23
Toklif edilon:
-qum-gil goliblords 72 59 1,11
-metal galiblordo 74 61 1,06

Codval 3-do kiiralorin diametr boyunca, iist sathdon baslayaraq morkazo torof borkliyin doyismo xarakteri
verilmigdir. Goriindiiyii kimi borklik gostaricisi diametr boyunca azalma tendensiyast ilo doyisir. Sonda kiiralorin
ortalama borklik giymati verilmisdir.

Codval 3.5
Ne Hazirlanma Borkliyin giymatlori, HRC
isulu Sothda [ 0,25D 0,5D 0,75D Morkozda | Orta
1 Qum-gil 61,5 59,5 58,0 56,0 51,0 57,2
2 galiblarls 61,0 59,5 58,5 55,5 50,5 57,0
3 metal galiblorlo 64,0 62,5 61,0 58,5 54,0 60,0
4 63,5 62,0 60,0 58,5 55,5 59,9

Kiiralarin barkliyin diametr boyunca doyismo xarakteri

Belaliklo, tacriiba-sinaq iglarinin naticslari uygun olaraq istehsal olunan kiiralarin miixtalif barkliys malik olan filiz
niimunalarinin emal prosesinds yeyilms vo dagilma miqgdarlarini oks etdiran asilliglar uygun olaraq sok.3 vo sok.4-
do verilmisdir.
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Sok.3. Uyiidiicii kiiralorde yeyilmonin filizin xassalorinden astllig::
1-Ugur yatagi; 2-Godoboy yatagi vo 2-Qadir yatagr.

Alinmis naticalarin tohlilindon goériindiiyii kimi (bax sok.3.4) Ugur yatagindan hasil olunan filizlorin tytidiilmasi
soraitinds istismar ounan kiiralor digor filizlordon forgli olaraq 3 hofto miiddstinds islodikdon sonra diametrinin
ortalama olaraq 60%-a gadarini itirorak yararsiz hala (diametral 6lgii va ¢akilarini doyiserak ) diistirlar.

Digor soraitlords filizin barkliyinin yiiksok olmasi sebabindon mohsuldarligin asagi olmasi, mahsuldarligin agagi
olmasi sobsbindon doyirmanin iginds kiiralarin bir-biri ilo tomasinin, zarbslorinin say1 ¢ox olmasi sababindan
(uygun olaraq Gadoboy vo Qadir yataqlarindan gatirilon filizlorlo isladikdo) kiiralor ortalama olaraq 15 va 17 giin
isloyarok 6z resurslarini basa gatdirmus olurlar. Belo vaziyystds onlarin istifadosi slavo enerji itgilarino gatirmokla
timumilikds iiyilitme prosesinin faydali is amsalinin azalmasina sabab olur.

Sok.4-ds iiyiitma prosesinds miitamadi zarbalor noticasindo dagilan va pargalanan kiiralorin migdarini oks etdiron
asililiglar verilmisdir.
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Sinaq iglarinin naticalorin tohlilindon goriindiiyii kimi (bax sok.3.5) tyiidilon filizin barkliyindon asili olaraq
kiirolordo dagilma vo pargalanma diferensial xarakterlidirlor. Goriindiiyii kimi miixtslif yataglardan gatirilon
filizlords ¢ixdas edilon kiiralorin migdari: Ugur yatagi ti¢lin - 3,8-4,2%, Gadoboy yatag: ti¢iin — 5,5-6,3 % vo Qadir
yatag1 li¢lin — 6,1-8,2% toskil edir.

10

(o))

[/

N

Dalgalanmanin miqdari, %
S

64 66 68 70 72 74 KCU, c/sm?

Sok.4. Uyiidiicii kiiralordo dagilma va par¢alanmanin miqdari:
1-Ugur yatagt; 2-Godoboy yatagi vo 3-Qadir yatagi.

Naticalar. Beloalikla, aparilmis todqiqatlarin naticosinds miiayyon edilmisdir ki:

-toklif edilon tisulla alinmus tokiiklarin xassalori malum tsulla alinmis tokiiklorin analoji xassalarindon Ustiindiir;
-metal goliblords hazirlanan kiiralorin istismar gostaricilori qum-gil galiblards hazirlanan kiiralordan yiiksakdir;
-qum-gil goliblords hazirlanan kiiralordan barklik gostaricisi markaza dogru boyiik farqls dayisirlor;

-toklif olunan tarkiblo poladdan hazirlanan tiyiidiicii kiiralorlo aparilmig tocriiba-Sonaye sinaqlart abraziv yeyilmo
davamliliginin yiiksalmasini tasdigloyir;

-kiiralorin iggi sathinds ilk ciziglar 7-9 giin istismar edildikdon sonra meydana gslir;

- toklif olunan torkibli poladdan hazirlanan tokma kiirslorde mexaniki méhkemlik va zarbs 6zliiliiyii analaglardan
farglidirlor.

-Godobay, Qadir vo Ugur yataglaridan hasil olunan filizlorin borklik doracslori tiyiidiicii doyirmanlarin isgérmo
gabiliyystins tosir edir;
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TECHNOLOGY FOR PRODUCING GRINDING BALLS WITH HIGH
MECHANICAL PROPERTIES

F.M.Hamidov
Azerbaijan International Mining Company
Email: famil-433@mail.ru

ANNOTATION

Azerbaijan International Mining Company is one of the leading non-oil enterprises. The cost of production at the
enterprise depends on a number of factors, including the number of grinding balls used.

In this regard, the goal is to develop a composition and technology for producing grinding balls with high physical
and mechanical parameters and low cost.

Keywords: Mining, ore, grinding, hardness impact strength
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O KPUBbIX BOCCTAHOBJIEHUA JTABJIEHUS IIPU HEYCTAHOBUBILIEMCA
JABU/KEHUU KNJIKOCTEHN B KAHAJIAX C MUKPOHHOU PACKPBITOCTBIO

IM.A. MamenoBa, %A.A. Iampxues
1 AzepGaiikanckuii [ocynapcreennsiii Yausepcuter Hedyru u [IpoMbIIIEHHOCTH,
2SOCAR, HUIIU «Hedrras»

E-mail: *mamedova-1944@mail.ru; 2aliabas.haciyev@socar.az

AHHOTAIIUA

BriepBble 9KCIIEpHMEHTAIBHO OBUIO BBISABICHO, YTO HPUYMHON IPOSIBICHHS aHOMANBHBIX CBOMCTB BSI3KHX
KUAKOCTEH, U B YACTHOCTU BOJBI, M YCHICHHE STHX CBOWCTB I aHOMAJBHBIX JKUIKOCTEH B MUKPOTPELIHHAX H
HKBUBAJICHTHBIX CBEPXMAJIONIPOHUIIAEMBIX TOPHCTHIX CPEax sBISETCS] OOHAPYKEHHBIH A3 (PEKT «MUKPOTPEIHHA -
KHUIKOCTB». [l  ocymiecTBieHHs Ipoliecca pa3padOTKH TPEHIMHOBATHIX HE(PTAHBIX MECTOPOKICHUI
PEKOMEHYETCS YUeCTh BBIBICHHBI MUKPOTPEIIMHHBIN (D (EKT B CUCTEME OKHJIKOCTh-CPEIar.

KaioueBble ci10Ba: pacKpbITOCTb TPELIMHBI, aHOMalIbHAsl BOJA, TPAIMEHT AABJICHHS, BPEMsI BOCCTAHOBJICHUS
JaBieHust, 3pPeKT «MUKPOTPEIIMHA-)KUIKOCTHY.

ABSTRACT

Firstly it has experimentally been revealed that the reason of the anomalous properties manifestation of the viscous
fluids, particularly water and these properties strengthening for anomalous fluids in the cracks is hew micro-
cracked effect of “microcrack-fluid”. For realization of the fractured fields development process it is recommended
taking into consideration the detected micro-cracked effect in “microcrack-fluid” system.

Keywords: crack opening, abnormal water, pressure gradient, pressure recovery time, microcrack-liquid effect.

XULASO

ilk dofo eksperimental olaraq miioyyan edilmidir ki, mikrogatlarda vo belo gatlarin kegiriciliyino ekvivalent
kigikkegiricilikli masamali miihitda, 6zIii mayelorin vo xiisusilo suyun anomal xassalorinin yaranmasi vo anomal
mayelar iiciin iso bu xiisusiyyatlorin giiclonmasi “mikrogat- maye” effektidir. Catli neft yataqlariin islanma
proseslorinin hayata kegirilmasi li¢iin “mikrocat- maye” sistemindo miioyyon edilmis mikrogat effektinin nozars
alinmasin toklif edilir.

Acar sozlar: “Catin aralanma doracosi” anomal su, tazyiq gradiyenti, tozyiqin barpa miiddati, “mikrocat-maye”
effekti.

BBEJIEHUE

Ha ocHoBe aHanu3a paboT, MOCBAIIEHHBIX ONpeeneHnto kodddunnenta Hehreotaaun miacta [1,2] BeIABIEHO,
YTO HE3aBUCHUMO OT Crocoba U 00bEéMa CYNIECTBYIOIIUX MEPONPUATHH, MPUMEHIEMBIX B pa3padoTke HE(TIHBIX
MECTOPOXICHNUH, KO3 puuneHT HeTeoTJaun MIacTOB B OONBIIMHCTBE CiIydaeB cocTanisieT okoso 30%, a B 30He
JNEHCTBUI KaXKIOW CKBaXXUHBI cocTaBisieT okoso 33%. 3Hauut 70% reoslorndeckux 3arnacoB He(TH OCTAIOTCS B
HU3KOIPOHUIIAEMBIX MOPUCTHIX U TPEUIMHHBIX Cpelax IUIacTa HEW3BICYCHHBIMH, a 3TOT 3amac COCTABUTEIU
MIPOEKTOB Pa3pabOTKH HA3hIBAOT «HEU3BICKACMBIMHU 3arlacaMu He(Tm.

OTMeTHM, YTO CYIIECTBYIOIINE TEXHOJIOTHYCCKUE MEPHI HE B COCTOSIHIUM O0ECIICUYHTh MOBHIIICHUE HEPTEOTIaun
mwractoB Oonee 40%. Takum oOpazom, 70% reorOruIeckoro 3amaca HaXOJUTCS B MUKPOTPEIIMHHBIX KaHAJIAX U
HU3KOIPOHUI[AEMBIX TTOPHUCTHIX Cpeax.

Jis  BBISIBJIGHUS TIPUYMH «HEHW3BJIEKAaEMBIX 3amacoB HepTw» OBUIM MPOBENEHBI ADKCIEPUMEHTAILHBIC
WCCIIEIOBAHUS JBWKCHHS PAa3IMIHBIX JKHJIKOCTEH (BOJa, HBIOTOHOBCKHE W HEHBIOTOHOBCKHME He(TH) B
IUTOCKOTIAPAJUICIBHBIX U IUIOCKOPAIMaIbHBIX TPEIMHAX C PacKphITOCThIO 10-240 MKM M YCTaHOBIIEHO, YTO
CYIIECTBYET KPUTHUECKOE 3HAUEHUE PACKPBITOCTH TPEIIMHBI, HIKE KOTOPOTO MPH JIBIKEHUH BS3KOH HKUIKOCTH
3aMETHO TIPOSIBJSIFOTCS aHOMaJIbHBIE CBOWMCTBA, a TMPU ABMWKCHHH HEHBIOTOHOBCKHX KUJAKOCTEH YCHUIUBAIOTCS
peodusnueckre napameTpsi [3-7].

Jdns BBoma B pa3pabOTKy HE(PTEHOCHBIX YYACTKOB C «HCU3BJICKACMBIMU 3allaCaMMy», MMCIONIYIO BEIHYHHY
PACKPBITOCTH TPEUIMHBI HIDKE KPUTUYCCKOTO, HEOOXOIMMO MPUMEHSTH MEPHI MO YBEIMYCHHIO PACKPBITOCTH
TPEIIUH BBIIIE KPUTHICCKOM.

Ienbto naHHON pabOTHI SBISETCS UCCIeHOBaHUE dPPEKTa «MUKPOTPEIIMHA-KHUIKOCTEY» MPU HECTAIUOHAPHOM
JBIDKCHUH XHUIKocTH Ha npumepe KB/l B TpemmHax ¢ MUKPOHHOW PaCKPBITOCTHIO M B HH3KONPOHUIAEMBIX
MMOPUCTHIX CPEIax U MOMBITKA pa3pabOTKKU METOJa MAKCHMATBHOTO U3BJICUCHHS «T'€0JIOTUICCKUX 3a1acoB HEPTI».
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BrisiBnieHHble B paboTe (hakTOphl O BIMSIHUM MUKPOTPEIIMHHBIX 3QQEKTOB Ha CBOMCTBA )KUAKOCTH Ha HAIIl B3IJISA]
OynyT obecnieynBaTh O1aronpHUATHBIE YCIOBUS JUIS PAllOHAIBHON pa3pabOTKH MECTOPOXKICHNI TPEIIMHOBATHIX
nopox. [TosTomy aist yBeNMUeHHsI CTENEHM H3BJIEKaeMOH HedTH HEeoOXOIUMO H3YYHTh BOIPOCH MEXaHHKH
JBIDKEHUSI aHOMAJBHBIX JKUAKOCTEH B MUKPOTpEIUHAX.

W3BecTHO, YTO IpH OIpeesIeHUH TapaMeTpoB MJIacTa 10 KPUBBIM, BOCCTAHOBJICHUE JaBJICHUS JaeT BOZMOXKHOCTh
NoJy4aTh OoJiee TOYHBIC JaHHbIE, XapakTepHu3ylouue (U3MYeCKHe M T'eOMETPHYECKHe MapaMeTpbl OOJBIIOro
yuacTka 3anexeit [8-11].

W3ydeHnro npomeccoB BOCCTAHOBIICHHS TaBICHNUS MIPH IBIDKEHUH Pa3THYHBIX )KUAKOCTEH B INIOCKONapaIIeIbHOM
TpenrHe OBLTH TIOCBAIICHBI HCCIeI0BAHNUS, IPeAcTaBIeHHbIEe B padoTe [3]. OmHaKko mporecchl BOCCTaHOBJICHHUS
JABIICHUS TIPU IBIDKSHUH KUIKOCTH B INIOCKOPATUABFHBIX TPEIIUHAX C IPOsBIeHHEM 3P deKTa «MIKPOTpEIInHA-
KHUJIKOCTE» Malo HM3YYeHBL. B CBS3M € 3THM H3yYeHHE HEKOTOPHIX BONPOCOB HECTAIMOHAPHOTO IBIKECHUS
KHUJKOCTEN B INIOCKOPAUATIBHBIX TPEIIMHAX, HA OCHOBE KOTOPOT0 CTAHOBUTCSI BOZMOKHBIM PELICHHE OCHOBHBIX
3a[a4 Ipu pa3paboTKe MECTOPOXKACHUH C TPEIIMHOBATEIMU KOJIIEKTOPAaMH, BJISIETCS BECbMa NEPCIEKTHBHBIM.
2. KoHCcTpyupoBaHUe IIOCKOPAIHaIbHBIX TPEUIMHHBIX KaHANOB, X MOJENHUPOBAHHE M METOIMKA MPOBEACHUS
OTIBITOB.

KoHCTpyKuusi  TpEelIMHHOW  MOZENM, WMHUTHpYIOLIas JBW)KEHHE OJKUIKOCTH B  HeaehopMHupyeMoit
IJIOCKOMapaUIeIbHON M TUIOCKOpaIuallbHOM cpefie, mpeacTaBiena B padote [3,4]. ILIUTHI TpelyH U3roTOBICHBI
u3 ctanu 40X, UIMEIOT NOBEPXHOCTHYIO TBepRoCcTh 40-50 enqunun no PexBemty. BHyTpeHHsIs OBEpXHOCTh IUIUT
obOpaboTtaHa n oTHUIH(OBAHA C TOYHOCTBIO, COOTBETCTBYIOMIEH 10 Kimaccy. TpemuHb! ObUTH OTYICHB YCTAHOBKOM
MEXIy IUTITAMH HECMadHWBacMbIX MPOKIANOK pasMepaMu 5X7 MM, KOTOpBIE PACIOJOXKECHBI B TOYKax
IUTOCKOPaIHaIbHON TPEIIMHEI ¢ IeHTpanbHeIMA yrimaMu 1200. TIpu 3ToOM MOTrpentHoCTh ONpeAeICHNsT BETHIMHEI
packpeitoctd paBHa 0,1 MxM. s KOHTpos AedopMariiy TpEIIUHBI Ha BEpXHEH IUIHTe MOAEIH OBLT YCTaHOBJICH
WHAWKATOp YacoBoro Tuma. [{nnHa Tpemmasl L paBHa 84 MM. Pammycsl OkpyXHOCTEH, Ha KOTOPBIX PACIIONIOKECHEI
OTBEPCTHUS IJIs1 KOHTPOJIS JABJICHUSI paBHIOTCS 34 ¥ 57 MM U BOJIM3HM 3TUX OTBEPCTHIA HA PACCTOSHUAX 43 MM OT
LEHTpPa TPELIMHBI OBLIO PACHOJI0KEHO ellIe TI0 OJHOMY OTBEPCTHIO.

C uenpi0 NPUMEHEHHS TOJNYYCHHBIX PE3yIbTaTOB I TNPAKTHYECKHX 3a1ad SKCIIEPUMEHTHI IPOBEACHBI B
IUTOCKOPaJHAIBHBIX TPEIMHAX PA3IMYHON PACKPBITOCTH B IBYX CEPHSIX: MOJICINPOBATIOCH ABMKECHHE KHUIKOCTH
— mepBas cepus OT LIEHTPa IUIOCKOPaJHalIbHON TPEIIMHEI K €€ KOHTYPY, a BTOopasi CepHsi OT KOHTypa TPELIUHBI K
LHEHTPY.

OMBITH IPOBOAMIHCE C BOJIOW M aHOMAIBHOW HE(PTHIO B H30TEPMUYECKUX YCIOBHUAX. [IOCTOSHCTBO TeMITepaTyphl
B TEPMOBAHHE ITOIJCPKUBATIOCH YIBTPATEPMOCTATOM.

O ucxmodyenns 3¢dexra KameHa TPOM3BOAMIOCH HACHIICHUE TPEIIUHBI HCCIECTyeMOH KHUIKOCTHIO MO
HEOOJIBIIINM JaBIICHHEM C OJTHOBPEMEHHBIM BaKyyYMHUPOBAHHEM.

KpuBrie BOCCTAaHOBIICHUS JaBJICHUS CHUMAIIUCH IS ABYX CIy4aeB — C IPUTOKOM H 0€3 MPUTOKA KUIKOCTH.
IIporecc BOCCTaHOBIEHHUS C MIPUTOKOM >KHIAKOCTH M3YydaJcs IO CIEAYIOUIeH METOAMKE: CO3/1aBaJICh TPEIINHBI
OTIPE/IeTIEHHON PACKPBITOCTH U ITPOU3BOIMIIOCH HACHIIIEHHE TPEIIUHBI HCCIIeTyeMO XKHUIKOCTHIO IO JaBICHHEM
C OJTHOBPEMEHHBIM BaKyyMHPOBaHHEM. 3aTeM, MOIAEPKUBas 3aJaHHOE TIOCTOSHHOE JIaBJICHNE Ha BXOAE MOMIEIH,
CO3/1aBajICs CTALlMOHAPHBIN peXUM JBIbKeHHS. [lociae 3Toro 3akphIBajiCsl BEHTHIIb Ha BBIXOJIC TPEUMHBI (BEHTHIIb
Ha BXOJI€ OCTaBaJCA OTKPBITHIM M JaBJIEHHE MOAICPKHUBAJIOCH MOCTOSHHO) U cHEUMaics KB/l Ha maHOMeTpax,
YCTaHOBIJICHHBIX Ha IBYX OTBEPCTHSIX: BIOJb PAyca BEpXHEH IUIHTHI K BBIXOJA TPEIIHHEI.

Jnst npoBeieHNst ONBITOB Oe3 MPUTOKa Ha BXOJIE TPELIMHBI CO31aBAIOCh ITOCTOSHHO OIPEENICHHOE JIaBJICHUE U
MIPOM3BOMIIACH (PUIBTPALUS UCIIBITYEMOH JKMIKOCTH. 3aTeM OJTHOBPEMEHHO 3aKpBIBAIMCH BEHTHIIM Ha BXOJE U
BBIXO/I€ MOJIEJIN M CHUMAJIKCh KPUBBIC H3MEHEHUs JJaBJICHUs HA 000HMX KOHIIAX M JABYX OTBEPCTHUSIX.

B pe3ynbrare sKCIepUMEHTAIbHOTO UCCIEN0BAHNS U3YUEHO BIUSIHUE PAJUyca KOHTypa MUTaHUS U MHEPLIUOHHBIX
CONPOTHUBJICHUM Ha XapaKTep BOCCTAHOBICHMS [aBIECHUS, a TAKK€ HAa W3MEHEHUS BEIMYUHBI JaBICHHUS,
TeMIepaTypbl U PACKPBITOCTH MHUKPOTPEIIUH HAYAJIBHOIO TPaJUEeHTa IABICHHS M BPEMEHHM BOCCTAHOBICHHUS
JABJICHUS B PaIHabHON MUKPOTPEIINHE IPY HATHETAHUH U TIPU T00BIYE KUAKOCTH.

3. Pe3ynbTaThl 9KCIEpUMEHTAILHBIX UCCIICJIOBAHMA, UX 00paboTKa U 0000IIeHE.

OKcIepuMeHTaIbHOE UCCIIeI0OBAHNE KaK OBUIO B TNIOCKONApAIJIETIFHON TPEUIHHE TOKa3bIBAET, YTO IPH JIBIKEHUHT
BOJIBI B IUIOCKOPAINAIEHON TPEIINHE, UMEEeT MECTO MPOSBICHNE HAYaJIbHOTO TPAaICHTA IaBICHUS.

Ha puc.] npusBenensl KBJl st Boasl BO BTOPOM CEpUM ONBITOB IIPU Pa3iIMYHBIX YPOBHSX JAABJIEHUS C
PackpeITOCTHIO TperuHbl h = 10 MkM, 1o mozenu [lIBenoBo-brnrama npenensHoe Hanpsbkenue casura t0h =2,21
ITa, u crpykTypHas Bsi3kocTh W = 2,3 10-3 Iac npu Temmnepatype 303K.
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Puc.1. KB/I npu qBroKeHHH BOJIBI IIOCKOpaaraibHOit menu ¢ h = 10 MM (ipu niepBoii cepuu onbiToB) T = 303K:
4 1 | COOTBETCTBEHHO B KOHTYpE M LIEHTPE OTBEPCTHSIX BEPXHEH ILTUTHI

PesynbTarhl HCccneqOBaHUS MTOKA3bIBAIOT, YTO U3MEHEHHE BEIMYHMHBI JaBICHUS B pACCMaTPUBAEMOM JUANa30He B
CUCTEME NPHU JBUKCHUU BI3KOI M aHOMAIIbHOW >KMIKOCTEH HE BIMSAET HAa BEIMYHMHY HAa4albHOIO I'paJHEHTa
JIaBJICHUS] TIPH TIEpBOH M BTOPOH CEpHM OMNBITOB. POCT BEIMYMHBI AABIEHHS B TpPEIIMHE CHOCOOCTBYET
YMEHBUIEHHUIO BPEMEHHU BOCCTAHOBIICHHS JABIICHHS KHUIKOCTH.

Ha puc.2. npuBoaaTCst KpUBbIe IBYXCTOPOHHEIO BOCCTAHOBICHMA JaBineHus npu cHItuu KB/ Ha TpemuHHOMN
MOJICNU JIJIsl aHOMAJIBHOM HeTH ¢ pacKprIToCcTH TpenuHbl 180 MkM. OTMeTHM, 4TO KpHBbIe 3aBucHMocTH Pk, PO,
P1 1 P2 oT t — COOTBETCTBEHHO ONpENIENeHHBIX B KOHTYpe (KpHuBast 4), ieHTpe (kpuBas 1), Bo BTopoM (kpuBas 2)
1 TpeTheM (KpuBas 3) OTBEpCTHAX BEpXHEH IUIUTHI TPEUIMHHON MO/IEH HE COBIAIAOT.

BEISBIEHO, YTO C POCTOM PACCTOSHUS OT IIEHTpa (TIPH 3aKauKe — OT CKBAXKMHBI) BPEMS BOCCTAaHOBJICHHSA 1aBICHUS
YBEIMUMBACTCS. AHaIN3 pe3yabTaTOB MCCIECIOBAHMS IMOKa3bIBaeT, YTO IPH BCEX 3HaueHHIX R Bpems
BOCCTAaHOBJICHUS IIPH AOOBIYE OOJIbIIE, YeM IPH 3aKadke. DTO 00BSICHIETCS HAUINYNEM MECTHBIX COIPOTHBIICHHUH
1 XapaKTepoM IIOTOKa IPH HarHeTaHW! (PaCIIMPSIIONINICS TTOTOK) M 0TOOpE (CYXKAIOMIMICS MOTOK).

OTMeTnM, YTO CHW)KEHHE BPEMEHH BOCCTAHOBIICHHS JABJICHUS, ITOJYYEHHBIX OT NMPOOHBIX OTKa4eK M 3aKauek,
CBS3aHBI C PE3yJIbTATOM H3MEHEHHs BEJIMYUHBI M HAMPaBJICHUS CKOPOCTH B PaAHalbHON MUKPOTPELIUHE.

[Tpu sKcrIeprMEeHTaNBHBIX HCCIIEAOBAHUSIX BOABI, BI3KOW M HEHBIOTOHOBCKOW HE()TH B MUKPOTPEIIMHAX BIIEPBbIE
BBISIBJIGH HOBBIN oOmpeneonmuii mapamerp 3¢G¢GeKT «MHKPOTPEUIMHA-XHUIKOCTE», 0e3 ydera KOTOpOTo
HEBO3MOXXHO OCYIIeCTBIeHNE 3(h(HEKTUBHOTO Mpo1iecca pa3paboTKH TPEITHOBATHIX MECTOPOXKICHHUH.

B pesynpTare 3KCHEPUMEHTAIBHOTO HCCIICAOBAHUS YCTAHOBHUBINETOCS M HEYCTAHOBHMBIIETOCS JBH)KCHUS
KHUJIKOCTH B MHKPOTPEUIMHE YCTAHOBJICHO, YTO IPH BEIWYMHAX PACKPHITOCTH TpeuwHbl 35 u 30 MKM
cooTBeTCcTBeHHO Tipu Temreparypax 293 m 303K, Bojma BemeT ceOsi Kak HEHBIOTOHOBCKAS >KUIKOCTH. Takue
CBOMCTBA yCTAHOBJICHBI IS BA3KUX M HEHBIOTOHOBCKUX JKHAKOCTEH. Takume BeTMYMHBI PACKPBITOCTH Ha3BaHBI
KPUTHYECKON PaCKPBITOCTBIO.
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Puc.2. JIsyxctoponauii KBJ] mpu h = 180 mxm u T = 303K BTOpOi#i cepum ombITa aHOMaTbHONH HedTH B
IUTOCKOPanaIbHOW MUKPOTpEIIMHE: KpUBBIE 4, 1, 2 1 3 — COTBETCTBEHHO B KOHTYE, IIEHTPE, BO BTOPOM U TPEThEM
OTBEPCTHAX

B ciyyae nBMKEHHS HEHBIOTOHOBCKONH He(TH B IJIOCKONAPAJUICNBHBIX U IUIOCKOPAJIHAIbHBIX TpPEIIMHAX C
YBEJIMUYEHUEM DPACKPBITOCTH TPEUIMH HAYaIbHOTO TPAJUEHTa JaBJICHHS BpEMs BOCCTAHOBIICHHS aBJICHUS
YMEHBIIIAETCS! IO OPE/ICIEHHOTO 3HAUSHNS paCKpPBITOCTH TpeuuHbl. [Ipn 3HaueHnsx packpeiroctr 180 MKkM npu
temrnepatype 303 K HauasibHBIN TpaJUeHT AaBICHUs M BPEeMs BOCCTAHOBIECHUS JABJICHUs HE 3aBHCAT OoT h n
OCTArOTCS! MOCTOSTHHBIMU.

Taxum 06pa3om, BIiepBbIe HA OCHOBE HKCIIEPUMEHTAIIBHBIX NCCIIEIOBAHUN HAMH OblJIa YCTAaHOBJICHA KPUTHIECKAs
BEJIMYMHA PacKpBITOCTH — hKp, T.€., HaleHOo, uTo npu h > hkp n3MeHeHHs B pe0JOrHIecKuX CBOMCTBAX )KUAKOCTH
MPaKTHYECKH OTCYTCTBYIOT. [IpHM NBMXKEHHMH BS3KHMX JKHAKOCTeW B TpemuHe mpu h < hkp usMeHsOTCS HX
PEOoNIOTHYECKHE CBOWCTBA U MPOSIBIISIIOTCS aHOMAJIMH, a NPU JBHKEHUH aHOMAIIbHBIX JKUJIKOCTEH yCHUIMBAIOTCS
peosoruyeckue nmapamerTpsl, a npu h > hkp ykasanasie 3ppeKTsI ncuesaror.

Wtak, B yCJIOBUSIX MHKPOTPEIIMHHOIO 3(dekra B3aUMOJICHCTBHS B CHUCTEME «TPELIMHA-BOAA» HAdaIbHBIN
IpaJIMeHT JAaBJICHUS M BPEMsI BOCCTAHOBJICHUSI JABJICHUS JKHIKOCTH 3aMETHO 3aBHCST OT PACKPBITOCTH TPEIHHBIL.
ITpn 1BMKEHWM XHUIKOCTH B IUIOCKOPAANAIBHON MHUKPOTpEUIMHE HayalbHBIH TPaWeHT AaBICHUS U BpeMs
BOCCTAHOBJICHUS JJABJICHUS B 3aBUCHMOCTH OT PAaCKPBITOCTH TPELIMH MOTYT U3MEHSTHCS B IIMPOKHX MPEeiIax.
W3meHenne Temmneparypsl 3aMETHO BIIMSIET Ha PEOJIOTHYECKHE CBOMCTBA HBIOTOHOBCKMX M HEHBIOTOHOBCKHX
KHUIKOCTEH B INIOCKOPAINATbHBIX MUKPOTPELIHHAX.

B xoze sKcIiepUMEHTAIBHOT0 UCCIIEA0BAHNS TAaKXKe CAENaHO 0000IIeHNE Pe3yJIbTaTOB UCCIIEI0BAHMN ABHKECHUS
AQHOMAJIBHOH >KUJIKOCTH B INIOCKOPaIUaIbHBIX TPEIINHAX.

Ha puc.3 npuBOoAMTCS 3aBUCMMOCTh OTHOILICHHUS] HAYaJIbHOTO IPAIUCHTa JABICHUS K MAaKCUMAJIbHOMY 3HAYCHHUIO
(POh/POmax) oT OTHOIIECHHUS paCKPBITOCTH K KpuTHueckoMy 3HaueHuto (h/hkp) mst Boxer mpu temmeparypax 293
(npsimast 1) m 303K (npsmas 2). Kak BugHO M3 prCyHKa, IO Mepe yBenmdeHus h/hkp oTHomeHue HavaabHOTO
rpagueHTa JaBieHUs K MakcuMaiabHoMy 3HadeHwmio (POh/POmax) 3amMeTHO yMeHbIIAeTCss W MPH JTOCTIDKEHUH
h/hkp=1 mpakTudecku CTaHOBUTCS paBHBIM HYJ0. KpuTHueckoe 3HadeHne packpeiTocTH hkp cocrasnser 30 u 35
MKM COOTBETCTBEHHO Ipu Temneparypax 293 u 303K.

Ycranosneno, uro npu cHstuu KB/l nuist ncenenyemsix sxuakoctei (mpu h>hkp) HauansHbIA rpaieHT qaBaeHus
MIPAaKTHYECKH OTCYTCTBYET.

OtMmernm, uto rpaduku 3aBucumocti POh/POmax ot h/hkp npakrndecku coBnasaroT npu nepBoii 1 BTOPOi ceprn
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Puc.3. 3aBucumocts POh/PH or h/hkp mnpu ABMWKEHWM BOJBI B IUIOCKOPAJAMANBHBIX TpeliumHax: | u 2
COOTBETCTBEHHO NpH TeMrepatypax 293 u 303K

Ha puc.4 npuBoauTcst 3aBUCHMOCTD OTHOILICHHSI BDEMEHH BOCCTAHOBIICHHS JIaBJICHHS K KDUTHYECKOMY 3HAYCHHUIO
(th/tkp) oT oOTHOWmICHHWS pacCKPBHITOCTH K KputmieckoMy 3HadeHumto (h/hkp) mpum &IBMKEHWH BOIBI B
IUTOCKOpanuanbHON TpemmHe npu Ttemreparypax 293K (mpswmeie 1, 1') u 303K (mpsmsie 2, 2'). OtMeTHM, 9TO
npsmeie 1, 2 u 1', 2' cHUManUCh COOTBETCTBEHHO MPU MEPBOM U NIPU BTOPOU CEPUU OIBITOB.

Kak BHJHO W3 pHUCYHKa, NpPH IPOYMX PaBHBIX YCIOBUSX C YyBeiudeHueM h/hkp oTHolleHHe BpeMeHHU
BOCCTAHOBJICHUS JIaBJICHUsI K KpuTHueckomy 3HaueHHio (th/tkp) ymenbmiaercs m mpu nmoctikenuun h/hkp=1
0CTaeTCsl MOCTOSHHBIM.

U3 rpadukos 3 u 4 BuaHO, yTo 3aBuckuMocTh POh/POmax = f(h/hkp) u th/tkp = f(h/hkp) coctout u3 nByx nuHuiA,
nepBast JMHUS XapakTepHa JJisi 3HaueHus packpbeitocTr ¢ pazmepom 0<h/hkp <1, rae Bce RUAKOCTH M3MEHHIIH
CBOE MEXaHW4YecKoe ToBeleHue. [Ipu 3TOM Boja, BSI3KHE XHIKOCTH CTajJd aHOMAJIbHBIMH U aHOMAJIbHbIE
XKHUIKOCTH yCWJIMBAlN HEHBIOTOHOBCKHE CBOWCTBa. Bropas mpsimas xapakTepHa aisi 3Ha4€HHH PacKPBITOCTH
TpemuHbl ¢ pasmepamu h/hkp >1, mpu 3ToM Boxa, BA3KHME W aHOMAJbHBIC XHIKOCTH BOCCTAHABIMBAIOT CBOW
MEXaHWYeCKHE TOBEJCHNU, T.C. BTOpas MpsiMasi He SIBJISIETCS TPOJIOJDKEHUEM TIepBOH JIMHUM, TaK KakK 3TH JUHUH
XapaKTepU3YIOT pa3Hble TOBEICHNS JKUIKOCTH.
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Puc.4. 3aBucumocts th/tkp or h/hkp npu nBrKEeHUM BOABI B INIOCKOPaAMANBLHON TPEUIMHE IPH TEMIIEpaTypax
293K (mpsmas 1, 1') u 303K (nmpsmast 2, 2'): 1,2 u 1', 2' cOOTBETCTBEHHO NPH NEPBOI ¥ BTOPOH CEpUH OIIbITA

Tosy4eHbI CAeIyIONMe 3aBUCUMOCTH IS yKa3aHHbIX mpsambix mpu (0<h/hkp<1):
}::Jiz/}::)nmx = bl o al 'h/hlcp (1)
tk/tkp = b2 - a2 ) h/hl.'p (2)

[pu 3TOM BemMuMHA HOCTOBEpHOCTH anmpokcuMarwn (R”2) mms 3aBucumoctr (1) u (2) cocTaBisieT B mpeaenax
0,9316+0,9884, uro CBUAETENBCTBYET OO YHOBIETBOPUTEIHLHOM COOTBETCTBMH ypaBHeHHH (1) u (2)
9KCTIEPUMEHTAIIbHBIM JIaHHBIM.

ITo pe3ynbTaTaM 3KCICPUMEHTOB OMpeeiieHbl 3HaueHus Ko3dduimentos al, a2 u bl, b2, cooTBeTCTBEHHO B
ypaBHeHusX (1) u (2) 1 mIocKopaaraibHbIX TPEIIUH, KOTOPBIE MPE/ICTAaBICHBI B TaOJIHIIE.

Tabnuia
3nauyenus ko3 dumuenrtos al, a2 u bl, b2 nmpu IBIKEHUH BOJABI B IIIOCKOPAIHANBHBIX TPEIINHAX

Koaddumnents
Omnpene- IIPU HATHETAaHUU pu 100614e
JII€EMbIE Temneparypsl, K
HapamMeTpel 293 303 293 303

a b a b a b a b
POh/POmax 3’429 é'327 1,5346 1,4463 | 1,4299 | 1,3275 | 1,5346 1,4463
th/tkp 52’62 21'48 22,999 21,171 | 48,576 | 45,174 | 15,799 14,790

[Toctpoens! rpaduky 3aBECUMOCTEH U3MEHEHNS Oe3pa3MepHbIX BenuanH P/PH ot Int/tkp B pa3nuyHbIX 3HAUCHUAX
PACKPBITOCTH TPEIINHEI.

Ha pwuc.5 mpuBomuTcs 3aBHCHMOCTH OTHOUICHHS NaBICHUS K HadadbHOMY 3HaueHHWio (P/PH) oT oTHOmIEHWS
BpEMEHHU BOCCTAHOBJICHHS TaBJICHUS K KpuTHIecKoMy 3HaueHuto (Inth/tkp) mpu aABM>KEHUN BOJBI B MUKPOTPEITHHE
¢ packpsITocThio 10 MKM: 1, 2, 3 COOTBETCTBEHHO B IIEHTPE, BO BTOPOM U B TPEThEM OTBEpCTHsIX. Kak BHIHO U3
puc.5 3HaueHHUs 3THX Oe3pa3MepHBIX IIapaMEeTPOB, ONPEJIENICHHBIX B IIEHTpe (IpsiMast 1), Bo BTopoM (mipsmast 2) u
B TperbeM (mpsiMas 3) OTBEPCTHSIX, PACHONIOKEHHBIX BJIOJb pajMyca IUIOCKOPaIHajbHBIX TpEIIWH, He
YKJIJIBIBAIOTCSL B O/IHY 0011yI0 npsimyto. HecooTBeTcTBHE OOBSACHSACTCS BIMSHUEM WHEPLMOHHBIX CHJI, KOTOPBIE
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BO3HUKAIOT B PE3YyJIbTATC M3MCHCHUA BCIIMYMHBI CKOPOCTU KUAKOCTH OT M3MCHCHMSA IUIOIIAAX IMONEPEYHOI'O
CCUCHMSA TPCUIMHLBI B paaraibHOM HaIllpaBJICHUU.

3
25 )/139
2 =2

0,4151Int,/t, +0,9267

R> = 0,9589
1 PP =0,3013Int,/t, + 0,8781
RP=0,9115
0.5 PIP, = 0,279 /%, + 0,8757
R2 = 0,852
0
0 1 4 5

Int,/t,,

Puc.5. 3aBucumoctu P/PH ot Inth/tkp npu aBrkeHUH BOJBI B MHKPOTPEIIMHE C pacKpbITocThio 10 MxMm: 1, 2, 3
COOTBETCTBEHHO B IIEHTPE, BO BTOPOM M B TPETHEM OTBEPCTHUSX IPH MEPBON CEPUU OIIBITA

[omyueHHsle pe3ynbTaThl JAIOT BO3MOXKHOCTH IPABMIIBHOTO BHIOOpAa 3HAYECHUWs! AABJICHHUS M HAINPaBICHHS
HarHeTaHMsl NPU 3aBOJAHCHHH BSI3KUMH W aHOMAJIBbHBIMH KHJIKOCTSIMH MPOJYKTHUBHBIX IUIACTOB, COCTOSIIIMX M3
TPEIIMHOBATHIX IOPOJ, @ TAaKXKe HCIIONb30BaTh WX ISl OIEHKH packpbitoct TpemmH npu ['PIT ¢ mensio
MOBBIIIEHUS 3 PEKTUBHOCTH MPOBEICHHBIX MEPONIPUATHI ¥ IPOTHO3UPOBAHMS YCIIEIITHOCTH OTIEPALIH.

BriBoabI
1. VYcraHOBIEHO, YTO NPH ABHXCHUH BA3KUX JKHIKOCTEH B TpeluHe ¢ packpbitocthio h<hkp B cucreme
«MHKPOTPEIIHHA-KH/IKOCTD) TPOSIBIISIOTCS HEHBIOTOHOBCKHE CBOMCTBA, & JUIT aHOMAIBHBIX JKHIKOCTEH
YCUIIMBAIOTCS HEHBIOTOHOBCKHE CBOWCTBA, YyKa3aHHbIe JS((EKThl HMEIOT MEeCTO B CHCTEME
«MHKPOTPEIIHHA-KHIKOCTH» ToJbko Tipu h<hKp, a mpu h>hkp yka3auusie s ekTsI n3ue3aror.
2. CHATBI KPUBBIC BOCCTAHOBIICHUSI IABJICHHUSI C TIPUTOKOM U 0€3 MPUTOKA JKUIKOCTEH B IMHPOKUX MPEeIesiax
W3MEHEHHs PacKPhITOCTH TPEIIUHBI, MOTy4YeHHbIe pe3ynbTaThl pu h>hkp mokasamu cienyromee:
—  HaYaNbHbINA TPAJUEHT JABICHUS sl HBIOTOHOBCKUX JKHIKOCTEH MPAKTHIECKH HCUE3AET;
—  HavalbHBIA IPaJUCHT AABJICHUS AJIS HEHBIOTOHOBCKHX JKHIKOCTEH MproOpeTaeT Te xe 3Have-
HHS, YTO ¥ B CBOOOJHOM OOBEME.
3. Poct BenmM4MHBI JABICHUS B TPEIIMHHON MOJIENH CIOCOOCTBYET YMEHBLICHHIO BPEMEHH BOCCTAHOBIICHHUS
JIABJICHUS XKHUIKOCTH.
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ABOUT PRESSURE RECOVERY CURVE AT UNSTABLE MOVEMENT
OF LIQUIDS IN CHANNELS WITH MICRONOUS OPENINGS

IM.A. Mammadova, 2A.A.Hajiyev

!Azerbaijan State University of Oil and Industry,

2Scientific Research Project Institute “Neftegaz”, SOCAR
E-mail: *mamedova-1944@mail.ru; 2aliabas.haciyev@socar.az

ABSTRACT

Firstly it has experimentally been revealed that the reason of the anomalous properties manifestation of the viscous
fluids, particularly water and these properties strengthening for anomalous fluids in the cracks is new micro-
cracked effect of “microcrack-fluid”. For realization of the fractured fields development process it is recommended
taking into consideration the detected micro-cracked effect in “microcrack-fluid” system.

Keywords: crack opening, abnormal water, pressure gradient, pressure recovery time, microcrack-liquid effect.
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BITUMLU QUMLARDAN ISTIFADONIN MUASIR VOZIYYOTi TOHLILI

T.Y. Sadiqova
Azorbaycan Dovlat Neft vo Sonaye Universiteti

Email: tarana_sadigova@mail.ru

ANNOTASIYA

Magalods miiasir dovr {igiin alternativ enerji monbalori hesab olunan agir 6zIiliklii vo bitumlu neftlordon, o
climlodon bitumlu qumlardan alternativ enerji monboyi kimi stifadonin miasir veziyyastinin tohlili, inkisaf
perspektivlori vo onlarin hasilati ilo bagh innovasion texnologiyalar haqda molumatlar oks olunmusgdur.

Acar sozlor: Bitumlu qumlar, agir neft, alternativ yanacaq, reagent, texnologiya

AHHOTAIIUA

B cratpe JAAcTCA aHaJIn3 COBPEMCHHOTO COCTOAHHA W HNEPCICKTUBBI UCIIOJIB30BAHUSA 6I/ITyMI/IH03HHX IICCKOB B
Ka4CeCTBC AJIbTUPHATHUBHOT'O HCTOYHUKA DHCPIUHU U MHHOBAITMOHBIC TCXHOJIOTUH UX ,Z[O6BI‘II/I.

KroueBsie cioBa: BI/ITYMI/IHOSHLIG IIECKH, TSKCHBIN HC(I)TL, aJ'ILTepHaTI/IBHHﬁ HUCTOYHHUK SHCPIruv, MTHHOBAIIlMOHHAA
TCXHOJIOI'Us.

ANNOTATION

The article gives an analysis of the current state and prospects of using tar sands as an alternative source of energy
and innovative technologies for their extraction.

Keywords: Tar sands, heavy oil, alternative energy source, innovative technology.

Problemin aktualhgi. Neft diinya iqtisadiyyatinin aparici faktorlarindan birincisi olaraq, yanacaqg-enerji
kompleksinds (YEK) halledici amil rolunu oynayir. Hor hansi bir 6lkenin giicii vo qiidrati orada YEK-in na
daracads realizo olunmasi vo ondan somarali istifadanin saviyyasi ilo miiayyan edilir.

Hal-hazirda diinyanin an aparici supernohongl neft yatagi Meksikada (Cikontepek, 22,1 mlrd.ton), Saudiyys
Orabstaninda (B1-Hoabor, 20 mlrd.ton), Kiiveytdo (Boyiik Burhan, 13 mlrd.ton), Braziliyada (Karioka Suqar Loaf,
11 mird.ton), Venesuelada (Bolivar, 8,3 mird.ton), BOO (Yuxar1 Zoqum, 8,2 mird.ton), Rusiyada (Samotlorsk, 7,1
mlrd.ton), Iran kérfazinda yerloson (Simali Qator vo Conub Fars yataginda, 7 mlrd.ton), Qazaxstanda (Qasaqar,
6,4 mlrd.ton) vo CXR (Datsin, 6,3 mlrd.ton) yerlasirlar.

Beynalxalq enerji agentliyinin (International Energy Agency-IEA) malumatina osaslanaraq diinya iizro 2019-cu
ilds tesdiglonmis yanacagm hacmins gors 10 iri 61ke miivafiq olaraq asagidaki qaydada siralanmigdir, mird.barello:
Venesuela (303), Soudiyye Orobstani (268), Kanada (173), iran (157), iraq (140), Kiiveyt (104), BOO (97),
Russiya (80), Liviya (48) vo Nigeriya (37).

Bunlardan basqa bu sirada ABS, CXR, Meksika, Braziliya, Qazaxstan vo Azorbaycamt gdstormoak olar.
Azorbaycanda tosdiglonmis neft ehtiyat: 7,0 mird.barrel, Qazaxstanda, Ozbokstan va Tiirkmoanistanda iss uygun
olaraq 30, 0,6 va 0,6 mird.barreldir.

Yuxarida adlar1 ¢akilon bu dovlatlarin boyiik oksariyystinds neftin istismarimnin bir asrden artiq tarixi vardir vo
buradaki neft yataqlarinin istismar tocriibasi gostarir ki, quyularin gazilmasi texnologiyalarindan istifado etmoklo
hasil olunan mohsulun az bir hissasi (25-35%) yerin tokindon ¢ixarilir. Qalan hissa (65-75%) iss yiiksok 6zliiliiys
malik olmagqla, elocs do ifrat qumlasma sababindon yanacaq resursu gismindos yataglarda vo ya yer sothinin {ist
gatinda, miixtolif galinliglt qum ortiiklari altinda qalmaqdadirlar. Sonuncu bitumlu qum yataqlar1 adlandirilir vo
onlarin istismar1 xiisusi texnologiya vo avadanliq tolob etdiyindon, eloco do yiiksok maya doyori ilo
saciyyalondiklarindan mahduddurlar.

Hal-hazirda diinyada 600-9 yaxin bitumlu qum yataqlari agkarlanmigdir. Diinyanin an bdyiik bitumlu qum yataqlari
Kanada, Venesuela vo Rusiyaya moxsusdur. Kanadanin (Alberto) vo Venesuelanin (Orinoko) ayalstlorinda
tosdiglenlis bitumlu qumlarda ehtiyat neftin miqdari uygun olaraq, 1,7 de 2,0 trld.barreldir.

Bozi hesablamalara goro [1,2] Sovetlor ittifaqr dovriindo bu birliys daxil olan &lkalords tobii bitum va bitumlu
qumlarda neft ehtiyat1 30-33 mird.ton tagkil edirdi.

Hazirdaos [3, 4] agir neft va bitumlu qumlarda olan bu yanacagin miqdari 400-700 mlrd.ton tagkil edir ki, bu da
ononovi neft ehtiyatlarindan 1,3-2,2 dofa coxdur. Basqa s6zlo desak, diinyada neft ehtiyatlariin tigds ikisi bitumlu
qum Vo agir neft yataglarinda toplanmigdir. Tokco Kanadanin bitumlu qum yataglarinda hasil olunmamig neftin
hocmi diinyada on boyiik neft ixracedon 6lko olan Soudiyys Orabstanin neft ehtiyatlarindan ¢oxdur.
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Bitumlu qum yataglari alternativ enerji monbayi kimi taninir. Son illords bu sahads nozari todgiqatlar, elmi-praktiki
Vo miixtolif xarakterli mithondis islori genislonmokdadir.

Diinya tocriibasi gostorir ki, bitumlu qumlardan “sintetik neftlo” barabsr maye qaz, dizel yanacagi, miixtolif nov
lak vo boya mohsullarinin, ortiik materiallarinin vo digarlorinin alinmasi1 miimkiindiir. Elocs do bu yataglardan
hasil olunan mohsulun torkibi nadir elementlorls zongindir.

Neft elminin bu istiqamati iizro diinya sohratli alimlor-Akinsev .M., Anisimov B.V., Anistratov Y.I., Bogolyubov
B.P., Baybakov N.K., Kudinov V.I., Zakirov S.N., Qoldberq I.S., Burger J., Gupta S., Zhao L., Sinnokrot A. vo
bagqalar1 dururlar. Bu sirada Azarbaycan elmi moktabinin yeri xiisusi 6nam kasb edir. Akademik A.Mirzacanzads,
professorlar M.Bagirov, N.Mammadtagizada, Q.Hasonov, Q.Ismayilov, S.Sanayev, ©.Mustafayev, S.Mommodov,
A.Ozizov, B.Olibayov, B.Listengarten vo digorlori bitumlu vo neftlo ¢irklonmis qumlarin emali sahosindo
fundamental tadqiqat islori aparmus, ciddi elmi, elmi-praktiki naticalor olds etmisdirlor.

Azorbaycanda bitumlu qum yataqlari asason Balaxanidaki Qirmaki dagi otrafinda, Umbaki, Ziyilpiri, Subani vo
s. saholords yerlosirlor. Tokco Qirmaki yataginda 50 min. tondan ¢ox neft ehtiyati vardir vo bu ehtiyatin yalmz agiq
tisulla ¢1xarilmas1 miimkiinlilyii tesdiglonmisdi [5]. Umumilikde Abseron-Qobustan rayonlari orazilorindo yerloson
on bir bitumlu qum yataglariin imumi neft ehtiyati 126736600 ton toskil edir

Diinyada neft vo neft mohsullarina olan tolobatin durmadan artmasi alternativ enerji monbalorinin axtarist
istigamatinds islori siirotlondirmokdadir. Respublikanin yiingiil neft ehtiyatlar1 possemist noqteyi-nozordon yaxin
20-30 il, optimist baxisdan 70-80 il ii¢iin kifayyatdir. Bu sobobdan neft sonayesinds yeni yataqlarin kagf olunmasi
ilo yanasi, istismarin son marhalosinds olan yataqlara mitkommal texnologiyalarin vo texnikanin, o ciimlodon
nanotexnologiyalarin totbigi ilo Somarali naticalor olds edilmasi 6n siraya ¢okilmalidir.

Todgiqatin asas magsadi. - diinya yanacaq resurslarinin formalagmasinda alternativ enerji monbayi olan bitumlu
gumlardan istifadenin miasir vaziyyatinin tohlili vo rolunun miiayyanlogdirilmosi, eloco do Azarbaycan
Respublikasinda agir va bitumlu neftlorin resurslarinin 6yranilmasi.

Alternativ yanacaq monboyi olan agir 6zliiklii neft vo bitumlu qum yataqlarinin miiasir veziyyatinin analizi.
Apardigimiz aragdirmalar noticasindo miloyyon edilmisdir ki, diinyada agir vo bitumlu neftin imumi hacmi yiingiil
neftin hocmindon ¢oxdur. Lakin, onlarin hasilat hacmi bu giinkii texniki vo texnoloji imkanlar ssbobindon agsagidir.
Sok.1.1-do diinya tizrs ylingiil, agir vo bitumlu neftlorin2 haocmi gostorilmisdir. Bunlardan basqa alternativ yanacaq
ehtiyatlar1 sirasina yanacaq slanslarini da (Y'S) alave etmot olar. Y S-in torkibins slans nefti (SN) vs slans qaz1 (SQ)
daxildir.

o
o

i
o

~
o O
}

YON AON BN

Sok.1.1. Diinya iizrs yiingil, agir ve bitumlu neftlorin migdari, %-lo

Tarkibine gora BQ-lar zongin, orta vo agagi olmagqla ii¢ grupa boliiniirler. Zongin BQ-in torkibinds bitumun miqdari
10%-do ¢ox, orta-(5-10%-o godar) vo asagi -5%-dan az olur.
BQ-lar sixliq (p) vo dinamik 6zliiklorina (v) gors iki qrupa béliniirlar: malt (p=0.86-1,03 q/sm3 , v>10> MPa-s)
Vo asfalt (p=1,03-1,10 v<100 MPa-s).
On boyiik bitumlu qum yataqlart Kanada (386 mlrd.ton, onun 25 mlrd.tonu ¢ixarila bilandir) vo Venesuelada (335
mlrd.ton, onun 70 mlrd.tonu ¢ixarila bilondir) toplanmigdir. Bunlardan basqa Meksika, ABS, RF, Kiiveyt co CXR-
st da bu sirada olan 6lkalordandir.

Codval 1-do 2035-ci ila godar geyri-ananavi karbohidrogenlarin prognozlagdirilan

Codval 1
Qeyri-ononoavi karbohidrogenlordan
Qeyri-ananovi Illor {izra, min. hasilat dinamikasi verilmisdir [83, 97]. barrel/giin
karbohidrogenlor 2015 2020 2025 2030 2035
Bitumlu qumlar 2,4 2,9 3,5 4,2 5,2
Super agir neftlor 0,8 1,1 1,2 14 15
Bitum slanslar 0 0 0,1 0,2 0,4
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Hal-hazirda diinya miqyasinda iimumi neft ehtiyatlar1 50 6lkonin srazisindo comlonmisdir. Bu ehtiyatlarin hacmi
doyison xarakterlidir. Har il The Organization of the Petroleum Exporting Countries (OPEC), Energy Information
Administration (EIA) vo British Petroleum Statistical Review of World Energy (BP) agentliklori diinyada neft vo
qaz hasilati, sorfi vo ehtiyati hagda rosmi molumatlart internet sohifalorinds oks etdirirlor. Bu malumatlar bazon
forgli olsalar da belo problemlorin gergokliklori hagda timumu fikirlorin formalagmasinda ovoz olunmaz rol
oynayir.

Sok.1.3-don bitumlu qum yataglarinin diinyada yerlosmoa cografiyasi oks olunmusdur v buradan goriiniir ki, AON
va BN yataglarinin boyiik hocmi Simali vo Conubi Amerika gitalorindadir.

/
\ f
‘;/ J ; { Avsraliya
I";; s f\"\ / -
neft slistlari-az keraanlki S & *g di' .
D neft slistlari-gox keraanli Q
' alava agw neft va bitumlu

Sokil 1.3. Bitumlu qum yataqlariin cografiyasi

Kanadanin osas bitumlu qum yataglarmin yerlosmo sxemi gok.1.4-do verilmisdir. Bu yataglarin on boyiiyii
Atabaska (Athabasca oil sands) yatagidir. Burada ehtiyat neftin migdar1 400 mlrd. m3. Digor iki yataglarda (Gold-
Lake oil sands, Peace River oil sands) ehtiyat neftin miqdar1 uygun olaraq 25,8 vo 7,5 mlrd.m3. Atabaska
yataginda orta hesabla bir glinds 1,6 min. barrel neft hasil olunur [99]. Bu Kanadada imumi neft hasilatinin 60%-
don goxudur.

Bunlarla yanagi, Kanadanin Manitob, Saskag¢ivan, Nyufaundlend vo Lablador yataqlar1 da neftls zongindir. ABS-
a ixrac olunan neftin boyiik oaksariyyati mahz son 3 yataqlarin payina diigiir.

Kanadada hasil olunan yiingiil neftin 40%-i Nyufaundlend va Labladorda yerlogan Janna Dark hovzasindadir.
Olkado bu yanacaq ehtiyatlarinin tsqrj_bs\n yarisi artiq istismar edilmisdir.

J 9

__oFdefrage
S

o VN ,,,/,/Edmonton 3,
Sakil 1.4. Kanadanin ssas bitumlu qum yataqlari
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Hazirki voziyystds Kanadanin timumi neft ehtiyatlarinin 95-97%-i bitumlu qumlar soklinds Alberta ayalstinds vo
Melvill adasinda yerlosir.

Hazirda diinyanin on aparici neft sirkatlori, eloco do Kanadanin neft nohonglori 6lkonin neft sektorunda genis iglor
aparir. Investisya yatirimlar1 boyiik ragemlorls ifade olunur. Tokca onu geyd etmok kifayatdir ki, 2020-ci ilo godor
«Eksony», «Selly», «Sevron» vo «Teksako» kimi moghur kompaniyalarin daxil oldugu konsorsium Kanadada 58
yeni yatagin manimsanilmasing, 22 mlrd. ABS dollar1 hacminds investisiya qoymusdur.

Bitumlu qumlardan neftin ayrilmasi prosesina baglanilan ilk illords boyiik masroflor talob etmasi vo bu asasda
totbiq olunan texnologiyalarin ekoloji cohatdan gonastbaxs olmamasi, bu metodla yanacagin alinmasini qeyri-
effektiv etmisdir.

Son illards diinyada tiigyan edon igtisadi va viruslarla bagh béhranlar, neftin qiymotinin formalagmasina ciddi tosir
edir. Umumiyyoatle, neftin bitumlu qumlardan sldo edilmasine yanasma torzi birmenali deyildir. Neftin giymatinin
ciddi sokilda doyigmasi vo méveud texnologiyalarin yaratdiglart postfaktum problemlar bitumlu qumlarin emalini
ciddi sokildo mohdudlasdirr.

2010-2015-ci illordo Kanada ABS-a iimumilikds 805,4 min.ton hocmida neft ixrac etmoklos, Soudiyys Orabstani,
Meksika, Venesuela vo Nigeriyan1 dtarak birinci olmusdur. Umumilikde Kanada hasil etdiyi neftin 96,7 %-ni ABS,
1,8%-ni Avropaya, 1,0%-ni CXR-na, 0,4%-ni Yaponiyaya vo 0,1%-ni iso Latin Amerikast dovlatlorine ixrac edir.
Olkado hasil olunan neftin daxilds nagli va xarici bazarlara ¢ixarilmasi genis va etibarli boru kemarleri vasitosilo
hoyata kecirilir. Olkonin on bdyiik neft komori “Enbridge Pipelines” 1950-ci ildon foaliyystdadir. Onun iimumi
uzunlugu 5363 kilometrdir vo kamorin 2306 kilometri Kanada oarazisindon, 3057 kilometri iss ABS orazisindan
kegir. Boru kamarinin mahsuldarligi 1400000 barrel/giin toskil edir.

Bu komoar Terasen komori ila birlikdo Kanada neftini asason daxili bazara vo ABS-a otiiriir. Enbridge Pipelines
komori Edmontana va Alberto ayalotlorindan hasil olunan nefti 6lkonin gorq rayonlarina vo ABS-a (Boyiik gollaro)
catdirir. Terasen boru komori iso nefti osason Alberto oyalotindon Vankuver vo Ingiltoro Kolumbiyasindaki
terminallara noql edir. Kanadanin osas neft yataqlar1 6lkonin markozi orazilorinds yerlosirlor. Burada istehsal
olunan mohsullarin naglinin intensivlosdirilmasi mogsadi ilo yeni neft komori inga edilmoys baglanilmig vo onun
birinci moarhoalesi 2010-cu ildon foaliyystdadir. Diinya boru kemarlori sisteminds bu mohsuldar xatt-“Keystone
Pipeline” adi ilo daxil olmugdur vo Atabaskanin bitumlu qum yatalarinda hasil olunan nefti ABS-in (Nebrasko vo
illinoys statr) vo Meksikanin Texas korfozindoki neft emali miiossisalorine gatdirir. Bu xattin uzunlugu 3456 km-
dir. Bu kemar vasitasi ilo illinoys hovzasinden (Bakken) neft ABS-in Montana vo Simali Dakota statlarindaki
NEZ-na 6tiiriiliir. Boru kemarinin ikinci marholosinin insaasi 2011-ci ilds istismara verilmisdir. Bu komar vasitasi
ilo xam neft Okloxomaya catdirilir. iki kamorin birge mohsuldarligi 590 000 barrel/giin toskil edir.

Bitumlu qumlarla zangin olan ikinci dovlst Venesueladir. Bu 6lks tosdiglonmis neft ehtiyatlarina gora birinci olsa
da, bitumlu qum yaraqlarinin hacmino gors Kanadadan sonraki yeri tutur.

Olkado neftin senaye iisulu il istismar1 XX asrin avvalindan (1914) baslanmusdir. Venesuelada hasil olunan neftin
20%-i Marakabio korfazindadir. ©On boylik neft yataglari Orinoka g¢ayr otrafinda: Lagunillas, Bachaquero, El
Furrial, Centro, Mulata, Lamadadirlar. Bu arazilor “Orinokanin agir neft komari” ad1 ilo taninir. Orazinin uzunlugu
434 km, eni iso 65 km-dir.

2014-2019-cii ildon 6lkads giindslik neft hasilat1 2,8-3,0 min.barrel haocminds olmusdur. Venesuelanin daxili neft
ehtiyaclar1 500-550 min.barrel/giin toskil edir. Diinyanin aparici neft sirkotlorinin Venesuelada boyiik maraqlari
vardir vo bu maragqlar yatirimlar soklinds 6z hallini tapmaqdadir. Bu sirada “BP Amoco”, “ExxonMobil”, “CNPC”,
“Conoco”, “Occidental”, “Pennzoil”, “Phillips”, “Repsol-YPF”, “Shell”, “Statoil”, “TotalFina”, “Veba Oel”,
“Texaco”, “Union Texas” eyni zamanda Italiyanin “Eni”, Ispaniyamin “Repsol”, Hindistanin “Oil India” vo
digearlorini gostarmak olar.

Bitumlu qum vo agir neft ehtiyatlarina goro Rusiya éndo olan dévletlordon biridir. Olkenin iimumi neft ehtiyatlari
33 mlrd.ton toskil edir vo bunun 30 mird.tonu AON vo BN payina diisiir.

Olkonin osas bitumlu qum yataqlari Timan-Pegorsk (808 mln.ton), Volga-Ural (4094,5 min.ton) vo Sorgi Sibir
(20770 min.ton) ayalatlorinds yerlosir. Bunlarla yanasi Simali Qafqaz, Tatarstan, Mariy-EIl vo Komi respublikalari,
Xanti-Mansiysk, Kirovsk, Arxang va Ulyanovsk vilayatlori do bu resurslara malikdirlor.

Volqga-Ural vo Qarbi Sibir regionunun 70%-indan ¢oxu agir neft yataqlari ilo zongindir. Agir neft yataglar1 asason
Tatarstan vo Bagqirtstan respublikasinin orazisindadir. Bu reqionlarda neft ehtiyatlarinin tam hacmi haqgda bir
monali moalumat yoxdur. Lakin, Tunqussk yataginda bitumlu qumlarin ehtiyati miioyyon edilmisdir-51,0
mird.barrel.

RF-in bitum yataqlarmin iigds birindan coxu (taxminen 35-36%) Tatarstanda yerlosir. Burada 450 sayda AON vo
BQ yataqlart mdvcuddur. Umumilikdo Tatarstanda agir neft vo bitumlu qum yataglarinin ehtiyati 1,5-7 mird.tondur
Vo bunlardan on boyliyii Asalginsk yatagidir.

Hal-hazirda RF-da neft ehtiyatlarmin 77%-i “THK”, “lOKOC”, “JIYKOMJI”, “Cyprytuedreras”, “Pocuedts”,
“TatHedts”, “CubHedTH”, “Cunanko”, “CnaBuedts”, “BamnedTs” vo “T'azmpom™ kimi iri girkatlor tarafindan
islonilir [7].
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Diinyada iri neft hasil vo ixrac edon 6lkalordon biri do Amerika Birlogmis Statlaridir. 2015-ci ido 6lkanin bu
yanacaga olan tolobatinin 39%-i ixracat vo 61%-i daxili imkanlar hesabina tomin olunmusdur. ABS-in neft
ixracinin 15-20%-i orob dévlotlorinin, qalani iso Soudiys Orobstani, Venesuela, Nigeriya, Iraq, Norvec vo
Angolanin payna diigiir.

2008-ci ildon baslayaraq ABS-da YON-Io yanas alternativ neftdon (slans nefti) istifadonin soviyyosi bes dofadon
¢ox artmmgdir. Tokco 2015-ci ildo 6lkonin on iri yeddi slans neft yatagindan giindslik olaraq 5,0 min.ton (8,6
min.ton YON gars1) hasil olunmusdur.

Neftin giymatinin agagi diismasi slans neftinin vo qazinin istehal hocmini azaltsa da bu enerji vasitolori 61kanin
YEK-do aparici rol oynayir.

Kegmis Sovetlor Ittifaginda RF-dan sonra bdyiik bitumlu qum yataglar1 olan 6lko Qazaxstandir. Bu élkonin
yataglarda neft ehtiyatlarimin hacmi 0,96-1,0 milrd.tondur. Qazaxstanin arazisindo 50-don artiq bitumlu qum
yataqlar1 agkarlanmigdir [8,9]. Bu alternativ yanacaq ehtiyatlarina goro Venesuela vo Kanadadan sonra diinya
miqyasinda tgiincii yerdadir. Hal-hazirda 6lkonin tobii bitum ehtiyatlart 125-350 mln.ton, bitimlu qum — 20-25
mird.tondur.

Ogor Kanadada bitumlu qumlarin emalinda tatbiq olunan texnologiyada boyiik hacmds sudan istifado edilirso
Qazaxstanda bu tisulun totbigi igmoli su qithig1 sobobindon mévcuddur. Burada bitumlu qumlarin emalinda fargli
texnologiyadan istifado olunur. Belo ki, burada bitumlu qum 4000C temperatura godor qizdirilarag onun
torkibindan ayrilir.

Azorbaycanin tosdiq olunmus neft ehtiyatlart 7,0 mlird.tondur. Buna baxiglar birmenali deyildir [10,11].
Azarbaycanin bitumlu qum yataqlar1 vo agir neftin hocmi Kanada, Venesuela, ABS, CXR, Nigeriya vo Qazaxstanla
miiqayisodo Kigik olsa da, yanacaq ¢atismamazIigi zamami etibarli alternativ enerji monboayi kimi olduqca giiclii
bir faktora ¢evrilo bilar.

Azaorbaycanin bitumlu qum yataqlarinin bir qismi yerin dorin qatinda yerlasir vo bazilori iSo birbasa torpagin iist
gatina ¢atmaqla zoaif qum vo bitki ortiiyiiniin altindadirlar.

Bu yataglar asason Abseron-Qobustan rayonlar1 orazisinds yerlogirlor. Bundan basqa Salyan, Agstafa rayonlar
orazisinds do bitumlu qum yataqlari movcuddur. Bu orazilords quyular vasitssi ilo ¢ixarilan neftdon basqa
yataqlarda ¢ixarilmasi miimkiin olmayan kiilli miqdarda galiq neft ehtiyatlari, eloco do YS vardir [12]. Neft
yataglarini on yeni texnika vo texnologiya ilo istismar etdikds belo miixtslif sobablordon yataglarda neftin daha
boyiik hissasi galir. Bu neftlor yiiksok ozliiliiyi, torkibinds bitum vo qum faktorunun miqdarina géra forglanirlor.
Abseron yarimadasinda yer sathina ¢ixan halo gadim zamanlardan ag1q, surflar vo quyular iisulu ils istismar edilon
Qirmaki yataginda da boyiik neft ehtiyati ¢ixarilmadan qalmigdir. Cadval 2-do Azaorbaycanin bitumlu qum
yataqlar1 vo orada olan neft ehtiyatlar1 gdstorilmigdir. Goriindiiyli kimi 6lkads an bdyiik bitumlu qum ehtiyati
Qirmaki yatagina diisiir. Bu yataqda tasdiglonmis neftin hacmi 51200000 tondur.

Cadval 2.
Azorbaycanin bitumlu qum yataqlari

Ne Yatagin sahosi, Yatagin 1 m3 siixurda Neft ehtiyati,

Yatagin adi min. m2 qalinhigi, m | neftin miqdari, min t

kq
1 Qirmaki 190 148.47 51200,0
2 Ziyilpiri 520 41 92,5 1972,1
3 Subani 250 20 74,5 372,5
4 Caydors 4509,7 56,2 132,5 33581,5
5 Nardaran axtarma 3100 16,0 229,3 11363,3
6 Qurqislaq 540 16,1 155,8 1354,5
7 Ayrantokon 1530 44,5 117,1 7973,4
8 Boridas 1200 65,0 105,0 8190,0
9 Qlig 980 26,0 170 4331,0
10 Rohim 1112 49,0 74,8 4075,7
11 Solaxay 1362 17,1 99,7 2322,0
Comi: 126736,6

Qirmaki yatagi assimmetrikdir. O sorqds 28-46° vo gorbdas iss 62-80° altinda yerlagon saxslors malikdir. Yatagin
bitumla zangin hissasi Balaxani-Sabungu-Romani sahslorins diigiir. Balaxani1 kandinds yataq yerin {ist qatina gixir
[7]. Yatagin miixtalif sahalorinds qumlarin neftlo doymasi genis intervalda (6,75-29,2)% dayisir.

Umumiyyatlo, Qirmaki yatagi yer sothine gox yaxindir. Onun qaliligi 0,5-6 metr, orta qalinliq iso 3-4 m toskil
edir. Yataqda agilis amsali K=0,02-0,002 m3/m3 oldugundan onun agiq tsulla istismari samoraliliyi tasdiq
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olunmugdur. Cox toassiiflo demok lazimdir ki, Qirmaki sahasi XIX asrin ortalarindan baslayaraq, miixtslif tisullarla
Vo intensivlikls istismar edilmisdir. Hor dofs ekoloji tohliikosizlik va straf miihitin qorunmasi problemins ikinci
daracali masals kimi baxilmigdir.

Bitumlu qumlardan neft ayrilmasin1 hayata kegiron ilk qurgu Azorbaycanda layihslondirilmis ve bu yatagda
istifado olunmusdur. ilkin noticolords siixurlardan neftin ayrilmasi 52,1% toskil etmisdir. Karyerin foaliyyat
gostardiyi dovriin tahlili naticasinds neftli qumlarin ¢ixarilmasinda va nagl edilmasi prosesinds imtina va gozalarin
sayinin az oldugu miioyyon edilmisdi.

Bitumlu qumlarin ¢gixarilmasinda karyer vo saxta tisullarindan istifads olunur. Bu vs ya diger iisulun se¢imi bir sira
faktorlardan, o ciimlodan, yatagin qurlusundan, oradaki mohsulun fiziki-kimysvi xassslarindan, arazinin cografi
movqgeyindon, movcud infrastrukturdan va s. asilidir.

Karyer iisulu dayaz yataglardan (50-70 metr dorinliys godar) bitumlu neftlorin hasilatinda istifads olunur. Usulun
mahiyysti ondan ibarotdir ki, yatagin iist qat1 agildiqdan sonra mexaniki vasitalordon istifads etmokls mohsul
¢ixarilir vo separasiya yolu ilo onun torkibindoki qum bitumdan ayrilir. Bunun ii¢iin xiisusi qurguda tytidiilmiis
qarigiq isti (70-90 0C) su ilo yuyularag bitum vo qum fraksiyalarina ayrilirlar. Alinmig bitum emal miiassisasine
gondorilir vo burada “sintetik neft” — SynCrude alinur.

Bu iisuldan istifadods yiiksok kapital qoyulusu talob olunmur vo neftverms omsali digorlori ilo miiqayisads (65-
85%) ¢ox yiiksokdir. BQ-nin bu iisulla ¢ixarilmast istiqamatinds fundamental todgigatlar Kanada vo RF-da aparilir.
Son zamanlar RF-da “sintetik neftin” alinmasi istigamotinds elmi-tadqiqat islori xiisusi viisot almaqdadir. Bu
sirada Moskva Energetika Institutunun bitumlu qumlarin vo slanslarin emali ii¢iin layihalondirdiklori va istismara
verdiklori YYT-3000 qurgusunu gostarmak olar. Qugunun komayi ilo BQ-dan va AON-dan alinan “sintetik neftin”
maya dayari 15-25, maksimal olarag 30-40 ABS-dollar1 saviyyasini agmayacaqdir.

Karyer iisulunun miisbat vo manfi taraflorini giymotlondirarok bozilorini gostormayi vacib bilirik:

-Yatagin islonmasi Vo mahsulun hasilati ilo bagli iqtisadi effekt olduqca forqlidir. Alinan sintetik neftin maya doyori
2-3 dofos azdir.

-Karyerlards isloyan fohlolarin amok mohsuldarligi yeraltt madonlordo islayan fohlalorin amok mohsuldarhigindan
3-7 dofo ¢oxdur.

-Karyerlorin ingaasi vo istismara verilmasi ilo bagli islor saxta tisulundan siiratlidir.

-Neftli qumlari ag1q tsulla istismar etdikdo yatagin ehtiyatinin 94-96% ¢ixarilmasi vo gixarilmig qumlardan neftin
100% ayrilmast miimkiindiir.

-Istismar prosesinda tohliikasizliyin tamini forgli derocads yiiksokdir.

Saxta tisulu iki novds hayata kegirilir:

-tunel vasitasi ilo mahsulun yer sothins ¢ixarilmasi, sonradan onu emal etmoaklos neftin alinmasi (200 metr darinliys
gadoar);

-saquli va ya horizontal quyular vasitssi ilo mohsuldar laya termiki tosir gostormoklo (400-800 metr dorinliys
godoar). Bu iisullardan istifado etmoklo mohsuldar layin neft verimini 45-50%-o ¢atdirmaq miimkiindiir.

Termiki tosir prinsiplori “isti” vo “soyuq” olmagqla iki yera boluniirlor [66, 67, 68, 69, 70, 71]:

- SAGD (steam assisted gravity drainage) — buxar gravitasiya drinaj;

- CSS (cyclic steam stimulation) — tsiklik buxar tasiri;

- THAI (toe-to-heal air injecton) — lay daxilinds yanma;

- CHOPS (Cold heavy oil production with sand) — “soyuq” hasilat;

- VAPEX (Vapor Extraction) — buxar miihitinds kimyavi halledicilarden istifads etmo;

- SAP (Solvent Aided Process) — halledicilar slave etmokls;

- CAPRI (CAtalytic upgrading PRocess In-situ) — istehsal prosesinds katalitik modernloma.

- N-Solv (New solvent method) — yeni holledici tatbigq etmokls.

Agir 6zIikli neftlorin va bitumlu qumlarin ¢ixarilmasinda innovasion texnologiyalar.

Bitumlu qumlardan neftin ¢ixarilmasi ti¢lin miixtalif isullardan (fiziki, kimyavi vo S.) va halledicilordan (benzin,
kerasin, dizel yanacag1 vo s.) istifads edilmoasi molumdur. Azarbaycan Dovlat Neft vo Sonaye Universitetindo vo
onun nazdindaki “Neftin, gazin geotexnoloji problemloari vo Kimya” ETI-do genis elmi-todqiqat islori aparilir [13-
17]. Boyiik maraq doguran tadqiqat islorinin birindo milliflor [13] bitumlu qumlarin karbohidrogenlordon
tomizlonmasi liglin yeni reagent (torkibinds 3%-o godor natrisilikat (Na2SiO3 ), 0,20% kanifol, nanohissacik vo
galan hissasi su) toklif edirlor. Reagent yiiksok sothi aktivliyi vo nefto qars1 hidrofil xassalori ilo segilorok onda
sathi garilmani azaldir v bitumlu qumlardan neftin ayrilmasina ciddi kémaklik edir.

Apartlmig eksperimentlarlo miiayyan edilmisdir ki, nanotarkibli reagentdsn istifade etmoklo bitumlu qumlarin
yuyulma daracasini 85-87%-don 93-95%-o godar yiiksaltmok miinkiindiir.

Belolikla, apardigimiz todqiqat islori agsagidaki naticalora galmays imkan verir:

1. Bitumlu qumlarin vo agir 6zliikli neftin hasilati diinya bazarinda formalagan qiymatlorden ciddi gokilds asili
olmasina baxmayaraq, bu yanacaq novlari alternativ, geyri-ananavi enerji monbasloari sirasinda an 6nomlilarindan
hesab edils bilor. Bitumlu qum yataglarinin islonmasi texniki, texnoloji vo ekoloji cahatdan oldugca miirokkabdir
Vo boyiik maliyya masraflori talob edir.
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2. Olkenin quru orazilorinde yerloson neft yataqlari sonuncu istismar morholosindadir vo bdyiik miqdarda (155-
160 min.ton) agir neft vo tobii bitum ehtiyatlarina malikdirlor.

3. Miisyyan edilmigdir ki, agir 6zlikli neftlorin vo bitumlu qumlarin ananavi neftlordan torkibi, fiziki-kimyovi
xassalori va yerlogdiklor kollektorlarla qarsihigh slagelari oldugca forglidir. Bu sababdon onlarin ¢ixarilmasi vo
emal1 proseslorinds ononovi neftdoki texnologiyalardan istifado oluna bilmoaz. Bunun ii¢iin yeni innovasion
texnologiyalarin totbiqi miitlaqdir.

4. Bu yataqlarin igslonmasi kompleks tadbirlarin, o ctimlodan geoloji tadqiqatlardan baglayaraq, srazinin istismara
hazirlanmasi, miitoraqqi texnologiyalarin segilmosi, bu osasda miivafiq avadanliq va texniki vasitalorin
milayyanlogdirilmasi, hasil olunan mshsulun nagli, emali va saxlanmasi kimi faktorlar nazars alinmalhidir.

5. Azorbaycanin Abseron-Qobustan rayonlari srazilorinds yerlogon on bir qum yataginin @imumi ehtiyat1 126736
600 ton togkil edir. Qirmaki yataq: bu sirada 6z hacmina gora segilir. Yatagin geoloji qurlusu, mohsuldar gatin
dorinliyi va digar amillor onun agiq karyer tisulu ils islonmasine asas verss do, bu rayonda asrlorlo miioyyanlogmis
tarazliq voziyyatinin pozulcagi, otraf miihitin ciddi sokildo ¢irklonmo tohliikasini nazers alaraq bu iisul arzu
olunmazdir.

ODOBIYYAT

1. Vcnenckuit b.B. Hayqno-MeToan4eckre OCHOBBI MOMCKA, Pa3BEIKH U OCBOCHUS IPHPOIAHBIX OUTYMOB.
ABTopedepaT auccepTaluy Ha COMCKAHUE YUYEHOH CTENEHU JOKTOP Ie0J0ro-MHUHEPATOTHIECKHX HayK,
M.: 2005.

2. Tompnoepr U.C. Mpupogusie 6urymer CCCP: (3akoHOMEepHOCTH (OPMHPOBaHUS T pasMmemeHus). Jl.,
1981. -195c.

3. MamaxaroB T.M. burymuno3nsie necku B Cubupn M MX 3HA4E€HHE A TOIUIMBHO-YHEPI€THIECKOTO
KomIutekca crpal mupa // Matepakcno I'EO-Cubupp-2014. X MexnyHap. Hayd. KOHTP. U BBICTaBKa, 8-
18 amp. 2014 r., r. HoBocubupck: MexayHap. Hayd. KoH®. "DxoHOMHueckoe pa3surue Cubupu u
HamsHero Boctoka. DOKOHOMHMKAa NIPUPOAONOIB30BAHUS, 3EMJICYCTPOHCTBO, JIECOYCTPOMCTBO,
yIpasjeHue HeaBKuMocThio": CO. maTepuanos B 2 T.. — 2014. — T. 1. — C. 116-120

4. MamaxaroB T.M. burymuHo3Hble necku B Cubupu M MX 3HaU€HHE JJI TOIUIMBHO-IHEPreTHYECKOTO
KoMILIeKca ctpaH mupa. MaTepakeno ['eo-Cubups, BemmyckNe 1/ Tom 3 / 2014.

5. https://polymus.ru/ru/pop-science/blogs/channels/himiya-buduschego /11077/ HoBble uctounuku nepru
U ra3a. BUTyMHUHO3HBIE TTECKH.

6. OdenmueBa 3./x. MupopmManmoHHBI CHPaBYHHK O MECTOPOXKICHMAX IIOJIC3HBIX HMCKONAEMbIX

Azepbaiimkana «AI'YHII» baky:2016, ¢.56, crimc.mut. 21-Ha3B

Hanunosa E.A. Tsokenas nedts Poccun // The Chemical Journal. 2008. Ne 12. C. 34-37

Hanmupos H.K. Hedtsb n ra3z Kazaxcrana / Anmarsr, 1995. Y. 2. - 400 c.

Hamupos H.K. HedTeOutymunosusie nopoasl. Anmatsl, 1982, 210ctp.

3anacoB HedTH U raza B Asepbaiimkane xsatut Ha 70-80 set. http://ru.oxu.az/economy/23408

Doxkyuaer LA, Ecmn B Poccun " AzepOaiixane 3aKOHYHUTCS HedTh.

http://inosmi.ru/economic/20160328/235882063.html.

12. AnueB A. IlpupoxmHble OMTYMBI M TOpIOYHME CJIAHIBI - ajgbrepHatuBa HedTH. MH(DOpMaMOHHBINA
oromuterenb «Hedth u ra3y //IIpesunenrckas budmmorexa AP Nel(5), 2010.C.10

13. barupos M.K., CagmpiroBa T.HO. K Bompocy wu3BjiedeHUs yIrIIEBOJAOPOIHBIX KOMIIOHEHTOB U3
OWTYMHMHO3HBIX M CIIAaHLIEBBIX IecKoB./ Esxemecsunblil HayuHbIH sxypHan "Prospero” Ne 11 (23) / 2015.
C.19-21.

14. Canmproa T.HO. IlpuMeHeHHME HAaHOTEXHOJIOTHH B IIpollecce U3BJICUCHMS YIVIEBOJOPOJOB U3
OouTymMuHO3HBIX TeckoB. COopuuk crateli LIHC “MexayHaposHple Hay4YHbIE HCCIEJOBaHMSA  TI0
Marepuanam | X MexayHapoJHOW HAayYHO-TIpakTHUecKod KoHpepeHun: «IIpobaemMbl ¥ NEpCIEeKTUBBI
coBpeMeHHOM Haykuy», Yacts 1, r.Mocksa:“ISI-journal”, 2016. — C.99-102.

15. CagpiroBa T.FO.CocTostHre M EPCIIEKTUBBI Pa3pabOTKH HETPAAWINOHHBIX TOTUTUBHO-YHEPTETHUECKUX
MecTopoxaeHn! AzepOaiimkxana. MexorpacneBoi nHCTHTYT «Hayka n obpasoBanue» EjkeMecsdHbIN
Hay4HbIH xypHan Ne 5 (23) /2016, ¢.10-12.

16. Oliyev E.N., Sadiqova T.Y. Bitumlu qumlardan neftin qaz torkibli karbohidrogenlarls ¢ixarilmasinin
innovasiya texnologiyasina dair. Azoarbaycan Neft Tosarriifat, Nel, 2017 3s.

17. barupoe M.K., CapnpiroBa T.IO. VIHHOBaUMOHHBIE TEXHOJOIMM NpPU H3BJICYEHUM HEePTH U3
OUTYMHHO3HBIX TopoJ./ O00opyIOBaHHE M TEXHOJOTWH Ul HedrerazoBoro komuiekca, Mocksa, Ne5,
2016.

18. CagpiroBa T.HO. I[IpuMeHeHHe HAHOTEXHOJIOTHII B MPOLIECCE U3BJICYCHUS YIJICBOJOPOJOB U3
OUTYMUHO3HBIX TIecKOB. |X MexnyHapoaHas HaydHO-TIpakTHUeckas KoHdepeHuus, «I[IpoGiembr u
MEepCHEeKTUBBI COBpEMEHHOM Hayku» Mocksa, Ne9, 2016, 4 C.

2 © 0o~
o ©Y®:

AVADANLIQLAR, TEXNOLOGIYALAR, MATERIALLAR 63




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

VOLUME 03 ISSUE 01 2020

ANALYSIS OF THE CURRENT STATE OF OIL PRODUCTION FROM TAR SANDS

T.Y.Sadiqova
Azerbaijan State University of Qil and Industry
Email: tarana_sadigova@mail.ru

ANNOTATION

The article gives an analysis of the current state and prospects of using tar sands as an alternative source of energy
and innovative technologies for their extraction.

Keywords: Tar sands, heavy oil, alternative energy source, innovative technology.

NPUBJIWKEHHOE PEINEHUE BbIHYKJIEHHBIX KOJIEBAHUM
HEOJHOPOJIHOM BAJIKH IIPU BUGPAIIMOHHOM HATPY3KE

1B. T'.Anues, ?T.C.Cyneiimanos
Bananno-Kacnuiickuii Yuusepeurer,
2Asepbaiimxanckuii locynapereennsiit Yausepcuter Hedru u [IpoMBIITIIEHHOCTH

E-mail: %tahir_suleymanov@list.ru

64 EQUIPMENT, TECHNOLOGIES, MATERIALS




ISSN: 2663-8770: E-ISSN: 2733-2055 4‘

CiLD 03 BURAXILIS 01 2020 E F

AHHOTALUS

B crartbe paccMmaTtpuBaeTcs NPHOJIMKEHHOE PELICHUE BBIHY)KICHHBIX KOJICOaHMH HEOIHOPOIHOW Oaiku Hpu
BUOpAaLMOHHOM Harpyske./3BeCTHO, NpH U3TOTOBJIECHWHU 0ajlOK — IUIUT B 3aBUCUMOCTH OT TEXHOJOTHYECKOTO
mpouecca W psAAa  APYrHX IIPUYMH MEXaHWYECKHE CBOWCTBAa CYIIECTBEHHBIM 00pa3oM 3aBHCSAT OT
MIPOCTPAHCTBEHHBIX KOOPAMHAT TouyeK Tena. [l naHHOM Oankyd C MOCTOSHHBIM IONEPEYHBIM CEUCHUEM
coctapisieTcst AnGepeHIaIbHOEe YpaBHEHHE B YaCTHBIX HPOW3BOJHBIX, Jajee 3TO ypaBHEHHE pPEIlIaeTcs
MIPUOIMKEHHBIM METOIOM. B KOHIIE HaX0UTCS CBS3b MEXKTY BBIHYXICHHOW M COOCTBEHHON YacTOTHI.
Karouesnle ciioBa: BoiHyxaeHHas koneOaHus, 0JHOPOJHAS OajKa, BHOpALMOHHAS Harpy3Ka, MOIyJb YIPYTOCTH,
BBIHYK/ICHHAS YacTOTa, COOCTBEHHAst 4acToTa, MeTox byOHOBa-I"anepkuna

XULASO

Moqalods .vibrasiya yiikii noaticosindo geyri bircins tirdo yaranan macburi rogslorin togribi tsulla hoalling
baxilir.Malumdur ki, tirlorin hazirlanmasinda texnoloji proseslorin va digar sobablarin tesirindon onun mexaniki
xassalori osas olaraq cismin fozada tutdugu koordinatlardan daha ¢ox asilidir.Sabit en kasiyino malik verilmis tir
tiglin xiisusu tortibli diferensial tonlik tortib olunur vo homin tonlik toqribi {isulla holl edilir.Sonda moxsusi vo
xuisusi tezliklor arasinda olago tigiin formula toklif olunur.

Acar sozlar: Mocburi ragslar, bircins tir, vibrasiya yiikii, elastikliq modulu, macburi tezlik, xiisusi tezlik, Bubnov-
Qalerkin tisulu

ABSTRACT

The article takes an approximate solution of the forced vibrations of a non-homogeneous beam under the vibration
load. It is well known that in the production of technical plates, due to the technological process and a number of
other reasons, the mechanical properties depend largely on the spatial coordinates of the body points. The partial
differential equation is compiled for a particular beam with a fixed cross section, then this equation is solved by
an approximate method. Finally there is a relationship between forced and natural frequencies.

Keywords: Forced vibrations, homogeneous beam, vibration load, elastic modulus, forced frequency, natural
frequency, Bubnov-Galerkin method.

Kak m3BecTHO, IpH U3TOTOBICHUN 0AJIOK — TUTAT B 3aBUCHMOCTH OT TEXHOJIOTHIECKOTO MPOoIecca U psia APYTHX
MIPUYHH MEXaHUYECKUE CBOICTBa CYIIECTBEHHBIM OOpa3oM 3aBUCAT OT MPOCTPAHCTBEHHBIX KOOPAWHAT TOYCK
tena. Cro1a MOXKHO OTHECTH MOJyIb yipyroctu E, koadduruent [Tyaccona v u yaenpHyo miotHocts  p [1].
VYkazaHHble BBIMIE 3(PGEKTH CYIIECTBEHHBIM 00pa3oM BIMAIOT Ha TOBEICHHE JJIEMEHTa KOHCTPYKLUHHU INPHU
BHOpAIIMOHHOW Harpy3ke. B naHHON pabote Oyaem mpemnoyarath, 4To JaHHas Oalika SBIISETCS C TMOCTOSTHHBIM
MIOTIEPEYHBIM CEYCHHUEM U UMEET MECTO:

E = Eof(x); p = poP(x); v = const. 1)
3neck Eg, py COOTBETCTBYIOT OJHOPOAHOMY citydaro, pyHKIms f(X) co cBOMMHU TPOU3BOIHBIMH, a Y (X) SBISETCS
HETIpepHIBHOH (hyHKIMEH.

HuddepennmanbHoe ypaBHEHNE ABWKEHUS B JAHHOM citydae (0e3 ydeTa CONpOTHUBIICHHS BHEIIHEH CpeJibl) UMeeT
cIeIyIOUINi BUIL:
0*w

Froa —q(x) sinwt (2)

92 92 5
F) [f(X) ﬁ] +m yY(x)
3necs m* = poEgt; q(x) = q(E™
VpaBHeHHe (2) MOXET OBITh PELICHO OJAHMM M3 NPHOJMKCHHBIM aHATUTHYSCKUM METOAOM. B naHHOM ciydae
OyJeT IPUMEHEHO METO]] pa3/IeliCHHs IEPEMEHHbIX, ¢ AaTbHEHIINM HCIIONB30BAHUEM METO/a OPTOrOHAIU3ALIUH
ByOHnoBa-I"anepkuHa.
Bynem u3ydars ycraHoBuBIIHECs Konebanus. B atom ciydae W (X, t) MOKHO BBIOpPATH B CIICAYIOLIEM BHJIE:
W(x,t) = V(x)sinwt 3)
3nech V(X) — yIOBJIETBOPSIET COOTBETCTBYIOIINE KPAEBHIE YCIIOBHSL.
Ioxcrasinsas (3) B ypaBHEHNH (2) TOTYIHM:

100 Y] 4+ m2w 002V = —qe0 4
2 (X@ m*P(x)0*V(x) = —q(x (4)
Oyuknus V(x) OyaeM IPUHAMATLCS B CIELYIOIIEM BHIE:
n
Ve = ) a0 (5)

i=1
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3nech u3 @;(X) yIOBIETBOPAET COOTBETCTBYIONIMM KPAEBBIM YCIOBHSIM.
[oncrasnss (5) B ypaBHeHUE (4) MOTYUUM:

[f(x)z 20| — MO0 Y 2 () = ~q(). ©)
i=1 i=1

Ha ocuoBe metona byOHOBa-I anepkinHa MOKHO HAITHCATh:

] n " n ]
j; {[f@;ai@@ —meZqJ(x);acpl(x)]cpx(x)dx=— f AW @dx . (7)

B wactHOCTH 111 COOCTBEHHBIX KOoJeOaHuid ypaBHeHNUE (7) IPUHIMAET CIICIYIOIINI BHUI:

1 n " n
f iPi - 2?2 1 % d =0 . 8
foﬂ (x);acp(x) M w(x);acp (x)}cp () dx ®)

Otcroa MOKHO TMOJYYUTh 3HAYCHUE KBaJpara COOCTBEHHOTO 3HAUEHMsS M3 CHCTEMBI JIMHEHHBIX OJHOPOIHBIX
anrebpandeckux ypaBHeHni. Hanpumep, 11t mepBoro npuOIMKeHHUs MOTyduM:

LIEGO@Y (0]dx

0l =0 )
2 2
m2 [T (g2 ()dx
A JJIsL yCTaHOBHBHIerOC;{ BBIHy)KZ[eHHOrO KOHC63HI/I5[ B HepBOM HpI/I6J'II/I)KeHI/H/I 6y£[eM HNMCTD.
1 1
f {9} (01" — M0, (0} (x)dx = j 4 @9, (Ddx ,
0 0
HJIN KE

1 " 1

LI 00 00dx | Jy b (O o)

1 1 '
m? [ ye2(0dx  m? [ (0@ (0dx
J1g wnmrocTpanuy pacCMOTPUM JIBYXOTIOPHYIO 0ajKy MOCTOSHHOTO CEUEHHS, B TOM CITyYUH q=

%, fx) =1+exl™} @ (x) = sinn—LX.

[Moxcrassisist 3t cootHomenus B (10) nonyuum, yuursiBas €€[0,1]

1 _ m?2 . nx) . T
fo {(1 +ex1™t) — (T) smT} sin T xdx q fol sin%xdx
w? = . ) + po 1 T, . (1D
m? fo(l + pxl~1)sin? (T) xdx Effo(l + pux171)sin TX
U3 (11) mpu € = 0, mony4uM pelieHre aHaJOrMYHOW 3a/lauy, KOraa 0ajnka HEOIHOPOJHA TOJBKO IO yIeJbHOM
IINIOTHOCTH:

m* . ,m 1. m
, (T) Jo sin® Txdx q J, sin 7 xdx
(,L)p = . 2 + 1 Y . (12)
m? [ (1 + pxl=1)sin? (T) xdx  Po J,(1 + pxl=1)sin T xdx
Ipu p = 0; € # 0, MOMy4nM pelIeHHe aHATOTHYHON 3a/[auk JUlsl Cilydasi, KOr/Ja MaTepua Oajlku HEOJHOPOJIEH
TOJILKO MO MOJIYJIK0 YIPYTOCTH:

1 _ )\ . mwx]*) . om
Jo {[(1 + exl™D) <—1—2> smT] }smedx qfol sin%xdx
+

2
Wg = (13)
m? fol sin? %X Po fol sin? %xdx
Ipu p = 0; € = 0, To TOTIA MOJIYYUM pEIICHHE aHAIOTUYHON 3a4a49H JUIS OTHOPOIHOM OalIKu:
4
, (%) fol sin%xdx qfol sin%xdx
Wo=—— T —w_ Tin? T ed
m? [ sin? Tx  po J sin? T xdx
HIIH Ke
™+ E
W3=(7) —+a (14)
17 po Po

N3 cootrnomrenutii (9) u (10) momy4dum CBsI3b MEXTy KBAaAPaTOM BBIHYXICHHOW W COOCTBEHHOM
YaCTOTHI B CIICAYIOIIEM BUJIC:
1
q(x)p; (x)dx
w? = @? — @k = fol ! , (15)
m? f () 2 (x) dx

pu q = const, u3 (15) moxydum:
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1
w? _% _ flO(Pl (x)dx (16)
Po m? [ y(x)p? (x)dx

Jns ciy4as korna P(x) = 1+ pxl™t u @(x) = Sin$x ¢dopmyna (16) npuHUMaET clieTyIOMHUH BU:

1. T
[ sin +xdx
2 _do_ 1 0" 1 = (17)
Po. m? [ (1 + pxI~*)sin® T xdx
PacKpbIBast MHTErPAIIbl B KOHEYHOM HTOTE TOTYYHM:
2 _ o 4
W= " (18)
Po 4+u

Ha puc. 1. moka3san rpauk 3aBUCUMOCTH w2 OT (L.

Q
VI..
D
Q

00000,
0339806
L1l | R |
T T T /

0.2 -

Puc.1
U3 rpaduka BHIHO YTO, IPH yBEIMYEHUH |, W PACTeT B JJaHHOM ciydae.A u3 ypasHenue (18) BUIHO 4TO, TIpH
2
qo =0, w* =0.
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APPROXIMATE SOLUTION OF FORCED OSCILLATIONS OF AN
INHOMOGENEOUS BEAM UNDER VIBRATION LOAD

!B.H.Aliyev, T.S.Suleymanov

West Caspian University

2Azerbaijan State Oil and Industry University
E-mail: 2tahir_suleymanov@list.ru
ABSTRACT

The article takes an approximate solution of the forced vibrations of a non-homogeneous beam under the vibration
load. It is well known that in the production of technical plates, due to the technological process and a number of
other reasons, the mechanical properties depend largely on the spatial coordinates of the body points. The partial
differential equation is compiled for a particular beam with a fixed cross section, then this equation is solved by
an approximate method. Finally there is a relationship between forced and natural frequencies.

Keywords: Forced vibrations, homogeneous beam, vibration load, elastic modulus, forced frequency, natural
frequency, Bubnov-Galerkin method.
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UCTOPUSA PA3BBUTUA YCTAHOBKH TEPMUYECKON OBPABOTKH
HACOCHBIX HITAHI'

3.A. Anues
AzepOaiimxanckuii 'ocymapcTBenHslit YHUBepcuTeT Hedru u [IpoMeiuieHHOCTH
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AHHOTALIUA

[IpoBeneHHbIE KOHCTPYKTOPCKO-TEXHOJOTUYECKHE HCCICIOBAHUS M  ONBITHO-IPOMBIIIJICHHBIE HCIBITAHUS
000pyIOBaHUS TIO3BOJIIN pa3paboTaTh TEXHOJOTHMYECKUA yCTAHOBKH JJISl MTOBBIIMICHUE MPOYHOCTH HACOCHBIX
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LITaHT, IPUMEHSEMBIX JUIsl 0ObIYM He(TH Ha TITyOOKMX CKBa)XMHAX. PazpaboTaHHOE 000pyIOBaHHE IO3BOJISET
YIPOYHEHUIO HACOCHBIX LITAHT ITyTEM IMOBEPXHOCTHOM 3aKaJIKH IITaHTI TOKaMH BbICOKO# YacToTsl(TBY).
KaroueBnie cioBa: Hacocubie mranru, TBY, Tepmudeckas 00paboTka, 3aKalika MITaHT, 3aKaJOYHOE YCTAaHOBKA
HACOCHBIX IITaHI, YCTaJOCTh MeTajula, YacToTa, OXJAXKAECHUE, HHIYKTOP, KOPPO3UOHHOE -YCTaJOCTHAs
IIPOYHOCTb.

XULASO

Aparilan konstruktor- texnoloji todgiqatlar1 aparilmasi noticasinds dorin quyularda neft hasilati {i¢lin istifado
olunan nasos stanglarinin sothinin moéhkemliyini artirmaq {igiin texnoloji qurgunun layiholondirilmasi vo
hazirlanmasm tolob edirdi. Illorlo inkisaf etdirilmis qurgu yiiksok tezlikli corayan (YTC) ilo dorinlik nasos
stanglarinin sothini sartlosmoys imkan verir.

Acar sozlor: dorinlik stangkari, YTC, termiki emal, stanglarin tablandirilmasi, nasos stanglarimin tablandirma
qurgusu, metalin yorgunlugu, tezlik, soyutma, induktor, korroziya-yorgunlugun borikliyi.

ANNOTATION

Conducted design and technological studies and pilot tests of the equipment made it possible to develop a
technological installation to increase the strength of the sucker rods used for oil production in deep wells. The
developed equipment allows hardening of sucker rods, surface hardening of rods with high-frequency currents
(TVH).

Keywords. Pump rods, TVH, heat treatment, hardening rods, quenching installation of sucker rods, metal fatigue,
frequency, cooling, inductor, corrosion and fatigue strength.

AKTyaJabHOCTh mpodJiemMbl. B Hacrosimee Bpemsi Oosiee 70% HeTSHBIX CKBAXMH BO BCEM MHUpE IIyTEM
TIPOMBICJIOBBIX TOOBIYHM HE()TH OCHAIIECHBI CKBAXMHHBIMH IITAHTOBBIMU HACOCHBIMU ycTaHoBkamu (CILIIHY)[1].
HanexxHocTh npuBOAa 1 ero (PyHKIMOHAIbHBIE BO3MOYKHOCTH, HaJIE)KHOCTD KOJIOHH HITAHT B CJIOKHBIX YCIIOBHSX
paboThl U €€ PEMOHTONPHUIOJHOCTb, SBJISIFOTCS ONPECISIONIMMUCS YCIOBUSIMU JUisi oOecrieueHus 3¢ GeKTUBHON
paboTsl TiIyOMHHOrO ImITaHr HacocoB. [losTomMy pab®oThl, HampaBieHHBIE Ha MOBBIIIEHHE 3(QEKTUBHOCTH
SKCIITyaTaluid TITyONHHBIX IITAHT HACOCOB SIBIISTIOTCS aKTyadbHBIMHU[2].

ObecnieueHre >(PQPEeKTHBHON padOTHl TIIYOMHHOTO Hacoca, yIy4IIeHHUs IoKa3aTeled (YHKIIHOHAIFHOTO
Ha3HA4YeHUs] M OKCIUIyaTal[MOHHBIX XapaKTEPUCTUK HACOCHBIX LITAHT TpeOyeT pa3paboTKH, W3TOTOBJICHHS H
BHeApeHHUs 000pyJOBaHUS MOBEPXHOCTHOM 3akanky mranr TBY.

Ha npotspkeHHH MHOTHX JIeT Npo0iieMa MOBBIMIEHHsI TPOYHOCTH HACOCHBIX INTAHT, MPUMEHAEMBIX IS JOOBIYU
He(TH Ha ITyOOKMX CKBaXXMHAX, PELIAJIOCh MyTEM BbIOOpa HOBBIX JIETHUPOBAHHBIX MApOK CTaJIeil YTO SBIATIOCH
MIPUYHHON yBeMUUMIOCh cebecromMocTh ImTaHr [3]. OnHako, MOMCKH B 3TOM HAINPaBICHMHM HE MOTJIH JaT
cymiecTBeHHOro 3(¢eKTa, M3-3a MOBBINICHHONH YyBCTBUTEIBHOCTH JIETMPOBAHHOW CTalM K MOBEPXHOCTHBIM
MTOBPEXXICHUAM, BBI3BAHHBIM KOPPO3HEil U APYTHUMHU BO3MOXHBIMH IPUIHHAMH.

Hayunasi HoBu3Ha. HacocHble mITaHTH, MPUMEHsAEMBIE MU 100bde HePTH paboTalOT B CIOXKHBIX YCIOBHUSX,
ITOJIBEPrasich OJTHOBPEMEHHOMY BO3IIEHCTBHIO KOPPO3MOHHOM CpeIsl M NMEPEMEHHBIX BHYTPEHHUX HANpPsDKEHUH.
J1nst MaccoBOTO IPOM3BO/ICTBA HACOCHBIX INTAHT MPUMEHsIOTCS cTanu Mapok 20H2M, 30XMA (¢ conepskannem
Maprasiia 1o HwkHeMy npezaeiny) u 1SH3MA.

OOpBIBBI HACOCHBIX LITAHT CO3/IAI0T 3HAYUTENBHBIE TIPOOJIEMBI, YTO CIECTBUE NPUBOIUT K CHIKEHHIO JIOOBIYN
HedtH [3].

Tepmuueckast 06pabOTKa MITAHT MO3BOJISIET MOJYYUTHh OJHOPOAHYIO IO BCEH [UIMHE IITAaHT'M MEJIKO3EPHUCTYIO
CTPYKTYpPY U BBICOKHE TeXHHYECKUe cBoicTBa. OnHaKo, TepMuueckas o0paboTka (HopManu3anus, yIydieHue 1
Ip.) HE yCTpaHseT OOPHIBOB B HACOCHBIX IITAHTaX BO BpeMsl SKCILTyaTaru [4].

OpHuM U3 HanboJee MePCIeKTUBHBIX METOI0B YIIPOYHEHUSI HACOCHBIX IITAHT SBISETCSA TOBEPXHOCTHAS 3aKalKa
Tokamu BeIcokoi gacToTsl (TBY). MccnenoBanmst MuacTuTyTa TexHomorus MammHOCTPpOSHNS TOKA3aJIH, YTO MIPH
MTOBEPXHOCTHOW 3aKaJKH KOPPO3MOHHO-YCTAIOCTHOMW MPOYHOCTH HACOCHBIX IITAHT MOBBICHIACH OoJiee 4eM B 2
pa3a, 9TO 3HAYUTEIHHO ITOBBICHJIACH IIPOYHOCTh INTAHT W3 JIETUPOBAaHHOW cTamu. Ho HWHAYKIHOHHAS
MIOBEPXHOCTHAs 3aKaJlka HACOCHBIX ILTAHT B IPOU3BOACTBEHHBIX YCIOBHUSAX ABISTHCA CII0KHOM TEXHOJIOTMYECKOM
3ajauell, Tak Kak HAacOCHas IITaHra npu anuHe 7.5; 8 u 9.14 merpoB umeer nuamerp 16-25 mm. ITostomy
MOBEPXHOCTHYIO ~ 3aKaJKy CIIEIyeT IPOBOMUTH IyTEM  HENPEPHIBHO-NIOCIEAOBATEILHBIM  CIIOCOOOM.
[IpoMmbliIEeHHOE IPUMEHEHHE HACOCHBIX IITAHT U3 Mapku cTanu 40 mokasano, 4To NMpH MOBEPXHOCTHOM 3aKalke
C HarpeBOM TOKaMH BBICOKOW YacTOThI COKPALIAET YHCIO OOPBIBOB IITAHT TPUMEPHO B 4 pa3za U COOTBETCTBEHHO
YMEHBIIAETCS YHUCIO PEMOHTHBIX paboT M yBEIMYHMBACTCS KOJIMYECTBA A00bMa HE(TH H3-32 COKpAILICHUS
MIPOCTOEB CKBAXKHH.
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TeopeTndeckass U mpakTHYecKas LIEHHOCTb. B pe3ynbpTare BHEIApPEHHs MOBEPXHOCTHOM 3aKaJKU IMITAaHT MOXHO
MIOJTHOCTBIO OTKa3aThbCsA OT JierMpoBaHHOHN cranu Mapku 15X2HM®; 15X2I'M® u 14X3I'MIO. Ilpumenenue
MIOBEPXHOCTHO 3aKaJeHHBIX IITaHT [Puc.1] mo3BoMUT 3HAUNTEIBHO YMEHBIIUTH BEC KOJIOHH 3a CUET CHIDKEHHUS
JMaMeTpa HaCOCHBIX IITAaHT Ha OJIHY, 8 NHOT/A Ha JiBE CTYINEeHH. Takoe yMeHbIleHHE Beca KOJIOHHBI OJIarONpHsTHO
BIIMSIET Ha JIOJITOBEYHOCTh CTAHKOB-KAa4aJlOK, 3HAUUTENBHO YMEHBIIAET PAacXo]l MOIIHOCTU Ha UX

IIPUBOJ,A TaK e MO3BOJSIET YKOHOMUTh METaJ.

s6.0mm 22.3mm s56mm  S7.0mm 22.6mm

Puc.1. T'imyOnHa 3aKkaiku mocie TpaBJIeHHUE.

Puc.2. HacocHble mTaHry mocie 3aKajiky.

Jns pemieHuss 3Toi mpoOsiembl, B cpeawHe 70-x TomoB, WMHCTUTYT co3man CHENHaIbHBIA CTAHOK ISt
MIOBEPXHOCTHOM 3aKajJKWM HACOCHBIX IUTAHI C MalIMHHBIM TeHeparopoM [Puc.3]. CraHOK, H3rOTOBIIEHHBII
SKCIIEPUMEHTAIbHBIM 3aBojioM mnpu MHcturyte TexHomormu MalMHOCTPOGHUS 3aKaysyl IITaHTd B
cootBercTBOoBaNn TpeboBaHusM ['OCT-a. Cranok Obu1 ycraHOBIeH Ha 3aBome wM. llImuara B 1. bBaky,
AzepOaiimkan. Ha craHke mTaHra HarpeBaeTCs M 3aKaJMBAcTCs B TOPU3OHTAIBHOM pacmoioxeHuu. [ myOuHa
3aKaJIEHHOTO CJIOS 3aBUCHUT OT

nuametpa mranry, 1.8-2.8 mm. u tBeprocts cranu HRC 48-52 [Puc.2].

70 EQUIPMENT, TECHNOLOGIES, MATERIALS




ISSN: 2663-8770: E-ISSN: 2733-2055 4‘

CiLD 03 BURAXILIS 01 2020

Puc.3. OnHo pyueiHbIi cTaHOK AJIS TOBEPXHOCTHOM 3aKaJIKU TOTOBBIX HACOCHBIX IITAHT
Kpome Toro, mpuMeHeHHE TAKMX IITAHT MO3BOJIT 3HAYMTEIHFHO YMEHBUIMTh BEC KOJOH 3a CUET CHIDKCHUS
IUaMeTpa HACOCHBIX INTAaHT HAa OJHY, a MHOTZA M Ha JBe CTymeHH. Ho paHee pa3paOOTaHHBIA OIHO PYYEHHBIN
CTaHOK HMENl Malyl IPOM3BOAUTEIBHOCT M TIOBBILCHHYIO TPYAOEMKOCTh IIpOllecca 3aKaJIKW INTaHT.
HenocratkoM 3T0# yCTaHOBKH SIBIISUIACH HEBO3MOKHOCTB OJTHOBPEMEHHOH 00pabOTKM HECKOJIBKHX IITAHT, HU3KAas
TPOU3BOIMTENLHOCTD M MOBBINIEHHBIN PyYHON-MEXaHM3MPOBAHHBIHM IIPOIIECC TEPMOOOPAOOTKH.

« B4 “il-_’

Puc.4. 3akanka py4HOil-MeXaHU3UPOBAHHOM IIECTU Py4EHHON YCTaHOBKHU FOTOBBIX HACOCHBIX IITAHT

[TosTOMy C 1eI0 JMKBUIAUMHU BBIIE yKa3aHHBIX HexocTaTkoB B Havane 80-x romoB MHctuTyTOM OBLIO
pa3paboTaHo HOBOE IOKOJIEHHE IIECTH PyYeHHON YCTaHOBKH TEPMHUYECKOW 0OpaOOTKM rOTOBBIX LITaHT. B 3TOM
YCTAaHOBKE OBUI TIPEIYCMOTPEH PpPYyYHOM-MEXaHW3UPOBAHHBIM MpOLECC MHOTOMO3UIIMOHHOW TEPMHUYECKOMN
00pabOTKM MITAaHT, YBEIWYEHNE MPOU3BOIAUTEIBHOCTH U CHIDKEHHE TPYJOEMKOCTH MO CPaBHEHHUIO C aHAJIOTOM
[Puc.4]. VYcraHoBka ObITa W3rOTOBIIEHA HA OJKCIEPHMEHTAIFHOM 3aBOJIE IPH HMHCTUTYTE TEeXHOJOTHH
MamuHOCTpOeHHS, B COOTBETCTBUM TpeboBanusM 3akanku mrtaHr [OCT-a. YcraHoBka B najbHeWeM ObLia
MOHTHpOBaHa Ha Tepputopuu Odepckoro MamuHOCTpouTeNnbHOTO 3aBoja B Poccum u Ha 3aBoje WM. JIEHT.
mupara B . Baky, Asepbarimkan.
HemocratkoM 3TOHf  yCTaHOBKM SABISETCS HEHAIE)KHAs KOHCTPYKIHS COEAWHEHHWS IINHAHAEICH C
00pabaTbIBaéMBbIMH IITAHI'AMH IIPU Pa3rpy3Ke, YTO MPHUBOJIUT K 3aKJIMHUBAHUIO PE3bOOBBIX HUIMIEIBHBIX MY(]T,
YBEJIMYEHUIO PYYHOTO TPYZa U HEPAaBHOMEPHOH 3aKallke, YTO MPEISTCTBOBAIO PUTMHYHOIN pabOTe YCTAaHOBKH.
OOcmyXuBaOIMK NEepcoOHad BBIHY)KICH ObUI BpPYYHYIO YCTpaHiTh 3aKkiMHHBaHHe. Kpome Ttoro, uacro
MOBpEeX/laJlach Pe3b0a Ha IITaHraxX B Pe3yJIbTaTe Yero YMEHBIIWICS MOTPEOUTENBCKUN CIIPOC.
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C nento JUKBUIALWY BBIIIE YKa3aHHBIX HEJIOCTATKOB ObUI pa3pabOTaH HOBBIH BHJ YCTAaHOBKM TEPMHUYECKOMH
00pabOTKH LITAHT, C HEMOABMXHBIM ITOPTAIOM, Ha KOTOPOM 3aKpPEIUIeHbI HHAYKTOPHI CO CIIpeepaMu U IOIBIKHOM
mwiatopmoii [Puc.5]. B 3T0# ycTaHOBKE KaXKIbIH IIMHHICIH COCIUHEH C PE3bOOBBIM HAKOHCUHHUKOM, KOTOPBIH
nepeMeIaeTcs BIOJIb HMIMTUHEIS TOCPEACTBOM IIPYKUHBI U IIMOHKH, YCTAHOBJICHHBIX Ha IINHHACIE.

VYcraHOBKa M3rOTOBJIEHA HA AKCIIEPUMEHTAIBHOM 3aBojie npu MHcTuTyTe TexHomormum MammHOCTpOEHHS, U
ITaHru cooTBeTcTBOBaIM TpeboBanusiM 'OCT- a. YcraHoBka Oblila MOHTHpOBaHa Ha 3aBojie UM. JieiT. [lIMuara
B I. baky, AzepOaiimxan.

Puc.5.YcranoBka TepMUIecKoit 00pabOTKH HACOCHBIX IITAHT, C HETIOABIKHBIM ITOPTATIOM

B mauanme 90-x romoB mo 3aka3y Jlamwxyckoro 3aBomga obmiero mamuHOcTpoeHus (Kutaiickas Hapoamnas
Pecniyosiuka ) MHcTHTYyTOM OBLITa pa3spaboTaHa W M3rOTOBJICHA 00Jiee COBPEMEHHAsl YyCTAaHOBKA TEPMOOOPaOOTKH
LITAHT, KOTOpas cooTBeTcTBOBaj A TpeboBanusiM ['OCT-a. YcTaHoBKa OblIa H3rOTOBJICHA M MIPUHATA 3aKa3YHMKOM
Ha JKCIIEPUMEHTaJIbHOM 3aBoje npu MHcrtutyte TexHonoruu MammHocTpoeHust B r. baky, AzepOaiimkan. B
cBs3u ¢ pacnagom CCCP ycraHoBka He Oblla TIOJHOCTHIO JocTaBieHa 3aka3unky B KHP. Hempoctatkom »ToM
YCTaHOBKH OBLIO TO, UTO paCKJIaJKa ITAHT MPOU3BOANIACE OTIEIBEHO Ha KapeTe, KaueCTBO 3aKaJIKU HE BBITOITHSIIO
TpeOOBaHUSAM CTAaHAAPTA, KaXKAas OIepalus BBHIIONHAIACE C IMYJIHTOM pPYYHBIM CIOCOOOM, HE YCTpaHWI
HEIOCTAaTKU TPEABINYIICH YCTaHOBKH IO 3aKIWHUBaHHI0. KpoMme TOro, mocie MpOXOXKACHHS TOTOBBIX INTAaHT
mporecca TepMHIECcKOil 00paboTku HaOIIONaIHCh HEe3HAYUTEIbHBIC OTKIOHEHUS T'C€OMETPHUYECKUX pPa3MEpoB
HUNIETBHBIX pe3b0, a TAK)KE BHEITHHUHA BUJI IIITAHT.

i [:M“m-’"

Puc.6. YcranoBka TepMH4ecKoil 00pabOTKHM 3aroTOBOK IITaHT ( 0€3 MexaHHn4ecKoil 00paboTKN)
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Puc.7.YcraHoBka TepMudecKkoii 00pabOTKH 3aroTOBOK HITAHT ( 6€3 MeXaHHUECKO 00paboTKH)
Wncruryrom Texuosmormn Mammuoctpoenuss B 2013 r. Beuio paspaboraHa HOBOE IOKOJIGHHE YCTaHOBKH,
TEPMHUUYECKOI 00pabOTKM 3arOTOBOK HACOCHBIX IITAHT (0€3 MeXaHW4eCKOH 00pabOTKM), KOTOPask BHIIOJHSIET HE
tonbko TpeboBannn ['OCT-a, Ho m oxmHOBpemenHo TpeGoBaHun API Spec.11B [Puc.6 u 7]. B ycraHoBke
MIPEAYCMOTPEHB! AaBTOMAaTHU3MPOBAaHHBIN MPOIECC M Py4YHOH croco0 Hanajgkd. 3aroToBKH mTaHT (6e3 pe3nOsl),
3aKpeIuIeHHbIE Ha MOJBIKHOM matdopme, npoxoasar yepe3 U-oOpazHble HHIYKTOPBI, MMEIOINE BEPTUKAIEHOE
HepeMelIeHNe Ha opTae. B pe3ynpTare 4ero npoucxouT OAHOBPEMEHHAs 3aKaJIKa TEJI X TOJIOBOK LIECTH ITAHT
B HEMPEPHIBHOM — MOCIIEIOBATEILHOM PeXrMe. BHOBB pa3paboTaHHas! yCTaHOBKA 110 TEXHUYECKUM MOKa3aTeIsIM
HAMHOTO TIPEBOCXOJMT CBOMX IPEIICCTBEHHUKOB U JHKBHIUPYET BCE BBINIE CKA3aHHbIE HEJOCTATKH, IS
MOBBILICHUSI KAUYECTBA 3aKaJIKH yCOBEPIICHCTBOBAHA CUCTEMA OXJIAXK/ACHHMS, a TaK K€ MO TPEOOBAHMIO 3aKa3UNKa C
LENbI0 OXJIAYKACHHS TOIOBKH IITAHT, pa3paboTalli JOMOITHUTENbHBIN CIIPeep, ¥ IPYTUX YCTPOUCTB M MEXaHU3MOB.
ITpouecc BBIrpY3KH TaKkKe aBTOMATU3HUPOBAH, B PE3YJIbTaTe Yero PydHOH TPy HOBECH 10 MUHUMYMA.

JlaHHas ycTaHOBKa CIPOEKTHpOBaHa W m3roroBieHa MHctutyToM TexHonormu MammMHOCTPOEHUS IO 3aKa3y
komnauuu “Shan Dong Nine-Ring Petroleum Machine Co Ltd” ( KHP) u ornpasnen B Kwurait 2016 r. u
MoHTupoBaH 2017 r B Kurae.

3akmroueHue. JlaHHas yCTaHOBKa roJJaM1 YCOBEPIICHCTBOBAHA U JIOBEAECHA HBIHEITHETO YPOBHS. JTa YCTaHOBKA
MOJIb3YeTCsl OOJIBIINM CIIPOCOM CPEAM 3aBOJOB II0 MPOW3BOJCTBY HACOCHBIX IITAHT, OHA MOXET OBITH
MOAU(UIMPOBaHa O TPeOOBAHUIO 3aKa3UUKA.

Jlutepartypa
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ANNOTATION

Conducted design and technological studies and pilot tests of the equipment made it possible to develop a
technological installation to increase the strength of the sucker rods used for oil production in deep wells. The
developed equipment allows hardening of sucker rods, surface hardening of rods with high-frequency currents

(TVH).

Keywords. Pump rods, TVH, heat treatment, hardening rods, quenching installation of sucker rods, metal fatigue,
frequency, cooling, inductor, corrosion and fatigue strength.
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NEFT-MODON AVADANLIQLARIN QURULUSLARINDA
NANOTEXNOLOGIYALARIN TOTBIQININ MUASIR VOZIYYOTI VO INKISAF
ISTIQAMOTLORI

K.B.Riistomova
“Neftin, qazin geotexnoloji problemlori va kimya” ETI

Email: konul-ayan@mail.ru

XULASO

XX osrin arxrlar1 vo XXI osrin ovvallori Azorbaycanin neft tosorriifatina nanotexnologiyanin intensiv totbiqi
dovridir. 2010-2015 vo 2016-2020-ci illor iigiin hesablanmig ‘“Nanoneft”in iki proqrami neft¢ixarmanin
inkisafinda oldugu kimi, nanoelmin do genis diapazonda inkisafina stimul vermisdir.

Bu programlar sayssindo layin neftverms amsali artmis, duzyigilma va parafinomoalagalma ilo miibarizs giiclonmis,
gazma zamani kegid hoaddlori boyiidiilmiisdiir va s. Hal-hazirda nanotexnologiya “Nanogixarma”, “Nanoqazma”,
“Nanoneftkimya” va “Ekonanoneft”, “Nanoavadanliq” kimi istigamotlori shato etmisdir.

Verilon igdo neft sektorunda nanotexnologiyanin miasir vaziyystina vo hom do neft modon avadanhiglarinin
hazirlanmasinda nanotexnologiyanin istifadoasinin yeni istigamatlorinin taktiki vo strateji addimlari nozardon
kegilrilmigdir.

Acar sozlor: nanotexnologiya, neft madon avadanligi, neftvermo amsali, xidmat miiddsti, kiplondirici manjetlor,
stuserlar.

AHHOTAIUA

Konenn XX nauano XXI BekoB SBISETCS MEPUOIOM MHTEHCHBHOTO BHEAPCHHS HAHOTCXHOJOTHU B HE(TIHOM
MIPOMBINIIICHHOCTH A3epOaiimkana. J[Be mporpamMmmel «Hanone(dTs», paccuntanusle Ha 2010-2015 u 2016-2020
TOABI Jay OOJIBIION CTHMYJ B Pa3BUTHU Kak B Jiefie pa3BUTHS HedTenoObIYM, TaKk M HAHOHAYKH B IIMPOKOM
JMana3oHe.

bnaromaps »TuM mporpamMmaM yBenuueHa Kod(pdHIMeHTa HeTeoTAauyM IulacTa, ycwiwiock Oopnba co
COJICOTIIOKEHHEM U napaduH 00pa3oBaHHEM, BBIPOCIA BEJIMYMHA IPOXOAKH Npu Oypenuu u ap. Hacrosiiee
BpeMsi  HaHOTEXHOJIOTHSI OXBaThIBal TakWe HampasieHus Kak «HanomoGwrga», «HaHOoOypeHuey,
«Hanoneprexumusi» u «IkoHaHOHEPTH» 1 «HaHOOOOPYIOBAHHSY.

B nanHOi1 paboTe paccMaTpuBaeTCs COBPEMEHHOE COCTOSIHUS HAHOTEXHOJOTHH B HE(TSIHOM CEKTOpe, a TaKkKe
TaKTHYECKWE M CTpPAaTernuecKhe IIaru pPa3BUTHsS HOBOI'O HAIPABJICHUH NPUMEHEHHS HAaHOTEXHOJIOTHH; NpHU
M3TOTOBJICHHUH JieTaslell He(TEPOMBICIIOBOTO 000PYIOBAHHS.

KaioueBble c10Ba: HAHOTEXHOJIOTHS, HEPTEIPOMBICIIOE 000PYIOBaHHUE

ANNOTATION

The end of the XX century and the beginning of the XXI centuries is a period of intensive introduction of
nanotechnologies in the oil industry of Azerbaijan. Two Nanooil programs designed for 2010-2015 and 2016-2020
gave a great incentive to develop both in the development of oil production and in nanoscience in a wide range.
Thanks to these programs, the oil recovery coefficient was increased, the fight against scaling and paraffin
formation intensified, the penetration rate during drilling increased, etc. Currently, nanotechnology covered such
areas as ‘“Nanooilproduction”, “Nanodrilling”, “Nanochemistry” and “Nanoecology” and “Nanoequipmen” .

This paper discusses the current state of nanotechnology in the oil sector, as well as tactical and strategic steps for
the development of a new area of nanotechnology application; in the manufacture of parts for oilfield equipment.

Keywords: nanotechnology, oilfield equipment, oil recovery coefficient, service life, sealing cuffs, fittings.

Mévzunun aktualhi@l. Hal-hazirda SOCAR-in balansinda 6,5 mindan ¢ox neft quyulart istismar olunur ki,
onlardan ti¢ds ikisi ya asagi debitli, ya da gii¢lii sulasmis quyulardir [1,2]. Neft ¢ixarmanin saviyyasinin artirilmasi
iglin yeni innovasiya texnologiyalarimin islonmasi, hamg¢inin, istehsal xorclorinin azaldilmasi Azsrbaycan
Respublikasinin bu sonaye sahasi qarsisinda duran aktual masalolordon biridir.

Qoyulmus mosalonin hollinin asas yollarindan biri neftin ¢ixarilmasinda, neft yataglarimin kosfiyyati vo
istismarinda, mahsulun naglinds vo saxlamilmasinda, emalinda va s.-do nanotexnologiyalardan istifads edilmosidir.
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Hal-hazirda nanotexnologiyalar (NT) avtomobil sonayesinds, sshiyyads, enerji sektorunda, kosmik vo horbi
islords, hamginin, tikintido, kosmetologiyada vo digar sahalorde miivaffagiyyatls islodilir.

Baxmayaraq ki, nanotexnologiyalardan istifadonin Azarbaycanin sanayesinin neft sektorunda elo boyiik kegmisi
yoxdur, 0 bu sahads isladilon innovasiya texnologiyalarinin asasimi togkil edir [3, 4, 5].

Isin mogsadi neft-modon avadanligimin hissolorinin hazirlanmasinda nanotexnologiyadan istifadenin taktiki vo
strateji istiqgamotlorinin iglonilmasidir.

Problemin miiasir voziyyati. Diinyada, hamginin, Azarbaycanda XXI asrin baglanmasi ilo NT-lardon sanayeds
miivoffaqiyyatlo istifads edilmoays baglanmisdir. Xiisuson da, Azorbaycanda 2010-2015 va 2016-2020-ci illor ligiin
gobul edilmis “Nanoneft’in proqramlari elmin bu istigamatinin inkisafina boyiik stimul vermisdir.

ilkin olarag NT ‘“Nanogixarma”, “Nanoqazma”, “Nanoneftkimya” vo “Ekonanoneft” istigamatlorini ohato
etmigdir. Bu proqramlar sayssinds layin neftverma amsalimi 0,60-dan 0,62 —ys galdirmaq miimkiin olmusdur.
Bundan slave, miixtalif nanosistemlorin istifadosi ilo asag1 debitli vo yiiksok sulasmis quyularda neftin ¢ixarilma
Saviyyasini 2,0-2,5 dofo artirmaq miimkiin olmusdur. NT-lorin istifadssi ilo duz yaranmasi vo qum tixaclari ilo,
hom do parafin vo miixtolif qatran ¢okiintiilori ilo miibarizods yaxs1 naticolor slds olunmusdur [5]. Miioyyan
olunmusdur ki [7], nanomohlullarin istifadasi ilo quyustrafi zonanin kegiriciliyi yaxsilasir ki, bu da neft vermo
omsalim yiiksaldir.

Qazma prosesinda nanomohlullarm istifadssi ilo kegidin boytidiilmasine nail olunmusdur, belo ki, hanosistemin
istifadosi “gil ortiiyli —qazma aloti” kontaktinda siirtiinma amsalinin koskin diismasina gotirir. Bununla paralel
olarag, sinenergetik effekt do miioyyan olunmusdur, bu baltalarin korroziya dayaniqhigini, yeyilmoys davamliligini
artitir [8].

Bu Azarbaycanda nano texnologiya sferasinda yeni istigamotin yaranmasina tokan vermisdir vo 2015-ci ildon
baslayaraq “Nanoavadanliq” NT-nin asas hissesi olmusdur, bundan magsad neft modon avadanliginin ayri-ayri
hisso vo detallarinin igqabiliyyatinin artirllmasidir.

Hal-hazirda, “SOCAR”m “Nanotexnologiya” departamentinin vo Azorbaycan Dovlot Neft vo Sonaye
Universitetinin birlikds soylori ilo, neft modon avadanligimin hisso vo detallarinin nanotexnologiyalarin istifadosi
ilo hazirlanmasi yolunda, innovasiya layihalorinin totbiq olunmasinin taktiki vo strateji istigamatlorinin totbiginin
islonilmasi kontekstindo todqigatlar aparilir.

Neftmadon avadanliginda nanotexnologiyalarin istifadasinin taktiki mosalolori. Miasir neftqazmodon avadanhigi
(NQMA) iri hodd dlgiilaring, metal tutumuna va ¢oxfunksiyaliligina gora spesifik xiisusiyyatlari ilo forglanirlor.
Bu xiisusiyyatlorindon asili olaraq onlar bir ne¢a qrupa béliiniirlor: quyularin qazilmasi vo istismari tigtin avadanliq;
quyularin borpasi va tomiri, ham¢inin geoloji vo geofiziki islorin aparilmasi {i¢iin avadanliq; karbohidrogen
xammalinin emal1 vo naqli tigiin avadanliq.

Molumdur ki, neft madanlorinds avadanliq vo qurgular agir soraitlords, dayisan dinamiki tosirlora, miixtalif
xarakterli intensiv yeyilmalora va korroziyaya moruz galaraq istismar olunurlar. Bu sobablor onlarin ehtiyatlarinin
koskin diismasine vo avadanligin tomir-borpa iglorinin saymin artmasina, homginin mohsuldarligin artiminin
longimasine va gixarilan mohsulun maya doyorinin asagi diismoasing yol agir.

NQMA detallarinin vs siirtiinen ciitlarinin funksional va konstruktiv xiisusiyystlorinin analizi, hamginin onlarin
imtinasinin osas bas vermo Soboblori géstormisdir ki, onlar asagidaki alt qruplara béliniirlor: siirtinmo
ditytinlorinds, kiplandirmslords istifado olunan, hom do miixtolif korroziya proseslorinin giiclii intensiv tasirino
moruz galanlar.

Taktiki planda yuxaridakilara, Azarbaycamin NQCI-lorin modon statistikasimin analizinin naticolorine asason,
hazirlanmasinda nanotexnologiyanin istifadesi megsedouygun saylan birinci deracali avadanligin ve onlarin
detallarmin siyahisi tortib olunmusdur.

Cadval 1-ds se¢ilmis NQMA-nin bazilarinin detal va diiylinlarin imtinasinda hacmi pay1 verilmisdir
Hazirlanmasinda nanotexnologiyanin istifadesi moegsedouygun sayian birinci daracali
avadanligin vo onlarin detallarinin siyahisi

Cadval 1
NQMA-nin ad: Imtina

Xarakter Hacmi pay, %
Quyu stanqli darinlik nasos | Stanqin qirilmasi 23-25
qurgusu Plunjer-silindr ciitlityiiniin yeyilmasi 25-28

Klapanlarin tutulmasi 18-20

Nasosun tutulmast 12-14

Quyuagzi avadanliq 11-13

Digarlari 8-10
Elektrik yiiklonma nasosu Mexaiki problemlor 28-32

Kabelin qirilmasi 26-30
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Hidromiidafiads n6gsan 17-24
Flans birlogmolarinin dagilmasi 8-10
Digorlori 2-4
Neftmodon nasoslari Plunjer ciitliiyliniin yeyilmasi 30-35
Klapanlarin yeyilmasi 32-34
Hidravlik hissado hermetikliyin pozulmasi 18-20
Kreyskopf 4-6
Digorlari 5-8

NQMA-nim segilmis hisso Vo dilyiilorinin imtinasinin 0sas Sabablorinin naticalarinin analizi taktiki planda,
hazirlanmasinda nanotexnologiyadan istifado edilmasi miimkiin olan detallarin siyahisin1 konkretlogdirmoyo
imkan vermigdir: stanqli mufta, quyu stangli nasoslarin plunjer vo silindrlori, flans diiyiinlorinin sancaq
birlogsmolori, elektrik yliiklonmo nasoslarinin is¢i ¢arxlari, neftmadon nasoslarinin vo kompressorlariin kipkac vo
halqalar1, miixtalif madandaxili vo magistral boru komorlorinin anti korroziya miidafissi iigiin islodilon 6rtiiklor.
Ilkin olaraq NQMA-nin hazirlanmasinda nanotexnologiyadan elektrik morkezdongagma dalma nasoslarinin
(EMDN) flanslarinin sancaq birlagmalorinin va is¢i pillonin detallarinin (dayaq halqalari) hazirlanmasinda istifado
edilmisdir. Moadan miisahidalorinin naticalori codval 2-ds verilmisdir.

Moadan miisahidslorinin naticalori

Cadval 2
Detallarin adlar EMDN-nin istismar goraitindan asili olaraq Xxidmot miiddati, giin
Adi Nanolasdirilmig
Sancaq birlosmasi 70-150 120-380
Is¢i garxin dayaq halqast 28-36 42-70

Cod.2-do verilmis giymatlorin analizinden goriindiiyii kimi, nanotexnologiyadan istifads osasinda hazirlanan
eksperiment detallarinin xidmat miiddati orta hesabla 1,75-2,50 artmigdir. Hom do misyyan olunmusdur ki,
nanodrtiiklorin vo dayaq halqalariin hazirlanmasi iigiin epoksid qatrani va butadien stirol ssasli kompozisiya
materialinin (ftoroplast + grafit + mis) istifadasi ilo seksiya birlosmoalorinin qirilmasi aradan qaldirilmigdir vo
2017-2019-cu illords nasoslarin seksiyalarinin u¢masi sababindon goza situasiyalar1 miisahido olunmamuisdir.
Elektri dalma nasoslarinin miiasir konsyruksiyalarinda 30-a yaxin sayda miixtalif rezin markalarindan hazirlanmis
miixtalif kiplondirici halgalardan, manjetlordon vo digor detallardan istifads edilir ki, bunlar heg do hamiso istismar
tolablarina cavab vermirlar.

Molumdur ki [9, 10], neftmodon nasoslarinin hidravlik hissasinin imtinasinin asas sabablori arasinda 90 %-o yaxin
detallarin yeyilmasi tutur. Hom do onlarin yeyilmosi miixtolif xarakterli olmasi ilo hidroabraziv, erroziya, zarbos-
abraziv yeyilmo, quyudibi zonanin duz-tursu islonilmasi zamani erroziya-korroziya yeyilmasi forglonir. Bu
zaman nasoslarin hidravlik hissasinin va plunjer ciitliiyiiniin detallar1 dominant xarakter dasiyirlar. Miiayyan
olunmusdur ki, bu detallarin hazirlanmasinda isladilon materiallar, goyulan tsloblors hamigs cavab vermirlor. Bu
detallar nanotexnologiya istifadasi li¢iin nazards tutulmus birinci doracali detallar siyahisina salinmiglar. Cadval
3-do miixtalif miihitlords istismar olunan neftmadan nasosunun plunjer va kiplandirici manjetlarinin xidmot
milddatinin miiqayisali gostaricilari verilmisdir.

Neftmodan nasosunun plunjerinin xidmot miiddstinin miiqayisali gostaricilori

Codval 3
Sinaq miihiti Islonilma texnologiyast Xidmot miiddoti, saat
Plunjerin Kiplandiricinin
Doniz suyu Adi 260 45
Nanolagdirilmig 385 71
Quyudibi zonanain islonilmasi Adi 185 32
tictin mahlul Nanolasdirilmis 245 51

Goriindiiyt kimi, NT istifadesi ilo plunjerlarin xidmat miiddsti 25-40 %, Kiplondiricinin xidmet miiddati iss 1,58
dofs artmigdir.

Qazmotor kompressorlarin  konstruksiyalarinda istifado edilon porsen halqalarimin  vo  kipkaclorinin
nanolasdirilmasi zamam analoji naticalor alinmigdir ki [11, 12], bu onlarin xidmot miiddatinin 2,0-2,5 dofo
artirilmasina imkan vermisdir.

AVADANLIQLAR, TEXNOLOGIYALAR, MATERIALLAR 77




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

VOLUME 03 ISSUE 01 2020

Hal-hazirda SOCAR-1n balansinda olan quyularin 45 %-5 yaxini fontan rejiminds islayir vo neftin 90 %-i vo qazin
97 %-i doniz yataqlarinda ¢ixarilir. Bu quyularda optimal rejimi saxlamaq, hom do maye (qaz) sorfini tanzimlomak
tiglin stuserlordon istifado olunur. onlar asasen keramik materiallardan hazirlanirlar vo yiiksok olmayan xidmot
miiddstlori ilo farglonirlor.

“Neft daglar’” vo “28 may” NQCI-do uygun olaraq 24 vo 33-cii quyularda stuserlorin imtinasinin analizi
gostormisdir ki, 80 % stuserlorin orta doyisdirilms tezliyi ayda 3-4 dofa, digar quyularda iss 4-6 dofs togkil edir.
Homg¢inin, miisyyan olunmusdur ki, stuserlarin doyisilmasina sorf olunan vaxt, onlarin texnoloji hazirlanmasina
sorf olunan vaxtdan 5-9 dofo ¢oxdur.

Stuserlarin Xidmot miiddstinin artirilmast magsadils bizim torsfimizdon onlarin alinmasi nanotexnologiyasi toklif
olunmusdur, burada doldurucu kimi 60-80 nm &l¢iilii nanomisdon istifade olunmusdur. Nanostrukturlu stuserlor
hazirlanaraq miixtolif NQCI-lorin quyularinda qurasdirilmisdir, bazilorinin naticalori cad.5-da verilmisdir.
Cod.5-do verilmis stuserlorin xidmot miiddatlorinin miiqayissli naticalori gostorir ki, nanolagdirilmis stuserlorin
ehtiyatlari, adi texnologiya ilo hazirlanmis hazirlanmig stuserlorin ehtiyatindan ohomiyyatli doracads yiiksokdir.

Stuserlorin xidmot miiddatinin milqayisali gostaricilari

Codval 5
NQCI-nin ad1 Quyu Ne -si Stuserin Xidmot miiddati, sutka
¢ixarma metodu diametri, ad1 Nanolasdirilmis
mm
Neft daslari 2296, gazlift 9 4 44
2022, fontan 6 12 20
Bibiheybatneft 3147, QSN 5 30 105
3653, QSN 5 25 101
Abseronneft 10, EMDN 3 15 84
739, fontan 3 43 84
740, erlift 3 29 84
28 may adina 145, fontan 9 20 127
147, fontan 7 20 127
304, fontan 16 10 33
H.Z.Tagiyev adina 1363, erlift 15 3 3

1278, erlift 13 5 65

Neft sektorunda nanotexnologiyanin inkisafinin strateji istigamotlori. Neft sonayesinin qarsisinda duran bu
moasalalorin halli agagidaki kimi formalagdirila bilor:

- qazma iglorinin effektivliyini artira bilocok nanomaterial vo nanosistemlorin onlarin 6z asaslarinda yaradilmas;
-bu sahada nanoelmin naticalorinin méveud ekoloji problemlorin aradan qaldirilmasi vo yenilarine yol verilmomasi
tigtin har yerdo totbiqi;

-quyularda sulagma va qum yaradan ssbablarin asag1 salinmasi va tamamils logv edilmasi, hamginin borularda va
nagliyyat sistemlarinds duz yigilmasi va diger neqativ hallarin aradan qaldirilmasi;

-neftin ¢atin ¢ixarildig1 va bituminoz qumlu laylarda neftverms amsalinin yiiksaldilmasi;

-nanotexnologiyanin vo nanomateriallarin istifadasi ilo yiiksok etibarligi va istismar parametrlori ilo farglonan
neftmodon avadanliginin va texniki tortibatlarin yaradilmast;

-yuxarida gostarilonlorin hayata kegirilmasi tigiin yiiksok kvalifikasiyali kadrlarin hazirlanmasi.

Goriindilyti kimi, yuxarida gostorilon masalonin holli tiglin tokco neft sektorunun deyil , hom do yiiksok
texnologiyalarla, tohsil, elmlor akademiyasi, miidafio, fovgolads hallar, masingayirma, metallurgiya, kimya va s.
kimi miixtolif nazirlik vo togkilatlarin kompleks yanasmasi talob olunur.

Naticalor. Belalikls, 6lkodo nanosanayenin ikisafina vo onun xalglararast markoazlors inteqrasiyasina cavab veran
nanoelm vo nanotexnologiya vahid respublika koordinasiya morkazi yaradilmalidir. Bela markazlor artiq ABS-
da, Yaponiyada , Al-do vo SNQ-nin bir sira dlkalorinds mévcuddur vo miiveffogiyystlo funksiyalarini davam
etdirirlar.

Belo markazin birinci daracali masalalarine, dovlst tarafinden finans yardimi ilo miiasir elmi-todgigat vo super
miiasir avadanhq vo cihazlarla tochiz olunmus tocriiba laboratoriyalarinin yaradilmasi, bakalavrlar, hamginin
magistr va aspirantlar tigiin toqaiidlorin toyini, elmi stajkegmalarin tagkili, moegsadli grantlarin ayrilmasidir. Bundan
olavo, morkoz  saho elmi-todgiqat institutlarini, ali moktob fakiilto vo s6bolorini “Nanomaterial” vo
“Nanotexnologiya” profili yoniimiinds aktivlosdirmalidir.

Miiasir dovrdo Azorbaycanda elm vo praktikanin bu sahasini inkisaf etdiracok kifayot godar yiiksok kvalifikasiyali
kadrlar vardir. Lakin, geyd etmok lazimdir ki, aparilan tadqiqatlarin daginiqligi, onlarin naticalorinin miizakirasi
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NT sahssinds informasiya tominatini asagi saviyyoys salir. Elmi-todgigat vo tocriibi-konstruktor islorinin lazimi
Saviyyads finanslasdirilmamasi ¢ox vaxt bu islorin sona ¢atdirilmasina imkan vermir.
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THE CURRENT STATE OF APPLICATION OF NANOTECHNOLOGIES IN THE DESIGNS OF OIL-
PRODUCING EQUIPMENT AND WAYS OF DEVELOPMENT

K.B. Rustamova
Research Institute "Geotechnological problems of oil, gas and chemistry"
Email: konul-ayan@mail.ru

ANNOTATION

The end of the XX century and the beginning of the XXI centuries is a period of intensive introduction of
nanotechnologies in the oil industry of Azerbaijan. Two Nanooil programs designed for 2010-2015 and 2016-2020
gave a great incentive to develop both in the development of oil production and in nanoscience in a wide range.
Thanks to these programs, the oil recovery coefficient was increased, the fight against scaling and paraffin
formation intensified, the penetration rate during drilling increased, etc. Currently, nanotechnology covered such
areas as ‘“Nanooilproduction”, “Nanodrilling”, “Nanochemistry” and “Nanoecology” and “Nanoequipmen” .

This paper discusses the current state of nanotechnology in the oil sector, as well as tactical and strategic steps for
the development of a new area of nanotechnology application; in the manufacture of parts for oilfield equipment.

Keywords: nanotechnology, oilfield equipment, oil recovery coefficient, service life, sealing cuffs, fittings.
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AHHOTAIIUAA

B 21-oM Beke, ¢ OBICTPHIM pPa3BUTHEM HAYKH W TCXHHUKH, CIPOC HA MAaTEpPHabl ¢ HOBBIMHU U MPEBOCXOTHBIMU
CBOMCTBAMU PACTET JICHB OT JAHS. JTH NOTPEOHOCTH OBLIH IBUXKYIIECH CHUIION PA3BUTHSI KOMITIO3UTHBIX MATCPHAJIOB.
B mocnenHue romel MpOW3BOACTBO THOPHIHBIX CIIOMCTBIX KOMIIOZWIIMOHHBIX MAaTE€pPHAaJOB C METaJUTMYECKOM
MaTpUIEH W WX WCIOJB30BAHHE B PA3IUYHBIX OTPACIAX MPOMBIIIICHHOCTH 3HAYUTENBEHO BO3pOCio. B maHHOU
CTaTbe PAacCMATPHUBAIOTCS CBOMCTBAa M IMpPHUMEHEHHE THOPHIHBIE CIOWUCTHIC KOMIO3WIIMOHHBIX MaTEepPHaJOB C
METaNINYECKON MaTpULIEH.

KiroueBble cjioBa: THOPUIHBIN CIOUCTHIN KOMIIO3HUT, MaTPHIIA, BOJIOKHO.

XULASO

Elm vo texnikanin siiratlo inkisaf etdiyi 21-ci asirdo yeni vo istiin xassolora sahib materiallara olan ehtiyaclar
glindan-giino artmaqdadir. Bu ehtiyaclar kompozit materiallarin inkisafi ti¢iin harokatverici qlivve olmusdur. Son
illordo metal matrisli hibrid layli kompozit materiallarin istehsali vo onlarin miixtolif sonaye sahslorinds istifadasi
¢ox artmigdir. Bu magalods metal matrisli hibrid layli kompozit materiallarin xiisusiyyatlori vo istifads saholori
aragdirilir.

Acar sozlar: hibrid layli kompozit, matris, fiber.

ABSTRACT

In the present day, where science and technology is rapidly advancing, the need for new and superior materials is
emerging day by day. These needs have been the driving force for the development of composite materials. In
recent years, the production of metal matrix hybrid laminated composite materials and their use in industrial
applications have increased greatly. In this article, properties and usage areas of metal matrix hybrid laminated
composite materials are investigated.

Keywords: hybrid laminated composite, matrix, fiber.

Composite materials: They are materials created by combining two or more, of the same or different types of
materials, in a single material, or at a macro level to combine a new feature. The components that make up the
composite material generally retain their properties. Historically, composite materials were used thousands of years
ago as straw-reinforced mudbrick blocks in the construction of houses. Nowadays, they are specially produced and
used when the materials are inadequate or whose properties need to be changed [1]. With the presence of glass
fiber in the 1930s in the USA, modern composite materials started to be produced and took its place in the world
market. Composite materials generally consist of low strength matrix main phase and reinforcement phase
dispersed in this phase. Glass, ceramic, plastic and metals are generally used as reinforcements and main materials.
Figure 1 shows the internal structure of composite materials [2].

When the internal structures of composite materials are examined, the components that make up the material can
be distinguished. Although composite materials show homogeneous properties at the macro level, they have a
heterogeneous structure on a micro scale. Composite materials differ from microscopically homogeneous alloys
with these properties [1-2-3].

fibers 2

matrix

Figure 1. Schematic view of composite materials [2].
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Composite materials can be classified in two ways [1-2]:

By type of matrix material:

Metallic matrix composites, polymer matrix composites and ceramic matrix composites.

According to the shapes of the building components:

Particle (particle) reinforced composites, fiber reinforced composites, layered (laminated) composites and

mixed (hybrid) composites.

YV VY

Formulation of the task
In this study, the superior properties and usage areas of metal matrix hybrid laminated composite materials were

investigated. Fiber metal laminated composite materials are hybrid composite materials that are produced by
combining thin metal sheets and fiber reinforced polymeric materials. By combining the superior properties of
metals and fiber-reinforced polymeric materials, this material group has easily managed to take its place in many
sectors such as the aviation, defense and space industry. Initially, production works that started only with the
combination of glass fiber and aramid fiber reinforced prepreg of aluminum metal sheets still remain an area that
is open to development by trying other alternative metal alloys and alternative reinforcing elements to aluminum.
Figure 2 shows schematically existing commercial products and composite material groups on which academic

studies are carried out [3-4].

’7 Fiber Metal Laminates (FML) ——

Aluminum Other Metal
Based FMLs Based FMLs

| GLARE | | ARALL | Magnesium
Based FMLs

—| GLARE 1|
—| GLARE 2|

GLARE 3
—|GLARE 4|
GLARE 5
—GLARE 6

Titanium
Based FMLs

Figure 2. Classification of fiber metal laminated composites according to the metal alloy used [3-4-5].
Advantages and disadvantages of fiber metal laminated composites can be listed as follows [6-7]:
Advantages:
> High fatigue strength
> High strength
> High fracture toughness
> High impact resistance
> High energy absorption capacity
Low density
» High moisture resistance
> High corrosion resistance
> High fire resistance
Disadvantages:
> High production cost
> Dimensional restrictions.

Metod of solution. In parallel with the developments in material science, scientific studies to improve the properties
of fiber metal laminated composites and their behavior in service conditions continue at full speed. There is not
much publication about nanoparticle reinforced laminated composites when literature review related to this subject
is made.

Farsani et al. [8] experimentally investigated the buckling behavior of shape memory alloy (SMA) reinforced fiber
metal laminates (FML) in their study. As a result of tests performed on UAV reinforced FML samples with three
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different pre-strain levels (1%, 2 and 3) and different number of buried wires (2, 4 and 6 wires), a 53% increase in
buckling load was reported for 2 shape memory wire reinforced FML samples.

Wang et al. [9] observed a 4.4% increase in the compressive strength of the Ni-Ti addition and a 4.5% increase in
the vibration damping factor in their study with Ni-Ti shape memory wire reinforcement between aluminum and
titanium plates.

Askin ve Tiiren [4] examined the effect of 1% GNP addition to epoxy resin on the mechanical properties of carbon
fiber reinforced fiber metal laminated composites in their study. As a result of the tests carried out, they found that
there was an increase of 9% in tensile strength, 24% in shear strength between layers and 50% in permanent
compression stress.

Eskizeybek et al. [10] managed to achieve a 100% improvement in the inter-layer fracture toughness value by
spraying the carbon nanotube on the carbon fibers used to form laminates before the fibers are impregnated with
an epoxy resin. Here, it was determined that the high fracture toughness value was due to the superior surface
adhesion obtained by spray coating.

In the light of all this information, the idea of producing composite materials in different combinations by
reinforcing GNP, Nano-clay and SiO2 nanoparticles to epoxy resin was born. The metal plate parts of the fiber
metal laminated composites that | will produce within the scope of my doctoral thesis will consist of 7075 quality
aluminum T6 alloys. The nanoparticle reinforced polymeric layer between the metals will be reinforced with non-
directional carbon fiber. The properties of the resulting product combinations will be compared with each other
and with the materials used commercially. In Figure 3, the regions where composite materials are used in the body
of a passenger plane are shown symbolically [11].

FMLs are used extensively as structural elements in many parts of today's aircraft. Many properties such as
prolonging fatigue life, decreasing crack propagation rate, increasing specific strength have made them preferred
for the use of these materials. It is aimed to produce smart FMLs by making use of the vibration damping
capabilities of 7075 AI-T6 alloys that will be used within the scope of my doctoral thesis and to make these
composites usable especially in the wings and wing-body combination elements, which are the areas that are most
exposed to vibration. In addition to this, it is important to produce stronger and longer lasting structural composite
parts with the improvements in the mechanical properties of FML, thanks to the properties of the nano particles to
be added to the epoxy resin, as a result of the improvements in the mechanical properties of FML and making these
parts usable in the related industries. as a purpose, this thesis has shed light on [12-13-14-15].

B Carbon laminate sl
[B Carbon sandwich 10%
[ Fiberglass Titanium
i 15% Composites
. Aluminum pisis
[CJ Aluminumvsteel/titanium pylons Aluminum
20%

Figure 3. Symbolic representation of the use of composite material in the Boeing 787 airliner fuselage
[11].

Economical and technologically produced planes, spacecraft, cars etc. in the developing world. Reducing their
weight is also one of the main targets of reducing fuel consumption and exhaust emissions. Increasing the useful
weight, speed and range, especially in the aviation industry, are very serious needs as well as working subjects that
are tried to be achieved in positive developments. The targeted total performance increase in vehicles that are the
outputs of the aerospace and automotive sector, in turn, raises the need to produce more durable, long-lasting and
safe vehicles.
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With the emergence of advanced materials to be evaluated in the defense, aerospace and automotive industries,
material science has also begun to turn into a multidisciplinary, process-oriented field that can meet these needs.
In this context, advanced material fields, which will create important attraction areas in the coming years such as
polymeric and composite materials, smart and functional materials, nanotechnology products, have become
important opportunity areas for our country.

CONCLUSIONS

Although there are studies on the final product related to fiber metal laminated composites in our country, studies
on laminated composites with nanoparticle added are quite insufficient. For this reason, the thesis position has
been determined as a unique scientific research area. It is clear that these composites, which will be produced and
developed as a result of devoted academic research and study, will make serious contributions both to our scientific
studies and to the interests of the country.
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PLASTIK YAGLAYICI MATERIALLARA OLAVO EDILON MiSLONDIRILMIiS
OVUNTULARIN INTIXABI KOCURULM®O REJIMINO VO TRIBOTEXNIKIi
XARAKTERISTIKALARA TOSIRININ TODQIQi
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XULASO

Eksperimental tadgigat naticalorinin analizi gostarir ki, daha ¢ox effektli o doldurucudur ki, onun reduksiyasi
zamani siirtiinma sathinds daha ¢ox mohkom adsorbsiya qati ilo gorunan yeni sath gati formalagsin. Bu zaman
stirtiinma qovsagi intixabi ko¢iiriilma prosesinda isloyir. Coxqatli yaglayici adlandirdigimiz materialin mis orintisi,
mislonmis hissaciklor (Cu, Cu-C, Cu+(Cu-C)) vs plastik yaglayici materialin adsorbsiya olunmus qatindan ibarat
olmasi miisahido olunur, hans ki, aralarindaki bosluglar grafit vo yaglayici materiallar qarisigindan ibaratdir. Bu
zaman mis orintisi niimunalorinds yeyilms intensivliyinin azalmasi bas vers vo polad niimunanin sathinds
miirokkob quruluslu 6rtiik yarana bilor.

Belo bir goraitdo yaglama siirtiinms ciitiiniin yeyilmoya oks tasirini, antifriksion xassalori va siirtiinmo qovsaginin
yiklonma qabiliyystini artirir. Belsliklo, yaglama materialmin tesir mexanizmi siirtinma Sathinds iglamo
prosesinds yagda yeni tribokimyovi ¢evrilmoalorde yumsaq oOrtiiyiin amala galmasils 6ziinti gostarir. Bu o6rtitk
yeyilmayadavamliligin yiiksalmasini va siirtiinma qiivvasinin azalma gabiliyyatini tomin edir.

Acar sozlar: siirtiinma qovsaqlari, siirtinma ciitii, tunc-polad, mis ovuntu vo mislonmis qrafit ovuntusu, plastik
yaglayici materiallar, doldurucular, intixabi kogiirme, miirakkab strukturlu ortiik, tribotexniki parametrlar.

AHHOTAIUA

AHanmu3 pe3yibTaTOB SKCIEPUMEHTAJIBHBIX HCCIEIOBAHWK MOKAa3bIBAaeT, dYTo Hamboiee 3(P(PEeKTUBHBIM
HATIOJTHATEJIEM SIBIISIETCS TOT, NPH BOCCTAHOBJICHWM KOTOPOTO HA MOBEPXHOCTH TPEHHSA (HOPMHUPYETCS HOBBIN
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TIOBEPXHOCTHBIH CJIOM KOTOPBIN 3allUIIEH Ooyiee MPOYHBIM aJICOPOMPOBaHHBIM ciioeM. [Ipu 3ToM y3en TpeHus
paboraer B pexxuMe H30MparenbHOro nepeHoca. HaOmomaeTcss Tak Ha3bIBaeMBIH MHOT'OCIOWHBIN CMa304HBIN
MarepHa, COCTOSIIMA U3 TUICHKH YacTHI[ MEAHOro cIuiaBa, MeaHeHHbIx mopomkoB (Cu, Cu-C, Cu+(Cu-C)) u
ancopbupoBanHoro ciost [ICM, mycToThl MeXAy KOTOPBIMH COCTOMT M3 CMecH TpaduTa W CMa304HBIX
MarepuasioB. IIpy 3TOM MOXXET NMPOMCXOAUT YMEHbIICHHE MHTCHCHUBHOCTH M3HAIIMBAaHUS 00pasla U3 MEIHOTO
cruiaBa M 00pa3oBaHUE Ha MOBEPXHOCTH CTAJIbHOTO 00pasia IUNIEHKH, MMEIOIIU CII0KHOE CTPOCHHE.

ITpn TaknxX yCcIOBHUSIX CMa3bIBaHHS MOBBIIIAIOTCS MPOTHBOU3HOCHBIE W aHTU(PUKIIOHHBIEC CBOMCTBA Map TPEHHS
1 Harpy3odHasi CIOCOOHOCTh y37a TpeHus. MTak, MexaHnW3M AEHCTBUS CMa30YHOTO MaTepHaia HpPOSBISIETCS B
00pa3oBaHUH B Mporiecce pabOTHl HAa MOBEPXHOCTSIX TPEHUS HOBBIX TPHOOXMMHUYECKHX MPEBPAILICHUH B Macie U
TOSBIIAETCS B BU/IE MATKHX IUICHOK, KOTOPBIE CIIOCOOCTBYIOT TOBBIIICHUIO H3HOCOCTOHKOCTH ¥ YMECHBIIICHHUIO CHII
TPEHHUSL.

KaioueBble ciioBa: y3ibl TpeHUs], Tapa TPEHUs, OpOH3a-CTajb, IIOPOLIOK ME/Ib M IOPOIIKOOOPa3HbI MeTHEHHBII
rpadur, macTuyHble cMa3zouHbie MaTepuansl ([ICM), HanoTHUTE M, H30UPATENbHBIH TEPEHOC, MIIEHKA CII0KHOTO
CTpOEHHMSI, TPUOOTEXHUYECKHIE TapaMeTphl.

ABSTRACT

Analysis of the results of experimental studies shows that the most effective filler is the one with the restoration of
which a new surface layer is formed on the friction surface, which is protected by a stronger adsorbed layer. In this
case, the friction unit operates in selective transfer mode. There is a so-called multilayer lubricant consisting of a
film of copper alloy particles, copper powders (Cu, Cu-C, Cu+(Cu-C)) and an adsorbed PSM layer, the void
between which consists of a mixture of graphite and lubricants. In this case, there may be a decrease in the intensity
of wear of the copper alloy sample and the formation of a film on the surface of the steel sample, which has a
complex structure.

Under these lubrication conditions, the anti-wear and anti-friction properties of the friction pairs and the load
capacity of the friction unit are increased. So, the mechanism of action of the lubricant manifests itself in the
formation of new tribochemical transformations in the oil during operation on the friction surfaces and appears in
the form of soft films that help to increase wear resistance and reduce friction forces.

Keywords: friction units, friction pair, bronze-steel, copper powder and powdered copper graphite, plastic
lubricants, fillers, selective transfer, complex coating, tribotechnical parameters.

Masaloninn aktualligi. Bir vaxtlar bork cisimlorin friksion qarsiligli tasirine ya sirf mexaniki, ya da sirf fiziki tasir
kimi baxilirdi. Yaglayici material iso miioyyan soraitdo kontaktda olan sothlori ayiraraq siirtiinma prosesini araliq
miihito kegiran bark cisma banzadilirdi. Lakin, fizika, kimya vo mexanikaya ssaslanan tadgigatlar bark cismin soth
gat1 materialinin emal prosesindo yaranmis qiisurlu qatdan, oksid ortiiklorindon, xemosorbsiya vo absorbsiya
olunmus gatdan ibarat oldugunu gostormisdir.

Apartlmig bir ¢ox texniki todqiqatlar1 [2] tmumilogdirarok tribotexniki qovsagin xarakteristikasinin
giymotlondirilmasi tigiin asagidaki miiddealarin vacibliyini qeyd etmok olar:

1. Kontaktda olan cisimlorin soth qatinin keyfiyyatco 6ziinomoxsus struktur xiisusiyystlori; 2. Soth gatlarinin
mexaniki xassalorini doyison absorbsiya vo xomosorbsiya proseslorinin bas vermos imkani; 3. Yiiksok energetik
metodlarla soth qatinin strukturunun ve modifikasiyasinin miimkiinliiyii; 4. Yeni soth stukturunun yaradilmasinda
yeyilma mahsullarinin igtiraks; 5. Siirtgli materialinin kontakt sathlorina kiitle kogiirma manbayi kim tasiri.
Tribosistemin materiallarmin soth qatinin xiisusi halinin halledici rolu giymatlondirilorak «ikinci cisimy», «ikinci
struktur», «kogiiriilma Ortityii» va s. kimi terminlorden asili olmayaraq onu tribosistem modelinin miihiim
komponenti saymaq olar [5].

Sakil 1-ds «iiglincii cisim»in komponent kimi qabul edildiyi tribosistemin modeli verilmigdir. Bu model qovsagin
parametrlorini, onun is soraitini vo ¢ixis xarakteristikalarini ohato edir. Bark cisimlorin garsiligh friksion tasirins
«liglincli cisim»in tosiri Sothin mexanikasi, fizikasi vo kimyasi baximindan kompleks sokildo nozarden
kecirilmigdir.

Sath qatinin dagilma hissociklorinin morfologiyasinin, 6l¢iilarinin vo yaranma mexanizminin 6yranilmasi osasinda
stirtiinmo zamam kiitls kd¢iiriilmasi prosesine ssaslanan qarsiligli friksion tosirin nozariyyasi yaradilmigdir [1]. Bu
nozariyyaya gors qarsiligl friksion tasirin mexanizmi agagidaki miiddoalara asaslanir:

1. Koégirilma siirtinmoanin ilk morhalalorinds, ilk yeyilmo hissaciklori agkar edilonadok baglayir; 2.
Kogiiriilma ortityii 3-30 nm 6lgiilii fragmentlarindon (mikro-kristallitlorden) ibaratdir; 3. Bozi materiallar {i¢in bu
Ol¢ii soth qati strukturunda donolorin Slgiist ilo tist-listo diisiir; 4. Miixtolif nov materiallarin siirtiinmasi zamani
kogiiriilmiis material kompozision strukturu olub, har iki materialin fragmentloarindan ibarat olur.

Sakil 1-dan bslli olan hiidudi qat (liglincti cisim) va siirtiinma rejimi onunla farglonir ki, siirtiinon bark cisimlarin
tizorindaki siirtgii materiali qatimin xassalori, hocmin xassslarindan forglonir. Siirtgii materialinin néviindon asili
olaraq bu gatin qalinlig1 0,05-0,1 mkm olur. Sstha yaxinlagdiqca hiidudi qatin mexaniki gorginliyi artir.
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Odobiyyat monbalorinin tohlili gostorir ki, siirtinms qovsaginda siirtiinon ciitlorin arasina plastik yaglama
mithitinde Cu, Cu-C vo Cu + (Cu-C) ovuntu qatqilarmin vo ya yaglamanin kompozisiyanin siirtiinmo
parametrlaring tosiri bu giinoe kimi dyronilmamisdir.

Tadgiqatin moqsadi: shato edon cismi nozors almaq sorti ilo siirtiinon ciitin xarici stirtiinmads tribosistem
modelinin mithim komponentinin friksion xarakteristikalarini yaxsilagdirma xtisusiyyotlorinin vo mis vo
mislonmig qgrafitin plastik yaglamada tribotexniki parametrlarine tosirinin dyranilmasindan ibaratdir.
Todgigatlarm metodiki bazas1 vo neticalorin miizakirosi: Ilk vaxtlar intixabi kdgiirmo kiitlo kdgiirmesinin atomar
mexanizmi kimi basa disiiliirdii. Belo hesab edilir ki, mis orintisinin poladla siirtiinmasi prosesinds legirlayici
element ionlarmin bir hissasinin mohlula ¢6kmasi noticasinda mis arintisinin {ist gati intixab1 hall olur. Sonradan
mis ionlar1 polad tizarina ¢okarok 6z-6ziina barpa olunan tomiz mis Ortityii amalo gatirir. Noticodo mexaniki
xassolarin boyiik miisbat qradiyenti yaranir, clitds yeyilma olmur, siirtiinms omsalinin giymati kigik olur [4].

Ohata edon miihit

= — H
5 e - g g's
= S 2 e
=& =S g AR 3] = -‘g
IS = - — = G
<) 48 ER E 58
=5l |® 22 g 2
Cismin tizarindaki ot o : Kontur cism
ortitk Stirtgh matcsiah tizarindaki Grtiik

Sakil 1. Xarici siirtiinma ti¢iin tribosistemin sxemi

Molumdur ki, intixab1 koglirmo iki marholays boliiniir: baslangic vo yaradilmis rejimds. Baslangic morhala
yaglayict materialin torkibini doyisdirmakls siirtiinmo omsalin1 tanzimlonmis qiymotina godor azaltmaqgdan
ibaratdir. Bu isa siiriismonin baglanmasi {ligiin xarakterikdir vo ko¢iirma rejimlorinin yaradilmasi tigtin hall edici rol
oynayir (slirtinms amsalinin = 0,002+0,05 qiymati alinmasi miimkiinliiyii yaradir).

Kriterial asililiq osas tonliklorin analizinden alinan kriteriyani, hocminin hiidudi miihiti ohate etmslidir (6ziinds oks
etdirmalidir).

Yaglama soraitinds isloyon ¢oxsayli mexanizmlor Vo ya qovsaglar ti¢iin eksperimental todqigatin nozori asasini
yaratmaq yaglama nozariyyasi adlanir. Yaglama materialinin sixilmasini nozars almamagla siiriismays isloyan vo
Sathlari goriigan detal siirtiinma ciitii ligiin ilkin tonlik agagidaki kimi yazilmalidir:

oP h-hg
E - 6“ Vs h3 (1)
Hiidudi soraitde: X =-00,p=0,x=x0, p= % =0 olur.
_ x%-x3 2 1-v42 | 1-v3 Xo &x
h=ho+ 2Rg3t-1'r( 5 TE )Xf—oop/zln |§—x0 dg @
ot 0%t avs
pPCVs 5 =Aos + (E)z
Hiidudi soraitda: X = - oo, t = t0;
1 172 ot oe
t(X, 0) = (m} f—oo }\a—y /y:() m + tO (3)
1 /2 x ot oe
toh) = (o) [ A Sy + o @

Yaglayici materialin 6zliiliyii temperatur vo tozyiq funksiyasidir. Barus vo Reynolds asililigini nazars almagla:
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Burada, P — tozyiq, vg — siiriisms siirati, h — araboglugu, h0 — minimal ara boslugu, Rgot — gotirilmis oayriliklor
radiusu (toxunan niimunoalorin ayrilik radiusu R1 vo R2 oldugundan, Rgat = %), E1l vo E2 — niimuns

IR2

materialinin elastiklik modulu, v1 vo v2 — niimuns materiallarinin Puanson omsali, t1 vo At — temperatur vo onun
geniglonmasi, p,c, A, py,¢1,A1,P2,C2, A, — uygun olaraq sixliq, yaglayict materialin xiisusi istilik tutumu vo
yaglayict materialin vo niimuna materialinin istilik kegirmasi, § — yaglayict materialin pyezoelektrik 6zliiliik amsali
, ;- Reynolds diisturunda yaglayici materialin 6zliilityiinun temperaturdan asililiq omsali, x, y — koordinatlar, &, &
—olava doyigonlar, X0 — ara boslugdan yaglayici materialin ¢ixan yerinin absisi.
Belolikls, intigral analoglari tsullarindan, ilkin tonliklor birliyindon, hiidudi miihitdon istifade etmoklo
miloyyanedici kriterial slagolori vo lazimi mithiti olds edilmis, nazori asaslandirilmigdir. Plastiki yaglayict
kompozisiyasinin yaradilmasina zominlik verir.
Todgigat naticasinds miisyyon olunmusdur ki, mis niimunalarin yeyilmo intensivliyinin azalmasi va polad niimuna
sothindo miirokkob quruluslu qatin yaranmasi bas verir. Formalasan belo gat mis niimunonin yeyilmo
hissaciyindan ibarst olur vo bosluglari (hissaciklor arasi) yaglayici materiallarla dolur.
Siirtiinma qovsaqlarinda intixabi kogiirmo rejimlorinin yaradilmasi bir sira kompleks amillordon asilidir. Buraya
texnoloji, konstruktiv va is rejimi ilo bagl amillor daxildir.
Texnoloji amillordon intixab1 kd¢iirmays an ¢ox tasir edan sothlorin kalokétiirliiyii, o climladan daha sort cismin
Sothinin mikrotopoqrafiyasidir. Adaton intixab1 kogiirmo kontrcismin sathinin kolokétiirlityii Ra < 0,3 mkm
olduqda baglayir. Bu halda ilk moarhalads yeyilms intensivliyi kigilir, siirtiinmo omsali nisbaton tez stabillosir.
Intixab1 kégiiriilmonin hoyata kegirilmasi siirtgii materialmin tobistindon ¢ox asilidir. Lakin intixabi kdgiirmoani
tomin edan Sonaye siirtgii materiallart mohduddur. Bir sira hallarda mis arintisi — polad ciitiinds intixab1 kd¢tirmani
MUATUM - 201, TUATHUM — 203, BHUUHII — 254 kimi plastik siirtgii materiallar1 tomin edir.
Toadqgiqatin yerina yetirilmasinda ilkin olarag mis ovuntusu [2], mislonmis grafit [6] Cu + (Cu-C) va plastik
yaglayict HIUATUM — 201 istifado edilmigdir. Yaglayict kompozisiyanin hazirlanma texnologiyasi plastiki yaga
hor biri ayri-ayr daxil edilorak otaq temperaturunda bircins kiitlo alinana qodor qarisdirilmasindan ibaratdir.
Siirtinma momentinin vo amsalimin (cadval 1) doyismasinin tunc — polad 45 ciitindo 6yronilmasi MN5018
stirtinma masininda, torpanmaz disk (950 x 12,22mm), firlanan halga (932,40 x 20mm, 1 = 30mm) “disk-oymaq”
sxemi (sokil 2) tizrs yerina yetirilmisdir.
Sinama agagidaki kimi qobul edilmisdir: siirtisma siirati 3,15 m/san, siirtiinms vaxti sothin tomizliyi Ra < 0,3 mkm,
P va t isa yaglayict kompozisiyasinin iglomo gabiliyyati ilo miiayyan edilir. Niimunolor hor saatdan bir 0,3 MPa
morhalali sokildo yiiklanir. Bels yiiklonma 0 vaxt yerina yetirilir ki, siirtiinma omsali va hacmi temperatur kaskin
yiiksalsin. Yaglayict kompozisiyanin xassalarinin giymotlondirilmasi niimunanin yeyilmonin miitloq kiitlasins,
stirtinma omsalina, hacmi temperatur vo misin vo mislonmis grafitin miixtolif konsentrasiyasina uygun olan
tozyigo gors yerino yetirilir.
Tunc (BpOLIC5-5-5) - polad 45 ciitiiniin “disk-oymaq” sxemi {izro miiqayisali tribotexniki sinagi naticalori
[MUATHUM — 201 markali plastik yaga mis, mislonmis qgrafit vo Cu + (Cu-C) kimi doldurucular slavs edildikdsn
sonra toyin edilmigdir (cadval 1).

30
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.l\\'\ N |
///
=
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e E=1 Isa)
7
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12,22

Sokil 2. ““ Disk-oymaq” sinaq sxemi vo niimunalorin 6lgiilari

Codval 1
Tribotexniki sinamalarin naticalofi

Ne Yaglayic1 material P,MPa | ks 1 T,K Yeyilms, mg
Asagi niimuna Yuxar1 niimuna
(BpOLIC5-5-5) (Polad 45)

1 | OUATUM - 201 1,314 15,1 0,078 479 138 345

2 | HMATUM- 201+10% | 0,593 6,8 0,253 489 20,9 8,24

Cu
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3 | QUATUM- 201+10% | 1,14 10,8 0,196 539 89,5 7,93
Cu20

4 | QUATUM- 201+10% | 0,89 9,9 0,092 485 11,7 1,92
mislonmig grafit
(Cu-C)

5 | IUATUM- 201+10% | 1,14 10,8 0,060 439 6,7 1,78
Mis+mislonmis qrafit
(Cu+Cu-C)

Codvaldon goriindiiyl kimi mislonmis grafitin doldurucu kimi (Cu20-don bagqa) yaga daxil edilmasi tribotexniki
parametrlara (yeyilma, siirtiinmo oamsali vo temperatur) gora digar alavalora nishaton xeyli dorocads azliq toskil
edir.

Elmi monbolarin analizi vo eksperiment todqiqatlart gostorir Ki, an effektli doldurucu siirtiinms sathindo
reduksiyalanma naticosinds formalagsan metal gati (mis) nisboton méhkom adsorbsiya qati ilo miidafia olunan
sayilir. Siirtinmo prosesinds toxunma zonasinda Cu2S miso godor reduksiya olunur vo naticods FeS2 (hacmi
reduksiya) omolo galir va mis qatinin yaranmasi iigiin adsorbsiya olunur [3]. Bir sozlo, siirtiinmo qovsaqglarinin
intixab1 ko¢iirma rejiminds isloyir [7].

Siirtlinmos zonasia verilon yaglama kompozisiyasinda doldurucu kimi istirak edon mis ovuntusu bir ¢ox hallarda
stirtiinon sathds yiiksok doracado yeyilmoya qarsi tasir xassasine malik olur. Bunu onunla izah edirlar ki, sothi
stirtiinmosi prosesi zamani qarsiliqh tasiro daxil olur. Naticado mis hissaciklori toxundugu detallarin geyri-hamar
sothlorine sixilmasi bag verir vo Sathlor nazik mis qati ilo siparlonir. Noticods yeyilmo azalir, ancaq, siirtiinmo
omsalmin azalmasi bas vermir. Istismar prosesindo mis ovuntusu toxunma zonasinda ddyaklonir (mohkomlonir)
Vo oksidlosmis formasina kegir. Bu iso abraziv tosiro malik olmasi ilo siirtinme amsalini artirir. Siirtiinmo
zonasinda oksid pardasinin va basqa korroziya mohsullarinin olmasi effektiv qoruyucu pordsnin yaranmasina
sobab olur.

Plastik yaglayici materiala mislonmis qrafit vo Cu+(Cu-C) grafitin totbig edilmasilo siirtinms qovsaginda
yeyilmodavamliligi, hacminin toxunma yerlorinds mis Ortiiyiiniin va sonra qgrafitin qati formalagir vo plastik
deformasiyada 6z effektini gostorir. Codval 1-don do gérindiiyti kimi yaglayiciya gostorilon doldurucular daxil
edildikdo tomiz misa vo mis oksidins nisbaston siirtiinmo amsali, temperatur azalir va yiikklonma qabiliyyati artir.
Bildiyimiz kimi garafit termiki doyanati ilo forglonir va yiiksok temperaturda bork siirtgii materiali olaraq istifado
edilir. Qrafit 400°C - don yiiksok temperaturda oksidlosir. Qrafitin yaglama mexanizmi hiidudi siirtinmo modeli
ilo alagalondirilir. Bu models gors siirtgii materialinin hiidudi tobagalori rolunu fiziki sorbsiya olunmus su ve diger
maddalorin molekullart oynayir. Quru havada, vakuumda belo hiidudi tabagenin olmadigi soraitds grafitin
torkibino buxarlanaraq vs ya pargalanaraq sathds sorbsiya olunan miixtalif maddslorin qatilmasi maslahat goriiliir.
Qrafitin mislandirilmis formada ovuntu soklinds plastik yaga daxil edilmosi, plastik yagin torkibi (neft va sintetik
yag qaris181 (dispers miihit); bark karbohidrogen (dispers faza); miixtalif doldurucular) intixabi qatin yaranmasinda
holledici rol oynayir vo yuxarida deyilanlari tasdiglayir.

Torkiba daxil edilon mislonmis qrafit ovuntusu toxunma zamani siirtiinon sathdo yumsaq mis pardas yaradir. Ciinki,
stirtiinmonin avvalinds o, 6ziinii mis ovuntusu kimi aparir. Sonraki marhslads grafitin siirtiinms zonasinda todricen
istiraki stirtiinmo va yeyilmoni azaltmagla mis pardenin iistiinde 6z funksiyasini yerina yetirir. Mis pardasinin
sothinin miixtalif mexaniki dagilmadan qoruyur. Malumdur Ki, soth gatinda grafin, molibiden disulfidin va s.
asqarlarin oldugu material cizilma kimi qiisurlardan qorunur.

Belsliklo, intixab1 koglirmo vo yeyilmoyadavamli soth strukturunun yaradilmasinda plastiki yaglayicit materialda
mislonmis qrafin istifadesinds tribotexniki ¢evrilmoalorin sobsbindon siirtiinon ciitlorin biri olan tunc niimuna
sothinde 1,5+2 saat miiddstinds passivlesdirilmis mis Ortiiyliniin ~ yaradilmasma sobob olur. Bu ortiiyiin
yaranmasindan sonra elastik deformasiya zamani faktiki toxunma zonasinda heg bir yeyilma (dagidici) qabiliyyati
meydana ¢ixmuir. Onu demak lazim golir ki, yeyilmo gabiliyystinin yaranmamasi ona gatirib ¢ixarir ki,
passivlegdirici ortiik polad kontr niimunanin sathinds amala galmir va siirtiinma amsalinin miiayyan gadar agagi
giymat almas1 miisahids olunmur. Bu deyilonlari tasdiq tigiin xiisusi yiiklonma P = 3MPa, siiriisma siirati v = 0,3
m/san va siirlisma vaxti T =9 ks olan rejimli sinamanin naticalori sokil 3-do gostorilmisdir.
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Sakil 3. Siirtiinma omsalinin dayigmasinin siirtiinon ciitiin miixtalif mihitlords iglomo vaxtindan asililig::
1, 2", 3 — toxunma zonasinda elastik deformasiya;
1',2°, 3" — toxunmazonasinda plastik deformasiya;
1, 1"— UATUM — 201 + mis;

2,2 —HUATUM - 201 + mislonmis qrafit;
33" —1UIUATUM - 201 + mis + mislonmis qgrafit

Sakil 3-do gostarilon 1, 2 vo 3 ayrilori xarici siirtiinma amsalinin toxunma zonasinda ilkin deformasiyasinda sorhad
hiidudi yaglama soraitinds (Cu,Cu-C, Cu+(Cu-C)) islomo vaxtindan asili olaraq doyismosine uygundur.
Qrafiklordon goriiniir ki, siirtinmo omsali bir ne¢o dofo azalir vo intixabi kd¢iirms rejiminin yaradilmasi {iglin
xarakterikdir. Eyni zamanda lazimi qiymotlorin alinmasini kasb edir. Sokil 4-do gostorilon siirtinms momentinin
vaxtdan asili olaraq deyigsma grafiki bunu bir daha tasdiglayir.

Sakil 3 va sokil 5-do uygun olaraq 1°, 2" va 3" diizxatli asililiq toxunma zonasinda ilkin elastik deformasiya zaman1
stirtiinma amsali va siirtiinma momentinin doayismasi gostorilmisdir. Burada siirtiinmo omsali doyismasi demok olar
ki, stirtiinmado islomo vaxtindan asili olmur. Buna xarakterik olan siirtiinmo amsalinin qiymaoti intixabi ko¢ilirmo

rejiminin gorarlagsmis qiymatindon toxminan 9 dafs boyiik olur. Passivlosdirici 6rtiik niimunanin sathinds miisahida
olunmur.

M.Nm

()(,5#

1’8 36 34 7.2 90 Tks

Sakil 4. Siirtiinms momentinin vaxtdan asili olaraq deyismasi histoqramasi
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M,Nm

0 1.8 3.6 5.4 72 90 Tks

Sokil 5 . Siirtiinmo momentinin vaxtdan asili olaraq doyigmasi histoqramast

NOTICO

1.

Aparilan yeni todqiqatlarin iimumilosdirilorok tribotexniki qovsaqlar xarakteristikasinin qiymatlondirmoak
tiglin kontaktda olan ciitiin soth qatinin keyfiyystco Oziinomoxsus struktur xiisusiyyatlori vo siirtgii
materiallarinin kontakt sahalaring kiitlo kogiirma monbayi kimi tosviri vacib sayilmalidir.

Gostorilmigdir ki, tribosistem modeli qovsagin parametrini, onun is soraitini vo ¢ixis xarakteristikalarin
ohato edir.

Miisyyanlosdirilmisdir ki, intixan1 kd¢lirma rejimlarinin yaradilmasi texnoloji, konstruktiv va is rejimi
kimi kompleks amillordon asilidir. intixabi kdciirmoys on cox tosir edan sathin kolokétiirliiyii kimi
texnoloji amils tstiinliik verirlor.

Intigral analoglar1 {isullarindan ilkin tonliklor birliyindon, hiidudi miihitdon istifade etmoklo
miiayyonlosdirici kriterial alagalori vo lazimi miihiti oldo edilmasi miimkiinlityli nozari cshatdan
asaslandirilmisdir.

Yerino yetirilon smaq naticolori géstorir ki, miixtalif miihitlordo yaglama materiallarin yeyilmoys
milqavimat vo antifriksion kemiyystlori siirtinmo qovsaqlarinin konstruksiya materiallarindan asilidir.
Mislonmis qrafit, mis + mislonmis qrafit dolduruculu plastik yaglayici materialda tribokimyavi
gevrilmalor noticasinds intixabi kogiiriilmoanin ilkin morhslasinds sothi aktiv maddslorin yaranmasi,
homginin korrozion aktiv maddolorin ssthdo daha yumsaq mis osashi qatin  dagilmasinin
stimullagdirmasini tomin edir.

Mis, mislonmis grafit voe mis + mislonmis grafit ovuntularindan plastik yaglama materiallarinda doldurucu
kimi istifade zamani val-oymaq n6vli ciitlerinds yiiksok yeyilmoys miiqavimat vo antifriksion
komiyyatlori alds edilmisdir. Digar mis torkibli doldurucularla miiqayisads siirtiinma amsali 0,9 dofa
azalmigdir.
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INVESTIGATION OF THE INFLUENCE OF COPPER POWDERS ADDED TO
PLASTIC LUBRICANTS ON THE SELECTIVE TRANSFER MODE AND
TRIBOTECHNICAL CHARACTERISTICS

IA.A. Guliyev, %S.S. Huseynov, 3A.V. Sharifova,
123 Azerbaijan State Oil and Industry University
E-mail: aynur.sh84@mail.ru

ABSTRACT

Analysis of the results of experimental studies shows that the most effective filler is the one with the restoration of
which a new surface layer is formed on the friction surface, which is protected by a stronger adsorbed layer. In this
case, the friction unit operates in selective transfer mode. There is a so-called multilayer lubricant consisting of a
film of copper alloy particles, copper powders (Cu, Cu-C, Cu+(Cu-C)) and an adsorbed PSM layer, the void
between which consists of a mixture of graphite and lubricants. In this case, there may be a decrease in the intensity
of wear of the copper alloy sample and the formation of a film on the surface of the steel sample, which has a
complex structure.

Under these lubrication conditions, the anti-wear and anti-friction properties of the friction pairs and the load
capacity of the friction unit are increased. So, the mechanism of action of the lubricant manifests itself in the
formation of new tribochemical transformations in the oil during operation on the friction surfaces and appears in
the form of soft films that help to increase wear resistance and reduce friction forces.

Keywords: friction units, friction pair, bronze-steel, copper powder and powdered copper graphite, plastic
lubricants, fillers, selective transfer, complex coating, tribotechnical parameters.
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KiMYOVIi TORKIBIN OVUNTU POLADLARININ ZORBLO-ABRAZIV
YEYILMOYODOZUMLULUYUNO TOSIRI

T.O. Tagiyev
Azorbaycan Texniki Universiteti
E-mail: tagiyev-taleh@mail.ru

XULASO

Miiasir masinqayirmanin inkisafi ilo olagodar olarag konstruksiya vo alot materiallarina stati-ki vo dinamiki
mohkomlik, kovrok dagilmalara qarst miiqavimat, yeyilmoyadéziimliiliikk vo korroziyayado-ziimliiliik talob olunur.
Qeyd edilon bu parametrlor detallarin, magin vo mexanizmlarin, o ciimlodan texnoloji avadanliglarin etibarliligini
tomin edir. Bu sobobdon masin vo mexanizmlorin siradan ¢ixmasina asas sabab kimi detalin is¢i sathin yeyilmosi
gostarilir. Xiisusilo detalin intensiv yeyilmasine sobob, abraziv vo aqressiv miihitlords, eyni vaxtda yiiklonmasi,
yiiksok temperatur vo sothdo bas veron siiriismodir. Mogalodo ovuntu poladlarindan hazirlanmig hissalorin
yeyilmoyadoziimliiliyiine Kimyavi torki-binin tosiri aragdirilmigdir

Acar sozlar: Yeyilmayadoziimliilik, kimyavi torkib, zorbs 6zliilityii, abraziv, legirloma, ovuntu, mesamalik

ABSTRACT

The development of the main branches of modern mechanical engineering imposes on the structural and tool
materials used a growing level of requirements in terms of high static and dynamic strength, resistance to brittle
fracture, wear and corrosion resistance in various operating conditions. The level of these properties to a large
extent ensures the reliability of parts, assemblies, working bodies of machines, mechanisms, tooling and
equipment. The article discusses the effect of chemical composition on the non-edible durability of parts made
from hunting steel

Keywords: wear resistance, chemical composition, impact strength, abrasive, alloying, powder, porosity.

AHHOTAIUA

Pa3BuTHE OCHOBHBIX OTpaciel COBPEMEHHOIO MAIIMHOCTPOEHHUsS MNpEeAbABIsAeT K KOHCTPYKLUHOHHBIM U
WHCTPYMEHTAJIBHBIX MaTEPHAIOB, UCIIOJIE3YEMBIX PACTYIIHH YPOBEHb TPEOOBAHUH B YACTH BBICOKOM CTATHUYECKOM
Y JIMHAMUYECKOW MPOYHOCTH, CONMPOTUBICHUS K XPYNKOMY Pa3pyLICHUIO, U3HOCOCTOMKOCTU U KOPPO3UOHHOM
CTOMKOCTH B PAa3JIMYHBIX YCIOBHUIX dKCIUTyaTallMHd. Y POBEHb MEPEUHCICHHBIX CBOMCTB B 3HAUUTEIBHON CTETICHH
obecrieunBaeT HAZC)KHOCTD JIeTalIeH, Y3JI0B, pab0ovIrX OPTaHOB MAIllMH, MEXaHU3MOB, TEXHOJIOTHYECKOH OCHACTKH
u obopymoBaHus. B craThe paccMaTpuBaeTCs BIMSHHE XMMHUYECKOTO COCTaBa HAa HECHENOOHYIO TPOYHOCTH
JIeTajaeH U3 OXOTHUYBEH CTaJIH.

KiioueBble cj10Ba: M3HOCOCTOWKOCTh, XHMHYECKOTO COCTaBa, yJapHas BS3KOCTh, aOpasuB, JETHPOBAHUSA,
TTOPOIIOK, TIOPUCTOCTh
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GIRIS

Sonayenin inkisafi ilo olagadar olaraq texnikanin miixtalif saholorinds statiki vo dinamiki mohkomlik, kovrok
dagilmalara gargt miigavimet, yeyilmayadozimliliik va korroziyayadziimliiliik tolob olu-nur. Qeyd edilon bu
parametrlor detallarin, masin vo mexanizmlarin, o ciimlodon texnoloji avadanliglarin eti-barliligini tomin edir.
Biitiin bunlar1 nozars alarag masin vo mexanizmlarin siradan ¢ixmasina 2sas Sobob kimi avadanliglarin sathin
yeyilmosi gostarilir. Osason detalin tez yeyilmasine sobab, abraziv va aktiv miihitlords eyni vaxtda yiiklonmasi,
yiitksok temperatur va sathds bag veran siiriismadir.

Masalonin qoyulusu. Konstruksiya vo alat materiallarindan hazirlanmis kosici va stamp poladlari-nin struktur
analizindon aydin olmusdur ki, masin detallarinin intensiv yeyilmasina sobab olan amillardan biri do legirlomo
prosesidir. Yiiksoklegirli alot poladlart va bork orintilordon hazirlanmis magin hissolori giicli yeyilmoys va
stirtinmays moruz qaldigindan, onlarda bas veran proseslor daha ciddi sokildo Gyronilmolidir. Ona gora do
ovuntudan hazirlanan hissalorin yeyilmoayadoziimliiliiyiino Kimyavi torkibin tosirinin aragdirilma-s1 aktual
masaladir.

Masalonin holli. ilkin olaraq ovuntu poladlarmin zarblo-abraziv yeyilmoyodoziimliiliiyiiniin artiril-masi iigiin,
legirlomo prosesinin aragdirilmalidir. Legirlomo prosesi ilo momulatlarin barkliyini, 6zliilityiinii vo méhkomliyini
artirmagqla, yeyilmoyadozimliiliiyiinii do artirmaq miimkiindiir. Bu sobobdan do isdo asas mag-sad kimyavi tarkibin
va strukturun homogenlagsmoasini 6yranmokls, ovuntu poladlarindan hazirlanmig momu-latlarin zarbls-abraziv
yeyilmoyadoziimliiliyiinii miioyyanlogdirmokdir.

Niimunolorin hazirlanmasi zamani istifads edilon legirlayici elementlar gisminds oan somorilisi xrom va nikeldir.
Ovuntu sixtosinin hazirlanmasi iigiin asast [IXKB3.160.26 markali domir ovuntusu, I'K-3 markali karandas grafiti,
[IB-X18H15-056 vo IIP-65X25T'13H3 markali polad ovuntusu vo ITHK-1JIS markali nikel ovuntusu
gotiirilmiisdiir. Miixtalif torkibli ovuntular (codv.1) konusvari qarigdiricida 2 saat miiddatinds ga-rigdirilmis, 600
MPa tozyiq altinda statiki soyuq preslomo omoliyyatina ugradilmigdir. Preslonmis niimunslor 11500C
temperaturda disossasiya olunmus amonyak miihitindo 2 saat miiddstinds bisirilmisdir. Hor sixtodon miixtalif
kimyavi torkibloro malik olan 6 niimuns hazirlanmis, 3 miixtalif termiki emal omsliyyatlarina ugra-dilmigdir.
Codv.1-do istifado olunmus materiallarin kimyovi torkibi, termiki emalin névii vo parametri, o ciim-ladon
siaqlardan avvalki barkliyi vo miitlag yeyilmonin giymatlori qeyd edilmisdir. Siaqlardan (codval 1) gériindiiyii
kimi, termiki emal ke¢mis niimunalarin yeyilmasi, bisirmadon sonraki niimunslorin yeyilmosin-don daha az
almmugdir.

Qrafitin sixtodo 1%-dan 2,5%-0 godor artmasi zamani yeyilmo 0,033 qrama goadar artmis, bu sabab-dan do
niimunalarin sathinds kalo-kotiir-litylin dorinliyi artmaga baslamisdir (sokil 3, a vo b). Aparilmis si-naglardan
molum olmusdur ki, an yiiksok barklik torkibinda 2% qrafit olan ovuntu sixtaSindon hazirlanmig niimunolords alds
olunmusdur. Yeyilmoyadoéziimliiliyiin tayin edilma-si ii¢iin istifads edilon niimunalorin ok-sariyystinin tarkibinda
1,2%-o godor grafit olmusdur.

Sixtanin torkibi, termiki emalin novii vo Xassalor

Codval 1
No Sixtonin torkibi Termiki emalin novii Borklik, | Yeyilmo,
HRC gram
1 2 3 4 5
1 ITKB 3.160.26 (esas1)+ Bigirms, sobada soyutma 25 0,08
I'K-1(0,5%) 9500C-da suda tablandirma+2000C-do 41 0,045
taboksiltma
2 | IIXXB 3.160.26 (ssas1)+ I'K- Bigirms, sobada soyutma 32 0,06
1(1%) 9500C-da suda tablandirma+2000C-do 47 0,022
taboksiltma
3 ITKB 3.160.26 (esas1)+ Bigirms, sobada soyutma 36 0,052
I'K-1(1,5%) 9500C-da suda tablandirma+2000C-do 51 0,025
taboksiltma
4 | TIKB 3.160.26 (esas1)+ I'K- Bigirmy, sobada soyutma 38 0,05
1(2%) 9500C-da suda tablandirma+2000C-do 56 0,028
taboksiltma
5 | IIKB 3.160.26 (ocu)+ I'K- Bisirmo, sobada soyutma 38 0,058
1(2,5%) 9500C-do suda tablandirma+2000C-do 53 0,033
taboksiltma
6 Bisirmo, sobada soyutma 28 0,064
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ITKB 3.160.26 (asas1)+ I'K- 9500C-ds suda tablandirma+2000C-do 43 0,035
3(0,5%)+ITHK-1JI5 (1%) taboksiltma

7 | TIDKB 3.160.26 (osas1) + I'K- Bigirmo, sobada soyutma 32 0,32

3(0,5%)+ITHK-1JI5 (5%) 9500C-do suda tablandirma+2000C-do 46 0,021
taboksiltma

8 | IDKB 3.160.26 (asas1)+ I'K- Bigirmo, sobada soyutma 33 0,023

3(0,5%)+ITHK-1 JI5( 10%) 9500C-do suda tablandirma+2000C-do 46 0,018
taboksiltma

9 | IDKB 3.160.26 (asas1)+ I'K- Bisirmo, sobada soyutma 28 0,072

3(1%)+ITHK-1JI5 (1%) 9500C-ds suda tablandirma+2000C-do 48 0,061
taboksiltma

10 | TIXXB 3.160.26 (esas1)+ I'K- Bigirmy, sobada soyutma 32 0,028

3(1%)+IIHK-1JI5 (5%) 9500C-do suda tablandirma+2000C-do 50 0,016
taboksiltma

1 2 3 4 5

IDKB 3.160.26 (osas1)+ I'K- Bisirmos, sobada soyutma 32 0,021

11 3(1%)+ITHK-1JI5 (10%) 9500C-ds suda tablandirma+2000C-do 52 0,019
taboksiltma

IIXB 3.160.26 (asas1)+ ITP- Bisirmos, sobada soyutma 34 0,02

12 65X25T'13H3(5%) 9500C-ds suda tablandirma+2000C-do 46 0,015
taboksiltma

IIKB 3.160.26 (asas1)+ ITP- Bisirmos, sobada soyutma 38 0,044

13 65X25T'13H3(10%) 9500C-ds suda tablandirma+2000C-do 49 0,012
taboksiltma

ITKB 3.160.26 (osas1)+ I1P- Bisirmo, sobada soyutma 39 0,08

14 65X25T"13H3(20%) 9500C-ds suda tablandirma+2000C-do 50 0,018
taboksiltma

ITKB 3.160.26 (osas1)+ I1P- Bisirmo, sobada soyutma 37 -

15 65X25T'13H3(40%) 9500C-do suda tablandirma+2000C-do 52 0,018
tabaksiltma

IDKB 3.160.26 (asas1)+ I1B- Bisirms, sobada soyutma 32 0,018

16 X18H15-56(5%) 9500C-d» suda tablandirma+2000C-do 47 0,015
taboksiltma

ITKB 3.160.26 (asas1)+ I1B- Bisirmo, sobada soyutma 35 0,023

17 X18H15-56(10%) 9500C-do suda tablandirma+2000C-do 48 0,013
taboksiltma

ITKB 3.160.26 (esas1)+ I1B- Bigirms, sobada soyutma 37 0,028

18 X18H15-56(20%) 9500C-ds suda tablandirma+2000C-do 52 0,014
tabaksiltma

ITKB 3.160.26 (esas1)+ I1B- Bigirms, sobada soyutma 38 0,22

19 X18H15-56(40%) 9500C-da suda tablandirma+2000C-do 53 0,016
taboksiltma

Polad 45 860°C-do tabalma 35 0,022

20 (kompakt) 9500C-da suda tablandirma+2000C-do 52 0,014
taboksiltma

21 40XH2MA (kompakt) 860°C-do tabalma 36 0,018

9500C-da suda tablandirma+2000C-da 54 0,011
taboksiltma
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Yeyilmoyodoziimliiliyiin tayin edilmasi tigiin istifads edilon niimunalorin sksariyystinin torkibinds 1,2%-o godor
grafit olmusdur. Niimunolorin yeyilmoyodoziimliiliyii, zorba enerjisi 4,9 Coul/sm2 , zorbo sii-rati iso 1,6 m/san
olan sinaqlarda &yranilib.

Niimunolorin bigirilmasi zamani kimyoati torkibds olan grafitin rolu boyiikdiir. Bels ki, bigirme zama-n1 tarkibdo
olan qrafit, bisirmo prosesino (temperatur vo miiddoto) tosir etdiyi kimi, alinmig niimunslorin ye-
yilmoyadéziimliiliiyiine do tesirsiz dtiismiir. Umumiyyaotlo, sinaglarin hoyata kegirilmosi iigiin istifado olunan
niimunoslorin torkibinds olan grafit sarbast vo karbon soklindos olmusdur. Tarkibdo olan grafitin vo karbonun
miqdarinin bigirma prosesindan sonraki tosirini A.T.Cirkinin isinds aragdirilmis, alds olunan naticalor iss so-kil
1-ds (a va b) geyd edilmisdir. Burada alinmig naticalor osasan terkibinds 0,6-0,8% grafit vo 0,12-0,14% karbon
olan niimunoslors aiddir [3].

Nimunalorin yeyilma xarakterini miloyyanlosdirmak {igiin yeyilmis sathin relyefini giymotlondirmok kifayat edor.
Ogor polad yiiksok olmayan (tarkibinds karbonun miqdari 0,5%-don az olmamagq sarti ilo) bark-liys malikdirss, bu
zaman Yyeyilmo zonasinda plastiki deformasiyanin bas vermosi miisahido olunur. Abraziv yeyilms zamam
legirloyici elementlorin momulatin sathindon kigik hissaciklor formasinda dagilaraq sothds bas veran yeyilmo
prosesini bir godar siiratlondirir. Bu proses o zaman bas verir ki, hor hans1 bir legirloyici elementlorin ayri-
ayrihiqdaki barkliyi, niimunonin matrisasinin barkliyindon yiiksok olsun. Oksor hallarda bor-kliyi matrisaya
nishaton yiiksok olan legirloyici elementin hissaciklori yeyilmo zona-sinda kolo-kotiirliiyiin yaranmasina sabab
olmagla, sothin relyefini tamamils dayi-sir. Sakil 3-don (a) goriindiiyi kimi tarkibinds 0,5% karbon (grafit) olan
niimunalarin sath qatinda yeyilmo zamam plastiki deformasiya bag verir [4]

Ovuntu poladlarmin tarkibinds grafitin miqdar1 1,5%-don artiq olanda, yeyilmayadézimliiliik agag: diisiir, ikinci
sementitin miqdar1 iso artir. Ikinci sementinin migdarmin artmasi osason hissaciklorarasi sarhod-do bas verir vo bu
zaman nimu-nalarin barkliyi 700 HV-don 1000 HV-a godor artir. Sementit zarbls-abraziv yeyilms prosesini
stiratlondirir, kovrok oldugundan asanligla hissaciklora parcalanaraq, 6zlori abraziv hissa-ciklora ¢evrilirlar [1]. Bu
zaman momulatin sothi yeyilmasi daha da siiratlonir. Rentgenostruktur analizi za-mani1 miisyyon olunmusdur ki,
bu zaman strukturda olan faza 100% domir karbidindon ibarat olmusdur

Torkibdo olan grafitin miqdarmin artmasi ilo yeyilmoa prosesi ds siirotlonir vo bu iso 6z noévbasindo yeni
mosamolorin yaranmasina sabob olur. Qrafit strukturda bosluglarin olmasi hesab edildiyindon, materialin mo-
samoliliyinin artmasina da gotirib ¢ixardir. Umumiyyatlo iso grafit bisirmo zamani austenitdo yiiksok hall ol-ma
gabiliyyatino malikdir.

Yiiksok masamsli materiallarda siirtiinmos Vo yeyilma prosesi, kompakt materiallara nisbaton daha in-tensiv bas
verir. Moasamoli materiallarda siirtiinms zama-n1 sothdon qopan dispers hissaciklor, momulatin soat-hinin
yeyilmasini siiratlondirir.

Torkibindo yiiksok miqdarda grafit olan niimunslarin sothinds kslo-kotiirliiyiin dlgiilorinin azalmasi, yeyilmo
mexanizminin doyismasina sabob olan asas amillardon biridir. Malumdur ki, terkibds olan karbonun miqdarinin
artmast ilo poladlarin barkliyi artir, plastikliyi azalir. Bu iso 6z névbasinds poladlarin yeyilmosi zamani kvrok
dagilma hadisasini yaradir, bork struktur formalagmasini amoalo gatirir [3]

Ovuntu sixtosine slave olunan TIB-X181115-56 vo IIP-65X25I'13H3 markali korroziyayadézimli polad
ovuntusu alinan niimunslarin zorblo-abraziv yeyilmoyadoziimliliiylini artirir. Bu zaman ovuntu sixtasi-nin
torkibinds 20% ligatur olmusdur. Yeyilmoayadoziimliiliiyiin miiqayisali tohlili zamani aydin olmusdur ki, on yiiksok
naticalor ITP-65X25I'13H3 markali barpa olunmus ovuntulardan hazirlanmis niimunslords alinmig-dir.

Sixtanin optimal tarkibs ¢atdirilmast iigiin riyazi planlagdirma metodundan istifads edilmigdir. Bu metod bir qayda
olaraq tacriibalara sdykenan naticalar asasinda qurulur va bunun tigiin dayisen amillar va bir sira parametrlor nazars
alimmalidir

Tarkiba verilan grafit gisminds I'K-3 markali grafitden, xrom gisminds TIP-65X25I'13H3 markal: li-gaturdan vo
IMHK-1JI5 markali karbonil-nikel ovuntusundan istifade edilmisdir. Bununla da kimyovi tarkibin
yeyilmayadoziimliilitys tasiri aydinlasdiriligdir.
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Sokil 1. Bisirmoadan sonra niimunalorin zarbo-abraziv yeyilmasinin tarkibds olan sarbast karbonun migdarindan
asililig1 a-nozari olarag, b-tacriibi olaraq

Niimunalorin alinma texnologiyast; 2 saat miiddatinds ovuntu sixtasinin granulrigdirilmasi, 600 MPa tozyiq altinda
preslonmasi, 2 saat miiddstinds 11500C temperaturda bisirilmasi, termiki emali (9400C-ds yag-da tablalma va
2000C-da asagi-temperaturlu tabaksiltms) prosesloridir. Sonda alimmis niimunalor zarbls-abra-ziv yeyilma
smagqlarina ugradilir. Zarbls-abraziv yeyilmoyadoziimliiliyiin tayin edilmaesi zamani zarbs enerji-si 4,9 kCoul/sm,
Zorbonin siirati iso 1,6 m/san togkil etmisdir. Alinmis tocriiba naticalori miigayiso edilmis, statistikasi tortib edilmis,
malum olmayan amsallar vs bir sira amillor nozars alinaraq, asagidaki (1) ifads alinmisdir.

Am = 0,068 +0,0029Cr —0,0172Ni + 0,017 Ni? )

Istifado etdiyimiz (1) ifadosindo goriindiiyii kimi miitlaq yeyilmenin giymati osas olaraq torkibds olan xrom (Cr)
va nikeldon (Ni) asilidir. Zarbls-abraziv yeyilms sinaglara ugradilan niimunalerin torkibinds olan xrom, ITP-
65X25T'13H3 markali ovuntu soklinds (ligatur soklinds) olave edilmoklo oldo olunmugdur. Bu za-man
niimunslorin yeyilmasi xromun migdarinin doyismasi ilo miixtolif giymatlor almisdir. Sixtoys olavs olu-nan 4%-o
godor nikel, gozlonildiyi kimi niimunalarin yeyilmosini intensiv olaraq azaltmigdir. Lakin sixtods olan nikelin
miqdar1 4,5-5% haddinds oldugda bunlar1 demok miimkiin olmamigdir. Belo ki, tarkibdo nikelin migdar1 4,5-5%
olduqda, niimunslorin sothi yeyilmasi zamam miixtolif sothi ayilmolor, konarlarin deformasi-yasi, lokal (yerli)
yeyilmo soraiti amoalo golir [6]. bu zaman niimunslorin kiitls itkisi iso 0,01-0,04 gram toskil edir
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Torkibinds nikel olmayan niimunslorin zarble-abraziv yeyilms siaqlarindan oldo olunan mikrostrukturla-rinin
analizindon aydin olmugdur ki, simiglarin yaranma soboblori kimi osas ¢atlarin yaranmasidir (sokil 3, ag sahalar).
Bu zaman ITP-65X25T"13H3 arintisi (ag saho) ilo ayrilma sorhaddi amols gatiron ¢atlarin yaranmasi zarblo-abraziv
yeyilmo zamam dagilma prosesini intensivlogdirir. Naticads hissaciklorarasi alago qiivvasinin azalmasi daha da
stiratlonir, niimuns asanligla deformasiyaya miiqavimatini itirorok dagilir. Bu sobobdon do TTP-65X25T'13H3
markali ovuntu hissaciklorindon hazirlanmis niimunslords sathin yeyilmasi bilavasito tor-kibds olan xromun
miqdarindan asili olaraq dayisir. Torkibinds xrom olan niimunslarin yeyilms prosesinin belo modeli, xatti xarakter
dagtyr (sokil 2). Nikells legirlonmis ovuntu poladlarinin yeyilmayoadéziimliilityii-niin artirilmasi bisirmo zamani
diffuziyanin bas vermasi ila slagali olaraq doyisir.

Bisirma zamam ITP-65X25T'13H3 markali ovuntu hissaciklori ila nikel va domir hissaciklorinin osla-go qiivvesi
artdigindan zorblo-abraziv yeyilmo zamani catlarin amolo galmoasi xeyli longiyir (sokil 3, b). Apa-rilmis
tocriibalordon molum olmusgdur ki, legirli ovuntu poladlarmin yeyilmoyodoziimliilityiine tesirina gora grafit az
ohamiyyatlidir. Bu onunla izah olunur ki, yeyilmayadoziimliilitytine tosirine gors struktur formalag-masi daha
vacibdir. Belo Ki, torkibdo olan grafit sothi yeyilmo prosesinds elo do 6nomli rol dasimir, sathin da-gilmasi
prosesinds rolu demak olar ki, ¢ox azdir. Ancaq niimunalorin struktur formalagsmasinin lazimi soviy-yados olmasi
niimunslarin biitiin sothi vo hacmi boyu yeyilmoyadoziimliiliyiinii artirir. Lakin bu deyilonlori grafit Gigiin demok
bir godor ¢otindir. Ciinki qgrafit sotho yaxin zonalarda bork yaglayict rolunu oynasa da, mo-mulatin daxilindo
gorginlik monbayi kimi qalaraq etibarliligi azaldir.

Sakil 2. Fe-Cr-Ni-C (grafit) asash = -~ nsApoladlarm miitlag yeyilmasinin
torkibds olan xrom (Cr) vo nikeldon (Ni) asililigt

AVADANLIQLAR, TEXNOLOGIYALAR, MATERIALLAR 97




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

VOLUME 03 ISSUE 01 2020

Tocriibslordon alinmig imumi naticalors asasen onu demok olar ki, zarble-abraziv yeyilmoysyadé-ziimlilityiin
artirilmasi tiglin kimyovi torkib kifayat etmir. Bels ki, zorblo-abraziv yeyilmoyodoziimliilityiin yiiksok olmast igiin
kimyovi torkibdon basqa legirlayici elementlorin homogenlogsms doracasi, bisirms zama-m1 diffuziya vo diger
amillar boyiik rol oynayir.

Torkibda xrom va nikelin miqdar kiitloys gors 5%-o godor oldugda, yeyilms boyiik intervalda doyi-sir. Bir ¢ox
poladlarda nikelin miqdari, hatta 4-5%-o godor ola bilir. Bu halda torkibds xrom va nikeldon bas-qa grafitin olmasi
da vacib hesab edilir, lakin grafitin miqdarindan basqa yeyilmayodéziimliilitys tosir edan ikinci boyiik amil
tocriibalorin diizgiinliik daracssidir.

NOTICOLOR

1. Tocriibslorin aparilmasi zamani malum olmusdur ki, oan yaxs1 yeyilmayad6ziimlii ovuntu poladlari, tarki-binds
bircins paylanmis 0,8-1,0% karbon, 3,5-4% xrom vo 4-5% nikel olan ovuntu poladlardir.

2. Miloyyan edilmigdir ki, ovuntu poladlarinin torkibinds olan xrom karbidi bark struktur toskiledicisi olsa da,
zorble-abraziv yeyilmoyadoziimliliiyii agagr salir.

3. Ovuntu poladlarinin moasamsliliyi zarble-abraziv yeyilmasi zamani gorginliklor konsentrasiyasinin yaran-masina
sobob olur vo catlarin yayilmasi sahoasini geniglondirir. Tocriibolor gostorir ki, nimunalorin  ga-
lig moasamoliliyinin azalmasi ilo yeyilma do azalir.

4.Zarblo-abraziv yeyilmo soraitindos isloyan legirli ovuntu poladlarinin bisiril-ma rejimi, hissaciklorarast méhkom
alagani va legirlayici elementlarin hacm boyu barabar paylanmasini tomin etmolidir.
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THE EFFECT OF CHEMICAL COMPOSITION ON IMPACT-ABRASIVE WEAR
RESISTANCE OF POWDER STEELS

T.O. Taghiyev
Azerbaijan Technical Univercity
E-mail: tagiyev-taleh@mail.ru

ABSTRACT

The development of the main branches of modern mechanical engineering imposes on the structural and tool
materials used a growing level of requirements in terms of high static and dynamic strength, resistance to brittle
fracture, wear and corrosion resistance in various operating conditions. The level of these properties to a large
extent ensures the reliability of parts, assemblies, working bodies of machines, mechanisms, tooling and
equipment. The article discusses the effect of chemical composition on the non-edible durability of parts made
from hunting steel

Keywords: wear resistance, chemical composition, impact strength, abrasive, alloying, powder, porosity.
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