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Abstract

To describe the kinetic curves of thermo-oxidation failure, the differential equations of fractional order with
the right-hand side, depending on the order of oxidation reaction, are proposed. It is shown that thermal oxidation
destruction is possible only in the case of the fractal structure of the polymer. For the kinetic curves such as auto-
slow as well as auto-accelerated type, the order of derivate in equation is coincide with the fraction of conserved part
of the macromolecular polymer coil.
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Xiilasa
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AHHOTAIUSA

s onmMcaHMsT KHHETHYECKAX KPUBBIX TEPMOOKHCIUTEIBHON NECTPYKINH MpeIokeHs! nuddepennansHbe
ypaBHCHHS JAPOOHOTO MOPsIKA C MPAaBOM YaCThIO, 3aBUCAIICH OT MOPSIKA OKUCIUTENbHON peakimu. [loka3aHo, 9TO
TEPMOOKHCIIUTENBHAS JCCTPYKIUSI BO3MOXHA TOJBKO B Ciiydae (hpaKkTaabHOM CTPYKTYpHI monumepa. [l kuHeTnde-
CKHMX KPUBBIX KaK aBT03aMEJIEHHOT0, TaK M aBTOYCKOPEHHOTO THUIA MOPSA0K MPOU3BOJAHON B YpaBHEHUU COBMAAAET
C JIoJIel COXPaHSIOUICHCS YaCTH MaKPOMOJICKYJIIPHOTO KITyOKa ToIuMepa.

KaioueBble cioBa:  (hpakrasibHasi pa3MEpHOCTH IOJIMMEPA, TEPMOOKUCIIMTENbHAS JIECTPYKIHS MOJIUMepa, 00beM
PEaKIMOHHOM CHCTEMBI, CIIOCO0 MOIMKOH/ICHCAINH, TTOPSIIOK OKHCIUTENBHOM PEaKIuy, aBTo-
3aMeUICHHBIH M aBTOYCKOPCHHBIH THIT PEaKIMH, KPUTHUECKOE 3HaYCHUE (paKTaIbHOU pas-
MEpPHOCTH ITOJIUMEPA.



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021. Cild 13, Ne 3. 8. 7—17
0.X. Canahmadov va basq.

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 3, Pp. 7— 17
A. Kh. Janahmadov et al.

BBenenue

B paGorax [1, 2] ans onucaHusi KHHETH-
KM TEPMOOKHUCIUTENLHON NEeCTPYKLHMH TOJH-
MEpOB B aBTO3aMEIJICHHOM DPEKHMME HCIIOJNb-
3yercsa  mpocrteimee  auddepeHnraibHoe
ypaBHEHHE JPOOHOTO MOpSIKA, SBISIOIIEECs
aHaJIOTOM OIHUCAHUS Mpollecca aHHUTHISLUU
MO3UTPOHOB [2], UTO MO3BOJIMIIO BBECTU MPUH-
[UITUATBHO HOBBIM TOCTYNIAT: OKHCICHUIO
MOABEPraeTcs TOJIBKO 4YacTh MOJHUMEPHOTO
KIyOKa, OmpenenseMoro ero (paxraabHOU

CTPYKTYPOH.

Hear padoTbl — onucarh anmapar
npoOHOTO HMHTErpo-TudPepeHpoBaHnsl B
IIPUMEHEHUHU K IPOLECCY TEPMOOKHUCIUTEIb-
HOU ACCTPYKIHU MMOJIUMCPOB U IMOJTYYUTHb YUC-
JIEHHOE pEIICHUE YpaBHEHUS (PpaKTaIbHOMI
KHHETUKH MPOIecca TEPMOOKUCIICHUS aBTO3a-
MEJIEHHOTO THUIIA.

1. IlIpocreiimmue g depeHnuaIbHbIE
YPaBHeHHs1 JPOOHOr0 MOPSIAKA AJs ONuca-
HUSlT TEPMOOKHUCJIUTEIBHON JeCTPyKIUH
NMOJIMMEPOB

Cy1iecTByeT HECKOJIbKO OCHOBHBIX TH-
IMOB KMHCTUYCCKUX KPUBBIX «KOJIHUYCCTBO IIO-

TJIOMICHHOTO KHCJIOPOaa — BPEMs» NO2 (t) B

nporecce TEPMOOKHCIUTEIbHON JeCTPYKIHUU
IIOJINMEPOB.

PaccmoTpuM KpuBBIE C aBTO3aMEIJIEHU-
€M, UCIIOJIb3Ysl TEOPETUUECKYIO TPAKTOBKY KH-

HETHYECKUX KPUBBIX N, (f), OCHOBaHHYIO Ha

KoHIenuu (pakrana. KpuBbie yka3aHHOTO
TUIla, rac Ha6JHOI[aeTC$I CHHXXCHUC CKOpOCTPI
mpolecca Co BpeMEHEM €ro MPOTeKaHUs, IIH-
POKO pacrpoCTpaHEHHI B (U3HKE U XUMUU TI0-
J'II/IMepOB 1 HC TOJIBKO HOHI/IMepOB. K TAaKOBBIM
CJIEIyeT OTHECTH KPHBBIC COPOIIMH, aHHUTH-
JSIUU  TIO3UTPOHOB, KPHUBBIC «HAIMPSIKCHHUC-
nedopmarus» u T.4. [3]. Cam daxT 3aBUCHMO-

CTH CKOPOCTH TpoIecca OT BPEMEHH MPEAro-
naraet (paKkTaTbHOCTh CPEJbI, B KOTOPOU 3TOT
npouecc mnporekaer [4]. DTO AaeT BO3MOXK-
HOCTh CYHMTaTh, YTO NPUYMHOW 3aMeJICHUS
MOTJIONICHHST KUCJIOpOAa CO BpPEMEHEM IS

KUHETHYECKUX KpuBbiX N, (f) aBrosamern-
JICHHOTO THIA SBJISETCS (PaKTaIbHOCTh Cpe-
IIbI, B KOTOPOM MPOTEKAET TEPMOOKHCIUTEIb-

Hasl 1ECTPYKIIHSL.
VYpaBHeHne (PppakTaIbHOW KMHETHKHU JJIS

onucanust KpuBoi N, (¢) 11 TepMOOKHCIH-

TEIbHOMN ACCTPYKIIMU ITOJIMMECpa HUMCCT BH/,

rIe Ng’z - KOJIMYECTBO KHCIIOPOJa, HEOOXO0IU-

MO€ ISl OKUCIIEHHsSI BCeX anu(aTudeckux u
apOMAaTHYECKUX I'PYIII TOJIMMEPOB:

= ka[N&, — No, 0], (1)

MOPSIIOK peakiuu 7 CBsi3aH ¢ 3¢ (HEKTUBHON
CIIEKTPATLHON Pa3MEpPHOCTHIO d'y ypaBHEHHEM

n=1+= )

S

dNo, (t)
dt

U BBIpaXKaeTcs depe3 (pakTalbHYIO pa3Mep-

HOCTb MaKpOMOJIEKYJIAPHOTO KiyOKa A, ¢ 1mo-

MOIIIBXO COOTHOLICHUS

a+2

n=1+2Af_d

)

rae d — eBKIHJ0BA Pa3MEPHOCTh MPOCTPaH-
CTBa, B KOTOPOM HaXOAHUTCS OOBEKT.
VYpaBuenue (1) nocie 3aMeHbI

]\702 ()= (Ng; -N,, (t))in 1781171
Ny =N, (1)= (NOZ (t))_l/n IPUBOIUTCS K He-

nuHerHOMY nuddepeHITnaTbHOMY YPaBHEHHIO

—dN;;(” SARAGI )

riue l€d=n-kd, n=1/n.
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VYpasHenne (4) mocie BBeAEHUS APOO-
HOTO mokazarens vy (0<v,<1), onpenenseMoro
hopmyroit
Vg = Af - (d-1) (5)
OpUBOAUTCS K Au(QepeHInaIbHOMy ypaBHe-
HUIO TPOOHOTO MOPSIKA

()DI‘V(,NOQ (t) = igd I:N()z (t)]ﬁ

(6)

rne oD’ — npoOHas mpomsBojHas Pumana-
JInyBumnns [4]:
1 d N, (8)ds
r(1-v,)de?o (t=&)v,
rae ['(-) — ramma-dyHnkius Ditnepa.
[Ipexme uYem wuccieoBaTh ypaBHEHHE
(6), oTMeTHM, YTO JUIsI TEOPETUUYECKOTO OIH-

0D“d]\702 (1)=

CaHMs KHHETUKH OKUCIICHUS aBTO3aMeIJICHHO-
ro TUMNa B paMKax Teopuu ApodHoro nudde-
PEHIIMPOBAHUS, IO AHAJOTUU C MPOIECCOM
AHHUTUJISIUN TIO3UTPOHOB BO (PpakTambHBIX
cpenax [5], B padote [2] ObUTO MCIOIB30BAHO
clieyrollee ypaBHEHHUE:

— nNO 1%
No,(t) = No, - [1 = E, ,(=t"4)], (7
rae Ngz— HCXOJHOE COJIepiKaHue KUCIOPOJa,

U,

E, (—t"")— knaccuyeckas QpyHkuus Murrar-

Jleddnepa, koTopas UMeeT ciemyroliee pas-

JIO)KEHUE B CTEIIEHHOM Pl
[ee]

Fa@i=) ®)

rae C — MHOXXECTBO KOMIUIEKCHBIX uncen; ['(z)

Zn

—, a>0, z€(
-0 I'(an+1)

— ramma-QyHKIus Disepa; vy — ApoOHBIN TO-
Kazaresb, onpeaensiemMbiid popmynoit (5).

JlanuM KpaTKoe TMOsICHEHHE K JI0Ka3a-
TeNnbCTBY GopMyIsl (7).

JIJ1sl IIIOTHOCTH TIO3UTPOHOB 71(¢), Ompe-
JIeTICHHON Ha KAaHTOPOBOM MHOXECTBE, MOKHO
3anucath JuQQepeHIraIbHoe ypaBHEHUE C
nokaszaresieM JpoOHOM MPOu3BOAHOM Vv, O0<v<I.

0Dfn(t)+n(l)=0 ©)

10

IIpu v=1 (motHas cpena) moiydaercs
M3BECTHOE ypaBHEHHE pacmnaaa. Bce Benuuu-

HbI B ypaBHeHuH (9) 6e3paszmepusle, D, — 310
npoOHas mpousBoaHast Pumana-JInyBus [3]:
d J-t n(&)dé
arh (1=

JpobHasi Tpou3BOJHAS OTpa)kaeT TOT

, 1
oDin(1)= r(i-v)

dakT, 9T0 M3-3a (PpaKTAITBHOCTU CPEIbI TPO-
[[ECC AHHUTWISLIMU UIET MeIJIEHHee MepBOi
MIPOU3BOJHOM. DKCIIEPUMEHTAIBHO HaOJI0/1a-
€MOI B JIaHHOM Ccllydae SIBJIIETCS BeJIMYMHA
N(t), KoTopasi cBsi3aHa MPOCTHIM COOTHOIIIECHU-
€M C IJIOTHOCThIO (KOHUEHTpAaIMeil) To3UuTpo-
HOB n(t):

N(t)=, D"'n(¢) (10)

B kakom-To cMmbIcie 3TO ycCpeaHeHHas
IUIOTHOCTD MTO3UTPOHOB.

[Tpu v=1 06e IOTHOCTH COBIMAAAIOT.

VpaBuenue (9) siBis€TCS YaCTHBIM CITY-
qaem (y(¢)=n(t), I=1, A=-1, a=v) npoOGHOTO OA-
HOPOJHOTO IU(DPepeHIMATBHOTO ypaBHEHHS

(6):

(oD £¥)() —Ay(t) =0 (t>0;
l-1<a<l; LEN; 1€R) (11)
KOTOpO€ IPpU HAYAJIbHBIX YCIIOBUIX
(oD &*y)(0+)=bER (12)
AMEET pEILICHNE
!
y(t)zzbjtaian,aH—j (ﬂ’ta) (13)
j=1

3aeck N — MHOKECTBO HAaTypaJIbHBIX YHCEIT,

R — €BKJIMJIOBO IPOCTPAHCTBO pa3MepHOCTH 1
(-oo<t<o0); E,p(z) — dynkumus Murrar-Jled-
duepa ¢ 1Byms mapameTpamu a, f:

o0

Eer®= ot p

13 (10) cexyer, ato  n(t)=,D, " N(t)
U, CJICIOBATEIIBHO,
thW1 (oDz‘HN(t)) o= N(O) =N,

(@>0,3>0) (14)
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Torna ypaBHenue (9), kak 4acTHbII ciny-
yaii ypaBHenus (11) ¢ A=-1, /=1 u a=v npu
HayalbHOM YCIIOBHH
thv_ln(t)|z:o+:N0 (15)

(No — ycpenHeHHasi HayajibHasl IUIOTHOCTb I10-

3UTPOHOB BO (PpakTaJbHOM cpene) HUMeeT

€IMHCTBEHHOE peIlIeHHE

n(t) = Not"~ " Eyy(—t") (16)
[Tpumenum Gopmyiy A TPOU3BOIHBIX

¢ynkuun Murrar-Jlepdaepa [3].

oD/ (tak+ﬁ—1E((zlf)ﬁ (At” )): (ok+B=y-1 g (k)

a,ﬁ—}/ (/’i’ta )9

(17)

rae £, ) (y)
S=0, a=v, y=ﬂ-1, npuxoauM K popmyie
oD (7 E, ()= B, (22,
Tak Kak E, j(V)=E, ().
N3 (18) mpu A=-1 ¢ yuetom (11) u (16)
crenyet popmyna
N(t) = NoEy(—t") (19)
B [5] 3a ynucno npoaHHUTHIMPOBABIINX
MTO3UTPOHOB, HAKOIIJIEHHBIX K MOMEHTY ¢ (000-

o8 (y). Ilonaras, uro k=0,

(18)

sHaunM  N'(¢)), TpUHUMAaeTCs BEIUYMHA
N (t) = oD "N(t) = (D¢ 'n(t):
N™E(t) = No[1 — Ey (=t")], (20)

T.€. ()aKTUYECKU UHTETPal OT IIOTHOCTH 71(1).
Jst £>>1 (BpemeH, ropas3io OOJBIITNX
XapaKTepHBIX BPEMEH AaHHUTHIIALWN) aCHMII-
TOTHYECKOE TOBeJIcHUE BhIpakeHus (19) omm-
ChIBaeTCs CTeneHHoﬁ bynkmei [5]:
N(©)= 7+ 0(It ). (1)
HGBKCHOHGHHI/IaﬂbHaﬂ 3aBHCHMOCTH OT
BPEMEHH PElIaKCAIIMOHHBIX IPOIIECCOB AHHHM-
THWIALMNA — XapakTepHas d4epTa HEeIUHEHHBIX
JMCCUITATUBHBIX MPOIIECCOB, TECHO CBSI3aHHBIX
C KOHIIeMuen (pakrana.
B [2] mpaBas ugacte paBeHcTtBa (20) He
COBCEM KOPPEKTHO MPUHUMAETCS 32 YHCIIO Ya-

crunl kucnopona N, (f), NONOUIEHHBIX B

MOMEHT BpPEMEHH ¢ B TIpoIecce TEPMO-

11

OKHUCJIUTENBHOM JIECTPYKIMH MOJUMEPOB, U
HCIIOJIB3YETCSl yPABHEHHUE

— 0
No,(t) = No,[1 — E, ,(—t"9)], (22)
rae N, — ucxomHoe (mpu 1=0) conepikanue

kucrnopoga B momumepe, E, () — dynxmus
Murttar-Jledduepa c mapameTpom v,.
VpaBuenue (7), ucronp3dyemoe B pado-
Tax [1, 2] m1s TEOPETUUECKOrOo ONMHUCAHUSA KH-
HETHKH OKHCIICHHS aBTO3aMEICHHOTO THUIA B
paMKax TEOpUH JAPOOHBIX TPOHM3BOJHBIX, KaK
OBLIIO YKa3aHO BBIIIE, TOCTPOSHO IO aHAJIOTUH
¢ ypasHeHuem (20). Mcxomubm nnst (20) siB-
nsI0ch ypaBHenue (9), mpemioxeHHoe B [5]
JUTSL TIpOIlecca aHHUTHIISIUU TO3UTPOHOB BO
dbpakTanpHO# cpefe, T.e. PaKTUUeCKH ypaBHe-
Hue (11) ¢ /=-1. OmHako Takoi BBIOOpP MCXOI-
HOTO A depeHInaIbHOr0 YpaBHEHUS JPO0-
HOTO TOpSIKa Ui (PaKTATbHOW KWHETHKH,
ONKCBIBAIOLICH KPHUBbIC Ny,(f) aBTO3aME/ICH-

HOTO TUIIa, HE I0CTaTOYHO 00ocHOBaH. K Tomy
e MOPSI0OK peakuu n=1 B mporecce TepMo-
OKUCJIUTEIBbHOW  JIECTPYKIHMHU  TOJIUMEPOB
BCTpeYaeTcsi KpaitHe penko. B 3Toi cBs3u 60-
Jee MPEeANOYTUTEIbHBIM SIBISIETCS HCIOIb30-
BaHue JudepeHuanIbHOro ypaBHeHHs (6)
JUTSL OTIMCAHUSI KUHETHYECKUX KPUBBIX TEPMO-
OKHCITUTEIbHON JECTPYKIHH MOJUMEPOB U
BBIOOp TIOpsiZiKa peakiuu mo ¢opmye (3).

2.
BBIX

MozaeaupoBaHne KHHETHYECKMX KpH-
TePMOOKUCIHUTEIbHOH /1eCTPYKIUHU
MOJIMMEPOB ¢ NMpHUMeHeHUueM Aud@epeHnu-
aJIbHBIX YPaBHEHMIi IPOOHOI0 MOpsIKa
BBenennoe B mpedblaylieM pasjene
muddepeHraIbHOe ypaBHEHHE IPOOHOTO T10-
panka (6) sBISIETCS TPH MaJbIX 0y OOIIUM
YPaBHEHMEM aBTO3aMEIJICHHOTO pEeXHMa KH-
HETUKM TEPMOOKHUCIUTEIbHOW JI€CTPYKIIUU
HOJIMMEPOB C IOPSAKOM 7 JAHHOM peakluu.
IIpu n=1 ypaBHeHue (6) ABNSETCA YACTHBIM
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cllydaeM OJHOPOJHOTO U depeHnaTbHOTO
ypaBHeHHsT JpoOHoro mopsaka (11) (mpwu

y(l):NOZ (t),/l :]gd’a :Vd’0<a <1).
Torza npu HAYATBHOM YCIOBUH
-1~ —
(oD {%7 Np,)(0+) = Ng, (23)

ypaBHeHUE (6) UMEET EIMHCTBEHHOE PEIICHUE

N, (t)=Ny -t“E, , (kpt"), (24)
rae ]\N] 37 ONPEACIIACTCS paBEHCTBOM
Ny =1/Ng (25)

E, ;(z) onpenensercs popmynoii (14).
Brmonnenue ¢yakuuent (24) HavanbHO-
ro ycioBus (23) BeITekaeT u3 paBeHctna (17),
B KoTopoM k=0, f=v, o=v, y=6-1 u t—0+.
Paccmotpum Tenepr ypaBHenme (25) ¢
MOPSAJIKOM peakiuu n#l, gBisiolieecss 4act-

HBIM cirydaeM (pu y(f) = ]\702 @), =0, a=vy,
m=i, A=k ,) caenymomero aupdepeHInab-
HOTO ypaBHEHHUs APOOHOTO Hopsiika u3 [6]:
(oDEy ko) = 21", >0 m>0,m#1),  (26)
KOTOPOE TIPU YCIOBUHU

1—-m

(27)

HUMCECT PCIICHUC!

Bra,

m-1

1/(m-1)
l t(B+a/(-m) (78)

rae /(-) — ramma-gyHKIus Didepa.
IMpu ycnosuu (27) y(t) €

Cy—a [0,00), T.e. [tV y(8)]|cro,20) < 0.

ITpu »toM ¢yHKUMS Y(f) TpencTasisie-
Masi popmyiioif (28), ABISIETCS TOYHBIM pelle-
HUeM B3BenieHHoM 3amaun Komm ([6], §3.3.7),
B KOTOpOH ypaBHeHHe (26)-(27) paccmaTpuBa-
€Tcsl B 3aBUCHUMOCTH OT o IPHU HadaJIbHOM
yCIIOBUU
tlir(g[ll_ay(t)] =0

(0< a < 1) (29)

" IprU Ha4YaJIbHOM YCJIIOBUH

12

(sDe v ka) =0,
(@>0,k=1,..n=—-a]).

HavansHoe ycnosue (29) nns ypaBHEHUS

(30)

(6) OynmeT yIoBIETBOPSITHCS, TaK KaK
N, (0) (N(:) u 0< Vd—l’l’il <1

02
B uwactaoctu, nns nonumepos [TAACO-1

(HM3KOTEeMIIEpaTypHBIA CIOCOO TOJUKOHICH-
calii) TIPH  TEMIepaType  CTEKIOBaHUS
T—=472K umeem A =2,60 u ks=0,19-10* ¢, a
st [TAACO-2 (BeICOKOTEMITEpaTypHBIN CII0-
co0 TONWKOHACHCALIMK) TPU TeMIepaType
creknoBanust 1.~474K wumeem AF=2,64 n
kg=0,24-10" ¢
Hcnons3ys popmyisl (2)

g =2CA =D 31)
° d+2

HaxoauMm, 4to d';=0,88, n=3,272 B mepBoM
ciyqae u d's=0,912, n=3,193 — BO BTOpOM

ciryuae.
Boruncnsis V4 1o dbopmyre
v, =A, —(d —1), HAaXOJUM COOTBETCTBEHHO
vs=0,60 1 v4=0,64. Torxa BenuuMHA o), "
n—1

Oyner coorBercTBeHHO paBHa 0,864 u 0,932.
Tak 49TO0 B O0O0OMX Ciydasx MPHUBEICHHOTO
IIpUMepa BBINOJIHSETCS yciIoBHe (29).

Pemenue ypaBuenus (6) mpu Ha4aJIbHOM
ycioBuH (29) 3anummeTcs Tak:

1/(i-1)
F(f)“ +1J
N (0= —/ =1 e (32)
kdl“(uf i lj
n—1
Hns Beruucnenus [(z) B (32) MOXHO
UCIIONIb30BAaTh MPHU  JIOCTaTOYHO OOJBIINX

HaTypaJbHBIX 1 PEKyppeHTHYIO hopmymy [3]:

r'Gz)= I'(z+n) ’ (33)
(z+n—-D(z+n—-2)..(z+ 1z
KOTOpasa oJIy4acTCs IOCJIICAOBATCIIbHBIM

IMPUMCEHCHUEM U3BCCTHOI'O COOTHOIICHU A
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(34)

I(z) = F(ZT”)

st pacuera uncnurens [ (z+n) B dop-
Myse (33) BOCIOIB3YeMCsl aCHUMIITOTHYECKON
¢dopmynoit CTupauHra npu z—oo, |arg|<m

[(z)=~ 27[6_222_1/2{1 +L + + } (35)
%14
n-1

12z 2882

JIisi BBIYMCIICHUST BETUYHH 1“(

n F[Ufl .n+1j, BXOAAIUX B (32), MOKHO BOC-
n_
MOJIb30BATbCA  CIEAYIOIIMM  MpeleIbHbIM
npencraBiacHueM [3]:
. n”-n
I'(z)= lim (36)

n—>oz(z+1)..(z+n)’
KOTOPOE€ CHpPABEJIMBO JJIsI BCEX Z, 32 UCKIIIO-
yeHueM z=0, -1, -2, ..., Ipu ycnoBuu
—k<Re(z)<-k+1. k=12,.. (@37

Kunetnueckas kpusas Ny, (t) crpoutes

Ha OCHOBaHMM paBeHcTBa Ny, () = N —
(Noz (t)) UM Tlopsimok peakuun n B ypaBHe-

Huu (6) onpenensercst mo Gopmyie (3), a mo-
PSJIOK peakiuu, OOYCIIOBICHHBIH IMPOCTpaH-
CTBCHHBIM OECITOpSIIKOM, CBSI3aH C ITOKa3aTe-
JICM n YpaBHCHHUECM

2—-h
Tlnp = E (38)
rae
_2(d+1-4p)
h = d+2 (39)

IIpoBenenHsblil B [7] CTPYKTypHBIN aHa-
JU3 JaHHBIX TepMorpaBuMerpuueckoro (TI'A)
u auddepeHnnanbHOro TEPMUYECKOrO aHAJH-
3a (ITA) muenok IIK (momukapOoHaTa Ha oOc-
HOBe OucdeHona 4), MOTy4YEHHBIX U3 PaCcTBO-
POB B pa3HBIX PACTBOPUTENAX, MOKa3aj, 4YTO
Ul aBTO3aMEUIEHHOrO  (BBICOKOTEMIIEepa-
TYpPHOTO) pexuma OKHUCJICHUS
Tyr =638+754K MOJIy4aroTCs

AF2,74-2,45 u n=3,02+3,63.

npu
3HAYEHU
VYka3zaHHBIM

13

3HaUEHUsAM Ay cornacHo ypaBHeHHIO (32) co-
OoTBETCTBYIOT 0,=0,74+0,45.

O4eBUAHO, YTO TMPHU MOJYyYEHHBIX 3HA-
YEHHUSIX TMapaMeTpoB 7 U Vg BBINOIHSIETCS
ycioBue (27), mpu KOTOPOM pENIeHHE APOOHO-
ro muddepeHnrantbHOro ypaBHeHus (26) nme-
€T aHATUTHYECKOoe mpeacTaBicHue (28).

B paGore [8] mis BbISICHEHUS! CTPYKTYp-
HBIX (DaKTOPOB, OMPEICISAIONIUX XOJ TEePMO-
OKHUCJIUTETFHOU NECTPYKIMU B CIydae MOJIU-
MEpPHBIX PACIUIABOB, HMCCIEIOBAHBI TOIUAPHU-
natel (ITAp) Ha OCHOBE AMXJOpaHTHUIAPUIA
1,1-muxnop—2,2-nu (n-xapOoKkcupEeHna) ITH-
JeHa W JWaHa, a Takke OJIOK+COIMoJINMEphI
nosmmapunatapmwieHcynbhoHokcun (ITAACO),
CHHTE3UPOBAHHBIE U3 JUAHA, CMECU (1:1‘) Jv-
XJIOPAHTUAPUIIOB Tepe- U H30(TaIeBOM KHC-
JOT, JTUTHIPOKCHIICOMEPKAIIETO OJIUTOAPH-
JeHCYTh(OHOKCH/IA Ha OCHOBE AuaHa u 4, 4' —
nuxyopaudeHuncyabhona
macchol 4600.

Hapsinmy ¢ oObIuHON KOHCTaHTOM CKOpPO-
CTH OKHuCIeHHS ky, B [9] mpenokeHo HCTOIb-

MOJIEKYJIIPHOM

30BaTh JJIsl CPABHUTEIIbHOW OIEHKH TepMOCTa-
OMIIBHOCTH TOJMMEPHBIX MaTepuanoB 3¢ dek-
THBHYIO KOHCTAaHTY CKOPOCTH OKHCICHHS K .
OTOT mapamerp Ui BBICOKOTEMIIEPATypHOTO
OKHCJICHUS 3aa€TCs ypaBHEHUEM [9]
dNg,
dt
rae N, — KOJIMYECTBO MOIJIOMEHHOIO KHUCIIO-

(40)

= k*P()z >

pona; ¢ — Bpems; £, — jaBieHHe KHUCIOpoza

Ha/I TOJIUMEPOM.

Kak nmokazano B [2]
k™ -mR =1, (41)
rzie m — Macca nojiumepa, R — yHuBepcaibHas
ra3oBasi HOCTOSIHHASI.

Mexay napamerpamu k u kg CymecTBy-
€T ClIelyIolIasl B3auMOCBs3b [9]:

K=y, -k, (42)
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rae y, — Ko3uIueHT pacTBOPUMOCTU KHUC-
JIOpoJia B OJIUMeEpE.
N3 (41)—(42) naxoaum
1

k,=——.
d Vo - mR

(43)

B HekoTophIX ciydasx mnapamerp k"
yIOOHO OMpEeNeNaTh IMyTeM MNPSIMOIo CpaBHe-
HUsI HAYaJbHOM CKOPOCTH IMOIJIOLICHUS KHC-
Jopoja (WO2 )0 U €ro JIaBJICHUs HaJl OJIUMEPOM

(P, ) [91:
kK= (W02 )0 /(POZ )0.

[TockonbKy 1Ji MOTMMEPHBIX PacilyiaBOB

OCHOBHBIM CTPYKTYPHBIM JJIEMEHTOM SIBIISIET-
csl MaKpOMOJIEKYJISIpHBIA KIIyOOK, TO B Kaue-

(44)

CTBE 00bEMa pPEaKIMOHHOW CHCTEMBI Ipejia-
raercs [10] nmpunsaTh 00BeM KiyOKa Vi, DTa
BEJIMYMHA PACCUUTHIBACTCS CIEAYIOIINUM 00pa-
3om [10]:

3-A,

VK,’Z = R§/ -n ba (45)

rae Ry — paguyc uHepuuu Kiyoka; n — JIMHEH-
HBI MacTad U3MEpEeHHS.

OpHako HENOCPENCTBEHHOE HCIOJIb30-
BaHue V,, B ypaBHeHUU (45), Kak oTMedaeTcs
B [4], HE acT KOPPEKTHBIX PE3yJbTaTOB, MO-
TOMY YTO B paccMaTpHUBAaEMOM cCllyyae HcClie-
IYIOTCS TPOLIECCHl TEPMOOKHUCIUTEIHHON Jie-
CTPYKIIMHU (DpaKTAIbHBIX O0BEKTOB (MaKpPOMO-
JIEKYJISPHBIX KIYyOKOB). YKa3aHHBIC MPOIIECCHI
MPOTEKAIOT HE B €BKJIMIOBOM, a BO ()paKTallb-
HOM IIPOCTPAHCTBE. DTO 03HAYAET, YTO KUCJIO-
PO TOTJIOMIAETCSl B YaCTH MAaKPOMOJEKYIISIp-
HOTO KJIyOKa, MojBepraromnieiics IecTpyKIHH.

V> no-

Kn 2

Torna a3 dexTruBHBIN 00bEM KITyOKa
TJIOIIAIOIINN KUCIOPO/I, ONIPEIEITUTCS KaK:

VK?V(i) = ﬁd : Vm = Vm € Af) (46)

Takass 3aBHCHMOCTH BO3MOKHA TOJIBKO
Uil PpaKkTaIbHBIX OOBEKTOB, a ISl €BKJIUIO-
BBIX O0OBEKTOB O0BEM PEAKIIMOHHON CHCTEMBI

14

paBeH Hymo. MHade roBopsi, TEPMOOKHUCIH-
TeJIbHAas ACCTPYKLHS MOJIHUMEPOB BO3MOXKHA
TOJIbKO B Cilydae ()pakTalbHOCTH HX CTPYKTY-
PpBL.

IIpu  onpeneneHHoM  3HaYeHHH A
(A=2,54+2,69 nna IIK n 2,72+2,84 s I1A-
ACO) npoucxXoIuT W3MEHEHUE TUTA KUHETH-
YECKOM KPUBOW M, CIIEIOBATEIIbHO, XUMHYE-
CKOr'0 MEXaHM3Ma OKUCIeHUs nonumepos [11].
Hcxond W3 CKEWJIMHIOBOIO AaHaIM3a TEPMO-
[2],
IPEANOI0XKHUTh, YTO U3MEHEHUE THUIA KUHETHU-
YECKOW KPUBOW MPOUCXOAUT B Ciydae, Korjaa
YHUCIIO PEAKIIMOHHOCIIOCOOHBIX MECT MakKpo-
MOJIEKYJIbI Ha MOBEPXHOCTU KIYyOKa N U B

OKUCIIUTEIBHON  JECTPYKLIMU MOXHO

ero ooreme N,; CTaHOBHUTCS paBHBIM [12]:
Nnoe = No6 (47)
Jlo1st MakpOMOJIEKYJIIPHOTO KIIyOKa fg,

pacnajarpomerocss B IpoLecce AECTPYKIHH,
3aBUCHT OT AU ONpENENAeTCsl ypaBHEHHEM

Ba =3 -4, (48)
peaNbHyI0 BEIUUYMHY YHUCIa Ny; MOKHO 3amu-
cath Tak [13,14]:

Ny =NyB-A;)-N

0

(49)

raoe n,, — 49uCio peaKL[I/IOHHOCHOCO6HBIX MCECT

nos?

Ha MaKpOMOJIEKYJly IIPU YCIIOBUM HX IIOJIHOH
JIOCTYITHOCTH,  OINpPEIEIAEMOE
CTPOEHHEM MOJIUMEPA.

CBa3p napaMeTpoB N,; U N,,s KOHTPO-
JMpYyeTCcsi CoOoOTHOMIEHueM [15]:
qup Af

XHUMHUYCCKUM

(50)

rae V,, u S;, — 00beM U MOBEPXHOCTH (paK-

TaJBHOTO O0BEKTa, B TAHHOM CIIy4ae, MaKpo-
MOJIEKYJISIPHOTO KiTyOKa, R,— panuyc unepunn
MaKpOMOJIEKYJISIPHOTO KITyOKa.

Coueranue ypaBHeHui (49) u (50) nmos-

BOJISIET MOJYYUTh CTPYKTYPHBIM KPUTEPUU Tie-
pexoja KUHETUYECKUX KPHUBBIX OKHUCIICHHS OT
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aBTO3aMEIJICHHOTO pEeXHMa K aBTOYCKOpPEH-
HOoMYy [16]:

Kp
A /

a-;

R

g

T2

: (1)

rae A7 — KpUTHYECKOe 3HaYeHue A, mpu yka-

3aHHOM TIepexojie; d — pa3MEepHOCTh €BKIIUIO-
Ba MPOCTPAHCTBA, B KOTOPOM paccMaTpUBAET-
cs (pakral, a R, 1aeTcs B HM.

st TTAACO B xmmopodopme [17]

<R;>=021x10"° - My" (52)
u s [1K B xsmopodopme [9]
<R;>=0,988x107" - M. (53)

rne My w M, — cpenmeBecoBas u cpen-

HCBA3KOCTHAA MOJICKYJIAPHBIC MACChbI, COOT-

BETCTBCHHO, BEJIMYNHBI Rg IMOJIYYCHEI B HM.

YucjieHHasi peaJin3amus U 00CyKIeHHne pe-
3yJbTATOB

Ha pucynke mnpuBeneHbl pe3ysbTaTsbl
pacyeToB KMHETHYECKUX KPHUBBIX aBTO3aMe/I-
neHHoro tuna s noiaumepoB [TAACO-1 B
JIBYX BapHaHTaX:
1) T,,=623 K; k~0,3396-10" mun"';
04=0,6; =3,27; N, (t,)=0; d; =0,88.
DKcIepUMEHTAIbHBIC TaHHBIC:
t, vum; N, (¢), momb/ocH.MOTTB
t=0; t=15; t,=31,8; 1;=46,7;
ts=75; t90; t~103,4; ts~120;
No, (t0)=0; No, (t1)=1,2; No, (2)=2,5;
No, (t)=3,8; No, (t4)=5; No, (ts)=5,8;
No, (t6)=6,5; No, (t7)=3,8; No, (ts)=5.

t~61,6;

2)  T.,=673 K; k;~0,42-10Mun"", v4=0,2;
n=4,57; d; =0,56.
BKCHepI/IMeHTaJ'II)HI)IC JaHHBIC:
t=0; t;=15; t,=33,7; t;=48.,6;
15=75,7; t91,6; t~105;

17~63,6;

15

No, (t0)=0; No, (t1)=3,7; No, (t:)=7,8;
N()2 (t4):8, 7; ]\7()2 (l5):9,0,‘ N()2 (l6)29,4,‘
N()2 (t7)=9,8.

No.. mon/ocu.pon

12,5

’/
10,0 T
~ ]
| — L — 2
-~ —
75 = = 1
Ve -
// /’ /,__./
30 / //
2
/s ~ /
a5 7/ / /
B 7,
Vv
75 225 375 525 675 725 975 1125 1275 foaum
Pucynok — MogenupoBanue KHHETHYECKHX KPHUBBIX

Noz(t) st [TAACO-1 mpu T.,=623 K (Bapumant 1) n

T.n=723 K (Bapuanr 2)
Figure — Simulation of kinetic curves Noz(t) for

PAASO-1 at T.,, = 623 K (variant 1) and T, = 723 K
(variant 2).

B o00oux BapmaHTax 3KCIEpUMEHTAIlb-
HBIC JTaHHBIC B3ATHI U3 paboTel [11]. Pacuyersr
KMHETUYECKUX KpUBBIX | U 2 Ha pUCYHKE, CO-
OTBETCTBYIOUIMX BapuaHTaMm | U 2, MOIy4eHbI
nyteM peuieHus auddepeHInanIbHOro ypaB-
HEHUs IpoOHOTO Topsiaka (6):

(t))—l/n

N, (¢) TIpeAcTaBisiercs Gopmynoi (32).

N, (t)=N; —(Noz (54)

rIe

YucneHHble 3HAYEHUST BEIMYNH r( Vs +1j 51
n-1

p("d'ﬁHj MOJy4eHbl € TOMOIIBIO (OpPMYI
n-1

(33),(35). KonmnuecTBo

obxoaumMoe sl OKUCIICHHS BceX anmudaruue-
ckux u apomatuyeckux rpynn [TAACO, paBHO
~ 24,1 momb O,/ocH.monb ITAACO [2].

st cpaBHEeHUS ¢ pemienneM nuddepen-

KHUCJI0poJia Ngz , He-

[IUATBHOTO ypaBHEHUS 1IEJIOTO MOPSAKA, HC-
noJib3yemoro B [2]:
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dN, (1)
— %\
d
dt
KOTOpOE JIETKO MHTErPUPYETCS, SABJISISICH YpaB-
HCHUCM C pas3ACIIAIOIMMNMUACA IIEPEMEHHBIMU, U

(Ng =N, (1), n>1 (55)

npy HavaneHOM ycnoBuu N, (¢)]_,=0 nwme-

€T pelIcHHe

ln l(lfn)
Ny (0= (=0 e+(30) 7] 60

Ha pucyHke npuBeneHsl Takke KpUBbBIE
3 u 4, COOTBETCTBYIOIIHE PEIIeHUIO (56) st
BapuaHTOB 1 U 2, cooTBeTCTBeHHO.Bapuanry 1
COOTBETCTBYIOT IKCIIEPHUMEHTAJIbHbIE JaHHbBIE
«Oy, KpuBble 1 U 3, a BapuaHTy 2 — dKCIEpHU-
MEHTAJIbHBIE TOUKH «A», KpUBbIE 2 U 4, Tpu
3TOM KpuBbIe 1 U 2 paccuurtansl 1o hopmyse
(54), a kpussie 3 u 4 — o popmyie (56).

N3 pucynka 1 BumHO, 4TO KpuBbIE | U
2 XOPpOIIIO COTJIACYIOTCS C COOTBETCTBYIOIIUMU
IKCIIEPUMEHHTAIBHBIMU JTAHHBIMH, Y€TO HEllb-
351 cKa3aTh O KpuBbIX 3 U 4. TeM cambIM IOx-
TBEP)KAAETCS HEOOXOJUMOCTh IPHUMEHEHHS
apoOHoro audQepeHIUpoBaHUS U METOIOB
(bpakTaibHOrO aHanu3a ISl ONMUCAHUS KHHE-
TUKH TPOLIECCOB TEPMOOKUCIUTENBHOU Je-
CTPYKLMHU OJUMEPHBIX PACILJIaBOB.

Hecmotpst Ha TO, 4TO MareMaTUYECKUI
npoOHoro  uHTErpo-auddepen-
UPOBaHUs (IpOOHBIE MPOU3BOJHBIE U HHTE-

ammapar

rpaisl B cMmbicie Pumana-JInyBumnsa u Kamy-
TO) XOpOILO pa3paboTaH, IHUPOKOE MPHUMEHE-
HUE ApPOOHBIX NPOM3BOJHBIX W HWHTETPAJOB
CIIEP’KUBAJIOCHh U3-3a OTCYTCTBHS SICHOM (PU3H-
YEeCKOW MHTEpHpeTalud. YK€ MPOU30IIe
OIpEJICJIEHHBIN CIBUT' B MOHUMaHUM (pu3nde-
CKOM CYyTH MW TOJKOBaHHUS OIpPEIACICHHON
IpoOHOM TPOU3BOJHONW U APOOHOTO MHTErpa-
na. IlokazaHo, 4TO ypaBHEHHUS B JPOOHBIX
IIPOU3BOJHBIX ONMCHIBAIOT 3BOJIOLUI0 HEKO-
TOpPOH (PU3UUECKON CUCTEMBI C TOTEPSIMHU, MIPH
3TOM JIpOOHAs 4acTh MOKA3aTelIs IPOU3BOIHON

16

YKa3bIBAET JIOJTIO COCTOSIHMM CHCTEMBI, COXpa-
HSIIOIUXCS 32 BCE BpeMs ABOMIONMH. MIMEHHO
Takol sBIsieTCs (pakTalbHas CTPYKTypa IO-
JMMEPOB, 4acTh KOTOPOIl TepseTcs B mpoliecce
TEPMOOKHUCIUTEILHOU NECTPYKIUU.

B otnuune oT TpaaWLMOHHBIX CTIOCOOOB
OMMCAHUSA CHUCTEMbl Ha OCHOBE PA3IUYHBIX
IPOLEAYP YCPEIHEHUS, MPU KOTOPHIX MPOUC-
XOIUT  «CTUPAHHWE»  MHUKPOCKOIMUYECKOTO
YPOBHS, B KOHIIETIIUU ()paKTalia yIUTHIBACTCS
camoapuHHasg (C pa3nMyHBIMU K03 dunumen-
TaMH CaMOTIOJIOOWsI B pa3HbIX HAIPABICHUSIX )
CTpYKTypa cpensl. Tem caMbiM B paMKax KOH-
nenuuu gpaxraiga 00beIUHIIOTCS MUKPO-, Me-
30- U MaKpOypOBHU omnucaHus cuctemsl. [Ipu
9TOM (PpaKTaIBHBIA MOIXOJ C HUCIOJIb30BAHU-
€M MaTeMaTHYeCKOro ammapara ApOoOHOTO
muddepeHIMpOBaHUS JaeT aleKBaTHOE OIH-
CaHWe KUHETHUYECKHX KPHUBBIX TEPMOOKHUCIIH-
TEJIBHOIO Mpoliecca MOJUMEPOB C SICHOU (Pu-
3MYECKOM MHTEpIpeTanueld I1poOHOro mokas3a-
TeJs KaK YaCTH MaKpOMOJIEKYJISIPHOTO KITyOKa,
MOJIBEPTaloIEeiCcsl OKUCICHUIO B JAHHOM IIPO-

oecce.

3aKJa4eHue
HanbGonee moaxomsium JUIsl OIMCAHUS

KUHETHYECKUX KpuBbiX N, (f) aBroszamern-

JICHHOTO THUNA SIBISIETCS ypaBHEHHE B ApPOO-
HBIX TPOU3BOJHBIX, PELICHHE KOTOPOIro Mpe-
CTaBJISIETCS CTETMICHHON (PyHKIHMEW OT BpeMe-
Hu. [lomyyeHHble pe3yabTaThl JAlOT BO3MOXK-
HOCTb C Y4ETOM XHMHYECKOI'O0 CTPOCHHUS IO-
auMepa U (PU3MYecKOr CTPYKTYpHI paciiiaBa B
paMKax (QpakTalibHOro aHaiau3a u nuddepeH-
UANbHBIX ypaBHEHUH JpOOHOrO moOpsIKa
KOPPEKTHO TIPOTHO3UPOBATh KHHETUYECKUE
KpHUBBIE JJIs TOJMMEPHBIX paciuiaBoB. Hc-
nois3yeMoe auddepeHnraIbHOe ypaBHEHHE
KHHETUYECKMX KPUBBIX N, (f) HE CONEPKUT

OMIIMPHUYCCKUX IMOATOHOYHBIX IMapaMETPOB.
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Abstract

The paper focuses on the thermal balance of internal combustion engine systems, thermal energy loading and
ways to reduce it. Factors influencing the energy loading of critical engine parts are highlighted: the ratio of areas of
matte and polished surfaces taking part in heat exchange processes, the metal content of the parts and the heat
conductivity factors of their materials. The influence of heat transfer coefficient in multi-layered resistance system is
established: heat capacity, thermal heat conductivity and heat transfer. The choice of the engine energy mode is
dictated by the conditions of optimum performance of the working process of the thermal strength of the parts, and it
is therefore necessary to avoid both overheating and supercooling of engine.
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Xiilasa

Magqaladas asas diqqgst daxili yanma miiharriklari sisteminin istilik balansina, istilik enerjisinin yiiklonmasi va
onu azaldilmasi tsullarina yonsldilib. Mitharrikin masul detallarinin enerji yiiklonmasine tosir gdstoran amillar:
istilik miibadilosi proseslorindo istirak edon donuq vo cilalanmig sothlorin saholorinin nisbati, detallarda metalin
torkibi vo onlarin materiallarinin istilik kegiriciliyi omsallarina diqqet yetirilib. Cox qatli miiqavimoat sistemindo
istilik 6tiirmo omsalinin tosiri, bagqa sozlo: istilik tutumu, istilik kegiriciliyi vo istilik 6tiirilmesi miioyyon edilib.
Miiharrikin enerji rejiminin se¢imi detallarin istilik méhkomliyi prosesinin optimal yerino yetirilmosi sortlori ilo
miioyyon olunub vo buna goéros do miihorrikin hom qizmasi, hom do hoddinden artiq soyumasi digqet merkozindo
olmalidir.
Acar sozlor: daxili yanma miihorriki, mithorriklor sistemi, miiqavimati, istilik tutumu, istilik ke¢iriciliyi, istilik

otiirtilmasi.
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AHHOTALIAA

OCHOBHOE BHUMAaHHE B CTaThe YJENSCTCS TEIUIOBOMY OajaHCy CHUCTEM JIBUTATENICH BHYTPEHHErO CTOpaHUs,
3arpy3ke TEIUIOBOW HEPTrUU U CIOCO0AM €€ CHIDKCHHS. BhIneleHbl (aKTOpbI, BIMSIONINEC HAa JHEPTECTHUCCKYIO
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Introduction

The problems of modern piston engine
construction depend on: increased engine
power and speed; quality of combustible
and multilayering, taking into
account toxicity and harmful emissions; start-
up (diesel) and fuel injection systems;
mechanical and thermal stress reduction.

Work is under way to improve the
performance of internal combustion engines
and their systems: fuel feed, combustion,
lubrication, air supply and cooling.

mixtures

Analysis of literary sources and the state of

the problem
The processes, phenomena and effects
observed in internal combustion engine

systems are interrelated and occur in a strict
sequence.

It follows from the analysis of the
operating principle of internal combustion
engines [ 1-5] that the mechanical movement of
its components is to a large extent determined
by the kinematics of the crank mechanism, the
mechanics of the fluid movement in the
channels, and also by the more complex forms
of motion: chemical and thermal motion, i.e.,
processes of heat extraction and transmission
to the working body in the engine cylinder.
Thermodynamic and heat transfer [6-8] is an
important system in the engine

The nature of the processes in this
system has a decisive influence on the
processes in the mechanical and hydraulic
circuits, and thus on the operation of the
engine as a whole.

Thermodynamics determine the amount
of heat (Q), the parameters of the gas
(temperature, pressure and specific volume)
and the specific heat flux (q). Heat transfer

20

includes free and forced convective heat
exchange, as well as conductive and radiation
heat exchange. The main methods used are
heat  conductivity and heat transfer
coefficients, leaving aside the heat transfer
coefficient. Moreover, researchers [8-12] do
not pay attention to the thermal resistance of
heat exchange types and gas-liquid boundary
layers.

Problem Statement

The mechanical and thermal perfor-
mance of the engine should be addressed. The
main issues of the article are: thermal balance
and energy load of engine parts, ways to
reduce the energy load of engine systems.

The objective of the work
Improvement of mechanical and thermal
loading of main engine parts.

Engine heat balance

According to the ideal heat message
cycle at V' = const and its equivalent Carnot
cycle, a formula for thermal efficiency is
obtained:

T -T,

— 1 2 _
Ny ===

T (1)

where 7; and T, - the equivalent average tem-
peratures at which the ideal gas is conducted
and separated from it heat Q; and Q..

Since temperatures 7; and 75 are almost
always limited, thermal efficiency cannot be
equal to one, that is, only a fraction of the heat
input Q; can be used for mechanical work.

This provision is one of the
manifestations of the second law of
thermodynamics.
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Figure 1 — Schemes: partial (a) and complete (b)
thermal balance of the engine: Q;, Q, — heat supplied
and removed from the ideal gas; L= Q; - Q, -
mechanical work;

Qo(I) — heat obtained from the combustion of the fuel

injected into the engine cylinder; Q(II) is the heat
equivalent to the engine’s tracer performance; Q.(III) is
the heat equivalent to the efficient operation of the
engine; Qcr(IV) is the heat transferred to the walls
limiting the internal volume; Qux;(V) is the heat given
to the cooling medium; Qs(VI) is the total heat
contained in the exhaust gases; Qu(VIl) is the heat
equivalent to the friction work and the drive of the
auxiliary mechanisms; Qrp(VIII) is the heat transmitted
to the cooling medium by the friction of the piston and
the rings; Onc(1X) is the part of the heat of the fuel lost
due to the chemical incompleteness of the combustion;
QOocr(X) - residual heat; Q,(XI) - corresponding to the
kinetic energy of the exhaust gases; Q;(XII) - the heat
lost due to radiation by polished and matte surfaces;
Opn(XII) is the heat released by the exhaust gases into
the cooled system in the exhaust pipe; Qr(XIV) - the
heat transferred from the exhaust engine.

21

In the engine thermal balance diagram
(Fig. 1.b), heat Q> is the loss of heat to a cold

source caused by the second law of
thermodynamics.
Q= (1—-n7) Q1 2)

This loss can be reduced in principle
according to the thermal efficiency equation of
the Carnot cycle, only by a decrease in

7
temperature —— .

1

The analysis of the components of the
engine heat balance showed the following:

— Chemical - I, VI, IX, XI, XIII and XIV;

— Turning heat into work - II, III and VII;

— Different types of heat exchange of parts
with surrounding medium IV, V, VI, VIII, IX,
X, X1, XII.

Let’s focus on the latter as they relate to
the energy load of the engine parts. The
modern trend in the development of high-
speed engines is characterized by the desire to
speed them according to speed mode and
average effective pressure. This direction of
development leads to an increase in mecha-
nical and thermal loads. The latter mainly
determine the limit of engine acceleration.

The thermal tension of the engine
characterizes the level of energy loading of the
main parts of the engine and determines the
thermal load for the materials used, which is
allowed by the strength conditions of the
applied materials. Thermal tension also
characterizes the working conditions of fric-
tion pairs.

The furnaces of the cylinder block head
and the piston, whose temperature fields are
very uneven in different zones, are under the
most difficult conditions of energy con-
sumption. The surface temperature of these
parts, and especially the piston, significantly
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affects the engine operating conditions and
reliability. Overheating of the piston, if the
adjoining parts are not sufficiently well
lubricated, causes rings coking, obstruction of
the working surface of the piston and casing,
and other defects. Due to the uneven field of
temperatures in the bottom of the piston and
the head, they are deformed and the degree of
thermal tension in the zones with different
temperature gradients differs, resulting in
microfractures and burning at the specified
locations.

The optimum conditions for the
energetic loading of the forced engine are
determined by the rational design of the heat-
absorbing parts, the cooling cavities and the
parameters of the units of the cooling system.

The correct ratio between the amount of
heat transferred to the engine cooling medium
and the amount removed from the exhaust
cylinder is also important. Especially in the
case of gas turbine inflation, the rational
distribution of the heat is conducive to
increased heat and hence the
acceleration of the engine.

Therefore, the study of the factors
influencing thermal tension is important for its
reliable operation.

In an internal combustion engine, the
heat stress of the main components is
determined by the size and nature of the heat
fluxes.

use to

The structural complexity of the parts,
the difference in the conditions for the forced
cooling of the surfaces of the parts, the
heterogeneity of the thermodynamic para-
meters of the working medium according to
the volume of the combustion chamber result
in the conditions for the heat transfer of the
surfaces of the parts limiting the internal
volume, are uneven.

22

As a result, heat flows through different
parts of the heat transfer surface differ. During
the cycle, the heat transfer surface changes.

The above-mentioned and other factors
associated with the course of individual stages
of the cycle (swirling gas flow, hydrodynamic
processes during intake and discharge, changes
in the state of the working body during
combustion, etc.) significantly influence the
nature of the heat fluxes.

Specific heat flux in W/m?:

0

“F )

q

where Q is the amount of heat passing through
the explored surface of the component, W; F is
the surface area considered, m.

Heat flux and engine are highly unsteady

(fig. 2).

910} W/m, -
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Figure 2 — Nature of specific heat flux change from the
working body to the bottom of the head of the diesel
cylinder block: n=2100 min™; P, = 0.175 MPa; air
abundance coefficient 0=1.55; heat flux qw = 64.0-10°
W/m? at o, = 950 W/(m*°C)

Figure 3 shows the bottom temperature
of the YMZ-238 piston. The temperature field
relative to the cylinder is almost
symmetrical. Studies have shown a significant

axis

influence on 7, of the heads and pistons of the
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change in the angle of advance of fuel

(1)

injection.

Figure 3 — Temperature distribution (°C) by piston
surfaces YMZ-238 diesel engine

As the angle increases, the temperatures
in all the zones studied rise. If you increase
from 20 to 40° in individual zones, the head
increases linearly by about 70° and the piston
by 60°.

In zone I the maximum temperature
gradient was 260-120=140 °C, in zone III -
240-120=120 °C, and in zone II - only 300-
260=40 °C.

In the heat absorbing aluminium-based
gasoline engine parts, the temperatures in
various zones are lower than in diesel.
According to ZIL, the temperature of the base
of the aluminium head of the unit which does
not have the scale crust is 150 °C in the plane
of adjoining the head to the block of cylinders

in the maximum power mode (V, 110

kW), n = 3200 min™ at the temperature of the

coolant?, =90 °C, and the boss opening for

attaching the head to the block is 170°C. If you
have a large amount of scale crust compared to
the head, not having scale at the boss openings
the temperature increases to 50 °C.

23

Increased thermal stresses in the bottom
of the piston of gasoline engines occur during
abnormal detonation combustion or potassium
ignition.

In diesel due to the relatively longer
duration of the combustion process, the heat is
partially transmitted by radiation. In this case,
the heat is transferred less to the sides of the
cylinder casing, and more to the bottom of the
piston and the head.

Compared to the carburetor engine, a
higher heat flow passes through the above-
mentioned surfaces and especially through the
bottom of the piston. This is also facilitated by
the higher density of charge in diesel due to
higher compression and pressure.

Studies have shown that heat transfer by
radiation significantly influences the thermal
stress of individual areas of the heat-absorbing
surfaces of the engine. This particularly
applies to the conditions for the transfer of
heat in the central zone of the head of the
diesel engine and for the transfer of heat by the
edges of the piston thereof.

Ways to reduce the energy load on parts of
internal combustion engines

Of the factors influencing the energy
supply of the responsible parts of the engine,
the following are of great influence:
- the ratio of areas of matte and polished
parts;
the metal content of the parts and the
heat conductivity factors of their materials;

with  their physico-

- nano-liquids
chemical properties.

With the surfaces (matte and polished)
of the metallic elements of the engines, the
heat output is carried out by radiating the

evaporating heat carrier.
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According to the Stefan-Boltzmann Law
[6], the coefficient of heat transfer by radiating
is determined by the expression:

o) (i)

Ly
where C;; is the coefficient of radiance, fy,

Lo

100

Iy

100

(4)

lo

I, the temperatures of the surface of the parts

and the environment.

Air, gas and liquid act as the ambient
medium.

It has been established that the ratio of
the radiation coefficients of matte (Cj,) and
polished (Cy;) surfaces should be equal to the
ratio of the area of cooled Fp and heated Fy
surfaces of engines with air and liquid cooling
of their parts. The ratio is as follows:

CH FH ,

When the ratio C,, /C,=3,3 for
engines with air F, / F,, =3,2 and liquid

F,/ F,; =3,0 cooling, in most general case

the heat is transferred to the surface of the
components of the engine cooling system via a
boundary layer, which first absorbs a part of
the heat, as it has a thermal capacity, i.e., heat-
absorbent resistance

R.=c"-p'-0, (6)

r . . .
where C O is the heat-carrying capacity and
density of the heat-transfer agent;

O is the thickness of the boundary layer
and, secondly, lowers (puts out) the heat flow,
which at the same time has thermal resistance
to heat transfer.
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The presence of a layer at the surface of
the body which simultaneously exhibits
resistance of heat-intensive and thermal heat
transfer leads to a scheme of a two-layer body
at which a boundary condition of the type IV
occurs.

With this the boundary layer has:
the thermal resistance of the heat
transfer and the heat-absorbent resistance

equals zero R. =0;

the thermal resistance of the heat

) 1
transfer is zero @, =0;
thermal resistance of heat transfer

(@' >0; R.=0)

and  heat-absorbent

resistance (R > 0; 05,._1 =0) i.e. consists of
two parts and is combined.

The framework of the internal heat tank
of the engine (Fig. 1 a) consists of longitudinal
and transverse elements of different thickness.
The latter forms the thermal resistance of

thermal conductivity (ratio of thickness 0 to
coefficient of thermal conductivity A). The
coefficient of thermal conductivity remained
constant in all cases.

When the thickness of one of the
elements of the thermal balance framework
(Fig. 1 b) is increased by 2.00-4.00 mm, the
thermal resistance of the thermal conductivity
is increased by 2-4 times.

When the walls of the frame are washed
on one side by gas and on the other side by
liquid, the coefficient of heat transfer is:

s oa (8/Y, -
K3:a11+(%j +a;,

where @', @,' are the thermal resistance

(7

coefficients of the heat transfer with different
media.
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Dependence (7) implies that an increase
in thermal coefficients of heat transfer and
heat conductivity can increase the coefficient
of heat transfer by 15-20%.

Conclusion

An important function of engine building
is to organize efficient heat transfer from
engine elements such as piston, cylinder head
and mirror. The following has been done:

- linear relationships between resis-
tance (heat-capacitance, thermal conductivity
and heat\transfer) and the thickness of
boundary layers have been established;

- the coefficient of heat transfer is a
fictitious parameter which significantly affects
the value of the heat flow;

- the application of heat
coefficients in the calculations.

transfer

An alternative method of increasing the
heat transfer coefficient is the use of the
predicted bubble boiling in the cylinder head
coolant jacket. In bubble boiling, the heat
transfer coefficient is much higher than in
single-phase convection and increases with the
wall temperature. Bubble boiling occurs in the
most heated zones, which makes it possible to
achieve a more distribution  of
temperatures in the part and to reduce heat

cven

voltages. It shall not be possible to switch to
volumetric or film boiling regimes, which are
extraordinary and may lead to an emergency.
The presence of stall zones of cooled liquids,
especially when located in areas of high
thermal fluxes, can contribute to the
appearance of film-like boiling.

In recent years, a number of new, non-
traditional designs, axial piston engines [12]
have been proposed, which are largely free of
the mentioned disadvantages and combine the
advantages as engines with crankshaft
mechanisms (possibility of use of high
compression degrees, simplicity of structural
forms of the main elements) as well as of
shaftless engines (absence of crankshaft,
connecting rods, parts performing complex
flat-parallel motion), including free-piston
engines.

The main and essential difference of the
proposed schemes of axial piston engines is
the possibility of converting reciprocating
motion into rotational motion by the piston. It
is this fact that informs such engines of a
number of important qualities: good economy,
complete equilibrium (in designs with
opposing pistons as well as with oppositely
positioned cylinders) and significantly better
specific capacity and mass dimensions.
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Abstract

The article examines the interaction between the periods of amplitudes of longitudinal waves of the
surface micro-protrusions of rim and the crystal lattice of its material, which contributes to the growth of local
gradients of pulsed specific stresses and flash temperatures during electro-thermo-mechanical friction. The
interaction of external hydrogen with internal hydrogen located in the subsurface layer of the metal friction
element is illustrated. As part of the study of hydrogen wear of the working surface of the pulley rim, the fol-
lowing were considered: adhesion, adsorption, diffusion in electric and thermal fields, and the stress-strain state
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Xiilasa

Magqaladas elektrotermomexaniki siirtiinme zamani impulslu nisbi yiiklorin lokal qradientlerinin ve temperatur
isiltisinin artmasina kdmok edon sothi mikrogixintilarin vo onun materialindaki kristal torun uzununa dalgalarimin
amplitud dovrlerinin qarsiliqli slagesi vurgulanib. Metal siirtiinma elementinin sathalti tobaqesinds olan xarici
hidrogenlo daxili hidrogenin qarsiligl alagesi tosvir olunub. Qasnagin is¢i sothinin hidrogen yeyilmasinin todqiqi
zamani adgeziya, adsorbsiya, elektrik vo istilik saholorindo diffuziya maosololorine baxilib, homginin gasnagin
gorginlik-deformasiya voziyyotinin qiymetlondirilmasi aparilib. Onun ionlarimin horokotini mohdudlasdirmagqla,
gasnagin polad sothindon hidrogenin ayrilmasinin garsisini almagq tligiin vasitolor toklif edilib.

Acar sozlar: aylac qurgusu, siirtiinma ciitii, metal friksion elementi, kristal tor, uzununa va enins dalga
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AHHOTAIUSA

B cratbe paccmarpuBaeTcsi B3aUMOJCHCTBHE TIEPHOIOB aMIDIUTY. IPOJOJIBHBIX BOJH MOBEPXHOCTHBIX MHK-
POBBICTYIIOB 000/1a ¥ KPUCTAJLTHUECKOW PEIIECTKU B €€ MaTepHale, ClIoCOOCTBYIOIIEE POCTY JIOKAIBHBIX TPAIUCHTOB
HAMITYJIbCHBIX YJENbHBIX HArPY30K M TEMIEPATyp BCHBILIKU MPHU AIEKTPOTEPMOMEXaHUYECKOM TpeHuu. [Ipousro-
CTPUPOBAHO B3aUMOJICHCTBUE BHEUIHETO BOAOPO/A C BHYTPEHHUM BOJOPOJIOM, HAXOAAIIUMCS B TIOJAIOBEPXHOCTHOM
CJI0C METaJTHUECKOr0 (PPUKIIMOHHOTO 3ieMeHTa. [Ipu uccneqoBanuy BOJOPOTHOTO U3HAIIMBAHKS pabodeii moBepX-
HOCTH 000]1a IIIKMBA PACCMOTPEHBI: aare3us, aacopOrus, nudy3us B 3IEKTPUICCKOM U TEIJIOBOM MOJISIX, 8 TAKKE
MIPOU3BE/ICHA OICHKA HAIPsDKEHHO-Ie(OPMUPYEMOTo COCTOSHHUA o0Oona mkuBa. IIpeanokeHbl cpeacTBa, MPenoT-
Bpamaromye BEIIEICHHE BOJOPOa U3 CTAIBHON IMOBEPXHOCTH 000/a IIKHBA 32 CUET OTpaHUUYCHUS IBIKCHUS €ro
HOHOB.

KaioueBble c10Ba:  TOPMO3HBIE YCTPOUCTBA, MAphl TPEHNUS, METAITHICCKNH (PPUKIMOHHBIA JIEMEHT,
KPHUCTAJUTNYECKast PEIICTKA, IIPOJIONBHBIE U ITOTIEPEIHBIC BOJTHBI.
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Introduction

Hydrogen wear as one of the processes
of destruction of metal friction surfaces under
electrothermomechanic friction is caused by
the decomposition of hydrocarbon steels and
steels with the release of hydrogen, which dif-
fuses into the surface layer of alloyed cast
iron, causing them to brittle. In particular, it
has been established that the sizes of the prod-
ucts of wear at rubbing after the slurry of steel
samples are significantly larger than those of
manure (the linear dimensions differ by a fac-
tor of 5-6) [1-6].

At the same time, on a steel-washing
surface, significant setting and damagecentres
are formed. The literature lacks detailed data
and results of studies on the influence of ex-
ternal and internal hydrogen on the processes
of electrothermomechanic friction and the
wear of the friction pairs of disc-drum type
and strip-block type of brakes. In addition, the
interaction between the amplitude periods of
the longitudinal waves of surface microasperi-
tiesand the crystal lattice of the material was
not considered.

The state of the problem

The diversity of the structure of carbon
and alloyed steels results in different steels
reacting to friction differently and having dif-
ferent durability characteristics with the same
type of crystal lattice. In addition, chemico-
thermal and thermomechanic processing also
has a significant influence on the structure and
tribotechnical properties of the surface and
subsurface layers that are the hydrogen accu-
mulator in their volume.

The wear of the subroughness of friction
surfaces in the hydrogen-containing environ-
ment is the subject of the study [1]. In the lat-
ter, hydrogen is injected into the subsurface
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layer of a metal body and interacts with its
crystal lattice. It is noted that the driving force
in hydrogen degradation processes is tempera-
ture, pressure, deformation, structure and de-
fects of the crystal grid.

The studies [2 - 5] consider the interac-
tion of hydrogen with metals and non-metallic
elements. The influence of hydrogen on the
different properties of metals and alloys and
on their specific defects is illustrated. The in-
formation about hydrogen fragility and the
influence of hydrogen on mechanical charac-
teristics in the pair «hydrogen - metal» in the
groups of the

D. Mendeleev’s periodic system is ex-
tended.

The study [6] establishes the relationship
between metal friction capture in the crystal-
line structure of metals. It is shown that metal
vapours having a body- and face-centered cu-
bic (BCC and FCC) lattice are intensively
worn out due to capture. Friction vapours from
metals with close-packed hexagonal (CPH)
lattice are worn out significantly less than with
BCC or FCC lattices. The large difference in
the wear rate of metals with different lattice
types is due to the potential for hydrogen wear
and development.

The studies [7-10] have determined that
under heavy friction conditions the maximum
temperature is formed at some depth from the
friction surface. This creates the conditions
under which hydrogen, if adsorbed to the sur-
face of the component at a temperature gradi-
ent, diffuses into the interior of the surface,
concentrates there, causes the brittle of the
surface layers and increases wear. Though it
was not specified what was happening in the
subsurface layer of the metal element with the
structures of its crystal lattices.
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Problem statement

The main issues of the article are: de-
sign, operation and energy load of friction
pairs of braking devices; hydrogen - accelera-
tor of wear and destruction of working surfac-
es of metal brake friction elements.

The objective of the work is to investi-
gate the influence of hydrogen wear on the
destruction of the metallic friction element in
electrothermomechanic friction, with the help
of gradient theory and the interaction of peri-
ods of amplitude of the longitudinal waves of
surface microasperities and the pulley rim
crystal lattice material of drill winch strip-
block type brake.

Design, operation and energy load of
brake friction pairs. The design of the metal-
lic element and its metal content influence the
hydrogen wear rate of the working surface
significantly. Figures 1 a, b, ¢ show the fric-
tion pairs of different types of brake devices.

Figure 1 a, b, ¢, d — Layouts of different types of brake
friction units: a, b — disc-block(longitudinal and trans-
verse) ¢ —strip-block (transverse); d - drum-block (cross
section); 1, 3 - brake disc with friction track, 2 - friction
linings; 4 - brake tape; 5, 8 - the rim of the pulley with
the supporting protrusion; 6, 7 - flange drum
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The different arrangement of the metal
friction elements of the braking devices in
relation to the air flows of the surrounding
surfaces makes it possible to operate in terms
of the longitudinal and transverse flow. Thus,
the friction pairs of the strip- and drum-block
brakes are exposed to two streams of air, while
the disc-block brakes are only exposed to the
transverse air flow.

The results of calculations of the de-
pendency presented in work [7] are shown in
figure 2 a, b in terms of the variation in the
second-by-second air flow, longitudinally and
transversely of the strip brake element of the
drill winch, depending on the degree of their
heating.

Dependency analysis in figures 2 a, and
2 b show that the amount of air transecting the
working elements of the strip brake in a tem-
perature range from 100 to 1000 °C is, on av-
erage, 568 times less, than the gaps between
the internal surface and the inoperable surface
of the friction linings and their side surfaces.
The speed of the air at the transverse change
between the above-mentioned brake friction
pair temperatures is 5.1 times higher during
braking than when the brake is opened. The
air-shift time is 4.96 times slower for open
brake than for the strip brake during braking.
When comparing heat transfer coefficients
presented as graphics in fig. 2a and 2b from
the heated parts of the strip-block brake, when
there is a transverse change of the surrounding
air, we see that their values are 14.95 times
higher when the brake is opened than when it
1S in operation. A comparison of the rate,
speed and time of the air shift with the trans-
verse and longitudinal air scrubbing of the
open brake components (see fig. 2b and 2 ¢)
shows that the transverse airflow is 7.6 times
higher than the longitudinal airflow. This cir-
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cumstance leads to an air speed and changeo-
ver time of respectively 852 and 2.37 times
higher longitudinal than transverse diagramair
scrubbing of the strip brakes.

4,86

0,239-10
s
0,199-10+
Gum?®/s

2%
3,22 0,159-104

Figure 2 a, b, ¢ — Pattern of heat transfer coefficient (o)
from heated strip-block brake components while air
scrubbing as follows: transverse (a)during braking;
transverse (b) and longitudinal (c¢) in the case of open
braking; at different temperatures (t) of the working
surfaces of the friction elements of the ribbon-cam
brake and from the time of change (t), the speed () and
the flow (GV) of the air washing the working surfaces of
the brake

The following are the values of the heat-
recovery coefficients of convection from the
non-closable part of the bandage during brak-
ing, depending on the angular speed of the
friction pairs: at an angular speed of rotation of
the bandage equal to 3, 6,9, 12 and 15 c'l, the
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values of the heat-recovery coefficients of
convection are respectively 3.64; 1.81; 1.21
0.905 and 0.725 W/(m® K). As can be seen, as
the angular speed of the friction pairs of the
strip-block brake increases, the heat-transfer
coefficient of the convection from the bandage
is reduced due to the reduction in the time of
interaction of its working surface with the sur-
rounding air. Calculate the total heat recovery
coefficients of heated band brake elements
over the braking process (63 plugs) when
lowering it into a well and before the start of
braking (64 plugs).

I. During braking. Initial data: tempera-
ture of friction pairs of the strip-block braking
system before the start of braking t; = 575°C,
at the end of braking t,=590°C, time of brak-
ing t,=2,1 s, angular speed of friction pairs ® =
8,95 s™'. By graphical dependence (see fig. 2 a)
at t = (575+590) / 2 = 582.5°C air flow Gy =
0.267 10 m’/s, its speed and time of change
are respectively v = 2,34 107 m/s, 1 = 9.8 s
and heat-transfer convection coefficient of
heated strip brake elements a;=1.345 W/(m*
K). The heat-return coefficient of the convec-
tion air of the brake strip that is not covered is
oy = 1,205 W/(m?® K). The heat transfer coeffi-
cient of the friction pairs of the brake at
t=582.5°C is the graphical relationship oy
48,6 W/(m?* K). The total heat transfer coeffi-
cient is

Ya = 1,345+1,205+48,6= 51,1 5W/(m* K).

II. The brake is open. Option A. Cross-air
scrubbing of heated strip brake elements. Ini-
tial data: temperature of lateral surface of fric-
tion linings t,=440°C, temperature of inner
surface of tape t, = 75°C, time of forced cool-
ing 1,= 2.0 min. By graphical dependence (see
fig. 2 b) at t4=440°C air flow Gy = 0,1461-10
3m3/s, air speed and time v = 0.523 102 m/s,
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7= 42,28 s and heat return convection is o4 =
26.0 W/(m” K).

The radiant heat transfer coefficient at 73, =
440 °C is a, = 42,6 W/(m® K).

The total heat transfer coefficient is ob-
tained
Ya = 26,0+42,6 = 68,6W/(m” K).

Option B. Longitudinal air scrubbing of
strip brake friction surfaces. Initial data: tem-
perature of working surface of bandage 75 =
390°C, temperature of working surface of fric-
tion linings #, = 590°C, time of natural cooling
To = 2.0 min.

For t = (390+590)/2 = 490°C, derived
from the graphic dependency (see fig. 2 ¢); Gy
=0,201-10"m3/s, v = 4,05-10”m/s; T = 111.86
s, a; = 0.1125 W/(m2 K). In this case a,=
39.0 W/(m” K).

Thus the total heat transfer factor is Xa =
39.112 W/(m? K).

According to the developed methodolo-
gy, heat transfer coefficients from heat-loaded
brake service elements are determined in a
range of temperatures from 100 to 1000°C,
which vary with longitudinal (0.77...0.161)
W/(m? K) and transverse (17.4..28.2) W/(m®
K) change in the air scrubbing in case of an
open condition and in the case of a transverse
change - from 0.95 to 2.1 W/(m? K). The heat
transfer by the radiation of the braking surfac-
es in the temperature range from 100 to
1000°C changes the heat transfer coefficient
by descending from 5.0 to 138.5 W/(m? K).

Thus, from the analysis of the values of
the heat transfer coefficients, it follows that
with the brakes switched on and off, most of
the heat is allocated by radiation and the
smaller by convection. In addition, the insuffi-
cient efficiency of forced air cooling contrib-
utes to the intensification of hydrogen wear on
the working surface of the brake pulley rim.
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Hydrogen is an accelerator of wear and tear
on the working surfaces of metal brake fric-
tion elements

The presence of microasperities of inter-
acting surfaces of different heights in a pair of
«metal-polymer» results in the concentration
of specific loads and, consequently, in the
generation of electrical and thermal currents at
individual areas of contact surfaces, which
increases local temperatures (flares and sur-
face temperatures). This process is referred to
by Burton as the «thermoelasticinstability». As
the microasperitiescontinue to interact, the
elevation of the sections where the specific
loads develop will decrease due to wear and
tear until contact occurs everywhere. At the
same time, the new contact areas are starting
to heat up, expand and absorb the load; the old
ones decrease the load, cool down. The scale
of heated areas is large compared to the scale
of surface roughness, and the time of the de-
scribed cycle is large compared to the time of
interaction of roughness.

The variation of the wave geometry dur-
ing the thermoelastic instability, as well as the
regularities of the variation of its wear-friction
properties during the contact-pulse interaction,
leads to the following. The electrothermome-
chanic resistance of discontinuous contacts
with different energy activity of micro-
capacitors and thermobataries [6, 7] with in-
stantaneous switching thereof at the change of
spots of contacts of microasperities and gradi-
ents of mechanical properties, as well as the
rate of penetration of pulses of electric and
thermal currents interacting with one another
causes «destruction» of the more heated
boundary of the wave and is compensated by
the process of its continuous restoration when
the materials are pumped on the less heated
boundary of the wave. Furthermore, the pene-
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tration of pulses of electrical and thermal cur-
rents affects the wear rate of the areas of the
microasperitiesduring re-polarization, which
leads to the destabilization of the dynamic
friction factor.

Fig. 3 a, b, ¢, d show the regularity of
the variation of the thermoelastic instability of
the stains of the metal-polymer friction pair
contacts at V = f(p), where p is the specific
loads; V is the speed of slipping. In order to
avoid transient phenomena, one of the surfaces
is represented as perfectly smooth and electro
the rmally nonconductive. The fixed microas-
peritiesof the polymer lining have a slip coef-
ficient ¢ and their surfaces contain a small ini-
tial wavelength amplitude 4 with a wave-
length 4.

a)

g
b

d)
+. T
=

Figure 3 a, b, ¢, d — Regularity of thermoelastic spot
instability variation of metal-polymer friction pair con-
tacts V = f(p):a - unloading; b, ¢, d - when loaded, when
V=0; V<V, V>V

From fig.3 follows that the initial sinus-
oidal waviness of the wavelength A gives a
fluctuation in the specific load of the same
length as the formula [8].

p(x):1_9+ P cos(27r//1) (1)

A review of the fluctuating components
of specific loads and electrical and thermal
currents made it possible to estimate the ther-
mal distortion of the friction surface of the
lining.

In order to compress the wave to a quasi-
flat surface, the thermally specific loads p(x)
need to be reinforced by insulated specific
loads (fig. 3 b). Subsequently, as the speed of
sliding (V) increases to a tolerable value (V,),
the fluctuation of specific loads increases rap-
idly in magnitude (Fig. 3¢).

When the fluctuation of the specific
loads p" reaches their average value 7 the sur-

faces will be divided on initial wavy valleys
and the contact spot will be concentrated in the
ridges (fig. 3 d). Suppose that the specific
loads on the contact sections are —a < x < a
Hertz, i.e.

p(X)=po{1 —szrs,

where p, = aE” /2R; E" isthe Jung module of

friction materials at p*
The curvature p of the distorted surface
at x=0 is determined from the expression

p=cfVp,, (2)
where fis the dynamic coefficient of friction.
The dependence (2) is fair when the ini-
tial waviness is low compared to the subse-
quent thermal distortion.
Thus, from the dependency (2) it follows
that

a=2/cfVE"). (3)
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Continuous contact is intermittent when
V—V., which allows the permissibledimension
of the contact area o, = A/(2m) to be deter-
mined after a series of transformations.

The uneven distribution of specific loads
on contact spots directly results in the uneven
distribution of electrical and thermal currents
and consequently in the uneven distribution of
surface temperatures. At speeds of sliding less
than permissible when microcontacts are in
continuous interaction, the fluctuation of spe-
cific loads aresinusoidal with amplitude p~ (see
fig. 3 b). It follows that electrical and thermal
currents are also sinusoidal, confirming their
wave nature [6].

Let’s stop on fluctuation of crystalline
lattice of metal element of friction under influ-
ence of dynamic and heat load of the brake.
The laws of elasticity which take place in the
friction pair «metal - polymer» at their friction
interaction, at longitudinal and transverse de-
formations reflect the mutual categorical rela-
tionships between (current) instantaneous de-
formations and fluctuations of the crystal latti-
ce of the subsurface metal friction element [9].

The energy quanta of elastic fluctua-
tions are called phonons. Sound waves in crys-
tals are seen as the spread of phonon quasi-
particle, and thermal fluctuations of crystal
lattice are seen as the thermal excitation of
phonons.

The dispersion of waves depends on
the phase speed vgof the harmonic wave and
its frequency w. The latter depends on the
wave number £ of the flat harmonic wave o =
(k). The dispersion equation can have several
branches that correspond to different types of
waves (modes), i.e. longitudinal and trans-
verse.

In most cases, the dispersion of longi-
tudinal and transverse waves is caused by the
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micro-nano-scale properties of the subsurface
layers of the metallic friction element (fluctua-
tions of atoms and molecules, their thermal
movement, and the structure of the crystal lat-
tice). In dispersing medium a distinction is
made between the temporal (private) and spa-
tial dispersion depending on the braking mode.
The time dispersion is characteristic for the
emergency and single brakes of the cyclic
loading mode. It is determined by the delay
(inertia) of a physical response (for example,
electrical or thermal polarization) to mechani-
cal displacement.

The spatial dispersion of longitudinal
and transverse waves occurs during prolonged
braking, when the behaviour of the subsurface
layer of the metallic friction element depends
on the dynamic and thermal loading not only
of the discrete microasperities of the friction
surfaces, but also neighbouring microasperi-
ties, i.e. there is a non-localized response of
surface microasperitiesto the external impact.

The character of the fluctuationof the
crystalline lattice of the surface layer of the
metal element of friction is affected by its de-
fects and heat load. If there are many defects
in the crystal, the local fluctuationaroused by
one defect can move to the other. In this case
the local fluctuation have a narrow frequency
band, i.e., they form an imputed zone of fluc-
tuation frequencies. The fluctuationamplitude
is greater the higher the temperature of the
surface layer of the metal friction element is,
but it is always significantly smaller than the
permanent crystalline lattice. The heat fluctua-
tions (background) may be subjected to sonic
fluctuations caused by the diffusion of elastic
waves in the crystal. They are produced by
external action in the form of a normal force
acting non-periodically and forming part of the
dynamic friction coefficient.
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Fig. 4a, b show the longitudinal (a) and
transverse (b) waves when the crystal lattice is
fluctuating and distorted (¢, d) when the nor-
mal force (N) is applied to them under elec-
trothermomechanic friction. A  significant
change in the amplitude (A) during time (1) of
action of the normal forces (N) is described. In
the first case (fig. 4 ¢), the wave lengthens and
in the second (fig. 4 d) it flattens, but the wave
amplitude remains the same. The amplitude of
the transverse wave of fluctuations is increased
by the longitudinal wave of fluctuations.

Figure 4 a, b, ¢, d — Longitudinal (a) and transverse ()
waves when the crystal lattice is fluctuating and distort-
ed (¢, d) by normal forces

Hydrogen formation is largely deter-
mined by the temperature factor of the medi-
um. Accordingly, the intense wear on the
working surface of the water-soaked pulley
that interacts with CO in a high-temperature
state leads to the formation of hydrogen, for
example by reaction:

CO+ H,O0—CO; + H,.
The increase in temperature on the met-

al-polymer tripod-contact initiates the thermal
decomposition of polymers to form intermedi-
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ate compounds, the dehydrogenation of which
hydrogen produces [10].

In the surface layer of the pulley rim ate-
lectrothermomechanic  friction, mechanical
action results in breakdowns of the chemical
bonds of the crystal lattice, microfractures
appear, and the destruction of the material in-
tegrity of the pulley rim occurs. The resulting
fresh fracture surfaces of the solid material of
the working surface of the rim have free, un-
correlated chemical bonds with the active cen-
tres, are disequilibrium and have very different
properties from the normal surface. The metals
of transition groups (Cr, Ni, Mn, etc.) con-
tained in cast steel 35ChNL are capable of
catalyzing dissociation processes of water
molecules.

The distribution of hydrogen in the ma-
terial is highly dependent on imperfect crystal
structure. By penetrating structural defects that
are point, linear, surface, volumetric and ener-
getic, such as incipient cracks, hydrogen atoms
collide to form molecular hydrogen that is
much larger than atomic hydrogen in diame-
ter.The reaction of the formation of atomic
hydrogen is accompanied by the release of a
significant amount of heat which stimulates
other chemical processes with the creation of
new hydrogen phases in the crystal lattice (for
example, hydrogen reacts with residual metal
elements to form hydrides). As a result of the-
se processes, considerable tensile stresses
arise, and the increased internal pressure in the
defects destroys the material through all de-
veloped and connected cracks.  Multiple
cracks, fusing may immediately turn a surface
layer of an element into a powder [11-14].

The degree of hydrogen absorption of
surfaces in electrothermomechanic friction is
altered by medium factors. The influence of
hydrogen, as an accelerator of wear and de-
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struction of the working surface of the pulley
rim when in contact with water in hydrocarbon
medium, when changes in humidity and tem-
perature of the medium are given in [15].

The process of hydrogen wear is inten-
sified in wet and cold climates. One of the
reasons for the rapid wear of the friction pairs
of the strip-block brakes of the drill winches
operated in Siberia in the northern regions of
the country, where in the process of working
the technique has been in contact with snow
for a long time, is intensive tribohydrogenab-
sorbtion. Due to the large temperature differ-
ence, hydrogen is not dissipated at low tem-
peratures in surface layers, but is concentrated
between the friction zone and the volume of
the rubbing part material.

At low temperatures, the manure ex-
ceeds several times the value fixed at ambient
temperatures.

Key steps in the hydrogen wear of tri-
bocoupling complement the above mentioned
(see fig. 5).

The main directions of reducing the hy-
drogen absorption of the working surface of
the metal friction element of braking devices
are:

- «Scaring off» the external hydrogen
containing in wet air, rain water and snow, by
sealing the working surfaces of the rims of
pulleys and drums, as well as treadmills of
friction of discs;

The interaction between the amplitude periods of
the longitudinal waves of surface microasperities
and the crystal lattice of the material contributes to

the growth of pulsed specific loads and flash tem-
peratures in electrothermal friction

The surface layer of the material is transformed by a contin-
uous thermoelastic longitudinal wave into an intermittent
one with large fluctuation amplitude, at the increase in
pulsed specific loads during electrothermal friction

v

Injection of hydrogen into the material by pulsed
normal forces causing fluctuations of the longitu-

dinal waves of the material’s crystal lattice

Movement of hydrogen between crystal lattice cells by the
fluctuations of its transverse waves

Occurrence of microfractures on tribocoupling
friction surfaces with formation of active centres

Intense hydrogen release from physicochemical processes in
the tribocoupling

- - -D
Difquion of hydrogen gtoms intf) surface'layers Hydrogen adsorption on active tribocoupling surfaces in
and .1nto the depth of trlbocouplmg materials by e - -| clectrothermomechanic friction
gradients: temperature, deformation and concentra-
tion
T
|
A4
Accumulation of hydrogen in the surface layer and Degradation of the surface layer of tribocoupling due to
in the spatial defects of the crystal lattice - - % intensive hydrogen absorption

Figure 5 — Main steps in the hydrogen wear of tribocoupling
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- creation of electric and electromagnetic ~ Conclusion
fields charged positively «repulsive» external The main stages of hydrogen wear and
hydrogen from internal hydrogen; destruction of the metallic friction element
-introduction into the crystalline lattice  during electrothermomechanic friction with
of the metal of chemical components which  the aid of gradient theory and the interaction

«deter» external hydrogen; of periods of amplitude of the longitudinal
- limiting the interaction of the external =~ waves of surface microasperities and the crys-
longitudinal and transverse material with simi-  tal lattice of the rim pulley material of strip-

lar waves of the crystal lattice by controlling  block drill winch brake are described.
specific loads in friction pairs.
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Determining the Accuracy of Water Pressure
Processing using 3D Scanning
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Abstract

The article provides the results of the study of manufacturing tolerances in waterjet cutting by the method of
three-dimensional (3D) measurements: shape deviations were shown by three-dimensional comparison of scanned
samples. The dimensions were also measured using two-dimensional (2D) sections of the scanned samples. It has
been determined that the clean waterjet cutting tends to separate soft materials such as plastic, foil, foam or paper, as
well as food. Unlike the pure waterjet cutting, the abrasive cutting is used for hard materials such as steel, ceramics,
glass. The optimal pressure for material processing has been calculated. Particular emphasis is placed on the separa-
tion of composite materials, which cannot be satisfactorily accomplished using conventional methods.
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cutting, (material) tolerance, feed rate, cutting.
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Su tazyiqi ilo emal zamani 3D skaneri ild 6l¢gmadan istifads
etmokls daqiqliyin tayin edilmasi
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Xiilasa

Mogqalads ii¢olgiilii (3D) 6lgmo tisulu vasitasilo su axini ilo kasmo zamani istehsal imkanlarinin todqiqinin
noticalori verilmisdir: formanin sapmasi skan edilmis niimunalorin ii¢dlciilii miiqayisasi yolu ilo gdstarilib. Olgiilar,
homg¢inin skan edilmis niimunslorin ikidlgiili (2D) kesimlorindon istifado etmoklo do dl¢lilmiisdiir. Miioyyon
edilmisdir ki, xalis su axin ilo kasmo plastmas, folqa, kdpiik ve ya kagiz kimi yumsaq materiallari, homginin qidalari
ayirmaq tendensiyasina malikdir. Tomiz su axini ilo kosmadon forqli olaraq, abraziv kosmo polad, keramika, siiso
kimi bork materiallar iigiin istifado olunur. Materiallarin emali ii¢lin optimal tozyiq hesablanib. Kompozit
materiallarin ayrilmasina xiisusi ohomiyyat verilib, hansi ki, adi metodlardan istifads etmoklo gonastboxs bir sokildo
hoyata kegirilo bilmoz.

Acar sozlar: istehsalin musaidolori, abraziv olavolor, ucluq, yalniz su tozyiqi ilo kesmo, miisaido,
veris surati, kosma.
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AHHOTALMA

B craTthe mpuBEnEHBI pe3yIbTaThl WCCIEIOBAHHUSA MPOW3BOJCTBEHHBIX JOMYCKOB IPH BOJOCTPYHHOH pe3Ke
MeToZoM TpexMepHBIX (3D) m3mepeHuit: OTKIIOHEHUS GOPMBI OBLIHN MMOKa3aHBI IIyTEM TPEXMEPHOTO CPAaBHEHHS OT-
CKaHUPOBAHHBIX 00pa3noB. Pa3meps! ObUTH M3MepeHBI TaKkKe C MCIOJIB30BAHNEM JIBYXMEpHBIX (2D) cpe3oB oTcka-
HHPOBaHHBIX 00pa3noB. OnpeneneHo, 9To YUCTasi BOJOCTPYHHAsA pe3ka MMEET TCHACHIMIO OTACNATh MATKHAE MaTe-
pHaibl, TakMe Kak IulactMacca, Qosbera, eHa wid Oymara, a Takke nuia. B oTiMuue oT 4ncTOi BOAOCTPYHHOM
pe3KH, abpa3uBHast pe3Ka UCIOJIb3yeTCs JJIsl TBEPbIX MaTepUalloB, TAKUX KaK CTajlb, KEpaMHKa, CTEKIJIO. BeraucieHo
ONTHMAJIbHOE JaBJieHue /st 00paboTkn MarepuanoB. Ocoboe 3HaueHHE yJIeNICHO Pa3JIeNIeHHI0 KOMIIO3UTHBIX MaTe-
pHaJIOB, KOTOPOE HE MOXKET OBITh YAOBJIETBOPUTEIBHO OCYIIECTBIICHO C CIIOJIb30BAaHUEM OOBIYHBIX METOJIOB.

KoaioueBble ci0Ba:  POM3BOJCTBEHHBIM NIOMyCK, aOpa3uBHBbIE J00aBKH, COIJIO, YMCTas BOAOCTpYiHas pe3ka,
JIOITYCK, CKOPOCTbH MOZAYH, pe3Ka.
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BBenenue

Boaocrpyiinas pe3ka. B coorBeTcTBUM
¢ 'NC-8580 (I'epmanckuii Muctutyr Cran-
JapTU3allii) BOJOCTpPYHHas pe3Ka KIlaccu-
¢unmpyercss B OCHOBHBIX TEXHOJIOTHYECKHUX
rpymnnax Kak TpyMma IMpOoLEecCOB pe3aHus ¢
FEOMETPUYECKU HEONPENCIICHHON pexyIlei
KPOMKOM.

[Ipornieccs  Mexanuuyecko  00pabOTKH,
addext 00paboTKM KOTOPHIX OCHOBaH Ha
CTpye BBICOKOTO JaBICHHUS C aOpa3sMBHBIMHU
nobaBkamMH WM 0e3 HHUX, HA3bIBAIOTCSA CTPYM-
HOHM pe3koil. OHAa BXOIUT B TPYIITY a0JISIIH-
OHHBIX (M3HOC, COOpKa, MOTamieHue) Mmpolec-
COB BMECTE C JIA3€PHOU PE3KOH, IUIABJIICHUEM U
TJIa3MEHHOM PE3KOM.

PaznmuuaroT BOIOCTPYMHYIO pE3KY YHMCTOMN
BOJIOM M aOpasuBHYIO PE3Ky, MPU KOTOPOH B
BOAYy J00aBisieTcss TBEpAbId  MOPOIIKO-
oOpa3ublii Matepuan — abpasuB. Ilporecc
MIPOU3BOJINTCS HA CTaHKE Ul TUAPOaOpa3HB-
HOU pe3ku [1-5].

Uucras BOOOCTpyiHas pe3Ka MMEET TEH-
JCHLMIO OTACIATHh MITKHE MaTephalibl, TaKue
KaKk Tutactmacca, ¢osbra, mneHa, Oymara, a
Takxke nuuia. AOpasuBHasi pe3ka UCIOIb3yeT-
Ci IS TBEPABIX MATEpPUANIOB, TaKUX Kak
cTallb, KepaMuka uim crekio. Ocoboe 3Haue-
HUE HMEeT pa3JeleHue KOMIO3HIMOHHBIX
MaTepUajoB, KOTOPOE OOBIYHO HE MOXKET OBITh
YIOBJIETBOPUTENIHHO OCYIIECTBIEHO OOBIYHBIM
MetozioM [4-7].

B 1984 romy pabouee naBienue abpa-
3UBHO-CTPYMHON pE3KH JOCTUTaJI0  OKOJIO
3800 Gap (B HacTosmiee Bpems 1o 6700 6ap).
Ha cerognsmamii neHp npouecc 1opadartsiBa-
eTcs U1 yIydlIeHUs] KayecTBa Pe3KH, TOoY-
HOCTH JeTajlieili W OSKOHOMHHM 3aTpaT Ha
MPOU3BOJCTBO [4].

Hean pabdoTsl

AOpa3uBHBIM BapHaHT OOBIYHO MOIXO-
IOUT s OTHeNneHus MerajuioB. OmHako Me-
TaJJIbl TAKXKE MOTYT OBITH OT/EJIEHBI 10 OTpe-
JICJICHHOW TOJIIWHBI CTPYEW YHMCTOW BOJBI
Onmarozapsi BBICOKOW IIJIOTHOCTH 3HEPTUU
CTpyu BoOAbl. ['paBuUpOBKa Ha IIOBEPXHOCTH

40

3arOTOBKM TaK)Xe BO3MOKHa Oe3 moOaBiieHUS
abpasusa [1-4].
AGpasHBHAA CTPYA BOJIBL

1IHeTo CTPY BOTB! AGpasuBHEIT KoHTelHEp

C:xaras

C:katas BoJa Boza

Pesymmit
MaTepHan

N ¥
Pucynok 1 — a) Cxema 4uncto crtpyu Bojpl; 0) Cxema
abpa3uBHOM CTPYH BOJBI
Figure 1 — a) Scheme — pure water jet; b) Scheme —
abrasive water jet

Cuecurempran
KaMepa

Josupyromee ycTpoiicIBe

Pexymmit
MaTepHan

Goxycrpyroma

C1pys BOJIBI a1py6ia

CTpya EONE

Pucynok 2 — KontypHas peska abpa3uBHOU cTpyeit
Figure 2 — Contour cutting with an abrasive jet

Pabouyee nim pexyiee gaBleHHE HA T10-
BEPXHOCTH 3aroTOBKH OMpPEIENseT CKOPOCTh
pe3anus. HeoOxoauMo naBiieHHe HE MeEHee
600 Oap, 4YTOOBI TapaHTUPOBATH YAAJICHHE
Marepuara.

ITocTanoBka 3agaun

[Ipou3BoacTBO 3aroTOBOK € BOJO-
cTpyiiHOil pe3koil. CucTteMbl BOAOCTPYHHOM
pPE3KM TOCTOSHHO OCHAILIEHBbl CHCTEMaMu
UITY. B nononHeHne K caMbIM MPOCTHIM Bep-
CHUsIM, KOTOpBIE JOMYCKAIOT TOJIBKO YIIpaBJe-
HUE IUIOTTEPOM, MaIllMHbI 0O0Jiee BBICOKOTO
KayecTBa MMEIOT 3JIEMEHTHI YIpaBJIeHHUA, KO-
TOpbIE HHTEPHOJIUPYIOT BCE OCH, a TaKKe
aJIalITUBHOE CHIKEHUE CKOPOCTH MOJa4yHl B
3aBHCHUMOCTH OT IIpOIecca PE3KH.

B nomonmnenne k wunHTepdeiicy CAD
3J1eCch 4acTo uMmeercsd coequuenne CAM.
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Ilar 1: CAD yepTex
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Pucynok 3 — CAD ueptex
Figure 3 — CAD drawing
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Pucynok 4 — Coznaane myTu
Figure 4. Create a path
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ar 3: Oxcnopr / ITocaark
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Figure 5 — Export / Send

Ilar 4: HacTpoiika mapaMeTpoB PE3KU:

- TOJIIIMHA MaTepuana (HarpuMep, 2 MM), - TUI MaTepuana (Harpumep, allOMUHU).

| alviETxl| |el@@lal 2| | =5

Z: 0.0000
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1 Schnedmttetverbrauch
. chmt 7
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E Flow

Pucynok 6 — HacTpoiika napaMeTpoB pe3Ku
Figure 6 — Setting cutting parameters
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Ilar 5: Beipe3arts. MU3MEPATh pa3Mepbl Mol u3MepeHus oT 60 Mm

1o 1550 mm. PaGodee paccrosinue BapbupyeT-
cs1 oT 340 MM o 1500 MM B 3aBUCUMOCTH OT
KOH(HUTypaInH.

[Ipu m3MepeHusIX MOryT OBITH JIOIyIE-
HBI IOTPEIIHOCTHU (CM. TalJL.).

Tabauua 1 — OnpeneneHHbIe TPOU3BOICTBEHHEIE 10~
MIyCKU MOTPELIHOCTEN
Table 1 — Defined manufacturing tolerances

CTAHJApPT | MOKAa3aTeilb | NOIPEIIHOCTh
R15 14,921 -0,079
Pucynok 7 — Ilponecc BogocTpyitHo pe3ku
Figure 7— Water jet cutting process RIS 14,992 -0,008
D68 68,035 +0,035
UccnenoBatenbckas pabora Obuia pas- D9 91913 0,087
pabortana B nmaboparopun Kadeapsl METalIo-
PEXYIIUX CTAHKOB M WHCTPYMEHTOB, TE€XHHU- R20 19,808 -0,192
yeckuid YHuBepcuter bpannenOypra, ['epma- R20 20,002 +0,002

Hus (Cottbus-Senftenberg). ara: 03.09.2019.

i
=E= .

Pucynok 9 — 3D-ckanepst
Figure 9 — 3D scanners

Pucynok 8 — MI3mMepeHne TOUHOCTH H3TOTOBICHUS
Figure 8 — Measurement of manufacturing accuracy B

Pemenue 3agaun. U3MepeHne TO4HOCTH
U3rOTOBJIEHUS.

Ckanep Oemoro cBera oOecrieYMBaET
3¢ pexTuBHOE, DKOHOMHYHOE H3MEpEHUe,
HampuMep, Il KOHTPOJS KadecTBa, peBepc-
WH)KUHUPUHTA U OBICTPOTO TMPOTOTUIIUPOBA-

Hus. Pasnuunble KOHQUTYpALUM JTOCTYIIHEI B Pucynok 10 — Pasnuuus B popme us-3a 3D cpaBHEeHUS
OTCKaHUPOBAHHBIX 00Pa3IIOB.
Figure 10 — Differences in shape due to 3D comparison

MEHSIsI JIMH3Y U JJIMHY OCHOBaHHUS, MOXHO  of scanned samples.

3aBUCUMOCTH OT Tpe6OBaHI/Iﬁ 3aKa3unka. W3-
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i)

Pucynok 11 — OTkiioHeHus B pa3mepax u3-3a
paspesos 2D
Figure 11 — Size deviations due to 2D cuttings

3akaoueHue

B npencraBieHHOM mpoekTe Oblia mpe-
CTaBJICHA IIOJIHAS TEXHOJIOTMYECKas IISIoYKa
rupoabpasuBHON pe3ku. IIpon3BOACTBEHHBIE
JOMYCKU OBLTH HM3MEpPEHBI Ha OTCKAHMPOBAH-
HOM 3arotoBke. IIITOCKOCTHOCTD OLICHHUBAJIHU IO
merony 1. Homyck cocraBuaser + 0,05 Mmm.
TodHOCTH KOHTYpa OblIIa U3MEPEHA C UCIIOJb-
30BaHMEeM Metrojia 2. OmnpenesieHHbIE MPOU3-
BOJICTBEHHBIE JOMYCKH IO3BOJISIIOT HW3rOTaB-
JIMBaTh JAETAJIN C BBICOKOM TOYHOCTHIO. Bpems
OT BPEMEHHU MOXHO OHUJATh YBEJIMYEHHUS OT-
KJIOHEHUH, MOCKOJBKY CTPYS BOJIBI KaK «MsIT-
KUty

UHCTPYMEHT HE KOHTPOJMPYETCS Ha
100%.
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Abstract

The article studies the urgent problem of revealing the properties of tectonic fractures in the development
process. It is shown that, depending on the nature of the (screening or conducting) violations, the oil recovery
process proceeds in different ways. With the screening character of the rupture, the allocated areas should be
developed independently, and with the conductive ones, the allocated tectonic fields are accepted as a single
operational object. When choosing an oil reservoir development system, the hydrodynamic isolation of the
productive horizon should be taken into account. Therefore, at the initial stage of development, the revealed
characters of the discontinuous dislocation should be thoroughly studied. In this work, this problem was solved by
combining a number of statistical methods, trend and multidimensional discriminant analyzes, which allow to
determine the screen properties of discontinuities.

Keywords: shielding disturbans, conducting disturbans, brine water salinity, water injection, Fisher, Student,
Bartlet parametric criteria, normal distribution law, integration of mathematical methods.
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Laylarda qirilma xassalorinin miiayyon edilma metodikasi
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Xiilasa

Magqals neftli-qazli horizontun tektonik qurulusunun Syrenilmesinds qirilmalarin xarakterinin (ekran va ya
kegirici xassolor) Gyronilmosine hosr edilmisdir. Qeyd edilir ki, bu problemin hollinds riyazi tisullarin kompleks
istifadosi adekvat noticolor vera bilir. Qirilmalarin kegirici vo ya ekran xassolorinin islonilmonin ilk marholslorindo
Oyronilmasi sahavi trend vo ¢oxdlgiilii diskriminant analizinin tatbiqi ilo aparilmasi qoyulan problemin hallinda
miisbat naticaler vermisdir, bels ki, qirilmanin xarakterinin tayini yatagin islonilma prosesinds onlarin doyismasini
do askar etmoys imkan verir. Bu problemin hollindo metodik yanasma osasinda alqoritm toklif edilmisdir. Usul
Abseron neftli-qazli ¢oxlayli yataqlarinda genis totbiq edilmisdir. Maqgalado, iisulun totbiqi Binoqadi yataginin
Qirmokialtt lay dastesinin timsalinda realizo olunmusdur.

Acar sozlar: ekran xassoli qirilmalar, kecirici qirilmalar, lay sularinin minerallagmasi, yataqlarda suvurma,

Figer, Stiident vo Bartlet parametrik meyarlari, paylanmanin normal qanunu, riyazi {isullarin
komplekslagdirilmasi.
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MeToauka onpeaejeHusi CBOMCTB Pa3pbIBOB B IJIACTAX
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AHHOTALIAA

Cratbsl TIOCBSIIIICHA aKTyaJbHOW NPOOJieMe — BBISBJICHHIO CBOWCTB TEKTOHMYECKUX HAPYIICHWH B Ipolecce
paspabotku. [Toka3aHo, 4TO B 3aBUCMOCTH OT XapakTepa HapyLIeHUH (IKpaHUPYIOLINE WIN IPOBOJISIIUE) MPOLIECcC
HedTeu3BlICUCHHUST TPOXOJIUT MOo-pasHoMy. [Ipum sKpaHHpyIOIIEM XapakTepe pas3pblBa BBIACICHHbBIC IUIOMIAAN
JIOJDKHBI  pa3palaThiBaThbCsl CaMOCTOSATENBHO, a IpPHU TPOBOJSIIUX — BBIICICHHbIE TEKTOHWYECKHE IIOJIs
MIPUHUMAIOTCSA KaK eIUHBIN SKCIUTyaTalluOHHBINA 00BbekT. [Ipu BEIOOpe cuCcTeMBI pa3paboTKN HEPTEHOCHOTO ILIACTa
JIOJDKHA YYHUTBIBATHCS THIPOAMHAMHUYECKAss 000COOIEHHOCTh MPOIYKTUBHOTO ropu3oHTa. 1lo3ToMy B HavaiabHOU
CTaguy pa3pabOTKM BBISBICHHBIC XapakKTepbl DPAa3pBIBHOM IHUCIOKAIMU JOJDKHBI MOAJEKATh TIIATEIHLHOMY
n3ydeHuto. B paborte 3ta mpoOiema pemieHa ¢ MOMONIbI0 KOMIUICKCHPOBAHMS psiia CTATHCTHUECKHX METOJOB,
TPEHI0BOTO ¥ MHOTOMEPHOTO JAMCKPUMHHAHTHOTO aHAJIN30B, MTO3BOJIIOIINE ONPEACINTD 3KPAHUPYIOIINE CBOWCTBA
Pa3phIBOB.

KiroueBble cjioBa:  3KpaHUPYIOIINE Pa3phIBbI, IPOBOIAIINE Pa3phIBBl, MUHEPATIH3aLHs IUIACTOBBIX BOJ,

3aBOJIHEHHE 3ajexell, mapameTpuueckue kputepun dumepa, CteroneHTa, bapriera,
HOpPMAaJIbHBIHN 3aKOH pacHpeesieHNs, KOMIIJIEKCUPOBaHHE MaTeMAaTHUYECKUX METOOB.
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Giris

Bir ¢ox neft va qaz yataqlarinin qurulusu
dizyunktiv pozulmalarla (qirilmalarla) miirok-
koblogmisdir. Laylarin yerdoyismo amplituda-
sindan, hidrodinamiki tarazligindan vo digor
saoboblordon tektonik qirilmalar ekran yaxud
kegirici xassolorlo sociyyolonirlor. Islonilmo
prosesindo iso qirilmalarin xassalori doyiso do
bilor: ekran xassoali qirilma kegirici, yaxud da
oksino ola bilar.

Bu kimi tozahiirlor agagidaki saboblarlo
olagolondirilir: lay tozyiqinin diismasi, yatagin
qonsu  bloklarinda miixtolif
intensivliklo aparilmasi, laya yiiksok mineral-
lagmis sularin vurulmasi noticoasinds fliiidlorin
kecirici  yollarinda duzlarin  ¢okmaosi
kollektor stlixurlarin kegiriciliyinin mohdud-
lagdirilmas1 vo s. [3,8]. Bununla olagodar
islonilon bloklarin hidrodinamiki tacridliyinin
permanent askar edilmasi ¢ox vacibdir ki, bu
da neft¢ixarmanin miixtolif morhoslslorindo
islonilmo  proseslorinin
edilmasing imkan verir.

Islonilmonin ilk morholosindo kifayot
godar geoloji-geofiziki molumatin mévcudlugu
soraitindo dizyunktiv pozulmalarin xassslori
yatagin qonsu bloklarinda neft, qaz vo su
arasinda  tomaslarin  miitloq  hipsometrik

suvurmanin

Vo

diizglin  tonzim

qiymatlorinin miiqayiss edilmasi ilo miiayyon
oluna bilor. Obyektin islonilmo prosesinds iso,
onun bloklarindan  neftcixarma — miixtolif
intensivlik ilo aparilan zaman, onlarin arasinda
olagonin olmasi masalasinin hoalli ¢otinlosir vo
hidrodinamiki geoloji-madon
tadqiqatlarin hayata kegirilmasini tolob edir.

Bu todqiqatlarin vaxtasirt kecirilmasinin
alaraq  qurilmalarin

xususi va

zoruriliyini  nazors
(pozulmalarin) xassalorinin miioyyan edilmosi
iizro mosololori operativ hoall etmoyo imkan
veran xiisusi metodikanin islonib hazirlanmasi

mogsodouygun hesab edilir. Bununla bagh
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kompiiter program tominati ilo riyazi iisullara
osaslanan “Qirilma” avtomatlasdirilmig sistem
toklif olunur ki, bu da yiiksok etibarliligla
qoyulmus mosolonin holl edilmasino imkan
verir (sok.1).

Blok-sxem I

\ A
Lay suyu ve neftin xassoleri, lay tozyiqi vo
quyularin hasilatt hagqinda malumatlarin
toplanmasi

|

Yatagin sahosi hiidudlarinda melumatdasiyict
parametrlor iizro tektonik bloklarm forqlilik
daracasinin Bartletin B-meyari tizrs miioyyan
edilmosi

Yatag1 ayiran
qurilmalar kegiricidir

Tektonik
bloklar
bircinslidir

Trend-analizin
komoyi ilo yatagin
biitiin sahasi tizra

Qonsu bloklarm
kompleks parametrlorina
gora statistik

meyarlarin, ¢oxolgiilii parametrlorin
diskriminant va trend sistematik
analizlorin kémoyi ilo doyismelorinin

clit miiqayisasi miioyyon edilmosi

Tektonik
bloklar
bircinslidir

Yatag1 ayiran
qurilmalar
kegiricidir

Yatag1 ayiran qirilmalar
ekran xarakterlidir

Sakil 1 - Tektonik girtlmalarin saciyyasinin miiayyan
edilmasi

Figure 1 - Determination of the characteristics of
tectonic fractures
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Alman naticalorin etibarliliq doracesinin
artirllmas1 {iciin avtomatlagdirilmis sistemdo
bir sira riyazi iisullarin (Stiident, Fiser, Bartlet
meyarlari, diskriminant vo trend analizlori)
komplekslosdirilmasi nozordo tutulur. Gosto-
rilon metodika torafimizdon Abseronun bir sira
modonlorinds totbiq edilmisdir.

Tadqiqatin metodikasi

Islonilmado olan neft laymi miirokkob-
logdiron tektonik qirilmalarin ekran xassalorini
toyin etmok iiclin homin laym hidrokimyavi
elementlori osasinda trend xaritolori qurulur;
hor bir yataq sahosinin (blokunun) izohipslori
gonsu sahado do davam edirso, qirilma kegirici
vo oksino bir sahonin ion-duz gdstoricilori
digorindo izlonmir ki, bu da qonsu saholor
arasinda hidrodinamiki olagenin olmamasin
gostorir.

Toklif olunan metodika asagidaki geo-
loji-hidrodinamiki forziyoys osaslanir: ogor
qirtlma pozulmalar ilo ayrilmis iki yaxud daha

)
[#2)2
R

=

cox tektonik sahalorin ion-duzluluq parametr-
lori bircinsliyi ilo sociyyalonirss, onda fliiidle-
rin xassolorinin oxsarlig1 qirilmalarin kegirici,
forqliliyi ise onlarin ekran rolunu siibut edir.

“Qirillma” avtomatlasdirilmis  sistemin
istifadosini  Abseronun Binogodi modoninin
dizyunktiv pozulmalar ilo xeyli = miirokkob-
losmis simal ganadinin mohsuldar gatinin (iist
pliosen) Qirmoakialti lay dostosi
timsalinda baxilmigdir.

yataginin

Metodikanin tatbiqi

Geoloji baximdan moadon tektonik qiril-
malarla miirokkoblosmis en dairasindo uzanan
asimmetrik antiklinal qurulusla sociyyalonir,
qirilmalarin amplitudas1 20-60 metrdir. Yataq
1914-ci ildon islonir; suvurma prosesi 1954-cii
ildon aparilir vo bu maqgsadlo doniz vo gol
sularindan istifado edilir. Belo soraitdo hidro-
kimyavi miixtolifliyi toyin etmak iiciin sahavi
trend analizindon istifado edilmisdir (sak.2).

Sokil 2 - Binagoadi madoninin Qirmakialt: lay dostasinin lay sularinda ion-xlorun torkibine gors tortib olunmus trend

Xoritasi:

1 — Qirmoakialt1 lay dastesinin tavani {izrs izoxatlar, m; 2 — lay sularinimn ion-xlor giymatine gors trend izoxatlori, mol;3 — yatagi
saholora(a) vo bloklara(b) ayiran tektonik qirtlmalar;4 — yatagin sorhadi.

Figure 2 - Trend map for chlorine ion content in formation water of the

Girmakialti suite of the Binagadi field:

1 - isolines along the top of the podkirmakinskaya suite, m; 2 - trend isolines for the chlorine ion content in formation water, mol;
3 - tectonic fractures dividing the deposit into blocks; 4 - deposit boundary.
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Cadval 1 - Yatagin suvurmasi haqqinda molumat
Table 1 — Reservoir waterflooding information

Tektonik| Islonilmonin Suvurmanin Vurucu quyu- | Vurulmus suyun |  Vurma

bloklar | baslanma tarixi | baslanma tarixi larin say1 hocmi, min m’® omsali
II 1933 1965 2 389.,8 1,44
I 1931 1965 6 1027,5 1,44
v 1919 1954 10 56583 3,11
A% 1914 1954 18 15821,0 2,19

Bloklarin hidrodinamiki tocrid olunma
masalasinin halli tiglin laymn hidrokimyavi veri-
lonlor, suvurmanin xiisusiyyetlori vo obyektin
fiziki-kimyovi sociyyolori hagqinda molumat
toplanmis vo sistemlogdirilmisdir.

Geoloji-modon  molumatlarinin ~ dyro-
nilmosi gostordiyi kimi, ehtiyatlarin
realizosinin uguru obyektin suvurma proseslori
ilo olagodardir vo bu da sahovi modifikasiya
soklindo  hoyata  kecirilmisdir. ~ Ayrilmig
bloklarda vurucu quyularin sayt vo suvurma
hocmlori xeyli forqlonirlor (codv.1).

Qirilmalarin Oyronilmasi
mosalosine  kegmozdon ovval asagidakilarin
nozoras alinmasi vacibdir.

1. Faktiki molumatlarin iimumilosdirilmasi
vo tohlili gostorir ki, yatagin II vo III tektonik
geoloji-texnoloji ~ parametrlori
mahiyyatco identikdir (eynidir). Odur ki,
onlarin  forqlonma  doracolorinin  miioyyan
olunmas ii¢lin xiisusi hesablamalar aparilmair.
Ona goOro do bu bloklara yatagin ayri-ayri
saholori kimi deyil, vahid hidrodinamiki sistem
kimi baxmaq lazimdir. Moasolonin bu ciir

xassalarinin

bloklarinin

qoyulusunda miigayisali analiz yatagin {i¢
sahasi iizro aparilmalidir: I saho (II vo III
bloklar), IT saho (IV blok) va III saho (V blok).

2. Yatagin islonilma prosesinin xiisusiyyot-
lorino uygun olaraq {i¢ dovriin ayrilmasi
zoruridir: 1-ci — suvurma baglanana godor (I
saho {igiin 1965-ci ilo godor, II vo III saholor

1954-cii ilo godor); 2-ci — doniz vo gol
sularmin vurulmasi ilo yatagin iglonilmasi (I
saho Tliciin 1965-ci ildon 1979-cu ilodok, II vo
III saholor 1954-cii ildon 1979-cu iladok); 3-cii
dovr — lay suyu ilo suvurma (1979-cu ildon
sonra).

3. Miiqayisoli analizin aparilmasi ii¢lin
daha ¢ox molumatdasiyic1 parametr kimi neftin
sixligr vo ozliiliyli, lay tezyiqi, lay sularinin
ion-xlor torkibi vo ilimimi minerasllagmasi
hagqqinda molumatlardan da istifado olunur
[1,2].

4. Secilmis riyazi tisullarin totbiginin
korrekt olmasi mogsadi ilo Kolmogorov vo
Pirson meyarlarinin paylanma funksiyasinin
haqqinda  forziyyonin  (hipotezin)
yoxlanilmas1 hoyata kegcirilmisdir. Miioyyon
olunmusdur ki,
empirik paylanmalar1 normal qanuna tabedir.

Tektonik qirilmalarin xassalori haqqinda
mosalonin halli ovvalcodon ayrilmis {i¢ tektonik
blokun hidrokimyovi olamatlorinin miixtaliflik
doracolorinin -~ Oyronilmosi  ¢ox
ohomiyyat kosb edir (codv.2).

Bu mosalonin riyazi qoyulusu miixtalif
hocmli se¢imlor iizro li¢ normal mocmunun
dispersiyalarinin miiqayisasini nozords tutur.
Dispersiyalarin  bircinsliliyi  haqqinda  sifir
hipotezinin yoxlanilmasi {liciin Bartlet meyari
istifada edilo bilar [5].

novi

analiz olunan moacmularin

muhim
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Islonilmo morhololari iizro mocmularin
qeyri-bircinslilik daracasinin miioyyan
olunmasi iizro hesablamalarin naticolori codval
3-do verilmigdir.

Miioyyon olunmusdur ki, agor suvurmaya
godar (yoni, I morhalodo) har {i¢ saho, sularin
kimyovi torkibino goro bas coxluga (mocmuya)
aid edilirsa, onda sonraki moarhoalalords baxilan
secimlords ohomiyyetli doracods forqlonirlor.
Basqa sozlo, suvurma dovriinds saho {izro layin

Cadval 2 — Yatagin lay sularmin asas statistik gostaricilari

hidrokimyasinda kifayat qodor doyismolor
askar edilir. Cox boyiik maraq kosb edon bu
torkibinin kon-
hansi

natico he¢ do suyun ion-duz
kret olaraq harada vo islonilmonin
morholosindo doyismosinin baglanmasini gos-
tormoys imkan vermir. Miihitin geyri-bir-
cinsliliyini miioyyon edorok, biz todqiqatin
hazirkit morhoalosindo tohlil olunan gdstaricilo-
rin koskin doyisilmo sorhadlorini miioyyan edo
bilmirik.

Table 2 — Main statistical indicators of formation waters of the reservoir

A Orta .
Tektonik Islonilma Niimune- | Orta qiymat, |Dispersiya, o°| kvadratik Variasiya
saholor mgrh?- lorin say1 X-10 -10° meyl, omsalt,
lalari ) V, %
c-10
Umumi minerallasma, mol
I 14 64,96 78,04 8,83 13,6
II Birinci 15 67,66 69,79 8,35 12,3
I 27 68,60 39,14 6,26 9,1
I 10 69,83 22,21 4,71 6,7
II Ikinci 18 94,65 176,13 13,27 14,0
111 33 108,11 282,58 16,81 15,5
| 21 83,69 140,50 11,85 14,2
11 Ucgiincii 14 111,20 25,20 5,02 4,5
III 42 124,51 32,96 5,74 4,6
Ton-xlor torkibi, mol
I 14 19,6 3,72 1,93 9,8
II Birinci 15 22,5 9,21 3,03 13,5
III 27 21,1 16,22 4,03 19,1
I 10 25,39 6,72 2,59 10,2
II Ikinci 18 37,3 56,97 7,55 20,2
111 32 45,2 51,91 7,20 15,9
I 21 32,8 43,90 6,62 20,2
II Ugiincii 14 43,0 2,78 1,67 3,9
III 23 52,66 5,62 2,37 4,5
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Cadval 3 — Bartlet meyarinin zamanda giymatlori
Table 3 — Prices at the time of the Bartlet Criterian

Lay sular'l.mn hlqro}(lmyQVl islonilmo morholalori Bartlet meyari,

gostoricilori Bies

Birinci 2,62

Umumi minerallagsma, ikinci 13.96
mol

Ucgiincii 19,19

Birinci 5,33

lon-xlor, ikinci 10,25
mol

Ucgiincii 33,66

Qeyd: (a=0,05 ahamiyyatlik saviyyasinda vo I-1=2 sarbastlik doracasind> =6,0 Pirson meyarinin cadval qiymati).

Bu mosoloni hall etmok {iclin yatagin
gonsu sahalorinin molumatlarina osason se¢im-
lorin ciit miiqayisesini aparmaq zoruridir. Bu
masalo Stiident va Figer parametrik meyarlarini
colb etmoklo hall olunur (codv. 4). Miioyyon
ki, islonilmonin birinci
morholosindo  (obyektlordo suvurma prosesi
baslanana qodor) lay sularmmin  hor iki
parametrino goro II saho I vo III sahalorlo vahid

olunmusdur

bas ¢oxluq (mocmu) toskil edir.

Forgli voziyyat islonilmonin II vo III
morhololorinds ayrilmis saholorin hidrokimyavi
gostoricilorinin miiqayisesindo miisahide olu-
nur: ciit miiqayisado I vo II sahoslorin segimlori
kaskin forqlonir, II vo III sahalor iso oksing az
forglonir. Bu ciir tozahiir ekran x{isusiyyotino
malik 1-1 vo kegirici xarakterli 2-2 qirilmalar-
da miisahido olunur (sok. 2).

Cadval 4 — Yatagin qonsu sahalarinin parametrik meyarlarla ciit miigayisa noticalari
Table 4 — Results of paired comparison of adjacent fields of the reservoir by parametric criteria

Miiqayisa Lay sularinin Fiser meyar Stlident meyar1
Morholo  |olunan tektonik | hidrokimyavi
sahoalor gostaricilori Fhes. Feoa. fhes. Leod.
a=0,05 a=0,05
I-1I P 1,12 2,5 0,82 2,05
Birinci Cr 2,47 2,6 1,94 2,05
II-111 pI 1,78 2,1 0,40 2,02
Cr 1,76 2,1 1,14 2,02
I-1I pI 7,92 3,0 5,50 2,06
Ikinci Cr 8,48 3.1 4,65 2.06
[I-111 Tatk 1,60 2,0 0,004 2,02
Cr 1,09 2,1 1,58 2.02
I-1I Tatk 5.57 2,5 7,96 2,04
Ugiincii Cr 15,80 2,5 5,47 2,04
II-111 pI 1,31 24 1,60 2,01
Cr 1,24 2,5 1,30 2,03
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Tacriibade bazon tolob olunan masslonin
etibarli halli iglin molumatlar kifayat etmadiyi
hallara da rast golmok olur. Belo hallarda
tektonik qirilmalarin xiisusiyyetlorinin miisyyn
olunmasi Tic¢lin toklif olunan metodika ila
yanast digor riyazi Usullardan da istifado et-
mok olar.

Mohz alinmis
naticolorin miiqayisasi tolob olunan masoloni
korrekt hall etmays imkan verir. Odur ki, ¢ox
boylik praktiki oshomiyyat kosb edon noticolor
“Qirtlma” AS uygun olaraq digor riyazi {isul-
larla yoxlanilmalidir. Bu moagsadle todqigatin
novboti morhoalosindo ¢oxdlgiilii diskriminant
funksiyanin istifadoesindo laym hidrokimyavi
molumatlarindan olavo lay tozyiqi vo neftin
xlisusiyyotlori (6zliliik vo sixliq) haqqinda
molmatlar1 da calb etmok lazimdir [3,7].

Coxolgiilii  diskriminant funksiyasinin
totbiqi asagidaki kimidir: todqiqatin ovvalki
morhalasinds qabaqcadan alinmis molumatlar
yatagin I vo III saholorin islonilmasinin I vo
Il morhololordo iki spesifik xiisusiyyoto
malik obyekt kimi baxmaga imkan verir. Bu
halda yatagin Il sahosinin geoloji-istismar
saciyyesini oks etdiron tohlil olunan parametr-
lorin hansi como aidiyyatini (I yaxud III saho)
miioyyan etmok lazimdir. Yatagin II sahosinin
parametrlorinin gostaricilori qonsu I vo ya III
sahonin gostaricilori ilo yaxindirsa, bu halda
onlar arasinda qirilmalarin saciyyosinin kegiri-
ci oldugunu hesab etmok olar. ©gor II sahonin
parametrlori miixtolif qiymatlorlo sociyyalo-
nirso, bu onun homin bloklar arasinda qirilma-
larin ekran xarakterliyini gostorir.

Yatagin sularmin  hidrokimyovi,
neftin xiisusiyyotlori vo lay tozyiqi haqqinda
molumatlarin mévecudlugu 1 vo III saho ii¢lin
mivafiq yigimlar1  (comlori) tortib etmoyo
imkan yaradir. program osasinda
miuasir kompiiterlordo iki matrisin realizosi

muxtalif  usullarla

lay

Xiisusi
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coxolciilii diskriminant funksiyanin tonliklorini
tortib etmays imkan vermisdir.

Hesablamalar gostorir ki, yatagin islonil-
mosinin  II morholosindo  biitiin - bloklarda
neftcixarma prosesi yiiksok minerallagmis
doniz vo g6l sularinin vurulmasi ilo aparildig
zaman II sahonin ¢oxdOlgiilii molumatlarinin
96,8% - III sahayo, yalniz 3,2% isa 1 sahayo
aild olmusdur. Analoji
islonilmasinin III marhalosinds do (suvurmanin
lay suyu ilo aparildigit zaman) miisahido
olunmugdur ki, bu zaman daha yiiksok faizlo
yoni, II sahonin molumatlarinin  99,9% III
sahayo, yalniz 0,1% iso I sahays aid olmusdur.

Beloliklo, parametrik meyarlarin totbiqi
ilo alinmig 1-1 qirilmasinin saciyyosinin ekran
vo 2-2 qirilmanin isa kegirici olmasi haqqinda
naticalar tosdiq olunur.

Tektonik qirilmalarin xiisusiyyatlorinin

voziyyotos yatagin

oyranilmasi masalasini neft-moadon geologiya-
sinda ¢ox genis totbiq olunan trend-analizinin
istifadosi ilo do holl etmok olar [1,3,6]. Bu
tsulun istifadoesi asagidaki kimidir. Giliman
edilir ki, hor iki qirilma pozulmalar1 ekran
saciyyalidir Qirmokialtt lay  dostosi
yataginin ayrilmis biitiin sahalori hidrodina-
miki tocrid olunmusdur. Belo olan toqdirdo
islonilma prosesinds har bir sahonin paramertr-

N

lori ona xas olan xiisusiyyatlorlo saciyyslon-
molidir.

Parametrlorin bu ciir xiisusiyyati alinmig
trend xoritolorindo do 6z okslorini tapmalidir:
yatagin hor bir sahasi iizro trend sothi yalniz
homin sahoyo sociyyovi olan parametrlorin
dayisma ganunauygunluglarinm tosvir edir. Bu
onu gostorir ki, cokilmis izoxotlor sahoado
tamamlanmis olmali veo yatagin qonsu
saholorinds onlarin davami olmamalidir.

Ogor yatagin  hiidudunda ayrilmig
saholorin miiqayisosindo parametrin doyismao

xarakterindo Umumi  xiisusiyyatlor agkar
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olunarsa (yani, adli izoxotlor digor
saholordo do davam edorso), bu timumilikdo

eyni

yataq liglin Oyronilon parametrin doyigmosinin
imumi ganunauygunluguna malik olmasini
tosdiq edir. Molum oldugu kimi bu ciir tozahiir
kecirici xiisusiyyatlo sociyyolonon tektonik
qirilmalarla miirokkoblogmis islonilmodo olan
neft-qaz yataglarinda miisahido olunur.

Bu mosalonin holline obyektin
sularinda torkibinin  vo
minerallagma molumatlar1 misalinda baxagq.

Yatagin islonilmosinin tobii rejimlo
aparildigi dovr Tlgiin (yoni, islonilmonin I
morholosindo) lay sularinin  paylanmasinda
doyiskonliyin iimumi xiisusiyyetlori askar
edilir. Yatagin hor {i¢ sahosindo hor bir
parametrin doyismosini tosvir edon izoxotlor
kifayot godor basa catmis sokildo tosvir olunur,
yoni I sahenin (Ia, IIb, III bloklar) eyni adli
horizontlar1 II (IVb, IVe, IVd) vo III
(Va,Vb,Vc,Vd) saholordo davam edir.

Basqa voziyyot yatagin islonilmosinin II
morholosindo lay sularinin doyismosini gosto-
ron xoritodo miisahido olunur. Sokil 2-don
goriindiiyii kimi, I sahanin izoxatlorinin konfi-
qurasiyast II vo III saholora uygun golmir.
Kompiiterdo tortib olunmus xorito I vo III
sahalardon I sahonin xiisusiyyatlorinin ayri ol-
masint daha aydin gostorir ( II vo III sahalords
159 belo doyismolor miisahido olunmur). Alin-
mis natico yatagin I sahosinin digor saholordon
1-1 ekran tipli qirilmaya goro hidrodinamiki
tocrid olundugunu tosdiq edir. Suvurma prose-
sindo yatagin II vo III saholorinin arasinda lay
fliiidlorinin sarbast harokati 2-2 kegirici tipli
qurilmanin méveudlugunu bir daha siibut etdi.

Yuxarida geyd olunanlardan goriindiiyii
kimi geoloji todgiqatlarda istifado olunan

lay

ion-xlor Uumumi
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trend-analizi yataq parametrlorinin doyisilmo
qanunauygunluglarimi  miioyyan edon iisul
kimi, elaco do tektonik qirilmalarin xiisusiy-
yatlorinin toyin olunmasinda da totbiq oluna
bilor.

Beloliklo, tektonik qirilmalarin xiisusiy-
yatlorinin miioyyon olunmasi masolasinin ¢ox-
varianth holli asasinda todqiq olunan yatagin
kifayot qodor etibarli tektonik saciyyesi
alinmigdir. Bununla belo Binogadi madaninin
Qurmokialtt lay dostesi yatagi lizro qirilma
pozulmalarinin  xassalori  haqqinda alinmis
naticalorin dogrulugu qirilmalarin hor qana-
dinda yerlogon hasilat quyularindan neftgixar-
ma molumatlari ilo tam tosdiq olunur. Boyiik
sayda hasilat ciit quyularin verilonlorinin tosa-
diifi funksiya nozoriyyosi tsulu ilo emali
naticasindo  miioyyon olunmusdur ki, 1-1
qurilmanin 100-240 m masafodas hor qanadinda
quyularin baxilan biitiin ciitlorinds interferen-
siya geyds alinmamisdir [4].

Lakin 2-2 qirilmanin hor ganadinda
yerlogon ciit quyulara goldikds, burada II vo
III saholordo 100-270 m mosafods qarsiligh
tosir miisahido olunur. Bu informasiya 1-1
qiritlmanin
ekran xassali vo 2-2 qirilmanin kegirici xassoli
olmaglarinin dogrulugunu tasdiq edir.

miioyyon olunmus sociyyosinin

Natica

“Qirilma” AS dizyunktiv pozulmalarla
mirokkoblosmis neftli-qazli strukturlarin xiisu-
siyyatlorinin toyin olunma masalosini operativ
rejimdo holl edir vo bu da islonilmodo olan
madonlarin geoloji xiisusiyyetlorinin Oyronil-
mosi ilo slagadar todgiqatlarda genis istifado
ticiin tovsiyya etmays imkan verir.
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Abstract

While drilling the vertical part of the inclined well, the Fishtail drill bits (PX) with blades are often used. In
the geological section of field, the inclined strata with different physical and mechanical properties are often encoun-
tered, i.e., of various strengths. It is known that soft rocks are easier to break down than hard ones. If one side of the
Fishtail drill bit blade hits hard rock, then the deepening on the soft rock side is faster than in hard rock. Resistance
force, i.e. the reaction force from hard rocks will be greater than from soft rocks, and as a result, a bending moment
occurs on the bit, leading to the curvature of the wellbore toward soft rocks. To prevent borehole curvature, it is nec-
essary to recalculate the operating parameters of drilling in the direction of decreasing the axial load on the bit. This
barks the ability to reduce the difference between the reaction forces from both soft and hard rocks, which signifi-
cantly reduces the bending moment on the bit. The process has been repeatedly proven in practice.
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Xiilasa

Oyrinin saquli hissasinin qazilmasi zamani tez-tez PX tipli kiirok uzunluqlar1 («baliq quyrugu») totbiq olunur.
Quyunun gdvdesinin ayriliyinin qarsisint almaq ii¢iin qazimanin rejim parametrlorinin dalga oxu yiikiiniin
azaldilmasi istigamotindo yeniden hesablanmasi lazimdir. Bu, hom yumsaq, hom ds bork siixurun gosterdiklari
reaksiya qiivvalori arasindaki forqi azaltmaga imkan verir ki, bu da ayici momentin da tasirini shomiyyatli deracads
azaldir. Proses tocriiba ilo dofolorls siibut olunub.

Acar sozlar: oyilmo qilivvesi, qazima, balta, azimut, zenit bucagt, quyu.
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Onpenenenne CHUJI, BJIUAOIINX HA HCKPUBJICHUEC CKBA’KUHBbI
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AHHOTALINA

[Tpu GypeHuM BepTHKaJbHOM YaCTH HAKJIOHHOM 4acTO MPUMEHSIOTCS JlonacTHele gosora tuna PX («peiounit
XBOCT»). [lyist mpenoTBpalieHus KpUBU3HBI CTBOJIA CKBAXKWHBI HEOOXOJMM IepepacyeT PeKUMHBIX IapaMeTpoB Oy-
pPEHMS IO HalpaBJICHUIO YMEHBIIEHUs OCEBOM Harpy3Ku Ha JI0JIOTO. DTO AaeT BO3MOXKHOCTb YMEHBIIUTH 3HAUCHUS
Pa3HHUILBI MEXAY CUJIAMM PEAKIMU KaK CO CTOPOHBI MATKUX MOPOJI, TaK U CO CTOPOHBI KPENKHUX, YTO 3HAYUTEIHHO
YMEHBIIaeT N3TH0aroInii MOMEHT Ha fojoTe. [Iporecc HeOAHOKPATHO AOKa3aH MPaKTHKOM.

KiaroueBbie ciioBa: OTKJIOHAIOIIAA CHJIa, 6prHI/IC, A0JIOTO, a3UMYT, 3CHUTHBIN yroJi, CKBaKuHa.
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Beenenne

[Ipu OypeHuM MmiIacToB ¢ pazHbIMU (H-
3MKO-MEXaHMYECKUMH CBONCTBAMHU Ha CTEHKY
CTBOJIa JEHCTBYET OTKJIOHSIONIAs CHJIA, YTO
NPUBOIUT K WCKPUBJICHUIO CKBaKUHBI. JliIs
IPEAYNPEKACHUS 3TOTO SBICHUS HEOOXO MO
YMEHBIIUTH OCEBYIO HArpy3Ky Ha A0JIOTO.

[Tpu xycTOoBOM OypeHUM B aKBaTOPHHU C
OTHON TMIaT(GOpPMBI BO3HUKAIOT MPOOJIEMBI,
CBSI3aHHBIE CO BCTPEYEH CTBOJIOB, M3MEHEHU-
eM a3uMyTa M 3eHuTHoro yrna. [lpu stom
HEOOXOJMMO yYHMTHIBATh MENbYANIINE TN
Opd  TPOBOAKE  HAKIIOHHO-HANPABICHHBIX
CKB&KUH: TIPEIYNPEANTH BCTPEUY CTBOJIOB, HE
JOMYCTUTh W3MEHEHHUS a3uMyTa M 3CHUTHOTO
yria M JepXaTh HCKPUBIICHHBIC MapaMeTphI
CKBA)XHMHBI 110JT 0COOBIM KOHTPOJIEM.

VY4uThIBas BIMSHHE, KOTOPOE OKa3bIBa-
IOT TOPU3OHTAJIbHBIC CHJIBI HAa HCKPUBJIICHHE
CKBa)XMH B TIpoliecce OypeHHs, UX oIpesere-
HHE SBJISIETCS BAKHBIM BOIIPOCOM.

eap padoTbl — ONpeACIUTh BIUSHUE TOPHU-
30HTAJNIbHBIX CHUJI HA UCKPHUBJICHHE CKBAXHH B
nporecce OypeHus.

[Ipenmonoxum, 9To JOJIOTO JOMACTHOTO
tuna PX («pwiOuit XBOCT») AOCTUTIO 32005
CKB)KUHBI, TUIOIIATh KOTOPOTO paBHA IOJIO-
BHHE TuIoIaau 3a6os (puc.1).

Ecniu nomacte nonora HaxoauTcs B
HanpasjieHud JuHuu AC, 3HA4YUT, OJHA U3
JoracTed ymupaeTcss B TBEPAYyIO MOpoay, a
apyras — B MsrKyro. VM3BecTHO, 4TO TBepaas
MOpO/ia OKa3bIBaeT OOJBIIEE COMPOTHUBIICHUE
BPALLECHHIO JI0JIOTA, YeM MArkas nmopoaa. O6o-
3HAYUM JICUCTBYIOLIME CHJIBI COIPOTUBIICHUI
yepe3 R; u R,. CrnenosarensHo, conpoTusie-
Hue TBepaoi mopoasl (R;) Oyner Gonbiie co-
npotuBieHus (R,), OKa3pIBaeMOro MSITKOM
nopoaoi. [ToaTomy pu nepexojie 0T TBEpAOI
MOPO/BI K MSTKOU (€CIM CMOTPETh Ha KPOBIIIO
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IUIacTa ¢ MOJOIIBBI) OyneT HabMoaaTbes HC-
KPHUBJICHUE CKBa)KUH BIICBO.
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PucyHnok 1 — Cxema HCKpUBIICHHS CKBAXHHBI TIPH
OypeHHH JIOIIACTHBIMH JI0JIOTaMH: 1 — MsTKast HOpoJa,
2 — TBepHas Nopoaa.

Figure 1 — Well deviation scheme when drilling with
paddle bits: 1 — soft rock, 2 — hard rock.

Pe3ynbTaThl 3THX HaOMIOACHUN TTOKA3bI-
BAIOT, YTO IpPU MEpeXoje J0JI0Ta OT TBEPIOM
MOpOJbl K MSTKOM, CKBaXXMHA JIOJDKHA UC-
KPUBJIATHCS BIpaBo. ONHAKO P BXOKIECHUU
J0JI0oTa B TBep,Z[BIe HOpO,Z[BI BepOHTHOCTL HcC-
KPUBJICHHUSI CTBOJIA CKBRKHHBI OYECHH Maja.
[IpyurHa 3aKir04aeTcss B TOM, YTO TBEpHas
nopoJa,
MEePIEHANKYJISIPHBIM HAIIPABJICHUIO OCH JIOJIO-

OKa3blBasg COIIPOTUBJICHHUE CHIIAM,

Ta, HE TO3BOJIIET €My OTKJIOHATHCS OT BEpTH-
KaJbHOTO HAaNpaBJeHUA. 3HAUUT, 371€Ch TBEp-
Jasi TOopoja CIY)XKHUT Kak HaIlpaBIISIOIas.
CrnenoBarenbHO, HCKPUBJICHHWE CKBAXHHBI B
3aBHCUMOCTH OT TPUYUH, MOXET HITH IO
BOCXO/AIIEMY 1 YOBIBaIOIIEMY HAIPaBIICHHIO,
a Tak’Ke BJOJIb JJUHUU miacTa [1].
PaccmoTpuMm, Kak BIMSIOT CHIIBI, IPH-
JIO)KEHHBIE K JIOJIOTY, Ha MCKPUBJICHUE CKBa-
xuHbIL. [Ipu pabote nonoTta Ha 3a00€ CKBaXH-
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HBI, €[0 MOXXHO paccMaTpUBaTh KaK €IMHBIN
CIIOXKHBIM JUHAMHYECKHMH MEXaHHM3M, Haxo-
ISIIIANCA ITOJ JEUCTBUEM MHOTHX CHIL.

OObyHO MpU OypeHUH Ha JOJOTO JICH-
CTBYIOT CJEIYIOIIME CHJIBl: OCeBas Harpyska;
LEHTPOOEKHbIE CUJIbI, BO3HUKAIOIIME B pe-
3ynbTare BpalleHus OypuIbHOW KOJIOHHBI;
KPYTSAIIUHA MOMEHT; yJIapbl, BOZHUKAIOIINEC B
pesyabTare BHOpauun OypuibHBIX TpyO [2].
Bce aTu cuitbl Ha3BIBaOTCS aKTUBHBIMU. Kpo-
M€ 3TOTO, Ha JO0JOTO JEHUCTBYIOT pEaKTHUBHBIE
ciwibl. K HUIM OTHOCHTCS B OCHOBHOM COIMpO-
TUBJIEHUE, OKa3bIBAEMOE Ha JI0JIOTO BO BpeMs
Oypenus. OmnpenenuMm XapakTep ABUKECHUS
J0JI0Ta C BJMSHUEM BbIIICTIEPEUHUCICHHBIX
cun [3].

Cuiibl, nEUCTBYIOIIME HA JI0JO0TO, pas-
JENSIOTCST Ha JIBE TPYIIBI: BEPTUKAIBHBIC U
rOpU30HTANbHBIC cuibl. [lox BiusiHHEM mep-
BBIX JIOJIOTO CTPEMHTCSI COXPAHUTh CBOE BEp-
TUKaJIbHOE HampasieHnue. [Ipumepom 3TOrO
CIYXUT ynapHoe Oypenue. M3-3a neiicTBus
IIPU 3TOM CIIO0CO0E B OCHOBHOM BEPTUKAIbHBIX
CHJI, CKBa)KMHA MOJIy4aeTcs MPaKTUYECKU Bep-
TUKAJIbHOW. ['OpU30HTaNbHBIE CHIIBI, JEH-
CTBYIOLIME HA JOJIOTO, OKAa3bIBAIOT OTKJIOHS-
Iolllee BIUSHUE, YTO TMPUBOAUT K HCKpPUBIIE-
HUIO CTBOJIA CKBKUHBI.

OnpenenuM  TOPU3OHTAIBHBIE  CHJIBL,
BO3HUKAIOIIME B pe3yibTaTe HWCKPUBICHUS
MO/ BJIMSHUEM LEHTPOOEKHBIX CHJI Ha OCh
OypHIBHBIX TPYO.

W3BecTHO, YTO OCh OYpPHIBHBIX TpPYO
MOJI BIIMSIHUEM LEHTPOOCIKHBIX CHUJ MONydaeT
BOJIHOOOpa3Hyo ¢opmy. dopma TpyOd mnpu-
ONMU3UTENFHO MOXET OBITh BBIPAXKEHA CHHY-
counoii [4]. IlpuHrMas Havano KOOpAMHAT B
TOYKEe A MpH HANpaBJIE€HUH OCHU X B HaIlpaBiie-
HUHU OCH OypUJIIBHBIX TPYO, a OCH y — B TIep-
MeHIUKYISIpHOM (pHC.2), YPaBHEHHE WCKPHB-
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JICHHOM OocH TpyO MOXKET OBITh BBIPAXKEHO B
CJICAYIOIIEM BUJIE:
. TTX
y = fsin™ (1)
rae | — nnvHa nomyBOTHBL, f — OCh HCKPHBIIC-
HUS, OTIpeiersiemMast cleayromeil GopmMynoi:
1,2D-d

f=22= @)
rne D — nuamerp CKBaXMHbI; d — Hapy>KHBIN
IraMeTp OypUIIbHBIX TPYO.

PucyHnok 2 — Cxema neicTBUS IEHTPOOSIKHBIX CHIT
Figure 2 — The scheme of action of centrifugal forces

[Tockonbky OypuibHasi KOJIIOHHA UC-
KpPUBJICHA B BHJI€ CUHYCOMJIbI, OCEBAsl HArpy3-
Ka JI0JDKHA JeMCTBOBATh B HANpaBJICHUH Kaca-
TeJIbHOW. Pa3nokuB 3Ty Harpy3Ky Ha COCTaB-
jaAonme, noixydyuM cuiel Py u Pn, geidct-
BYIOIIME B BEPTUKAIBHOM U TFOPU30HTAIBHOM
HanpasieHUusAX. OTKIOHAIOIIYIO

MOKHO OIIPCACIUTL U3 CIICAYIOICTO BLIPAXKEC-

cuny Py

Hus (puc.3):
P, = Qysina 3)
rae (p, — oceBast Harpy3Ka, @ — yroi, oopasy-
€MbIli HaIlpaBJICHUEM OCEBOW HAarpy3ku C
OCBIO Z.

Tak kak yroia a CIumIKOM Maj, MOKHO

IPUHSTH CIIEAYIOIIEE YCIOBUE:

sina = tga 4)
Torna
Py = Qotga (%)
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C npyroit CTOpOHBI, U3BECTHO, YTO:
tga =k,
rae k — yrinoBoii ko uimeHt.
Jlnst onpeneneHus yrioBoro kosguim-
€HTa HalJeM NpPOM3BOJHYIO YPaBHEHHUS HC-

KpUBIIEHHON OCH TPYO:
X nf

—_ = = 6
= (6)
[ToncraBnsis 3HaueHus k u f, HOTydnuM:

1,2D—d
Qo 2 (7)

k= yio =f%cos

f

Pucynoxk 3 — Cxema BIHMSHUS LEHTPOOSKHBIX CHJI ITPH
BpallaTeabHOM OypeHHuHr Ha 1eopMany HU3a HH-
CTpyMEHTa

Figure 3 — Diagram of the influence of centrifugal
forces during rotary drilling on the deformation of the
bottom of the tool

M3BecTHO, UTO Ha KaXK[0€ Bpallaroliee-
Csl TeNlo JAEWUCTBYeT LeHTpoOexHas cuia. B
pPOTOpHOM OypeHHMH B pe3yJIbTaTe BpaIlCHUs
TpyO MPOUCXOAUT TOT ke mpoiiecc. [lpu aTom
KOJMYECTBO IEHTPOOEKHOW CHIIBI MPSAMO
MIPONOPLUMOHAIBHO Macce Teja, OCH HCKPHB-
JIGHWS ¥ KBaJpaTy YrioBoH ckopocTu. lleH-
TPOOEKHYIO CHILy, ACUCTBYIOIIYIO Ha JUIUHY
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Tpy® dX, MOKHO HaWTH U3 CJIEAYIOIIETO BBI-
paxenus [5]:
dPy == (8)

I7ie ¢ — BeC eIUHUYHON JAITUHBI TPYO, W — YT-

w?ydx

JIOBasi CKOPOCTh BpALICHUS, ¥ — OCb WCKPHUB-
JICHUA.

Jlnst HaXOXKeHUsT IEHTPOOCIKHON CHITBI,
JEHCTBYIOIIEH IO JITTUHE TPYO /, MPOMHTETPH-
pyem BeIpaxkeHue (8):

©)

C npyroil CTOpOHBI, MOJACTABUB 3Haye-
HUEe Y B (9) 1 HHTETPUPYSA €T0

y = fsin% (10)
IMosyuum ciaeayroriee BeIpaKeHUE:
q I . mx 2qw? [ 1
P0=Ew2ff051n7dx=7 - (11)

LenTpobexxHass cuia, ACWCTBYIOIIAs B
NEPICHIUKYIIIPHOM HAINpaBICHUH HA OCh OY-
PUIBHBIX TPYO, OyAeT nelcTBOBaTh M HA OIO-
pel A u B. CnenoBarenbHo, cuia, J€HCTBYIO-
nasi Ha KXyl Oropy, paBHa MOJOBHUHE IO-
JY4eHHOM HamMM Cwibl P, M MOXeT OBITh

HaliJieHa 1o cieayromieit popmyre:
2
l

A

1,2D—-d

2 (12)

C nmpyroit croposnsl, ipu gl = Q, ¢op-
MyJa IPUMET CIIeTyIONINHA BU:

Py _ qfw?l _
2 gm -

Po _ Qw? _ 12D-d (13)
2 g 2

Ota cuia AEeHCTBYET NPOTUB cuibl P, B
HANpaBJICHUU BBINYKIOW CTOPOHBI TPYOBI.
CrnepnoBarenbHO, paBHOAECHCTBYIOIAs TOpH-

30HTaJIbHBIX CHUII:

_ P _ Qw?(12D-d) Qom(1,2D-d)
Qh -5 Ph = g ” (14)
Yrpoctus 3Ty GopMyITy, MOTYyINM:
_ 12D-d Qw? Qom
O =5 Cor =) (15)
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3akiioueHne

TakuM crmocoOOM MOKHO OMPEIEITHUTh
BIIUAHHNUC HGHTpOGG)KHBIX I‘OpI/I3OHTaJII>HBIX
CWJI Ha UCKpUBIICHHE CKBakuH. [IpoBeeHHBIC
AHATMTUYECKHUE M TMPOMBICIOBBIC HCCIIE0Ba-

HHUA 110 OMNPCACIICHUIO CBA3HM HMHTCHCHBHOCTHU

U3MEHEHMS 3€HUTHOTO yria ¢ OOKOBOH cuioi
Ha JI0JIOTE, C MEXAaHUYEeCKOW CKOpPOCTHIO OY-
peHHS U ¢ APYIrUMH (AKTOPaAMH, BIHUSIOIIUMH
Ha MCKPUBJIEHHWE CKBa)XMH, MO3BOJIAIOT IIpe-
OYOPEeIUTh HCKPUBJIEHUE CKBA)KHUHBI,
OHO HEXEeJaTeIbHO.

€ClIn
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Abstract

The article analyzes the data on the creation of North Caucasus underground gas storage facilities (UGS) in
1960-1971 and the injection and production of gas into storage facilities during exploration and industrial operation.
The followings have been obtained as a result of the analysis. Increased gas injection and extraction from gas storage
facilities in the former USSR; change in the absolute value of gas over time, while it is pumping into storage, taking
out and its rising; a decrease in the volume ratio of gas injection and extraction over time. Compression of water with
gas is not very large. Therefore, it is hardened as follows. Under formation conditions, gas has a lower density than
water, i.e. it is light and its viscosity is less than water, gas has a large mobility. In underground gas storages (UGS),
gas is divided into active and buffer. The part of the gas that is extracted from the storage is called the active part
(when the demand for gas decreases in the summer). Buffer gas refers to the part that is constantly in underground
gas storage (UGS). It provides pressure in the reservoir and is sufficient to supply active gas to the production wells.
The maximum and minimum pressures are obtained in underground gas storages (UGS-s) where the share of buffer
gas is very high. The volume of active and buffer gas in underground gas storages (UGS) depends on its geometric
dimensions, shape, depth of deposition, porosity, rock permeability, minimum and maximum pressure in the annulus,
gas injection and extraction technologies.

Keywords: underground gas storage (UGS), active and buffer gas volumes, exploration
industrial operation, geological structures, gas annulus, gas pipeline, conductivity,
porosity, maximum and minimum pressures.
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Yeralti gaz anbarlarinin yaradilmasi vo kasfiyyat sonaye
istismar1 zamani qazin vurulmasi vd ¢ixarilmasi
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Xiilasa

Magqalada 1960-1971-ci illorde Simali Qafqaz yeraltt qaz anbarlarinin (YQA) yaradilmast vo kosfiyyat-
sonaye istismari zamani qazin anbarlara vurulmasi vo onlarin hasil edilmasi haqqinda verilonlor tohlil edilmis va
tohlil noticasindo asagidakilar oldo edilmisdir. Kegmis SSRI qaz anbarlari iizro qazin vurulmasi vo ¢ixarilmasimin
artmasi, zaman kec¢dikco qazin anbarlara vurulmasinda, ¢ixarilmasinda vo yiiksokloro qalxmasinda miitlog
qiymatlarinin doyismasi zaman kegdikca gqazin vurulmasinda vo ¢ixarilmasinda hacmi nisbatlorinin azalmasina
osason miloyyon olunur. Suyun qazla sixigdirilmasi ¢cox boyiik deyildir. Ona goro do asagidaki kimi gortlogsmisdir.
Lay soraitinde qaz suya nisboton az sixliga malikdir, yoni o, ylingiildiir vo onun 6zliiliiyli sudan azdir, qgaz boyiik
harakatetma qabiliyystine malikdir. Yeralti qaz anbarlarinda (YQA) qazi aktiv vo bufer olmaqla hissalora boliirlor.
Qazin o hissosini aktiv adlandirirlar ki, hans1 ki, anbardan hasil edilir (yayda qaza tolobat asag1 diisonds). Buferli qaz
o hissoyo deyilir ki, hans1 ki, daim yeralt1 qaz anbarlarinda (YQA) olur. O, anbarda tozyiqi tomin edir vo hasiledici
quyulara aktiv qazin verilmoasino kifayot edir. Yeralti qaz anbarlarinda (YQA) bufer qazinin payi ¢ox olduqca,
maksimal vo minimal tozyiqler alinir. Aktiv vo bufer qazin hacmi yeralti qaz anbarlarinda (YQA) onun hondasi
Ol¢iilorindon, formasindan, yatma dorinliyindon, mosamoalikdon, siixurlarin kegiriciliyindon, boslugda minimal vo
maksimal tozyiqden va qazin vurulmasi va ¢ixarilmasi texnologiyalarindan asilidir.
Acgar sozlor: yeraltt qaz anbart (YQA), qazin aktiv vo bufer hacmlori, kosfiyyat, qaz komori, sonaye istismari,

geoloji strukturlar, qaz boslugu, maksimal vo minimal tazyiqlor, kegiricilik, mosamolik.

DOI: 10.52171/2076-0515_2021_13_03 61 66

YAK: 622.27.621.52

Co31aHue MOA3eMHBIX XPAHWIHIIL Ta3a, 3aKA4YKa U U3BJIeYeHHne
rasa npu pa3peablBaTeJJbHOM MPOMbINLIEHHON IKCILTyaTAlMU

O.A. Asnea’, A.C. Annes’

! Asepbatioocancruii zocydapemeennyiii yrugepcumen nedmu u npomviuunennocmu (np. Azaonwie, 16/21, Baxy, AZ1010, Asep-
batidoican)
’HUH Ieomexnonozuueckue npobnemv negpmu, 2aza u xumuu (yr. J. Anuesoii, 227, Baky, AZ1010, Asepbatioocan)

AJHI NEPENMUCKN:

Ammesa Odenus / e-mail: aliyeva.afeliya@inbox.ru

AHHOTAIUSA

[IpoaHanu3upoBaHbl JaHHBIE O 3aKa4Ke W M3BJICUCHUH Ta3a MPHU CO3JAHWH U Pa3BEIBIBATCIHLHONW MPOMBIIII-
JICHHOM SKCIUTyaTalliyl TTOA3eMHBIX XpaHwmnm] raza B 1960-1971 romax. BeiTecHeHre BOIBI ra30M HE OYEHB 0OJb-
moe, 9To 00YCIIOBJICHO TE€M, YTO T'a3 B IDIACTOBHIX YCIOBHAX 00JamaeT Ooyiee HU3KOH IUTIOTHOCTHIO 10 CPaBHEHHIO C
BOJIO¥, TO €CTh OH JICTKUH M €ro BA3KOCTh MEHBIIIC, UM BSI3KOCTh BOJBL. ['a3 MMeeT OOMBIIY0 CIOCOOHOCTh IBUTATh-
cs. B moi3eMHBIX ra30XpaHUIIUIIAX Ta3 JICITUTCS Ha aKTUBHBIN U Oy(epHBIH.

KiroueBnie ciioBa: noazemHoe xpanenue rasza (I1XI'), akTuBHbIH U OyQepHbIid, 00beMbI Ta3a, Te0J0THUECKHe

CTPYKTYPBI, IIPOBOJUMOCTb, MAKCUMAJIBHBIE U MUHUMAJILHBIE JABJICHUS, IOPUCTOCTh, pa3-
BEJbIBATEIIbHAS IIPOMBILUICHHAS SKCIULyaTalus, ra30IpoOBOI, Ia30Bas I1OJIOCTb.
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Giris

Sohorlords sonaye miisssisolorinds qazin
istehlak1 qisda yaya nisbaton 2-3 dofs ¢ox olur.
Qazin saxlanmasi va verilmasi tigiin istehlakin
geyribaraborliyi ilo olagoli olaraq, yeraltt qaz
anbarlart (YQA) tikilir. Onlarin yaradilmasi
iiclin sahosi bir ne¢o kvadrat kilometr, yatma
dorinliyi 500-1000 m olan boyiik olmayan
geoloji strukturlardan istifade olunurlar [3].
Yeralti qaz anbarlarinin (YQA) istismart
tsiklik xarakters malikdir.

Yayda qaza tolobat asagi diisonds onu
gqaz komorindon yeralti qaz anbarina (YQA)
vururlar. Qisda gqaz tolobati artir vo qaz yeralti
qaz anbarlarindan (YQA) ¢ixarilir, sonra
istehlak¢ilarin qaz sobokasino olavo edilir,
yaxud da qaz komarina qaytarilir.

Isin magsadi

Yeralti qaz anbarlarinin (YQA) boslugu
bu layin o hissosidir ki, orada yeralti qaz
anbarlarinda (YQA) qaz
toplanilmigdir. Qaz boslugu ilk baslangicda
lay1 dolduran lay suyunun anbara vurulan
qazla avoz edilmasi yolu ils alinir. Suyun qazla
bir istigamotde cox sayll sixigdirilmasi va
qazin su ilo oks istigamatde sixigdirilmasi
naticasinda laylarin kapilyarlarinda tam dolu
hal olmur.

Hor fazanin doyison halinda sixigsdirma
zonasinda qaz su qarigiglt omolo golir. Az
doymalarda hom su, hom do qaz horokatini
itirir vo layda galir. Ona goro do bu sahodo
doymasi1  yiiksoldilmisdir.
Vurmalarin vo hasil etmolorin sayr artdiqca
artir, lakin smxigdirilmamis su vardir. Qaz

saxlanilan

layin  qazla

boslugunun formalasmasi mosuliyyatli
mosalodir.  Onun  hollindon  yeralti gaz
anbarlarinin = (YQA) sonraki istismarmin

naticoalari asilidir [5].
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Isin yerino yetirilmosi

Suyun qazla sixigdirilmasi gabiliyyoti
cox boylk deyildir. Bu asagidaki formada
sortlogmigdir. Hotta lay soraitlorinds qaz suya
nisboton az sixliga malikdir (o yiingildiir) vo
ozliliyii suyunkundan azdir (qaz boyiik
harokat etma qabiliyyatlidir). Qaz c¢ox yiingiil
oldugundan suyun yuxari hissosini tutmaga
calisir (yuxar iiziir), amma asag hisso su ilo
dolmus voziyyotdo qalir, bu sobobdon layin
mosamoli miihitinin istifadesi qaz {i¢lin tam
olmur, anbarin enino Olgiilori iso artir.
Vurmalarda vo ¢ixarilmalarda (¢ox horokot-
linin) uzun qazla doyma dillori yaranirlar,
hansilar ki, laymn tavani boyunca dartilirlar vo
andardan xaric ola bilorlor, yoni qazi hondosi
tutucunun hiidudlarindan xarico ¢ixara bilorlar.
Bu iso qazin itirilmosino gotiror ki, bu da
yasayis miihiti iigiin tohliiko yaradar.

Yeralti qaz anbarlarinda (YQA) qazi
aktiv vo buferli hissalorino boliirlor. Qazin o
hissosini  aktiv adlandirirlar, hansmi ki,
anbardan hasil edirlor (yay aylarinda qaza
tolobat asag1 diisonds). Qazin daim yeralt1 gaz
anbarlarinda (YQA) olan hissosi buferli
adlanir. O, anbarda tozyiqi tomin edir vo
hasiledici quyulara aktiv qazin verilmosino
kifayot edir. YQA-da bufer gazinin payr ¢ox
oldugca maksimal vo minimal tozyiqler alinir
vo mixtolif qiymotlords doyigir. Aktiv vo
buferli qazin hocmi yeralti qaz anbarlarinda
(YQA) onun hondosi Oolgiilorindon, forma-
sindan vo yatma dorinliyindon asilidir, hom do
mosamolikdon, silixurlarin  kegiriciliyindon,
istismar zamani YQA-nin boslugundaki mi-
nimal vo maksimal tozyiglordon, qazin vurul-
mas1 va ¢ixarilmasi texnologiyasindan asilidir
[4].

Yeralti gaz anbarlarinin (YQA) yara-
dilmast prosesinds aktiv vo buferli qazin
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hacmlorinin nisboti tsikldon tsiklo anbarda
qazin toplanmasi hesabina asag1 diisiir vo qaz
anbarimin  fasiloli is rejimindo  ¢ixmasi
zamaninda Oziinlin limit gqiymoatino ¢atir. Bu
zaman vurulan vo ¢ixarilan qazin  hocmlori
barabarlosir [7] .

Bizim ke¢mis SSRi-do yeralti qaz
anbarlarinin (YQA) yaradilmas1 XX yiizilliyin
ollinci illorinin sonunda baslanmigdir. 1970-ci
ilo godor 7 anbar istismar edilmisdir, bunlar
osason tiikonmis yataqlarinda
yaradilmigdir. Hom do sulu laylarda yeralti
qaz anbarlarmin (YQA)  tikilmosi hoyata
kecirilmisdir (Kalujskoye, Selkoskoye,
Qatginskoye vo basqalar1). Yeralti1 qaz anbar-
larinin (YQA) tikilmosi vo effektiv isino ¢ixa-
rilmas1 miirokkob, yiiksok xorcli vo uzun miid-
dotli prosess olub, 5-10 il ¢okmigdir.

Qazin vurulmasi vo ¢ixarilmasi [1] qiy-
maotlori iizro verilonlor togdim edilmisdir. Keg-
mis SSRI-do 1958-1971-ci illerin noticalorine

qaz

osason hesablamalar tamamlanmis vo qrafik-
lor qurulmusdur.

Tohlildon asagidakilar alinir:

1960-c1 ildon 1971-ci ilodok kegmis
SSRi-nin yeraltt qaz anbarlarma (YQA)
29,642 mlrd.m’ gqaz vurulmusdur, onlardan
yalmz 20,492 mlrd.m’ gaz hasil edilmisdir,
qazin vurulmasinda va c¢ixarilmasinda hocmi
9,15 mlrd.m’ toskil etmisdir (codvals bax); bu
qiymatin bir hissasi anbarlarda bufer qazinin
lazumi  hacminin yaradilmasina sorf edilir,
digor hissosi iso qaz anbarlar1 tutucularinin
hiidudlarindan xarica otiiriiliir [6].

1960-c1 ildon 1971-ci ilodok baxilan
Olkonin qaz anbarlarina qaz vurmalarinin
qiymatlori vo onlardan qaz ¢ixarilmalarinin
hocmlori ardicil silirotdo artmisdir, 6zii do
homin illorden hor birinds qaz vurmalarinin
qiymati qaz ¢ixarilmalarin giymetindon ¢ox
olmusdur (codval, sok.1).

Cadval - Yeralt1 qaz anbarlarinda (YQA) gazin vurulmasi vo ¢ixarilmasi barodo molumatlar
Table - Injection and extraction of gas in underground gas storages (UGS) information about

Anbara qazin | Anbardan qaz Vurmanin ¢ixarilmaya | Qazin vurulmasi va
Illor vurulmasi, cixarimisgdir, g0Ora qiymatinin cixarilmast
mlrd.m’ mlrd.m’ yiiksolmosi, mlrd.m’ hacmlarinin qiymati
1960 0,197 0,046 0,151 4,283
1961 0,389 0,123 0,266 3,163
1962 0,633 0,184 0,449 3,440
1963 0,946 0,444 0,502 2,131
1964 1,282 0,837 0,445 1,532
1965 1,778 1,013 0,765 1,755
1966 2,240 1,442 0,798 1,553
1967 3,244 1,776 1,468 1,827
1968 3,767 2,666 1,101 1,413
1969 4,103 3,289 0,814 1,247
1970 5,473 3,643 1,830 1,502
1971 5,590 5,029 0,561 1,112
Yekun 29,642 20,492 9,150
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Sokil 1 - Zaman kegdikca kegmis SSRI anbarlar iizra qaz vurmalarmin va hasil edilmalorinin artmasi dinamikas1
Figure 1 - Over time, the dynamics of increasing gas injection and production from storage facilities in the former
USSR

1960-c1 ildon 1968-ci ilodok qaz vurul- Qaz vurmalarinin qaz c¢ixarmalar
malarinin gaz hasil edilmolorindon yuxar1  istiindo nisbi yiiksolmosinin qiymaoti ardicil
galxmalarinin miitloq giymotlori demok olar  siirotdo 4,28-don 1960-c1 ildo 1,53-dok 1964-
ki, borabor 6l¢iido artmigdir; sonra iso onlar  cii ildo azalmisdir, sonra iso azalma long
sigrayis sokilli doyismisdirlor (sok.2). getmisdir (sok.3).
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Sakil 2 - Zaman keg¢dikco anbarda gqaz vurmalarinin qaz hasil edilmosindon yuxari galxmasinin miitloq giymstlorinin
doyismolori dinamikasi
Figure 2 - Dynamics of changes in absolute values of gas injection in the warechouse over gas production over time
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Sakil 3 - Zaman kegdikca qaz vurmalari va hasil edilmaleri hacmlarinin nisbati qiymatinin azalmasi
Figure 3 - Decrease in the ratio of gas injection and production volumes over time

Olkado 2000-ci ilodok 20-dan gox yeralt1
qaz anbarlart (YQA) boylk hacmds yara-
dilmisdir, onlarda saxlanilan qazin hacmi 120
mlrd.m3-don ¢oxdur vo maksimal gilindalik
qaz hasilat1 450 mlrd.m3-don ¢oxdur [2].

1971-ci ildo baxilan yiiksolmo vahido
yaxinlagsmigdir, yoni Olkonin anbarinda qaz
vurmalart hocmlarinin arzu edilon boraborli-
yino vo onlardan hasil edilmalorino uygun
olaraq.

Naticad

Istismar edilon yeralti qaz anbarlarinin
genislondirilmoasi vo yeni anbarlarin tikilmasi
hoyata kegirilir. Pik anbarlarin yaradilmasi
planlasdirilir, hans1 ki, aktiv qazin siiratli hasil
edilmosi miimkiin olacaqdir. Yoni, bu proses
120-150 giin orzindo deyil, 50-60 giin orzindo
miimkiindiir. Bu da hasiledici quyulara aktiv
gazin verilmosino kifayot edir.
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Abstract
Oil-soluble calcium sulfonates on the basis of alkyltetralin obtained using olefins of C20—-C30 fraction are de-

veloped and characterized. The developed synthetic sulfonate additives with different alkalinity possess high physi-
co-chemical and functional properties and are superior in performance to commercial oil sulfonates C-150 and C-
300, as well as foreign analogues — additives OLOA-246B and Hightech 6060M. Using the obtained high-alkaline
additive, an experimental motor oil M-10I"2 was developed, which in terms of quality indicators meet the re-
quirments.
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Surtkii yaglarina sintetik sulfonat asqarlar:
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Xiilasa

Olefinlorin C,, - Cs fraksiyasindan istifado etmoklo alinan alkiltetralin osasinda yagda holl olan kalsium
sulfonatlar1 alinmis vo xarakterizo edilmigdir. Yaradilmis miixtolif golovili sintetik sulfonat agqarlart yiiksok fiziki-
kimyavi vo funksional xassolors malik olub, gdstoricilora goro omtos neft mongoli C-150 vo C-300 sulfonatlardan,
hamginin xarici analoq olan OLOA -246 B va Xaytek 6060M asqarlarindan istlindiirler. Alinmis yiiksok gslavili
asqarn istiraki ilo keyfiyyot gostoricilorine gors irali siiriilon toloblore cavab veron M -10 I, tipli tocriibi motor yagi
islonilmisdir.

Acar sozlor: stirtkii yaglari, alkiltetralin, sulfonat asqarlari, yuyucu-dispersedici asqarlar, motor yaglari,
funksional xassoler.
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AHHOTaLUA

IMTomydeHsl U OXapaKTEpPHU30BAHBI MAacCIOPACTBOPHUMBIC CYIb()OHATHI KaJIbIM HA OCHOBE AJIKHITETPAIIMHA,
MOJIYYEHHOTO C UCTIOJIb30BaHueM ose(puHOB (pakimu Co-Cso. PazpaboTanHble cuHTETHYECKUE CYJIL(OHATHBIE TIPH-
CaJIKU C Pa3IMYHOM IIENIOYHOCTHIO 00J1aJal0T BEICOKMMHU (DPU3NKO-XUMHYECKUMH M (QYHKIIMOHAIBEHBIMH CBOMCTBAMHU
U TI0 TIOKa3aTelsiM IIPeBOCXOIAT ToBapHble HedTstHbIe cynbdonaTel C-150 n C-300, a Takxke 3apyOeKHbIE aHAIOTH —
npucaaku OJIOA-246B u Xaiitek 6060M. C ucroyib30BaHHEM TOTYYEHHON BBICOKOIICTOYHON MPHUCAIKU pa3pado-
TaHO ONBITHOE MOTOpHOE Macio M-1 OI',, KoTopoe 1o Moka3aTessiM KauecTBa OTBEYAET IPEIbsBIIEMbIM TpeOOBa-
HUSIM.

KnaioueBble c1oBa:  cMa304HBIE Macia, aJKWITETPAIHMH, CyIb(OHATHBIE NPHUCAAKU, MOIOIIEC-IUCIEPTUPYIOIIHE
MPUCATKH, MOTOPHBIE Maciia, ()yHKIIHOHAJIbHBIE CBOMCTBA.
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Introduction
Presently in the refining industry of the

developed countries of the world the most im-
portant place is given to increasing the produc-
tion of high-quality motor oils that meet the
requirements of modern and advanced equip-
ment at the expense of the wider application of
effective additives for various purposes, in-
cluding sulfonates. High alkaline sulfonates
derived on the basis of petrol oils and synthetic
alkyl aromatic carbohydrates in relatively
small concentrations provides motor oils with
high detergent-dispersant properties [1-3]. It is
becoming important to investigate the produc-
tion of synthetic sulfonates, which have a
number of advantage over petroleum sul-
fonates: higher content of active substance,
relative simplicity of production technology,
and better functional and service properties
[4,5]. In addition, in the production of petrole-
um sulfonates, a significant amount of hardly
utilizable waste is formed - acid tar (up to
30%).

Purpose of work — Expanding the raw
material base for the production of synthetic
sulfonate additives and increasing the efficien-
cy of their action.

The solution of the problem — We have
carried out the synthesis of detergent-
dispersant sulfonate type additives on the basis
of alkyltetralin were obtained using propylene
oligomers, and their effect on the properties of
lubricating oils has been studied.

The initial alkyltetralin was obtained by
alkylation of tetralin with olefins of Cy—Cso
fraction in the presence of a zeolite-containing
catalyst according to method [6] under condi-
tions that ensure the highest yield of monoal-
kyl derivative. As a result alkyltetralin with

69

82% vyield was synthesized with following
physico-chemical parameters: density at 20 °C
— 916.3 kg/m3; index of refraction nDzo_
1.5190; molecular mass—480; boiling point, °C
—>430°C.

The sulfonation of alkyltetralin was car-
ried out with sulfur trioxide gaze at a molar
ratio of 1:1.2 in an octane solution at a temper-
ature of 40—45 °C for 2 hours. In the product
of sulfonation, the mass fraction of oil-soluble
sulfonic acids is 79%.

Neutralization of alkyltetralinsulfonic
acids was carried out with an aqueous suspen-
sion of calcium hydroxide at a temperature of
70-75 °C for 3 hours till the weakly alkaline
reaction, after the temperature was raised to
125-130 °C for evaporation reaction water.
The resulting product was dissolved in octane,
mechanical impurities were separated by cen-
trifugation and the solvent was distilled off.

Carbonation of neutral sulfonate with
carbon dioxide in the presence of excess calci-
um hydroxide, promoter — methanol, oil dilu-
ents M-6, solvent — toluene at a temperature of
40-45 °C for 1 hour were produced medium-
alkaline (C-150 type) and high-alkaline (C-300
type) additives.

Composition and structure of the sul-
fonates were confirmed by elemental analysis
and IR spectroscopy. The calcium content was
determined on a metal analyzer MP-4200
AES, IR spectra were taken from on a spec-
trometer NICOLET IS-10. Content of active
substance in additives was determined by
method liquid adsorption microchromotog-
raphy.

In the IR spectra of the sulfonates there
are absorption bands in the regions of 1050—
1070 and 1160-1250 cm™ resulting from va-
lence symmetric and asymmetric vibrations of
the S=O bonds of the SO; group. The most
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characteristic of the spectra of alkaline sul-
fonates is the presence of bands in the region
of 850-880 and 1400-1500 cm™ related to vi-
brations of the carbonate of the COg'2 1on.

The studies of the physico-chemical and
functional properties of additives were carried
out by standard laboratory methods [7]. The
detergent properties were determined on a
PZV unit accordance with GOST 57262013,
dispersion properties at 250 °C, according to
the technique described in [8]. The anticorro-
sive properties were evaluated on a DK-NAMI
device at 140 °C for 25 hours, according to
GOST 20502-75, the oxidation stability was
measured on a DK-NAMI device for 30 hours
at 200 °C according to GOST 11063-77.

Colloidal stability of the dispersions was
evaluated by decomposing the additive with
15% of distilled water at 110 °C for 4 hours
and precipitating with benzene followed by
centrifuging [9]. Stability of colloidal disper-
sion was established on a decrease of alkalini-
ty of the additive expressed in percentage of
the initial one.

Table 1 — Characteristics of neutral sulfonate additives

The thermal stability of additives was
studied with derivatograph of the OD-102 T
type of the Paulik system (Hungary) in a dy-
namic heating mode at a speed of 5 C/min in
air. The standard was calcined aluminium ox-
ide.

The obtained additives NSK,; (neutral),
CC-150, (medium-alkaline) and CC-300,
(high alkaline) are viscous liquids of dark
brown color, the characteristics of which are
shown in Table 1 and 2. In the same place for
comparison are presented similar indicators of
commercial petroleum sulfonates C-150 and
C-300, as well as foreign analogues — additives
OLOA 246B and Hightech 6060M.

Synthesized additives have a micellar
structure characteristic for sulfonates. They
have high physico-chemical and functional
properties. With the introduction of the devel-
oped additives in the oil M-11 at a concentra-
tion of 5%, its detergent, dispersant, neutraliz-
ing, anticorrosive properties and stability
against oxidation are significantly improved.

Neutral sulfonates
Indicators
NSK, OLOA 246 B
Alkaline number, mg KOH/g 28 23
1 0

Mas.s fraction, %, of R0.5 411
calcium sulfonate

calcium 6.3 -
mechanical impurities 0.06 0.1
Sulfat ash, mass. % 11.2 8.6
Detergent properties on installation PZV, points* 0 0.5
Dispersant ability at 250 °C, % 50 40

*M-11 oil with 5% additive
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Neutral alkyltetralin sulfonate has a
higher content of the active substance, a lower
content of mechanical impurities and better
dispersant properties as compared to the
OLOA 246B additive.

By their detergent properties the synthe-
sized medium- and high-alkaline additives are
on the same level with product additives such
as C-150 and C-300 additives, and surpass
them in dispersant, anticorrosion properties
and stability against oxidation. Thus, the dis-
persant properties of the additives CC-150,
and CC-300, are 70 and 80%, respectively,
while for the additives C-150 and C-300, these
indices are equal to 60 and 75%. In addition,
experimental additives have a higher stability

of the colloidal dispersion to the action of wa-
ter than theiranalogs.

The alkaline sulfonates developed by a
number of indicators are superior to their for-
eignanalogs. Thus, the growth in viscosity of
the oxidized oil in the presence of additives
CC-150,, CC-300, and Hightech 6060M is
62, 54 and 78%, respectively.

The data obtained are consistent with the
results of thermoanalytical studies of additives.
The developed sulfonates are characterized by
high thermal stability and are superior to their
foreign analogue in this parameter. Thus, the
temperature at which the weight loss of addi-
tives, NSK,, CC-150, and CC-300, is 50%,
reaches 410, 420 and 435 0C, respectively,
against 400 °C.

Table 2 — Characteristics of medium- and high alkaline sulfonate additives

Medium and high alkaline sulfonate additives
Indicators Hightech
CC-150, C-150 CC-300, C-300 6060M
Alkaline number, mg KOH/g 156 150 307 303 142
};:)[ass fraction of calcium sulfonate, 304 315 323 300 32
Mass fraction of calcium, % 13.8 13.4 27.7 26.9 -
Sulfate ash, mas. % 24 23.0 44.4 429 23.1
Mas: fraction of mechanical impuri- 0.04 0.08 0.04 0.09 0.05
ties,%
Temperat(}lre of flashes in open in 190 180 210 200 185
crucible, 'C
Detergent properties on installation
PZV, points 0 0 0 0 0-5
Dispersant ability at 250 °C, % ° 70 60 80 75 60
Corrozion of lead plates, g/nl2 ’ 73 85 60 90 85
Stability over the induction period of
precipitation:
)
isllllé(rlegaes’e/ion viscosity, % 05 0.7 0.4 0.8 0.9
’ 60 71 4'9 77 78

Colloidal dispersion stability, % 38 75 99 90 76

"M-11 oils with 5% additive
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Table 3 — Characteristics of experimental motor oil M-10G, for the Hightech 6060M additive.

M-10G; motor oil
Indicators
GOST | experimental | Shell
8581-92 Rimula C 30

Kinematic viscosity at 100 °C, mm?/s 11+0.5 11.2 10.8
Viscosity index, not less than 85 90 102
Sulfat ash, %, no more than 1.65 1.43 1.3
Alkaline number, mg KOH to 1g oil, no less than 6.0 8.4 9.4
Temperature, OC, of:

flashes in open crucible, no less than 205 205 202

hardening, no higher than -15 - 15 -15
Detergent properties on installation PZV, points, no
more than 1.0 0 0.5
Stability over the induction period of precipitation,
h, no less than 40 40 40
Corrozion of lead plates, g/m”, no more than 20 none none

Using the most effective high-alkaline  Conclusion

additive CC-300,, has been studied as a deter-
gent-dispersant component in combination
with antioxidant and anticorrosion additives in
the lubricating composition of M-10G; motor
oil intended for automotive diesel engines.

The results of laboratory tests (Table 3)
showed that the use of the synthesized sul-
fonate ensures the production of test oil M-
10G, with nigh physico-chemical and func-
tional (detergent-dispersant, antioxidant, anti-
corrosive) properties corresponding to the re-
quirements imposed on these oils. The devel-
oped oil in its performance is not inferior to
the foreign analogue - the oil of the M-10 G;
type of the Shell company.
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Based on the product of tetralin alkyla-
tion, propylene oligomers of the C18-C30
fraction were used to synthesize neutral, medi-
um- and high alkaline oil-soluble calcium sul-
fonates, which significantly improve the func-
tional properties of lubricating oils, and also
have a high stability of colloidal dispersion to
water action.

High efficiency of the developed addi-
tives allows them to be used as a detergent-
dispersant component in the composition of
additive packages for modern motor oil.
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Abstract

The problems of biocorrosion and damage to the outer and inner surfaces of pipelines and systems in the oil
and gas industry are considered. The main factors influencing the development of biocorrosion are revealed, condi-
tions favorable for the reproduction of microorganisms are established under the insulating material. The results of
research of inhibitors for applying with insulating materials for pipelines, in particular, bituminous mastics, are pre-
sented. Based on a comparative analysis of existing methods for detecting and protecting biocorrosion, the main di-
rections of control and protection of equipment against biocorrosion are determined. It is shown that monitoring and
control of the state of pipelines in real time is one of the promising areas of protection against biocorrosion.

Keywords: pipelines, biocorrosion, microorganisms, insulating materials, sulfate-reducing bacteria,
corrosion protection.

DOI: 10.52171/2076-0515 2021 13 03 74 82

For citation:

Gurbanov A.N.

[Main Directions of Protection of Equipment and Pipelines Against Biocorrosion]
Herald of the Azerbaijan Engineering Academy,

2021, vol. 13, no. 3, Pp. 74-82 (in Russian).

74



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2021. Cild 13, Ne 3. S. 74-82 2021, vol. 13, no. 3, Pp. 74-82
Qurbanov O.N. Gurbanov A.N.

Avadanliq va boru kamarlarinin biokorroziyadan
gorunmasinin Jsas istiqgamatlori

9.N. Qurbanov
Azorbaycan Dovlat Neft va Soanaye Universiteti (Azadliq pr., 20, Baki, AZ1010, Azarbaycan)

Yazisma iiciin:
Qurbanov Obdiilaga / e-mail: qabdulaga@mail.ru

Xiilasa

Neft vo qaz sonayesindo boru komorlori vo sistemlorinin xarici vo daxili sothlorindo biokorroziya vo
zodolonmo mosalolori aragdirilmigdir. Biokorroziyanin inkisafina tosir gostoron osas amillor agkar olunmus,
izolyasiya materiali altinda mikroorqanizmlorin ¢oxalmasi {iglin goraitin yaranmasi sobablori miioyyon edilmisdir.
Boru kemarlorinds izolyasiya materiallari, x{isusilo bitumlu mastikalar ila birlikds totbiq etmak iigiin inhibitorlarin
todqiqatlarinin naticolori toqdim olunmusdur. Biokorroziyanin agkarlanmasi vo qorunmasinin méveud tisullarinin
miiqayisali tohlili osasinda avadanliqlarda biokorroziyaya nezarst va qorunmanin asas istiqamotlori
miioyyonlogdirilmisdir. Gostorilmisdir ki, boru komorlorinin voziyyetinin real vaxt rejiminds monitoringi vo nazarati
biokorroziyadan qorunmanin perspektiv istiqgamatlorindon biridir.

Acar sozlor: boru kemarlari, biokorroziya, mikroorqanizmlor, izolyasiya materiallari, sulfat-reduksiyaedici
bakteriyalar, korroziyadan qoruma.
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AHHOTAIIA
PaccmoTpeHsl Bompockl OMOKOPPO3MH M TOBPEKACHUS HAPYXKHBIX W BHYTPEHHHX IMOBEPXHOCTEH TPyOOTpO-

BOJIOB M CHCTEM B He()TEra30BOH MPOMBIIUIEHHOCTH. BHISBICHBI OCHOBHEIE (haKTOPHI, BIUSAIONINE HA Pa3BUTHE OHO-
KOPPO3HH, YCTAHOBJICHBI YCIOBHUS OJArONPHUATHBIC TSI PA3MHOXXEHHUS MUKPOOPTAaHU3MOB O] M30JISIIOHHBIM Mate-
puanom. [IpuBeeHBI pe3yIbTaThl UCCICAOBAHUA HHIHOUTOPOB I MPUMEHEHHS COBMECTHO C U3OJISIIMOHHBIMH Ma-
TepHaTaMu Ui TPYOOIPOBOJOB, B YACTHOCTH OUTYMHBIMH MacTHKaMu. Ha OCHOBE CpaBHHTEIBHOTO aHAIH3a CYIIe-
CTBYIOIIMX METOJOB OOHAPYKCHHUS U 3alIUThl OMOKOPPO3HHU, OMPEICICHbE OCHOBHBIC HAMPABICHUS KOHTPOJS H 3a-
IIMTEI 000pYIOBaHUS OT OnoKoppo3uu. [okazaHo, YTO MOHUTOPHHT M KOHTPOIb COCTOSHHS TPYOOIPOBOJIOB B pe-
aJBHOM MaciuTade BpeMEHH SBISCTCS OJJHUM U3 CPCICKTHBHBIX HAIIPABICHUN 3aIIUTHI OT OMOKOPPO3UH.

KiroueBble cjioBa:  TpyOONpPOBO, OMOKOPPO3Hs, MUKPOOPTAHU3MbI, H30JIAIHOHHBIC MATEPHAIIBI,
cynbhaTpeayupyroniue 6akTepun, 3amuTa OT KOPPO3UH
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Beenenune

Ha nospexnenue TpyO B HedTe- U Ta30-
MPOBOJAAX MPHU IKCITyaTalluU MOA3EMHBIX CO-
OpPYXEHHI, TOMUMO MEXaHMYECKON KOPPO3UH,
BIUSET U OHMOJOrMYecKas COCTaBIISAIONIAS
OKpYyJKarotel cpeasl (IOoYBbI, TPyHTA), KOTraa
MIPOUCXOUT pa3pylIeHHE 3alUTHOTO MOKPHI-
TUS TPYO 1MOJ BO3/EHCTBHEM MOYBEHHBIX MUK-
POOPraHu3MOB.

TpyOGorpoBoabl U TpyOONIPOBOAHBIE CH-
CTEeMBI, HaxXoAdlIMecs B 3emie, OOJbIIe MO-
BEPraloTCs KOPPO3MM M3-3a CHEHU(PUUIECKUX
YCIIOBUW HMX 3ajJieraHus, W IMOBBIIICHUE BIIaX-
HOCTH BOKPYT TPYOOIpPOBOIOB TaKKe MPHUBO-
IUT K Pa3BUTHIO KOPPO3HH. ITO BEJET K 00pa-
30BaHUI0 KOPPO3MOHHBIX TPEIIMH, IOTEpPE
TPAHCHIOPTHPYEMOW MPOJYKLIUHU U B OOJIBIINH-
CTBE CIy4yaeB — K 3HAUMTEIbHOMY 3arpsizHe-
HUIO OKpYyXaromei cpeabl. JlanHoe 006cTOs-
TEJIbCTBO HACTOSITENLHO TpeOyeT MPUMEHEHUS
MIPOTUBOKOPPO3UOHHOM 3aIIUTHI.

3amuTe OT MHUKPOOPTaHM3MOB, MPHUBO-
JSIUX K OMOKOPPO3UU, HEOOXOTUMO YIEATh
0co00e BHUMaHHE.

HccnenoBanus MoKa3bIBalOT, YTO BBICO-
Kasi aKTUBHOCTh MHUKPOQIOPHI B MECTaxX Ipo-
neranusi He)Tera3oBeIX TPyOOIPOBOIOB, MPH-
BOJsIAs K UX OMOKOPpPO3UH, CBsSI3aHA C OCO-
OCHHOCTSIMU KJIMMAaTHYECKUX YCIOBHM OTHO-
CUTENIbHO BIMSIHHMSI Ha MOYBOOOpa3oBaTellb-
HBI Tmporiecc B AsepOaiipkaHe, KOTOpPbBIS
OTIPEIEIISAIOT COCTaB MUKPOOPTaHU3MOB.

Bwmecte ¢ koppo3uell BHYTPEHHEN 4acTu
TpyOOIPOBOJOB JIaHHBIE 0OCTOSITEIHCTBA MPH-
BOJIAT K OBICTPOMY M3HOCY METaJUTMYECKHX
gacTel TpyOOIPOBOAHON CHCTEMBI U CHCTEMBI
KOMIUIEKCHOM MOATOTOBKH Ira3a K TPAHCIOPTY.
[Ipu »sTOoM TpyOOMpPOBOJ, HAXOIAIIUKCA B
TpaHiliee, U3MEHSET paclpeneeHle MOYBEeH-
HbIX KOMIIOHEHTOB B TpyHTE, M, BMECTE C
3TUM, MUKPOOPIraHu3mos [1].
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Ha xu3HenesareIbHOCTh MUKPOOPTaHU3-
MOB BJIHSIET TEMIIepaTypa OKpYKaroleh cpe-
IIbl, COCTaB TPYHTa, CBOWMCTBAa METAJUIOB, WC-
MIOJIb30BAHHBIX MPH M3TOTOBJICHUU TPYOOIPO-
BOJIOB, COCTaB H3OJISIIIMOHHBIX MaTEepPHAJIOB,
BJlara u temrmeparypa Hedrenpoaykra (HedTH,
ra3a U KOHJIeHcaTa), POKaYMBACMOTO IO TPY-
0OMpoBOy, KOTOpas BO B3aUMOJICHCTBUE C
BBIIIICYKA3aHHBIMU (haKTOPAMHU.

Ilenbro padoThl ABIAETCA CpPAaBHUTEIBbHBIN
aHAJIU3 CYUIECTBYIOIIUX METOJOB U CPEICTB
3alIUThl OT OMOKOPPO3HH, OIpENIeTeHHE OcC-
HOBHBIX HANpaBJICHUU HMCCIEAOBAHUM W pa3-
paboToK.

ITocTranoBKka 3agaun

[Ipomeccel KOppo3un MeTaia JAOJAKHBI
OBITh HCCJECNOBAaHBI W TMPOAHATU3UPOBAHBI
COBMECTHO C YYETOM D3KOJIOTUYECKOH obcTa-
HOBKU U OCOOEHHOCTEH HKCILTyaTal[id BbIIIE
YKa3aHHBIX YCTPOMNCTB U CHUCTEM B 3aBUCHUMO-
CTH OT YCJIOBUH OKPYKAIOIIEH CpeIbl.

OcHOBHOH 3a7auell IpU TaKOM HCCIENO0-
BaHUE SIBJSICTCS YCTAHOBJICHHUE CTETICHU BIUSI-
HUSl Pa3UYHBIX MHKPOOPTaHM3MOB, OOWTaIO-
IMX B OJIM3NIEKAIUX CIOSX 3€MIIH, Ha CKO-
pPOCTh U TIIyOMHY OMOKOpPpO3UU M pa3paboTka
COOTBETCTBYIOIIUX METOAMK, CIIOCOOOB, Be-
IIECTB M YCTPOWCTB [UIsl YCTpPaHEHUsS WU
YMEHbILIEHUSI YKAa3aHHOTO BJMSHUS, ITyTeM
U3MEHEHHUs KOHTPOJS OMOXMMHYECKHX IIPO-
LIECCOB B IPYHTE.

EcrectBenHo, MeTtamn 0e3 HW30JSAUOH-
HOTO TOKPBITHS BO MHOTO pa3 OBICTpee MOJ-
BEpraercsi KOppo3uH U O MOJTHOM YCTpaHECHUU
OMOKOPPO3UU M PEUYH HE MOXET ObITh. OHa-
KO, KaK MOKa3bIBaeT aHAJIU3 PE3yJbTaTOB HC-
CJIEIOBaHMi, B Cy4yae MPaBUIBLHOTO YCTaHOB-
JeHUs] KOMIIOHEHTOB W MHKPOOPTaHHW3MOB
MOKHO JTOOMTHCS 3HAYUTEILHOTO CHIDKEHUS



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021. Cild 13, Ne 3. S. 74-82
Qurbanov O.N.

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 3, Pp. 74-82
Gurbanov A.N.

CKOPOCTH KOPPO3UH U pa3pylLICHUs MaTepuaa
TpyOOIPOBOJIOB, @ TaK)KE€ MAKCHUMAaIbHOM 3KO-
HOMUYECKOH 3(PEKTUBHOCTH 3aIIUTHI OT KOP-
PO3HH.

XoTs B HacTosillee BPeMs U3BECTEH ILU-
POKMI psifi COBPEMEHHBIX M3OJIALMOHHBIX Ma-
TepUanoB (IOJUYpETaH, MOJUAIOKCHUJ, TPOM-
HOMW TMOJIMATUJICH), B HEPTETa30BbIX KOMIUICK-
cax MpeoOialaloT ACUIeBbIe JEHTOYHBIE IO-
KPBITUS C MAaCTHKOW Ha MacCIsTHO-OMTYMHOMH
OCHOBE, KOTOpble MeHee I(PPEKTUBHBI 11O IKC-
IUTyaTallMOHHBIM M AHTUKOPPO3UHHBIM TMapa-
MeTpam.

Pemenune 3agaun

C y‘IGTOM BBIH_IeyKaBaHHBIX ACIICKTOB
3aIlUThl TPYOOTIPOBOIOB OT OMOKOPPO3HHU, HC-
CJICIOBAHBI yCJIOBI/IH MI/IKpO6I/IOHOI‘I/I‘IeCKOI‘O
paspylLIeHHs B pa3IUYHBIX METAJIax, UCIOJIb-
3yeMbIX TPH HM3TOTOBJIEHUU TPYOOIIPOBOJIOB,
H3y4eHO MaTepHaJioB MAaCTHK,
MPUMEHSEMBIX IS TIOKPBITUS TPyOOTPOBO-
JIOB.

CTOUKOCTE

B pe3ynbraTe MUKpOOHOIOrHYECKON Jie-
Ipajlaliiyl 3alIUTHOTO MOKPBITUS U3-32 3(dek-
Ta TETePOTPOPHON H3OIAIUN a’pOOHBIX H
aHadpOOHBIX OakTepuil: M3MEHEHHs (UIUKO-
MEXaHWYECKHX CBOMCTB 3aIUTHBIX MaTepHa-
JIOB, CHI)KEHUSI MX aJre3MOHHBIX XapaKTepH-
CTHK, MPOYHOCTH, INMACTHYHOCTU. Takum 00-
pa3oM, OCHOBHasI (DYHKITHSI 3aIIUTHBIX MTOKPHI-
THH - CITOCOOHOCTD 3alUIATh METAT OT KOP-
PO3HH CHIKACTCH.

BeisiBiieHo, uto Ouoperpaganus M305s-
IIMOHHBIX MAaTepHaJIOB, HCIOIb3YEMBIX IS
3alIUTHl OT KOPPO3HU B MOA3EMHBIX COOpYXKe-
HUSIX, SIBIISICTCS PE3YIIBTATOM B3aHMOICHCTBHS
MOBEPXHOCTH H3OJSIIIMOHHBIX MaTEPHAJIOB C
MHKpPOOPTaHU3MaMH{, KOTOpPOE€ HAuyMHAETCS C
aJire3nu.
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Anresus K 3allUTHOMY MaTepuainy, Ko-
TOPBIA JEHCTBYET Kak OMOJOrMYecKas MuTa-
TeIbHAs Cpela, U POCT KIETOK MHKpOOpra-
HU3MOB 00pasyroT Ouonorudyeckuii cioil. B
pe3ynbTare U3MEHeHHs MeTabonu3Ma U Ipo-
JYKTOB 3alIUTHOTO BO3JCHCTBUS KUBBIX KIle-
TOK M3MEHSIOTCS 3alUTHBIE XapaKTEPUCTUKH
IOKPBITUS, BCIEACTBHE YEro W3HALLIMBAETCS
MaTepuai MOKPBITUS, YTO IPUBOJIUT K UX pas-
PYLIEHUIO M, €CTECTBEHHO, K IOCIEAYIOLIEH
KOppO3uHu TpyOoIrpoBoa.

Paspymienne meramia uaer Omaromaps
CO3JJaHUI0 KOPPO3MOHHON Cpelbl KHCIBIMU
MeTaboNIuTaMd MUKPOOPTaHU3MOB M «UHTHU-
OUPYIOMUMH» META0OIUTAMHU, TAKUM Kak IIe-
pexuch Bogopona. Ilpu aToM pexomeHnyercs
MCIIOJIb30BaTh IUTATENIbHbIE CpPEAbl C MUHHU-
MaJIbHBIM COJEPKAaHUEM OPraHUYECKUX KOM-
MOHEHTOB, THOCYJb(paTa C BBHICOKHUMHU 3Haye-
Husimu pH.

KonuyecTBO MUKPOOPraHU3MOB OKOJIO
TpyOOIIpOBOJa YMEHBIIAETCSI B 3aBUCHMOCTH
OT paccTOSHUSL OT TPYObI, a XUMHUYECKHE MPO-
IIECChI SBISIOTCA MHULIUHPYIOIUME (aKTopa-
MH OMOJIOTHYECKON KOPPO3UU METaJlIa, a BIIO-
CIIeACTBUN — (aKTOpaMH ISl TPOJOJDKECHUS
nporuecca KOppo3HH.

Takum o0pa3oM, 3TU J1Ba mporecca Kak
OBl JOTIONHSIOT - YCHJIMBAIOT APYT Apyra Wiu
JPYTUMHU CIIOBaMH, B3aMMHO YCHJIMBAIOTCH,
ycTymasi pojib MU MECTO B Ipoliecce o0Ien
KOPpPO3UH.

[Ipu pnuTenbHON 3KCIUTyaTauuu TpyoOo-
IPOBOJIOB C OUTYMHBIM HOKPBITUEM B YCIIOBH-
SIX Tpacchl MPOMCXOAUT MX Jerpajanus c Io-
Teper AUAIEKTPUUECKUX CBOWCTB H30JSLIUOH-
HOTO NOKPBITHS, TOCTENEHHOE €r0 PacTPECKU-
BaHHUE.

B TpemuHax 3allMTHOrO MOKPBITUSA MPH
JKCILTyaTallud TPyOONpPOBOJIOB Ha 3aCOJICH-
HBIX U TBEPABIX MHUHEPAIN30BAHHBIX YyYacT-
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Kax, cojepxaumx oonee 3-4% pacTBOPUMBIX
CO; n H,S, u3-3a OBICTPOrO MPOHUKHOBEHUS
&Kelesza B KUAKOCTh M 00pa3oBaHUsl HOHOB BO-
J0poJia MPOUCXOJAT KOPPO3HOHHBIE IMpOIIec-
cbl. [IpoHUKHOBEHHE BOIOPOAA B TOBEPXHOCTh
CTaJld MPUBOJIUT K PE3KOMY CHI)KEHUIO MPOU-
HOCTH METaJUIOKOHCTPYKIUU U KOPPO3UOH-
HBIM IIPOLIECCAM.

Ha ywacTkax ¢ NOBBIIEHHONW KOPPO3U-
OHHOM aKTUBHOCTBHIO (B TOM YHCIIE: 3aCOJICH-
HbIE, 3a00JI0YCHHBIC, UITUCTHIC MMOYBBI) OTHON
U3 MPUYMH KOPPO3UH SBISETCS MHUKPOOHOIIO-
rudeckas Koppo3usi, KOTopasi IpUBOAMT K pa3-
PYLIECHUIO TIOJI3EMHBIX TPYOOIIPOBOIOB.

VYuurteiBas 3T0, mpodiemMa ycOBEpIIEH-
CTBOBAHHSI CBOWCTB M3OJISIIMOHHBIX MaTepHa-
JIOB C LIETIBI0 OOHOBJICHHS UX XapaKTEPUCTUK H
JAbHEUIIeTO yIy4IICHUS €€ KayecTBa SIBIISI-
€TCsl aKTyalbHOHW Kak B HAyYHOM, TaK U B
MIPaKTUYECKOM IUIaHE.

Kak moka3bIBalOT HUCCIIEJOBaHUS, MHUK-
POOpPraHu3Mbl, a UMEHHO: CYyJIb(aTBOCCTaHAB-
JUBAOIINE OAKTEPUH, CITOCOOCTBYIOT BO3HUK-
HOBeHUIO 710 80% Bcex MOTeph OT KOPPO3UH.
Bonee Ttoro, kak ObLIO OTMEYEHO BHIIIE, MUK-
POOPTraHU3MBI SBISIOTCS TPUYUHOW KOPPO3HH
KaK CHapyXd TPYOOIPOBOJOB, paspyiiasi €ro
M3OJISILUI0, TaK M U3HYTPH, MOBBIMIAs OOIIYIO
CTENeHb KOPPO3UHU, UTO MPUBOAUT K ObICTPOMY
M3HAIIMBAHUIO TOBEPXHOCTU TPYOONPOBOIOB
1 YTOHUEHHUIO CTEHOK TPYOBI U €ro pa3phiBy B
KOHEYHOM HUTOTE.

Cynbdarpenyuupytoiue 0akKTepuu BIIU-
AI0T Ha Mpolecc OMOKOPPO3UH, BCIEICTBHE
BO3JICHCTBUSL HAa CKOPOCTb AHOAHOW HIIU Ka-
TOJHOM peakLUu KOPPO3HOHHOTO Ipolecca U
3a cyeT o0pa3oBaHMs arpecCUBHBIX MPOAYKTOB
Merabomm3ma. [Ipu 3TOM BO3ACHCTBHE CYIIb-
dbarpenynupyronmx OaKkTepuid Ha KOPPO3UIO
MPOMCXOIUT OJarojapss CepoBOJIOPOAY U
cynbpuaa Keinesa — MTPOAYKTOB >KHU3HEHIEs-
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TETHHOCTU JAHHBIX OAaKTEpHii, KOTOPHIE CIIO-
COOCTBYIOT CEpPOBOJOPOIHON Koppo3uu. Ilo-
3TOMY HEOOXOJIMMO ONpEAeNUTh BEIlleCTBa U
WX KOHIIEHTpAIMH i1 OOpbOBI C TAaHHOTO TH-
1a KOppo3ueH.

Kak mnoka3pIBaloT HCCIEIOBaHUS, MPHU
UHTHOMPOBAHUM TaKOW CpeIbl IepueM WIn
JTAHTAHOM MOXHO TPAKTHYECKH CHU3UTH pa3-
pymaroniee JIeHCTBUE Cylb(aTpeaylupyro-
mmx O6akTepuii [2].

Kak 0but0 oTMedeHo BbIlIe, B HedTera-
30BOIl OTpaciu OHMOKOPPO3UIO BBI3BIBAIOT B
OCHOBHOM cCyJib(daTrpeaynupyromue 0akTepuu,
BCJIE/ICTBUE 4YEro, BO3HUKAET CEPOBOAOPO]
npoayKT Kopposuu. [Ipu 3ToM miist 60psOBI ©
ITOW KOPPO3HEU MPUMEHSETCS 3aKadyka HUTpPa-
TOB, TIOCPEICTBOM KOTOPOW yIalIeHHUe CyIib-
(GUI0B MOXKET KaTaTu3UPOBATHCS PA3TUIHBIMU
cynbpun HUTpAaT-peny-
nupytoumm O0akrepusimu. OnHaKo, BBISIBIIE-
HO, 4TO JJaHHBbIE OAKTEpUU MOTYT YCHJIUTb JIO-
KaJIbHYIO KOPPO3HUIO M3-32 HEMOJIHOTO OKHUCIIEe-
HUS Cylnbpuaa JO KOPPO3UOHHBIX MPOMEXKY-

OKUCIAIOIITUMHU

TOYHBIX COCTMHEHUH CEPBI.

Crnenyer oTMeTuTh, 4YTO B A3sepOaii-
JDUKaHEe OCHOBHAas Mo0Obua HEe(TH U Taza ocy-
IIECTBIISIETCS. HA MOPCKHX MECTOPOXKICHUSIX,
9TO0 000pYyIOBaHUS W TPYyOOIPOBOJOB TOJ-
BEPKEHBI CUJIIBLHON Ouokopposuu. [Ipuuem
arpeccusi MUKpOOPTaHU3MOB TOBBIIIAETCS 10
Mepe pa3BUTHSA METabOIMUYECKUX MPOIECCOB,
CBSI3aHHBIX C KOPPO3HEH.

[Ipu 5TOM B CIOXHON MHUKPOOHOW M He-
OpTaHWYECKON MaTpuile OMOTUICHOK BO3HHUKA-
0T JIOTIOJTHUTENbHBIC, AHTarOHUCTUYECKHE U
napajuieIbHbIe MUKPOOHBIE MYTH, YTO MOKET
MIPUBECTHU K BBICOKOM CKOPOCTU KOppo3uH [3].

Koppo3usi moa BO3AEHCTBHEM MHKPO-
00B, OakTepHii, 4acTO Ha3bIBaeMass OHOKOPPO-
3Ue, MPUBOAUT K 3HAUYUTEIHHBIM 3KOHOMUYE-
CKUM TIOTepsiM, OCOOCHHO B He(TerazoBon
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MIPOMBIIIJICHHOCTH. HeKoTopbie aBTOpBI OTMe-
Yal0T, YTO BJIUSHUE MUKPOOPTAHU3MOB SIBJISI-
I0TCSl MpUUUHOM 0K0J10 20% BCcexX MOBpExe-
HUI Takoro tuma [4].

Muxkpoopranu3Mbl B3aUMOJICUCTBYIOT B
OKpYy’Karolllel cpelie ¢ BellecTBaMU, MaTepua-
JaMy 00OpYyIOBaHUS U TPYOOIIPOBOIOB U TIPH-
BOJSIT K CJIOKHBIM JIJIsl aJICKBATHOTO OIHUCAHUS
mporeccaMm OHOKOPpPO3UHU, UTO CHUIKAET, J0-
CTOBEPHOCTh MPOTHO3a KOPPO3HH, a B HEKOTO-
PBIX Cydasx JelaeT 3TO HEBO3MOXKHBIM. [lo-
3TOMY Haubosee MOAXOISIIUM METOAOM KOH-
TPOJISi KOPPO3UU B HACTOALIEE MOKHO CUMTATH
MEePUOINYECKUI MOHUTOPUHI COCTOSIHUS TOY-
BbI, AaHAJIU3 KOHLIEHTPALlUU MUKPOOPTaHU3MOB,
Y4aCTBYIOIINX B KOPPO3HUHU.

Cuutaercs, 4To OMOIUICHKA COCTOUT M3
KOHCOpPIIMYMa MHKPOOPTaHU3MOB,
dbaTpenyuupyomue
HauboJjee OMacHbIMU, TaK KaK y4acTBYIOT B
KOPpO3UU YEpPHBIX METAJIOB B HECKOJBKHX
cpenax oOMTaHMS M3-3a UX CIIOCOOHOCTH TIPO-
W3BOJNTH OMOTEHHBIN Cynbbum [5].

U Cylb-

OaKkTepuu  SBIAIOTCA

Kpome Toro, B mouBax, 0e3 mozacrymna
BO3/lyXa WJIM C YMEHBIICHHBIM JIOCTYIIOM BO3-
IyXa Ha KOPpPO3UIO0 CHJIBHO BIHSIOT CYIIb-
daTpenyuupyomue OakTepuu, KOTOPBIE MPO-
U3BOJSAT  CEPOBOJIOPOJ,  HEMOCPEACTBEHHO
BXOJIALIUI B PEAKILIUIO C HKEJIE30M.

Takxke oTMeyaercs, 4To OHOKOPPO3UST U
OmooOpacTaHue OCTAIOTCS JBYMs Haubosee
CEPHhE3HBIMHU MPOOJIIEMaMH JIJII CUCTEM U 000-
PyIOBaHUS, HAXOASAIIUXCS B MPSIMOM KOHTAKTE
C BOJHOM Cpenoil.

Jns mpenoTBpalieHuss MOBPEXIACHUN
WM YMEHBIICHUS BJIHMSHUS BBIMICyKa3aHHBIX
MIPOLIECCOB HA JIAHHBIE CHCTEMBI MTpeIaraeTcs
peain30BaTh KOHLEMIUU BCTPOEHHOTO aHAJH-
3a ¥ MOHUTOPHUHTA 000uX 3P (HEKTOB.

B HacTosiiiee Bpemsi CymiecTByeT MHO-
KECTBO MOJXOJ0B K CO3JJaHUIO YCTAaHOBICHUIO
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CEHCOPHOM CHUCTEMBI Il HM3MEpPEeHHs Iapa-
MeTpoB OnooOpacTaHust U OHOKOPPO3UH, a
Tak’keé MOHUTOPHHIA B pealbHOM MacuiTade
BpPEMEHH.

UccnenoBanue BO3AEHUCTBUSA MPOU3BOI-
HBIX JIMOKCOJEKAruapoaKkpuauHa U 4YeTBEPTHU-
YHBIX A30TCOJEpPIKAIIMX HAa THOHOBbIE OaKTe-
pun Thiobacillus sp, mokasano, 4ro Makcuma-
JI6HO 3()(PEKTUBHBIMU IO OTHOUICHHUIO K TPYI-
e MUKPOOPTaHU3MOB OKa3aJIMCh HHTUOUTOPHI
1/0 cpeau mMpOU3BOMHBIX AUOKCOACKATUIPOAK-
punuHa u uHTHOUTOp «K» cpennm YAC koTto-
pble TPOSIBUIM CTENEHb OJOKHUPOBKH POCTa
95,8 u 97 , 1% coOTBETCTBEHHO (pHC.) U MOY-
™ Ha 90% yMEHbIIAM CKOPOCTh KOPPO3HUHU
1I0JT BO3/ICHCTBHEM THOHOBBIX OAKTEPHIA.

[IpousBoaHbIE AMOKCOJCKAruapOAKpH-
muHa - 1/0; 3/0; 6/0; 7/0; UAC - uHruburtop
«K».

[TpucyrcTBUEe CynbdaTpe ylIupyOmuX
OakTepuii OOBIYHO OOHApPY)KHBAETCS B pas-
JUYHBIX YacTAX OOOpYIOBaHMSI U CHCTEM
He(Tera3oBoil MPOMBIIIIEHHOCTH - OT CKBa-
XKHUH 0 HedTerazonepepabaThIBAIOUINX 3aBO-
1oB [6].

Onu Moryt oOpa3oBbIBaThCS B JIHO0OM
BOJIHOHM CpeJie WM TOYBE U SIBISIOTCS O0Iei
poOJIeMOi M3-3a Be3/IECyIIeH MPUPOIbI MHUK-
pOOOB M KOPPO3UOHHBIX MMOOOYHBIX MPOTYKTOB
B TpyOOmpoBOJax, KOTOpbIE yJaaeTcsl dac-
TUYHO YMEHBIIUTh KOMIUIEKCHON MOJTrOTOB-
KOW TpaHCIOPTUpPYEMOTro Ta3za [7].

OpHuM 13 myTel peleHus TaHHOM Impo-
6nembl siBIsieTca Moandukanus HeTIHON Ou-
TYMHOM MAaCTHKM HWHTUOUTOpAMH KOPpPO3UH,
KOTOpask MOXKET KakK MPeIOTBPATHTh JIEKTPO-
XUMHUYECKYIO KOPPO3UIO, TaK U YIY4IIUTh PU-
3UKO-MEXaHUYECKHUE CBOWCTBAa MOJNYyYEHHBIX
U30JSIIMOHHBIX TOKPBITUH U TPOSBUTH HX
OHoJOruYecKre CBONCTRA.
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Pucynok — I[logaBiieHre pocTa THOHOBBIX OaKTEPHil a30TCOAEPKANUMHU HHTHOUTOPAMH KOPPO3HH
Figure — Suppression of the growth of thionic bakteria by nitrogen-containing corrosion

OCHOBHBIM META0OJIUTOM CYJb(arpery-
LUPYIOIUX OaKTepuil SBISETCS CEPOBOAOPOA.
ITockonbKy cepoBOIOPOJ SBISETCA CTUMYJIS-
TOPOM Kak KOPpPO3MM, TaK M THUIPUPOBAHMS
CTajei, BONPOC  MpPEJOTBpALLEHHUS  WIH
YMEHBUICHUSI UX CyIb(paTpeaylHpyome ak-
TUBHOCTH YPE3BBIYAIHO BaXKEH.

Bxitouenne  MHTHOMTOPOB  KOPPO3UH
pa3NUYHBIX OpPraHMYECKUX BEIIECTB B 0azo-
BbIi COCTaB OMTYMHO-TIOJIMMEPHOM MacTUKU
MO3BOJISIET MOJIy4yaThb MACTHUKY C BBICOKMMU
(GU3MKO-MEXaHNYECKMMU CBOMCTBaMH U IIO-
BBIIICHHOH IJIACTUYHOCTHIO.

OpraHuyeckre HHIHOMTOPBI KOPPO3UH
o0ecreynBaoT OTIIMYHYIO 3aIIUTy METajlja OT
KOpPpPO3MM TIPM HU3KHX KOHIICHTpALUAX B
arpeccuBHON cpene. DTH MHTHOUTOPHI OBICT-
pOJeHCTBYIOINE, U HUX HCIOJIB30BaHUE KO-

HOMHYHO. B kadectBe CBhIPbA HMCIIOJIB30BajlaCh
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OWTYMHO-TIOJIMMEPHAsl MAacTHKa, MPOU3BOMU-
Masi B AzepOaiiKane.

OmHuM W3 BaXKHBIX ITOKa3zaTelied Kaue-
CTBa OMTYMHO-TIOJJAMEPHOH MAaCTHKH SIBJISCT-
Csl BIIUTBIBAHUE BOJIBI, KOTOPOE OIPEICIISACT ee
ruApoPoOHOCTh U, KaK CIEACTBHE, TUAJICK-
TPUYECKHE CBONCTBA W3OJISIIIHOHHOTO TOKPHI-
tus. [losTomy HE0OX0aMMO OOpaIaTh BHUMA-
HUE MMEHHO Ha 3Ty CIMOCOOHOCTh MACTHKH B
mupokoM auamnazone ot 0,05% no 2,0% ot
MacCCOBBIX CKOpPOCTEH HACBIIICHUS WHTHOUTO-
POB.

AHaJM3 TONMYYCHHBIX PE3yJIbTaTOB II0-
Ka3bIBaeT, YTO BIUTBHIBAHHE BOJBI Y MOIU(DHU-
[IUPOBAHHON MAaCTUKH HAMHOTO HHXE, YeM Y
0a30BOM MACTHKH, a TakKe I 0a30BOM Ma-
CTUKU Ha MPOTSHKEHUU BCETO IMepHoja McClie-
JIOBaHW HAOJIO/IaeTCs MOHOTOHHOE yBEIUYe-
HHE BIIMTBHIBAHUS BOJbI, OJJHAKO OHO HAMHOI'O
yeM y 0a30BOM MACTHUKH, YTO TOJTBEPIKIACT
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BJIIMSIHME MHTHOUTOpPA, BXOAAILIET0 B 0a30BYIO
OUTYMHO-TIOTUMEPHYIO MAacTUKy, Ha THUIPO-
($ho6HOCTh MOIU(DHUITMPOBAHHONW MAaCTHUKH.

Takum oOpazoM, WHTHOWTOpP, abCOpOU-
POBaHHBIN MOBEPXHOCTH  OUTYMHO-
MOJIMMEPHON OCHOBBI, BEPOSITHO, 00pasyer
HOBYIO CTPYKTYPHYIO CTPYKTYPY C BBICOKOH
ruIpooOHOCTHIO.

Ilony4yeHHbIE pPE3YJIBTATHL JKEIATEIBHO

Ha

YVYUTHIBaTh TMPH HUCHOJIB30BAHUUA MOIUDUITH-
POBaHHOW MAacCTUKH Ha OOJIOTHCTBIX U WIIH-
CTBHIX MOYBaXx.

BaxnapiM  (akTOopoM, ompenensomum
3(PEKTUBHOCTh H3OJSIIUOHHOTO TTOKPBITHS,
SIBIISETCS €ro OMOCTOHKOCTH K BO3IEHCTBUIO
MUKPOOPTraHU3MOB I'PYHTA.

Ha ocHoBe pe3ynbTaToB MCHBITAHUI B
MOJIXOASIIECH MUTAaTeNbHOM cpene ObLIO ycTa-
HOBJICHO, YTO pa3pabOTaHHBIE T€PMETUKU 00-
JIAIar0T OMOJIOTUYECKON CTOMKOCTBIO K MHUK-
pOOpraHmu3Mam, y4acCTBYIOIIUM B KOPPO3HH, H
MOTYT OBITh NMPUMEHEHBI JJISI H3OJSIIUU TPY-
OOMpOBOJIOB HA CIEAYIONIUX MPOOJIEMHBIX
ydacTKax MapmipyTra: 00JoTa, WIHCThIE U 3a-
C TOBBIIICHHOM

COJICHHBIC IIOYBBI, IIOYBHI

BIIAXKHOCTBIO, TJI€ HAONIOJAeTCs BBICOKHI
PUCK MUKPOOHOIOTUYECKON KOPPO3HUHU.

OnHuM W3 OCHOBHBEIX ITOKa3aTejeH, Xa-
PaKTepU3YIOINX aKTHBHOCTh HMHTHOUTOPOB
KOPPO3UH, SBISETCA UX BIUSHHUE HA CKOPOCTh
KOPPO3HOHHBIX TporeccoB. JKu3HeneaTenb-
HOCTh OaKTepuil CEPHHCTOTO ITUKIIA - CYJIb-
baTpenyMpyOmMX M THOHOBBIX OakTepuid
MPUBOAUT K YCUJIICHUIO KOPPO3UOHHOTO MOpa-
KEHHS MOA3EMHBIX MaruCTPaNbHBIX HedTe- U
ra3onpoBO/JIOB.

Pe3ynbTaThl uccaeqoBaHM TOKa3bIBa-
10T, YTO BBICOKOE COJIEp)KaHUE CyIbaTpemay-
NUPYIOIIMX H JKelie3a BOCCTaHABIMBAIOIINX
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OakTepHuil XapakTepHO Ui 3a00JI0UYCHHBIX 3e-
MeEJlb.

CornacHO TMOJY4YeHHBIM pe3yJbTaTamM
MoKaszaHo, 4To Hauboiiee A (PEeKTUBHON 3aIlIn-
TOH OT KOPPO3HH SIBIACTCS WHTHOUTOD, JCH-
CTBYIOIIMKA Ha cCynbdarpenynupyromue Oak-
TE€pPHUH, HA OCHOBE MPOU3BOJHBIX IHOKCHU-/IEKa-
TUAPO-aKpUINHA M YETBEPTUYHBIX COEIUHE-
HU a3oTa [8].

3akiloueHue

Ha ocHoBe aHanm3a cymiecTByomux Me-
TOZOB W CIIOCOOOB 3aIlIUTHI OT OHMOKOPPO3UU
MOKHO BBIICTUTH CIEIYyIOIINE
HAIpaBJIeHUsl 3alIUTHl TPYOONpPOBOJOB OT

OCHOBHBIC

OMOKOpPpO3WM B 3aBUCUMOCTH OT COCTaBa
IPYHTa U IIOYBBI, KIMMAaTUYECKHUX YCIIOBUHU,
TUIIOB MHKPOOPTaHHU3MOB, AOUIJICKTPHUYCCKUX
CBOMICTB HU30JIAIUOHHBIX MATCPHUATIOB:

- NpUMEHEHHEe WHTUOUTOpPOB, YMEHbIIa-
IOIUX BJMSHHE M aKTUBHOCTH MHKpOOpPTa-
HU3MOB;

- pa3IUYHBIX KOMIIO3ULMOHHBIX MaTepHa-
JIOB;

- IPUMEHEHUE KaTOIHOM 3alUThI;

- HepI/IOI[I/I‘IeCKI/II\/'I KOHTPOJIb WU MOHHUTO-
PHUHT COCTOSIHHSI TPYOOIIPOBO/IOB C LIEJBIO BbI-
SBJIEHUSI aKTUBHOCTH MUKPOOPTaHNU3MOB,

- YMEHbIIIEHUE aKTUBHOCTHU CYIb(aTpeny-
IUpYyIIMKUX OakTepuii, 60prbda ¢ CcepoBOaO-
pOIHON  KOpPpO3HUEH, COOTBETCTBYIOIIUX
YCIOBUSIX.

B

IIpoBeneHue nanpHEMIIMX UMCCIENOBA-
HUN U pa3pabdOTOK B YKa3aHHBIX HAIPABJICHU-
SIX SIBJISIETCSl AKTYaJbHBIM M IPUOPUTETHBIM,
YUUTHIBASE MU3MEHEHMSI SKOJIOTHYECKUX YCIIO-
BUI B MHUpE U MPOTPECC B TEXHOJIOTUU JOOBIUN
U TiepepadoTKu HePTH H raza.
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Abstract

The issues of asynchronous electrical motors starters applied in ship deck mechanisms electric drives by the
help of soft starting means were researched and noted the advantages of this method. Including, were indicated the
advantages of using the soft starters means in asynchronous electric drives of deck mechanisms in raising of control
system reliability and decreasing of electrical energy consumption. Starting into ship deck mechanisms electric
drives work is usually performed by engine stators windings from the diagram “star” on the diagram “triangle”. This
method of starting is not considered as sufficiently reliable. Besides of this, results of held analysis showed, that at
the time of passage the transitional processes in these electric drives the magnitude of stators windings starting
currents exceeds par in 5-7 times, but the magnitude of rotating moment on a shaft constitutes 150-200% from the
par value. This in its turn, leads the precocious failure of engine mechanical elements and flop of supply network
voltage. Considering the above for controlling by asynchronous motor with short-circuited rotor were considered the
connectivity issues of the main starter to its stator winding. In view of the, in ships with level of automation AUT 2
control existing systems can’t answer to modern requirements and also with the aim of raising the reliability of work
and energy-consuming decrease, it was suggested the using of device of the main starters in operating electric drives
of deck mechanisms.
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Xiilasa

Maqaloado gomi gdyerts mexanizmlorinin elektrik intiqallarinda totbiq olunan asinxron miharriklorin yumsaq ise
buraxicilar vasitesi ilo igo salinmasi arasdirilmis vo onlarin miisbat cohatlori gqeyd edilmisdir. Homginin, maqaleds idarsetmo
sistemlarinin etibarligmin yiiksaldilmesinds va elektrik enerjisinin sarfini azaltmaq moqsadi ilo gomi gdyarts mexanizmlarinin
elektrik intiqallarinda totbiq olunan asinxron miiharriklorin yumsaq ise buraxicilar vasitesile iso salnmasinin istiinliiklerinden
bohs olunur. Adaton gomi gdyerto mexanizmlorinin elektrik intiqallarinin iseburaxilmasi miiharrikin stator sargilarint “ulduz”
sxeminden “lighucaq” sxemina kegirmoklo yerino yetirilir. Bu igoburaxma iisulu kifayst qader etibarli sayilmir. Homg¢inin,
aparilmis tohlillordon molum olmusdur ki, homin elektrik intiqallarinda kegid prosesi zamani miiharrikin dolaqlarinin isesburaxma
corayant nominaldan 5-7 dofo ¢ox vo onun valindaki firlanma momenti nominal qiymotin 150-200 %-ni toskil edir. Bu iso
mithorrikin mexaniki hissolorinin vaxtindan avval siradan ¢ixmasina, qidalandirici sabokonin garginlik asirimina sabab olur. Biitiin
bunlari nazero alaraq, moqalods qisagapanmis rotorlu asinxron miihorrikin idars olunmasi {iglin stator dovresine yumsaq
isoburaxicinin (soft-starter) qosulmasi nazordan kegirilmisdir. AUT2 avtomatlasdirma daracesi olan gomilorde movcud idarsetmo
sistemlori milasir dovriin tolablorine cavab vermodiyine gore, idareetmo sistemlorinin etibarligini yiiksaltmok va elektrik
enerjisinin sarfini azaltmaq mogsadils, gomi gdyarto mexanizmlorinin elektrik intiqallarinin ise salinmasi zamani yumsaq ise
buraxicilardan istifade olunmas toklif olunur.
Acar sozlor: gomi, elektrik intiqali, asinxron miiharrik, yumsaq isoburaxici, ulduz-iighucaq
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AHHOTaLMA

HccnenoBaHbl  BOIPOCH ITyCKa ACHHXPOHHBIX OJJIGKTPOJBHTATENECH, INPHMEHSEMBIX B OJIEKTPONPUBOAAX CYHOBBIX
MaTyOHBIX MEXaHH3MOB, C MOMOIIBIO CPEACTB IUIABHOTO ITyCKa M OTMEUYEHBI IPEUMYIIECTBAa AaHHOTO Merona. B Tom umcie
YKa3aHbl JOCTOWHCTBA HCIIOJIB30BAHUS CPEJCTB IUIABHOTO ITyCKa B aCHHXPOHHBIX JJIEKTPONPHUBOJAX MaTyOHBIX MEXaHHU3MOB B
MIOBBIIICHUH HA/IEKHOCTH pabOTHI CHCTEM YIPaBIEHWs W CHIDKSHUS IOTpeOJIeHHs JJIeKTpHiecKoil sHeprud. Ilyck B padoty
JJIEKTPONIPHBOIOB CYIOBBIX MaTyOHBIX MEXaHM3MOB OOBIYHO BBINOJHSAETCS MEPEKIIOYEHUEM CTaTOPHBIX OOMOTOK JIBUraTelsl CO
cxeMbl "3Be3ma" Ha cxeMmy "TpeyroabHMK'. J[aHHBI METOA MycKa HE CYMTAeTCsl JOCTaTOYHO HaaexHbIM. Kpome storo,
pe3yIbTaThl IPOBEACHHBIX aHATU30B IMOKa3aId, YTO BO BpeMs IIPOTEKAHUs MEPEXOIHBIX MPOLIECCOB B JaHHBIX IEKTPONPHBOAAX,
BEIMYMHA ITyCKOBBIX TOKOB CTaTOPHBIX OOMOTOK HPEBBIMIAIOT HOMHUHAIBHBIE B 5-7 pa3, a BEeJIMYMHA BPAIAlOIEr0 MOMEHTa Ha
Bany cocrapiser 150-200% HOMHMHANBHOTO. DTO B CBOIO OYEpelb, NMPUBOJUT K IMPEXKIECBPEMEHHOMY BBIXOJy M3 CTPOS
MEXaHUYECKUX DJIEMEHTOB JABUTATENS M IPOBATY HANPSHKCHHS IUTAIOMICH CeTH. YUUTHIBAs BBIMICU3IONKEHHOE, [UIS YIIPABICHUS
ACHHXPOHHBIM JIBUTATEJIEM C KOPOTKO3aMKHYTBIM POTOPOM, PACCMOTPEHBI BOIPOCHI ITOIKIIIOUSHNUS yCTPONHCTBA INIAaBHOTO ITycKa K
ero craropHoi ooMotke. BBuny Toro, 4ro Ha cynax ¢ ypoBHeM aBroMarn3anuu AUT2 cymecTByIoIue CHCTEMBI YIIPABICHUS HE
OTBEYAIOT COBPEMEHHBIM TpPEOOBAHUSAM, a TAaKKe C LENbI0 TOBBILICHUA HAIECKHOCTH pabOThl M CHIDKCHHUS, DHEPro3arpar
MIPEIOKEHO UCIIONIF30BAHUE YCTPOICTBA IJIABHOTO MyCKa, AJIS ITycKa B paboTy JIEKTPONPUBOAOB MATYOHBIX MEXaHU3MOB.
KioueBsble ciioBa: CYJHO, JIEKTPONIPHBO/, ACHHXPOHHBIN IBUTATEIb, YCTPOMCTBO INIABHOTO ITyCKa, 3BE3/1a-TPEYTOIbHUK
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Giris

Elektrik intigali vasitosi ilo horokoto
gotirilon qurgulara misal olaraq (komokei
silkan qurgusu, yiikk nasosu, lovbor-yanalma
qurgusu, yedok bucurqadi, yiikqaldirict me-
xanizmlor va.s.) gOstormok olar. Hal-hazirda
istismarda olan gomilorin bir hissesindo gomi
elektrik  intigallarimin 10 buraxilmasi,
miiharrikin stator sargilarinin “ulduz” birlosma
sxemindon “{igbucaq” sxemino kegirmoklo
yerino yetirilir. Bu igoburaxma tsulu kifayot
godor etibarli deyildir [1, 2].

Asinxron miihorriklorin -~ “ulduz”-dan
“licbucaq™-a kegmoklo iso buraxma tisulunun
manfi cohatlori agagidakilardir:

1. Miiharrikin “ulduz” sxemindon iig-
bucaq” sxemina kec¢idi prosesindo caroyan
sigrayisinin bdyiik qiymot almasi;

2. Miihorrikin iso buraxma momentinin
kigik olmasi;

3. “Ulduz-lighucaq” kecidi zamani me-
xaniki zorbalorin yaranmasi.

Boyiik giiclii gomi elektrik intigallarinda
totbig olunan asinxron miihorriklorin iso
buraxilma xassolori mihorrik {giin vacib
moasalolordon biridir. Bu xassoalor, osasan,
igoburaxma  coroyani vo momenti ilo
xarakterizo olunur. Boylik giiclii gomi elektrik
intiqallarinda asinxron miihorriklorinin iso
salinma xassalori, adaton, onlarin rotorlarinin
qurulusundan asilidir.

Oksor hallarda, az giicli qisa qapali
rotorlu miiharriklorin igo buraxilmasinda bir-
basa iso buraxma iisulundan istifado olunur.
Miihorrikin bu iisulla igo buraxilmasi, digor
iisullara nazoron, ¢ox sadodir vo qisa miiddotdo
bas verir. Burada stator sargilar1 birbasa
gidalanma sobokosino qosulur. Miihorrik 6z
tobii xarakteristikasi tizra iso buraxilir [1, 2].

Miiharrikin rotorunun torponmoz voziy-
yotindon (S=1) nominal firlanma tezliyinin
(S=S,) vo yaxud yiiksiiz firlanma tezliyino
(S=0) catdirllma prosesine onun 19
salinmasi deyilir.

Isosalma prosesindo miihorriko asagidaki
osas toloblor qoyulur:
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1. Isosalma momenti miimkiin
gador boylik olmalidir;

2. Isosalma coroyant ji;.s mimkiin qodor
kicik olmalidir;

3. Isosalma sxemi miimkiin qodor sado
olmalidir.

Bundan basqa miihorrikin igosalma
miiddoti miimkiin gador kigik, isosalma prosesi
solis vo gonaostli olmalidir.

Miihorrik iso buraxilan zaman, rotor
gofosi kimi yigilmis, kigik miigavimatli rotor
sargist, ikinci torof sargisi kicik miigavimatlo
qisa gapanmig, transformator kimi isloyir.
Rotorda yaranan coroyan qidalanma gobo-
kosindo ifrat coroyan yaradir. Iso buraxma
corayani nominal caroyandan taqribon 5-7 dofas
artiq olur. Iso buraxma momentinin orta
qiymoti (Mjsp) 1s0 nominal momentin (M)
0,5-1,5 hissasina barabardir.

Umiimiyyatlo, isosalma sobokonin gii-
ciindon asilidir. Boyiik giiclii gomi elektrik
intiqallarinda totbiq olunan asinxron miihor-
riklorindo igosalma coroyaninin azaldilmasi
liciin, bozi hallarda stator sargilarina ardicil
olaraq, induktiv miigavimot (reaktor) qosurlar
[1,2].

Avtotransformatorla isosalma iisulu da
bu mogsadls totbiq edilir. Miihorrikin statoruna
verilon gorginlik, avtotransformator vasitosi ilo
tonzim edilorok, azaldilir. Miiharrik iso bura-
x1ldigdan sonra, gorginlik todricon artirilaraq
nominala catdirilir. Belo metod, toxminan, 20
kVt-a godor gilico malik olan, rotoru qisaqa-
panmig asinxron miiharrikin igo salinmasinda
istifads olunur.

Faza-rotorlu asinxron miihorriklorin iso
buraxilmasinda isosalma reostatindan istifado
edilir. Miiharrik sobokoys qosulmazdan ovval
igoburaxma reostatlarinin dostayi elo voziyyato
gatirilir ki, rotor dovrasinin miiqavimoti mak-
simum olsun. Bu voziyyatdo elektrik miithorriki
sobokoyo qosulduqda, rotor dovrosinin mii-
gavimoti boyiik oldugundan, stator dolaq-
larindan axan coroyanin da qiymeti nomi-
naldan az olur.

Rotorun siiratini artirmaq ti¢ilin, reostatin
dostoyini  horokot etdirmoklo, miiqavimatlor

Mis.s
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todricon dovradon ¢ixarilir. Miiharrikin siirati
nominala ¢atdiqdan sonra iss, reostatin
miiqavimetlori tamamilo dévrodon ¢ixarilaraq,
rotor sargilarinin ¢ixislarinin qapanmasi tomin
edilir [3, 4].

Biitiin bunlar1 nozeore alaraq, moqalado
gomi elektrik intigallarinda totbiq olunan
qisaqapanmis rotorlu asinxron miihorrikin
idaro olunmasi {igiin, stator dovrosino yumsaq
isoburaxicinin (soft-starter) qosulmasi nozor-
don kegirilmisdir.

Gomi elektrik intigallarinin  mdveud
idaroetma sistemlori miiasir dovriin toloblorino
cavab vermoadiyino goro, idaroetmo sistemlo-
rinin etibarhiginm yiiksoltmok va elektrik enerji-
sinin sorfinin azaldilmast mogsadilo, istis-
marda olan gomilorin elektrik intiqallarinin iso
buraxilmasi zamani yumsaq igoburaxicilardan
istifado olunmasi toklif olunur [1, 2].

Maosalonin qoyulusu

Qisa qapanmis rotorlu asinxron mii-
horrikin idars olunmasi {i¢lin giic elementi
kimi stator dovresine yumsaq isoburaxicinin
(soft-starter) qosulmasin1i nozordon kegirok
(sokil 1).

Elektrik intigallarinda kegid prosesi
zamani, miihorrikin dolaqlarindan kecon iso-
buraxma coroyani nominaldan, toxmini olaraq,
5-7 dofs ¢ox vo onun valindaki firlanma
momenti nominal giymatin 150-200%-ni togkil
edir. Bu hadisolor iso miihorrikin mexaniki
hissolorinin vaxtindan ovval siradan ¢ix-
masina, elektrik sobokosinds gorginliyin ifrat
enmasind sobab olur [3].

Bu maosalani hall etmak iigiin, tacriibado
miuhorrikin - yumsaq isoburaxma avadan-
ligindan istifade olunur vo yiikk coroyaninin,
todricon artimi toskil olunur. Bunun iigiin
yumsaq isoburaxma avadanhqlarinin totbiq
edilmasi ilo asagida gostorilon tstiinliiklor oldo
edilir:

e Miihorrikin dolaglarinin - qizmasinin

azaldilmasi;

e Iso diismo zamam gorginlik itkisinin

azaldilmasi;
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edilmoasi
vaxtinin

e Dayanmanin tomin

sonraki  isadiismo

edilmosi;

e Nasos qurgularinda, borularda

tozyiqin vo hidro zorbolorin azaldilmasi;

e Elektomagqnit kiiylerin azaldilmast;

e Miihorrikin  kompleks miihafizosini

toskil etmok;

e Sistemin daimi vo etibarli iginin toskil

edilmosi.

Yumsaq isoburaxma

sxemi sokil 1-do gdstorilmigdir.

Vo
toyin

qurgusunun

By-pass
KONTAKTOR

Yumsaq isaburaxma
qurgusu

Sakil 1 — Yumsaq isoburaxma qurgusunun struktur sxemi
Figure 1 — Block diagram of a soft start device

Asinxron miiharrikin statoruna totbiq
olunan gorginliyi azaltmagqla, isoburaxma me-
todlarindan miasir dovrde on ¢ox istifado
olunanlardan biri do mikroprosessor idars sis-
temlori ilo tochiz edilmis, yumsaq isoburaxma
tisuludur (sokil 2). Yumsaq isoburaxicilari,
nozori olaraq miihorrikin igosalma dovrosino
ardicil qosulmug miiqavimat kimi basa diigmok
olar. Yumsaq isoburaxicilarda eyni ilo digor
igoburaxma tisullarinda oldugu kimi, isosalma
coroyani tonzim edilir. Bu lisulun digor isobu-
raxma tsullarindan osas istiinliiyli — miihor-
rikin he¢ bir mexaniki zorbo olmadan iso
buraxilmasi va tormozlanmasidir. Digar iistiin
cohot iso — gostorilon iisullarin he¢ birindo
moveud olmayan corayan-moment xarakteris-
tikasinin  solis  tonzim oluna  bilmasidir.
Yumsaq isoburaxici miiharrikin igoburaxilmasi
zamani statora totbiq olunan gorginliyi 30%-
don 100% -o godar salis sokilde artiraraq mii-
horrikin igosalma coroyanini tonzim edir. Hom-
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¢inin, isoburaxilma prosesindos, mikroprosessor

vasitesi ilo, miiharrikin  corayan-moment
xaraktersitikasinin  tonzim edilmosini  do,
yumsaq isoburaxicinin osas ustiinliiklorinog

olavo etmok olar. Yumsaq isoburaxicilar, hor
fazada qosulmus triyak, reversiv birlogmis
diod-tiristor ciitiindon, vo ya on ¢ox istifado
olunan reversiv birlogsmis tiristor ciitiindon
ibarot olurlar. Mikroprosessorla idaro olunan
bu yarimkegirici ciitlino miihorrikin igobu-
raxilmasi anindan baslayaraq, idaro signallari
gondorilir. Bununla da, miihorrikin statoruna
totbiq olunan gorginlik tonzim olunur. Mi-
harrikin igoburaxilma xarakteristikasi bu tisulla
ideal voziyyoto gotirilo bilir. Isoburaxma
prosesi basa catdigdan sonra, yumsaq isobu-
raxict  suntlayict  kontaktor  (BYPASS
kontaktoru) vasitosilo dovrodon ¢ixarilir. Bu
tisulun monfi cohati iqtisadi cohatdon somorali

olmamasi vo idars oluna bilon yarim-
keciricilordo bag veron giic itkilorinin
olmasidir [4, 5].
all] ’ e
FU M,.”
Myﬂk
My.i,v.b‘
Mom
N
o,

Sokil 2 — Asinxron miharrikin yumsaq isoburaxicilar
vasitosi ilo iso salinmasi sxemi vo mexaniki
xarakteristikalari

Figure 2 — Scheme and mechanical characteristics of
asynchronous motor starting with soft starters

Tiristorun agilma bucagmin doyismasi
naticosindo, yumsaq isoburaxma qurgusunun
cixis gorginliyinin tonzimlonmosi hoyata ke-
cirilir. Tiristorun ag¢ilma bucagt no qodor
boyiik olarsa, o zaman miihorriki qidalandiran
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cix1s gorginliyinin qiymoti do o qodor bdyiik
olar [4].
Sokil 3-do yumsaq isoburaxma qurgu-

sunun  ¢i1x1g  gorginliyinin - formalagmasi
diagrami verilmisdir.
Bildiyimiz  kimi, asinxron elektrik

miihorriklorinds firlanma momenti gorginliyin
kvadratik artmasindan asilidir, yoni, gor-
ginliyin azaldilmasi miihorrikin valina diison
firlanma momentinin azalmasi ilo naticolonir.

N\ f/\ /
/ / IR |14
£/ /
E | /]Q; -l
V] o o o0y o\
AN | Y
INE LT A 4
| IT|r|storun acllma bucad

Sakil 3 — Yumsaq igeburaxma qurgusunun ¢ixis
gorginliyinin formalasmasi diaqram

Figure 3 — Diagram of the formation of the output
voltage of the soft start device

Bu metodun komoyi ilo elektrik mii-
horrikindo iso diismo coroyanimi 2.4 Thom
haddino godor endiro bilorik ki, bu zaman
isodlismo miiddoti qismon artacaqdir. Mexa-
niki doyisikliklori nozoro alaraq,
elektrik miihorrikindo azaldilmis gorginlik
xarakteristikasi sokil 4-do gostorilmisgdir.

asinxron

T T T T [ T T T
Miiharrikin tebii o Azaldilimis gerginlik
+ | mexaniki } miharrikinin mexaniki
é xarakteristikasy | — \ xarakteristikasi U1>U2
[} S—— T T T T
E —/( y ol \ Yumsagq igeburaxict ila |
5 _U)/ islayan miiharrikin
0 s e U2 L— mexaniki
S xarakteristikasi
2 L
R R I B
w 11 \
|
Yikin \U
mexaniki xarakteristikasi \\

Firlanma siirsti
Sokil 4 — Miihorrikin mexaniki xarakteristikalari
Figure 4 — Mechanical characteristics of the engine
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Yumsaq isoburaxma zamani igo diismo
corayaninin azalmasi prosesi sakil 5-do aydin
gOoruntr.

Corayan (amplitud)

4 Bir baga iga salma

e

Ulduz/igbucagq ile
ise salma

Yumsagq ige buraxici
ilo ise salma

Zaman
Sokil 5 — Isoburaxma corayaninin azalma diagranm
Figure 5 — Start-up current reduction diagram

Sokil 1-do yumsaq isoburaxma qurgu-
sunun tipik sxemi verilmigdir, lakin onu
demok lazimdir ki, yumsaq isoburaxma qurgu-
sunun real sxemi istifads yerindon asilidir.
Mosolon, sonaye qurgularinda tolob olunan

yumsaq isoburaxma qurgularinin, xisusi
olaraq miiharriklar iigiin istehsal edilmasi tolob
oluna bilar [4, 5].

Natica

Aragdirmalar naticosindo molum
olmusdur ki, boyiik giiclii gomi gdyorto mexa-
nizmlorinin elektrik intiqallarinin iso buraxil-
masinda yumsaq isoburaxicilarin totbiqi ilo
intiqallarda istifads olunan elektrik miihor-
rikinin  sargilarinin - qizmasinin - azaldilmasi,
miiharrikin iso diigmesi zamam gorginlik itki-
sinin azaldilmasi, elektrik intigalinin etibarli
islomasi, rahat vo tohliikesiz istismari, mexa-
niki zorbolorin qarsisinin alinmasi vo s. kimi
tistlinliiklor aldo olunur. Bunlar1 nazars alaraq,
idaroetmo sistemlorinin etibarhiginin yiiksol-
dilmasi mogsadi ilo, gomi gdyarts mexanizm-
lorinin elektrik intiqallarinda totbiq olunan
asinxron miihorriklorin yumsaq ise buraxicilar
vasitosilo 1o salinmasi toklif olunur.
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Abstract

A scheme of the technology for applying metal powder to the surface of the gate valve has been developed. At
the same time, the composition of various metal powders is p Based on the obtained dependence the main parameters
of the technological process are calculated. Based on this calculation, a metal coating of any thickness can be applied
to the gate surface. The performance of these coatings depends on the operating condition, power and pulse of the
laser technology. With the help of a laser system, the method of applying metal powder coating on the surface of the
gate valve receives a high quality of cleanliness, compared to other installations, the method of applying metal
powder coating on the surface of the gate valve resistance resented, depending on the material of the gate steel.
Taking into account each composition of a chemical element, a metal powder is prep pared.
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Xiilasa

Siyirtma siparinin sothlorina lazer texnologiyast ilo metal ovuntularin ¢akilmasinin texnoloji sxemi tortib
olunmagqla, siparin polad materialinin torkibino goro miixtolif ovuntular iglonib hazirlanmisdir. Siyrtmo siparinin
sathino mdhkomliya, yeyilmoyo vo korroziyaya davamli metal ovuntularin kimyovi torkibi islonib hazirlanmisdir.
Lazer qurgusunda metal ovuntulardan ortiikk ¢okmo iisulu ilo hazirlanmig siyirtmo siporlorinin sothlorinin doaqiqlik
kvaliteti, digor qurgularda siparlorin sathlorine ¢okilon ortiiklorin doqiqlik kvalitetindon daha ¢ox alimmisdir.

Acar sozlor:  siyirtma sipari, lazer texnologiyasi, metal ovuntular, texnoloji parametrlor,
lazerin giic sixlig1 vo impuls miiddati, ortiiyiin qalinligi, méhkomliya,
yeilmoaya vo korroziyaya davamliliq.
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AHHOTaLMA

Pazpabotana cxema TEXHOJOTMM HAHECEHHH METAUIMYECKOTO TIOPOIIKAa Ha MOBEPXHOCTh ImOepa
3a7BKKH. Pa3paboTaH XMMHYECKHH COCTaB METAUTMYECKOTO IIOPOIIKA IOKPHITUS C IIENBI0 YNPOYHEHHS U
MIOBBIIICHUS] KOPPO3HMOHHOH M W3HOCOCTOMKOCTH IOBEPXHOCTH 3aJBIKKH minbepa. Ilpm momomu nazepHOit
YCTaHOBKH CIIOCOO HAaHECEHMs METaJUIMUECKOT'0 MOPOIIKA IMOKPBITHS Ha MOBEPXHOCTH HIHOEpa 3aABMKKH I10JTydaeT
BBICOKUH KBaJUTET YUCTOTHI, 10 CPABHEHMIO C APYTMMH YCTAHOBKAMH METOJ HaHECEHUS METaJUIMYECKOTr0 MOpOIIKa
TOKPLITUA HA MMOBEPXHOCTU m1/16epa 3aBUXKKHU.

KaroueBsble ciioBa: um6ep 3aJBUKKH, JIa3€pHAsA TCXHOJIOT U, METaJUTNYSCKHI MMOPOUIOK, TEXHOJIOTUYCCKUE

napaMeTpbl, MOIIHOCTb U UMITYJILC BPEMCHH, TOJIINHA NOKPLITHSA, YIIPOUHCHHC,
H3HOCOCTOUKOCTD K KOPPO3HMOHHAA CTOMKOCTb.
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Giris

Miiasir neft-qaz modon texnikasinin
qurgulart vo avadanliglar1 istismar zamani
coxsayli omoliyyatlara vo problemlors moruz
galir. Bu avadanhqlar vo konstruksiyalarin
osas1  fontan onlarin
siyirtmoloridir. siyirtmolor
miixtalif yliklonmays moruz qalaraq texnoloji
prosesin  pozulmasi ilo, deformasiyalar,
gorginliklor, statiki, dinamiki vo doyison
tsikilli ytiklonmoalarls siradan ¢ixirlar.

armaturlari
Istismar zamani

N

Bununla yanasgi istismar zamani, intensiv
korroziyali aktiv miihitdo, ¢irkli, abraziv,
qumlu-gilli  sahoslordo bir miiddotdo
siyirtmolor nasazliglarla siradan  ¢ixirlar.
Osason  siyirtmoalorin  siporinin  imtinalari,
konustruksiyalarinin secilmomosi,
texnoloji rejimin pozulmasi, onlara xidmot vo
nozaratin diizglin aparilmamast vo s. kimi
sobablordon bas verir [1,2].

Cox hallarda miistovi siparlor yiiksok
abraziv vo korroziyali yeyilmo naticosindo
siradan ¢ixir. Bunlarin qarsisini almaq tigiin
korroziyaya davamli orintilorlo qazotermik

tez

diizgiin

pliskiirmo vo ya plazma iistoritmosi ilo metal
ortiikklor ¢okirlor. Bu ortiiklorde cizilmalar,
styrilmalar  olmagqla,
moruz qalirlar. Axir zamanlarda siparlorin
sothino keramikali vo ya silisium Ortiiyiin
¢okilmoasi  korroziyaya yeyilmoyo
davamligin toxminon tam azalmasina sobob
olmusdur.  Miiasir LD-1000-2000
qurgusunda siparin sathloring silisium Ortiiyii

erroziya yeyilmasino

Vo
lazer

cokmoklo korroziyaya vo intensiv yeyilmoyo
davamhigr dofalorlo artirmaqla etibarliq veo
uzundémiirliik tomin edilir.

Lazer qurgusunda metal ovuntulardan
ortiik ¢cokmo tisulu ilo hazirlanmig siyirtmo
siparlorinin sothlorinin doqiqlik kvaliteti, digor
qurgularda  siporlorin  sothlorino  ¢okilon
orttiklorin doqiqlik kvalitetindon daha ¢ox olur.
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Isin magsadi

Siparin hazirlanmasinda texnoloji proses
zamani onlarin keyfiyyoti vo uzunOmiirlii
olmas1 osas sortdir. Konstruktiv, texnoloji vo
istismar  goraitini alaraq,
qurgusunda hazirlanmis siyirtmo siporinin
sothlorino daha etibarli  korroziyaya
yeyilmoyo davamli  Ortiiyliylin ~ ¢okilmaosi
moqsado uygun hesab edilir.

Miixtolif aktiv maye axininda isloysn

siparlorin ~ sothlorino  ¢okilon  ortiiklorin

Nnazard lazer

Vo

korroziyaya vo yeyilmoyo davamligma tosir
edilon amillor tohlil edilmisdir. Bu zaman
movcud olan metal vo geyri-metal Ortiiklorin
¢okilmasi qgismon korroziyaya vo yeyilmoyo
davamligin qarsin1 almigdar.

Bunlar1 nozors alaraq, daha moqsade
uygun lazer qurgusunda (bork aktiv maddoli)
torkiblori yiiksok davamliga vo moéhkomliyo
malik olan Ortiiklor ¢okilmasi isin osas
mogsadi hesab edilorok qarsiya qoyulmus bir
maosaladir.

Masalonin qoyulusu — lazerlo sothlora
metal Ortiiylin  ¢okilmo prinsipinin  fiziki
tomali, veran bagligim onun
enerjisindon asili olaraq siparin sathindon tolob
olunan mosafaodo yerlogdirilmosidir [3,4].
Texnoloji prosesdo sabit bir qilivvonin

ilo yiikksok temperaturda qizdirilmis
pusgiiriilorok, siporin  sothindo
adgeziya yaratmaqla mohkom birlogmis tobago
alinmasina sobob olur. Lazerlo sothloro Ortiik
¢okmo, giic tosirindon
ovuntunun tam orimo ndqtesine ¢atmadigy,
ancaq hissonin sothini oride bildiyi zamani
ilo  zorbali

lazer siias1

tasiri
ovuntular

sixliginin

lazer

Qiivvo  tosiri
lazer siiasinin  giiclinii

adgeziya alinir.
proseslor  osason
azaltmagla oldo oluna bilir.
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Masalanin halli

Sokilde lazer texnologiyasi ilo Ortiiyiin
alimma texnologiyasinin sxemi gostorilmisdir.

Caodval 1-do ovuntularin fiziki-kimyavi
vo markalar1 togdim olunmusdur.

Siporin  sothlorino  cokilon  Grtiiyiin
mohkomliys, korroziyaya vo yeyilmoyo da-
vamligi osason secilon ovuntularin fiziki-
kimyavi torkibindon, texnoloji vo istismar
soraitindon ashi olaraq toyin edilir [5,6].
Ortiilon  tobogonin  hondosi  &lgiilori  va
parametrlori slianin niifuzetmo dorinliyindon,
sianin glic sixligindan, lazerin impuls mid-
dotindon va enerji sixligindan asilidir. Sothlora
tosir edon giic artdigca vo Ortmo siiroti
azaldiqca niifuzetmo dorinliyi artirilir.

Material piisgiirma

Istilik zonas1

—— Osas material

Sakil - Lazer qurgusunda sathlara ortiik gokma
texnologiyasinin sxemi

Figure — Schematic translation of coating technology
on surfaces in a laser device

Cadval 1 — Ovuntu tozlarinin markasi va kimyavi torkibinin xarakteristikas1
Table 1 — Brand and chemical composition characteristics of powders

Ovuntunun Osas elementlor Borklik
markasi Nikel | Karbon| Xrom |[Silium| Bor Domir | Mangan HRC
PR-N80X13S2R | Osas1 | 0.2-0.4 | 12-14 2-2.8 1.2-1.8 5-dok * 25-35
PR-N7X15S3R2 | Osas1 |0.35-0.6] 14-16 |2.8-3.5| 1.8-2.3 1.8-2.3 * 35-45
PR-N73X16S3R3| Osas1 | 0.6-0.9 | 15-17 |2.7-3.7| 2.3-3.0 2.3-3.0 * 45-55
PR-N70X17S4R4| Osas1 | 0.8-1.2 | 16-18 |3.8-4.5| 3.1-4.0 3.1-4.0 * 55
PR-N67X18S5R5| Osas1 | 0.9-1.5 | 16-19 |4.0-5.0] 4.0-4.7 4.0-4.7 1-dok 60
PR-N65X25S3R3| Osas1 | 0.9-1.5 |23.5-26.5|2.1-3.3| 2.0-3.0 2.0-3.0 | 0.05-0.35 45
PR-N68X21S5R | Osas1 |0.35-0.5| 20-22 |4.0-5.0] 1.0-1.3 1.0-1.3 * 40
Bu parametrlorin toyin edilmosi asagi- olunur. Konsentrasiya olunmus ndqtonin
daki ifadoalorlo doqgiq hesablanilir [6,7]: minimal diametri toyin edilir [7,8].
1) Lazerin giic sixlig1 toyin edilir: doin=2.44 - 2L )
EL > ds
J=0F (1 burada: 1 — is1g1n dalga uzunlugu; ' — linzanin

tL-F

burada J — giic sixligt vo ya intensivlik,
Vatt/ smz; F — slianin sahasi, toyin etmok olar;

F= d? min
4
burada: d,;, — konsentrasiya olunmus néqtonin

diametridir.
Qeyd etmok olar ki, lazer impulsunun
linzalar ilo
sahaya konnsentrasiya

toplayici vasitosi

kicik

glcu
fokuslanaragq,
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fokus mosafosi (yandirma mosafasi); ds — is1q
siiasinin diametridir.
2) Texnoloji prosesds lazerin impulsunun da-

vam etmo middati asagidaki  ifada ila
hesablanir.
= (3)

burada: S — lazer siias1 ilo siparin sothindo
tabagonin alinmasi ila sothin arime qalinligidir.
S = h() + S() (4)
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burada: hy — siparin sothinin orimo dorinliyidir,
sm, Sy — alinan istoritmo qatinin qalinhigidir,
sm.

Bu diisturlar osasinda geyd edilon
parametrlor lazer qugusunun xarakteristikasina

Aparilan hesablamalar osasinda alinan
texnoloji vo hondosi parametrlorlo siparin
polad materiallarinin sothlorino ¢okilon Ortiik-
lor 6z mohkomliyini, yeyilmoys davamligini

osaslanaraq, asagidaki codvel 2-do siporlorin  tam tomin etmalidir.

polad materiallar1 ti¢lin hesablanmis para-

metrlor toqdim olunmusdur. Noatica

Siyrtmo siparinin sothino méhkomliyo,
yeyilmoyos vo Kkorroziyaya davamli metal
ovuntularin kimyoavi torkibi islonib hazirlan-
misdir. Poladin markasi vo torkibindon asil

Cadval 2 — Polad siparlarin sathlarinds alinan
ortiiklorin parametrlori.

Table 2 — Parameters of coatings on the surfaces
of steel shields

Material |S, mm| hy, mm| S-iimu-| t,san | J, enerji | ©Olaraq kimyovi elementlorin faizlo torkibi

qalin- | dorin- | miqa- | zaman | sixligt | alinmigdir. Siporin sothlorino ¢okilon ortiik-
Polad g fik_| hnhq lorin qalinligi istismar soraitindon vo lazer
45 0.200 ) 0,100 1 0,300 | 6,32 ) 10025 qurgusunun texnoloji parametrlorinin se¢ilmo-
i(%?d 0,400 | 0,150 | 0,550 | 2,21 | 331,42 | sindon asili olaraq toyin edilmisdir. Texnolji
Polad parametrlordon on asasi olan lazerin giic sixli-
8XM 0,600 | 0,200 | 0,820 | 4,31 | 142,32 | & vo impuls miiddotinin se¢ilmasi asililig
gg;?d 0,800 | 0,300 | 1,100 | 8,86 81,49 oldo edilmisdir.
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Xiilasa
Mogqalads informasiya ¢atigmamazligi soraitinds foaliyyat gostoron kombine olunmus tonzimloms sistemindo
tolob olunan keyfiyyot parametrlorinin tomin olunmasi moaqgsadi ilo operativ, parametrik sintezi hoyata ke¢irmoyo

imkan veran korreksiyaedici siqnallarin hesablanmasi masalosine baxilmisdir.

Acar sozlor: adaptiv idaraetmao sistemlari, korreksiyaedici siqnal, temperatur vo suvarma sarfi.
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AHHOTAIUSA

B cratee paccmaTpmBaeTcs BOIpPOC pacdeTa KOPPEKTHPYIOUIMX CHTHAJIOB, ITO3BOJISIONIETO IIPOBOAUTH
OTIEPATUBHBINA, MapaMeTpHUeCKUil CHHTE3 C Ienblo obOecriedeHus: TpeOyeMBIX IIOKas3aTelned KadecTBa B
KOMOMHUPOBAaHHOH CUCTEME PEryJIMpOBaHusl, paboTarolel Ipy OTCYTCTBUU HH(POPMALIHH.

KaioueBbie ciioBa: aJIalITUBHBIC CHCTEMBI YIIPABJICHUS, KOPPEKTUPYIOIINI CUTHAJI, TEMIIEpATypa U pacxoj
OPOILCHHUSL.
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Giris

Neftin ilkin emal1 texnoloji qurgularinin
osas aparatlart hesab olunan rektifikasiya
kalonlarinda istehsal olunan agiq rongli neft vo
mixtolif yag fraksiyalarmin  keyfiyyot
gostoricilorinin  tomin edilmosi, bir gayda
olaraq, bu kalonlarin miioyyon noqtolorindo
(bosgablarinda) temperatur rejimlorinin sta-
billosdirilmasi vo yaxud da homin ndqtolors
verilon suvarma sorflorinin tonzimlonmasi yolu

ilo hoyata kegirilir.
Texnoloji qurgularinda aparilmis elmi-
todqgiqat islorinin  tohlili  gdstormisdir ki,

se¢ilmis hor hansi bir bosqabda temperaturun
vo yaxud da bu bosgaba verilon suvarma
sorfinin stabillogdirilmis giymatlorindo homin
bosgabdan mohsul  fraksiyasinin
keyfiyyat gostaricilorinin  verilmis qiymaot-
lordon meyletmasi normal istismar rejim-

alinan

lorinds bir qayda olaraq, emal {igiin qurguya
verilon xammalin sorfinin  vo  torkibinin
doyigmosi sabobindon bag verir.

Bununla yanas1 nozoro almaq lazimdir
ki, bu texnoloji komplekslorin miixtolif
hoyacanlandirici  faktorlarin  tosiri  altinda
foaliyyot gostormosini do nozors alsaq, zaman
kecdikco ovvollor alinmig ilkin funksional
asililiglarin  parametrlorinin  korreksiyast vo
adaptasiyast tolob olunur ki, bu da olave
cotinliklora gotirib ¢ixarir. ©Oks halda iso,
ovvolki funksional (riyazi) asililigin istifado
olunmasi keyfiyyoti miioyyon tolobloro cavab
vermoyan zay mohsul istehsalina sobab olur vo
belaliklo do qurgunun texniki-igtisadi gosto-
ricilorini agagi salir [2].

Isin magsadi

Neftin ilkin emali qurgusunun rektifi-
kasiya kalonlar1 iiclin informasiya ¢atig-
mamazIlig1 soraitindo  foaliyyot  gostoron,
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hoyocanlandirict  tosirlori nozoro ala bilon
kombins olunmus tonzimloms sistemindo tolob

olunan keyfiyyost parametrlorinin  tomin
olunmast meoqgsadi ilo operativ, parametrik
sintezi hoyata kecirmoyo imkan veron

korreksiyaedici signallarin hesablanmasidir.

Masalonin qoyulusu

Yuxarida qeyd etdiyimiz kimi adaptiv
idaroetmo sistemlorinin yaradilmasinda
magsad texnoloji qurguda yaranan hayacan-
landirict tosirlori vaxtinda, asagi soviyyodo
kompensasiya etmok vo bu tosirlordon asili
olmayaraq stabil keyfiyyot gostoricilorino
malik mohsul istehsalini tomin etmokdon
ibaratdir.

Bu problemin halli ilo
temperaturun  tonzimlonmasi toklif
olunan tonzimloms sisteminds istifado olunan

moqsadi
uclin

kombino olunmus tonzimloyici qurulusun
funksional sxemi sokil 1-do verilmisdir.
Burada, 1 - tonzimloyicini, 2 — icra

mexanizmini, 3 — tonzimlomo obyektini, 4 —
ikinci cihazi, 5 — korreksiyaedici signali (Pk)
hesablayan qurulusu gostorir [3].

Bu funksional sxemdo istifado olunan
tonzimloyici PI tonzimlomo ganununu hoyata
kegirir.

Belo tonzimlomo sistemlorinin is prin-
sipinin mahiyyoti ondan ibaratdir ki, texnoloji
kompleksdo girisdon daxil olan xammalin, o
cimlodon xam neftin sorfinin vo keyfiyyat
gostoricilorinin doyismasi noticosindo yaranan
hayacanlandirici tosirlorin  se¢ilmis bosqabdan
aliman mogsadli mohsullarin keyfiyyst para-
metrloring tosiri, homin bogqabda tempera-
turun vo ya suvarma sorfinin proporsional
olaraq eyni vaxtda doyisdirilmosi hesabina
kompensasiya edilmosi tomin edilir.
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Tlap
: €1 € Tcari
> 1 2 . 3 .
— n 0
Py
5 - FSUV
Sakil 1 — Temperatur ii¢iin kombins olmus tonzimloyici qurulugun funksional strukturu
Figure 1- Functional structure of the combined regulator for temperature
Belo tonzimlomo sistemi temperatur vo  Sonuncu ifadodo
suvarma  sorfinin  uygun tonzimldyicisine 7 _7 4 p 4)
. . . . ap ap
miioyyan Py — korreksiyaedici signalinin slava .
i o ovozlomaosi aparsaq, onda, yazmagq olar:
edilmasini nozorde tutur. Bu zaman tempe- ey s
. © e e o e e, = - :
raturun tonzimlonmaosi li¢lin istifado olunan 2 Tap cart ®)
tonzimlomo sistemindo temperatur tonzim- e, signalinin sokil 1-do verilon ton-

loyicisinin tapsiriq qiymotino olavo olunan
korreksiyaedici signal sec¢ilmis bosgaba verilon
suvarma sorfinin doyismosino proporsional
olaraq hoyata kegirilir.

Masalanin halli

Indi iso, sokil 1-do verilon tonzimloyici
qurulusda tonzimloyicinin tapsiriq kamerasina
daxil olan signali hesablayaq. Aydindir ki,

e =Ty, — T (1)

\G)

ey=e+ b =T, Ttk (2)
Bu ifadoni agagidaki sokilds qruplas-

diraq:

€= (Tigy + B) = Lo 3)
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zimlomo sistemindo tonzimloyicinin tapsiriq
kamerasia daxil oldugunu nozoro alsaq, bu
ifadodon aydindir ki, daxil olan tapsiriq
giymoti sabit olmayib, homiso P; signalindan
asilidir. Ona gora do sokil 1-do 5-ci blok mohz
bu korreksiyaedici signalin hesablanmasi tigiin
nozords tutulmusdur.
Zamanin  istonilon
sistemlorindo

belo
olunan

aninda

tonzimloma istifado
koreksiyaedici P, siqnali yuxarida verilonlora

osason agagidaki ifadolordon toyin edils bilor:

PO =Cr () ©)
vo yaxud da
RO=C0%) 9
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Ce(®) vo  Cr(0)

osasinda alinan omsallardir.

burada:

eksperiment

Cr(t) omsali
zamanin istonilon ¢ aninda se¢ilmis bosqabda
temperaturun homin bosqgaba verilon suvarma
sorfindon asililigimi, C;(f) omsal1 iso zamanin

istonilon ¢ aninda sec¢ilmis bosqabda tempera-
turun mogsodli mohsul goétiiriilon asagi bos-
qabdaki temperaturdan asililigini xarakterizo
edir. Belo ki,

AT(t)=Cp(t)
burada: AF

suv

-AF,

suy

(1) (8)
(f) — istonilon # zaman aninda

suvarma sorfinin meyletmosidir. Qurguda
tocriiboni aparmadan 6nco texnoloji prosesdo
on son situasiya bu sokildo olur:

Tp=115"S, Ty, =120 m’/saat,

Yeni qorarlasmis rejimo  asagidaki
qiymatlor uygundur:
Tiap=115"S, Typ=120 m’/saat,
T, =124°S, F. =95m’/saat

(8)- 2 uygun olaraq:
T —
c=AT _ w01 9 (36 9)
AF F:vuv - F* 25

Suvarmanin temperaturu texnoloji qur-
gunun soyutma sisteminin cari voziyyatindon
vo gqismon do movsiim ilo alagodar olaraq otraf
mihitin temperaturundan asilidir.

Qurguda apardigimiz  uzunmiiddotli
tocriibalor gostormisdir ki, korreksiyaedici
siqnalin qiymoti bir gayda olaraq 5°S — don
¢ox olmur:

B|<5°s (10)

Belo hal bas verdikdo iso texnoloji
qurgunun idaroetmo sisteminin yuxari Soviy-
yosindo  hoyacanlandirict  tosirlori  nozoro
almaqla, qurgunun yeni is rejimi hesablan-
malidir. Belo olduqda ise aydindir ki, yeni is

98

rejiminin hesablanmasi1 korreksiyaedici siq-
nalin sifira borabor olmasina sobab olacaqdir
[4].

Qeyd etmok lazimdir ki, C, omsalinin

hesablanmasini
lazimdir. Onun
kalonlarda

hoyata kegirmok
qiymatinin  doyismasino
istifado
olunan suvarmalarin temperaturu bilavasito
tosir gOstorir. Suvarmanin temperaturu 1iso
texnoloji qurgunun soyutma sisteminin cari
voziyyatindon, eloco do qismon do movsiim ilo

vaxtasiri

soyuducu agent kimi

olagadar olaraq otraf miihitin temperaturundan
asilidir [5].

8
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Sakil 2 — Benzinin qaynama baslangicinin temperaturu
dayisma qrafiki
Figure 2 — Gasoline boiling start temperature graph
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Sakil 3 — Benzinin 50% -nin qaynama temperaturunun
dayigma qrafiki
Figure 3 — 50% of gasoline boiling temperature graph
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Noatico

Belalikls, 6ziindo yuxarida sorh olunan
kombino olunmus tonzimlomo ddvralarini
birlosdiron idarsetmo sisteminin digor sistem-
lordon istlinliiyli daha stabil keyfiyyot gostori-
cilorino malik neft mohsullarinin istehsalini
tomin etmasi ilo baghdir.

Temperaturun tonzimlonmosi {igiin tok-
lif olunan adaptiv optimal idareetmo sistemi
neftin ilkin emal1 texnoloji qurgusunun atmo-
sfer blokunda benzinin alinmasi {igiin totbiq
olunmusdur. Bu idaroetmoa sisteminin real
istehsalat soraitindo totbiqi noticosindo vo
totbigindon avval benzinin keyfiyyot gostorici-
lorinin doyismosini gdstoron qrafiklor sokil 2
va 3—do verilmisdir.

Toklif olunan tonzimloma sistemi infor-
masiya c¢atismamazligi soraitindo foaliyyot
gostoron neft emali texnoloji proseslorinin
0zii-0ziline sazlanan adaptiv idarsetmo sistem-
lorinin yaradilmasinda somaorali noticolor vera
bilor.

Belo ki, bu kombino olunmus tonzim-
lomo sistemlorinin digor tonzimlomo sis-
temlorindon osas forqlondirici xiisusiyysti on-
dan ibarotdir ki, onlarin is prinsipi texnoloji
sistemds yaranan hoyacanlandirici tasirlorin
kompensasiya olunmasina deyil, bu tosirlordon
asili olaraq operativ olaraq yeni is strategiya-

larinin hesablanmasina asaslanir.

REFERENCES

1. Soforova A.A. Neftin ilkin emali texnoloji kompleksinin osas aparatlart ii¢lin eksperimentlorin togkili.
“Azarbaycan Miihandislik Akademiyasinin Xobarlari” jurnali, cild 11. N-2. 2019 (in Azerbaijani).

Ruban A.l. Adaptivnye sistemy upravleniya s identifikacii: Monografiya / A.I. Ruban. - M.: Infra-M, 2018. -
Kim D.P. Teoriya avtomaticheskogo upravleniya. Tom 2. Mnogomernye, nelinejnye, optimal'nye i adaptivnye

Skorospeshkin M,V., Skorospeshkin V.N. Adaptivnaya sistema avtomaticheskogo regulirovaniya s

podstrojkoj korrektiruyushchego ustrojstva. Problemy informatiki. 5 (17), 2012 g, c.167-171 (in Russian).

2.
144 c. (in Russian).
3.
sistemy / D.P. Kim. - M.: Fizmatlit, 2007. - 440 c. (in Russian).
4.
5.

Vlasov K.P. Teoriya avtomaticheskogo upravleniya. Osnovnye polozheniya. Primery rascheta: Uchebnoe

posobie / K.P. Vlasov. - Har'kov: Guman. Centr, 2013. - 544 c. (in Russian).

99

Daxil olub: 15.04.2021
Tamamlanib: 12.09.2021
Qabul edilib: 22.09.2021



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2021. Cild 13, Ne 3. S. 100-105 2021, vol. 13, no. 3, Pp. 100-105
G.G. Mommadova G.G. Mammadova

Determination of the Duration of Gas Movement with
Hemispherical-Radial Stationary Filtration of Natural Gas
in a Circular Heterogeneous Reservoir

G.G. Mammadova
Azerbaijan State Oil and Industry University (Azadliq ave, 16/21, Baku, AZ1019, Azerbaijan)

For correspondence:
Mammadova Gulbahar / e-mail: gulbahar.mammadova@mail.ru

Abstract

The article has solved the stationary qas-dynamic problem of hemispherical-radial movement of natural gas in
a circular inhomogeneous reservoir. Gas filtration obeys the linear Darcy filtration law. All the main gas-dynamic
design formulas characterizing the operating mode of a gas well located in the center of a circular heterogeneous
reservoir have been derived. Formulas for gas filtration rate, flow rate, time of gas flow movement, etc.have been
displayed for both I and II reservoir zones. Consequently, stationary gas-dynamic problems have been solved for
various cases of gas inhomogeneity in a circular reservoir. At the same time, the values of the total duration of the
gas flow of a vertical well operating in the center of the deposit in the I and II zones have been determined. And the
solution of these problems for cases of complex changes in the heterogeneity of the reservoir will allow to solve the
similar issues.
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Xiilasa

Mogqaloada dairovi geyri-bircins yataqda tobii qazin yarim sferilk-radial haroketi haqqinda stasionar qazodinamik
mosalo holl edilmisdir. Dairovi qeyri-bircins yatagin morkozindo yerloson qaz quyusunun istismar rejimini
xarakterizo edon biitiin asas qazodinamik hesablama diisturlar1 ¢ixarilmigdir. Qazin siiziilmo siirotinin, hasilatin, qaz
axminin horokot miiddotinin vo s. disturlari yatagin hom I, hom do II zonasi ii¢lin ¢ixarilmisdir. Qazin dairovi
yataqda qeyri-bircinsliyinin miixtolif hallar1 iigiin stasionar qazodinamik masalalar hall edilmisdir. I va II zonalarda
yatagin markozinda islayan vertikal quyunun qaz axininin tam horaket miiddatinin qiymatlari toyin edilmisdir.

Acar sozlor:  Darsi qanunu, stasionar axin, tobii qaz, qazodinamik masala, sferik-radial siiziilmo,
geyri-bircins yataq.
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OnpeneseHue MpoOAOJIAKUTEIbHOCTH NIPOABUKCHUS ra3a
NnpH noJycepruvecK-paauajIbHON CTAMOHAPHOM
GuabTPpAMU MPUPOTHOTO ra3a B KPYroBOM HEOJHOPOIHOM 3aJ1€KU

I'.I'. MamenoBa

Asepbatiodncanckuii 20cyoapcmeeHHblil yHugepcumem He@mu u RPOMbIULIEeHHOCIU
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gﬂﬂ NEPENUCKH:
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AHHOTALUSA

B cratee pemieHa crannoHapHasl ra3oAMHAMHYECKas 3afjada O MOIyC(EepHIECKU-paTraIbHOM ABHKECHUH
MPUPOJHOTO r'a3a B KPYyroBOH HEOMHOPOAHOH 3aiexu. IIprBeneHbl OCHOBHBIE I'a30lMHAMUYECKHE pacueTHbIe (op-
MYJIbI, XapaKTEPU3YIOIIHUE PEKUM IKCILTyaTalluU T'a30BOM CKBAXKMHBI, PACIIOIO0XKEHHON B LICHTPE KPYrOBOU HEOHO-
POIHOI 3ayeKu. PelleHsl crannoHapHble ra30AMHAMUYECKUE 3aJa4y Ul Pa3JIMYHbIX CIIy4aeB HEOJHOPOJHOCTH raza
B KpyroBoi 3anexu. OnpeneneHsl 3HaUeHUS MOJHONW MPOJOJKUTEIBHOCTH JBM)KEHHUS Ta30BOT0 MOTOKA BEPTUKAIIb-
HOH CKBaXXMHBI, ICUCTBYIOIIEH B LeHTpe 3anexu B [ u Il 3onax.

KaioueBsie ciioBa: 3akoH Jlapcu, CTalMoHapHOE TeUeHUE, TPUPOJHBIN Ta3, ra30AMHaAMUYecKas 3a1a4a,
noxycdepuidecku-paauanbaas GUiIbTpays, HeOJHOPOIHAS 3aJICKb.
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BBenenue

PaccmarpuBaemsblii Buj GpuiabTpanoH-
HOTO TOTOKa raza B MOPUCTOM Cpelae MOKET
MIPOUCXOJUTH B CIEAYIOIIUX PAa3IUYHBIX TpPeX
CIIy4dasx:

- YucTas ra3oBas 3aJIeXb HUMEET MOJTy-
chepuIecKyl0 reoMeTprUIecKyio GopMy, Bep-
TUKaIIbHASl JKCIUTyaTallHOHHAs CKBAXMHA pa-
0OTaeT B IIEHTPE ITOW 3aJeKU, CBOUM IONY-
cepuuecKuM BOTHYTHIM 3a00€M €/1Ba BCKPBI-
BaeT KPOBJIO MPOAYKTUBHOTO IUIacTa, W 3a-
JIEKb 001a7aeT HEOOIBIITONH MOIIHOCTBIO;

- BTOpOM cCilydail OT MEpPBOTO ciydas
OTJIMYAETCs JUIIb TEM, YTO YHUCTas ra3oBas
3ajJeKb 007a7aeT OOJBIIEH MOIIHOCTBIO, KO-
TOpasi IO CBOEMY 3HAYCHHIO OJIHM3Ka K PaccTo-
SHUIO MEXIY ABYMS ACHCTBYIOIIUMHU COCE-
HUMU IKCIUTYaTallHOHHBIMUA CKBKUHAMU;

- YHuCTas ra3oBas 3aJekKb C OONBIION
MOIIIHOCTBbIO BCKPBITA C BEPTUKAJIbHOW Tra3o-
JTUHAMUYECKOM, HECOBEPIICHHON MO CTENEHU
BCKPBITHSI, CKBOXUHOM C MOIychEepUyecKn
BOTHYTHIM 3a00eMm [1, 2].

Bo Bcex 3THX ciydasx JKCIUTyaTallH-
OHHAasl CKBA)XMHA SIBJIICTCS T'a30IMHAMUYECCKU
COBEPIICHHON MO XapaKTepy BCKPBITHUS IPO-
JTYKTHUBHOTO TJIacTa.

Iear padoTbl — BBIBECTH OCHOBHBIC
ra3oJIMHaMUYeCKUe pacyeTHble  (QOPMYJIbL,
XapaKTEPU3YIOLIUE PEXUM IKCIUTyaTaluu ra-
30BOM CKB&)XMHBI, PACIOJI0KEHHON B IIEHTpE
KPYroBOM HEOAHOPOTHOW 3ayIeku; (HOPMYIIBI
CKOpOCTH (puibTpamuu rasa, n1ebura, BpeMeHU
MPOJIOKUTENIBHOCTU TPOJABUKEHUS Ta30BOT0
MOTOKA W T.JI. BRIBeCTH Kak mii I, Tak u s 11
30HBI 3AJIEXKHU.

B nepBom ciydae paauyc nomycdepu-
YECKOM 3alIeKH, TO €CTh MoycheprudecKon
JNPEHA)KHOW 30HBI PABHSETCS IOJIOBUHE pac-
CTOSIHUSI MEXKIY IBYMS PaOOTAIOIIUMU COCEII-

HUMHU CKBOXXHWHAMH, & BO BTOPOM U TPETHEM
cllydasix TOXe paguyc noixychepuyeckon npe-
HA)KHOM 30HBI PaBHSETCS MOJOBUHE PACCTOSA-
HUSL MEXIY JBYMSI paOOTaIOUMHU CKBa)KMHA-
MU, OJTHAKO 3TOT Paauyc [0 CBOEMY 3HaYCHHIO
MEHbIIIE, YeM TOJILIIMHA Ta30HOCHOTO TIacTa.

Heo0OxonuMo 0oTMETUTH, YTO B TPEThEM
cllyyae pelIeHHe ra3oJMHAMHUYECKOW CTaluo-
HApHOM 3a/1a4M CJIOXKHEe, YeM pellIeHHe 3a/1a4,
BBITIOJIHSIEMBIX BO BTOPOM U TPETHEM CIIydasix.
3710 00BACHSIETCS TEM, UTO B IEPBOM U BTOPOM
CIIy4asiX MCHOJb3YIOTCSl pacueTHble (HOopMyIbl,
BBIBE/ICHHBIE TOJIBKO Uil C(hepUuecKH paau-
aIbHOTO (DUIIBTPALMOHHOTO MOTOKA, a B Tpe-
ThEM Cily4ae TpeOyeTcsi HCIOJB30BaTh pac-
YeTHbIE AHAJOTHYHBIE Ta30JUHAMUYECKHE
¢dopMynbl, BBIBEACHHBIE KakK IS IUIOCKO-
pamuanbHOrO, TaKk M A cepuuecKu-
paaranbHOTO (UIBTPAIIMOHHBIX TOTOKOB, SIB-
JSIOUIMXCA MapaJljieIbHBIMU TTOTOKaMU ras3a u3
MJ1acTa K CKBaxuHe [3-5].

3/1ech paccMaTpUBAIOTCS CIEAYIOIINE
JIBa Pa3IMYHbBIX CIydasi HEOAHOPOAHOCTH JIpe-
Ha)KHOM 30HBI TA30HOCHOT'O TUIACTA:

1) npeHaxxHas 30Ha TonychepuaecKon
TreOMETPUUECKOM (POPMBI COCTOMT M3 JBYX
KOHIICHTPUYECKH PACIIOJIOKEHHBIX Toiycde-
PUYECKHUX KOJIell pa3InyHOi MPOHUIIAEMOCTH;

2) monycdepuueckas ApeHa)KHAs 30HA
COCTOHMT M3 JIBYX LIAPOBBIX CEKTOPOB pa3iny-

HOM MPOHUIIAEMOCTH.

Pucynok 1 — Cxema CUCTEMBI CKBRKHHA — MTOJTyCHEpH-
YyecKasi HeOJTHOPO/THAsI Ta30Bast 3aIeKb

Figurel — A diagram of the well-hemispherical hetero-
geneous gas reservoir system
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[lepBas 30Ha ¢ mponunaemMocthio Kj
Onmu3kasi K 320010 CKBaXHHBI, PaCHOJIOKEHA
MEXIY JIBYMS KOHIEHTPUYECKUMHU Moiycde-
PUYECKUMH MOBEPXHOCTIMH C PAIUYCAMHU I U
R; a BrOpas 30na ¢ nponunaemocteio K, pac-
MTOJIOKEHA MEXIY IBYMSI KOHLUEHTPUYECKUMU
oJiycpepuyecKUuMU MOBEPXHOCTSIMH C pauy-
camu Ry u R [6,7]. 3aecs - Py - mnactoBoe, P, —
IWHAMHYECKoe 3a00iiHoe maBienne, P- masie-
HUE€ Ha TpaHMIE JBYX 30H pa3HOW MpOHHULIAE-
MOCTH.

BripakeHune TekyIie ckopocTu (Gpuiib-
Tpaliid B TIEPBOM 30HE monychepuueckon
JNPEHA)KHOW 30HBI TOJIYYEHO B CIEAYIOLIEM
BHJIE:

1

2

kl(PIZ _])CZ)

2Py =) "

(1)

b

Bo BTOpol apeHaxHOW 30HE TEKyllash CKO-

pocTh  (QuiIbTpaMM  TOJIyYeHa B BHIE:
2 2
l)l _ kz(})k _lp )1 - 12 , (2)
2P(r)ep(———) "
(r)ep( 2R )

k

rae P (r) — Texymiee maBieHue, 3aBUCSIIEE OT
paauyca-BeKTopa (GUILTPYIOIIETOCS rasa; -
KOd(ppUIMEeHT TMHAMUYECKON BS3KOCTH ra3a B
IJIACTOBBIX YCJIOBHSIX; I' — TEKYIIMH paanyc-
BEKTOD.

Eciu wmmeem k;>k, , To momyumm:
v >0, .

[Tnomane momychepruueckor IMOBEpX-
HOCTH (UIBTpALK OyIeT:
F =277 3)

Kak wu3BecTHO, ra3oBbIii JEOUT CKBa-
KUHBI PABHSIETCS TPOU3BEIACHHUIO CKOPOCTH
bunpTpaMu raza W IUIOMATU TIOBEPXHOCTH

¢unprpauu. [loatomy aedbut raza B mepBoit
30HE 3aJIeKU OyneT:
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7k (P" ~ P?)

meg—p

c

4

Q 1: Ul.F =

JleGuT raza BO BTOpPOH 30HE HEOAHOPOAHOM
3aJIeKu Traza Oyzer:

7k, (P — P'?)

0,=0,"F = T 1 (5)
P(r)'u.(E_F)

B rasoBoy 3anexu pas3IMYHON IPOHU-
[[aeMOCTH B IIYTH IOCJIEAOBATENbHONU (PUiIh-
Tpaluu ra3a Ha OCHOBE 3aKOHa IIOCTOSHCTBA
pacxoza Tra3a M HEPa3pbIBHOCTU Ta30BOI0O
(GWIBTPALMOHHOIO TOTOKA MO’KEM HAIHUCaTh:
0,=0,,

nJjm
ﬁkl(Plz—Pf) ﬂ_kz(PkZ_PIZ)

1 1 1 1.
P(”)ﬂ’(}j‘}) P(”)ﬂ'(}‘ﬁ()

c

(6)

N3 3TOoro paBeHCTBa IOJIyd4aeM CIENy-
forme (GopMyibl A AAaBICHHUS Ha TPaHMIIE
JBYX 30H 3aJIeKU C Pa3JIM4YHBIMU IIPOHHUILIAC-

MOCTAMMU.
o B{z [szk(R—I’C)]+[-22[klrc(Rk —R)] (7)
k,B(R-r)+kr, (R, —R)
' _ Pk2 [szk(R—l”c)]+P02 [kll/;‘(Rk_R)] (8)
k,B.(R—r)+kr (R, —R)
HOHCTaBHHH HOJIyIIeHHOG 3HAYCHUC

12 o
P'” B popmynax ne6ura razoBoii CKBaKMHBI,
uMeeM:

0 - 7kk,R, (R — f’i)(Pkl2 - P’) ’ 9)
P(’”)/J'(Z—E)
0 = Tk (R, ~R(E -E) (10)

mec—b

c

Ecnu Hanmmem ¢opmyny nebura razo-
BOM CKBO)XHMHBI TaK)K€ HAa OCHOBE CpeaHen
NPOHHUIIAEMOCTH HEOJHOPOIHON 3aJeKHu, TO
HOJYyYUM
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k(B —F))

PO =)

r. %

(1)

Ilpu r =R Ha rpaHuIe IUIACTOBBIX
30H Pa3JIMYHOW NPOHULAEMOCTH IUIOLIA]b
MoJTychepruuecKoil MOBEPXHOCTH (PUIBTpALIUN
Oyner:

F =2zR* (12)

YuuteiBas 310, M3 (Hopmyna AeOUTOB
ra3oBOM CKBaKUHBI nojiydyacm CJICAYIOIIHC
AHAIIUTUYCCKUC BBIPAKCHUA IJId OJUHAKOBBIX

CKOpOCTEH (pUIbTpaIiy ra3a B 3alIexu:

A —rc)(lP: —le), (13)
2P(”)ﬂR2’(Z—E)
b, = Ko (R — R )(lPk2 - E). (14)
2P(”)#R2'(Z —E)
k, (B’ —PB’) (15)

 rur (-
r R

c

W3 pasenctsa U =L, =, HaXxOAUM

CIICAYIONINE BBIPAXKCHHS JJISI CpeaHero Kod¢d-
¢duIMeHTa MPOHUIIAEMOCTH TI0 Ta3y HEOJIHO-
pomHOU TONyChEepUIECKON 3aleku (IpeHaxK-

HOM 30HBI)

o __kkR®R-r) _ kkr(R -R)

KR S R SR SN S S S (16)
(C R)(rc R (VC R)(rp Rk)

Kak BuaHO U3 31HX dopmyn, Kodpdu-
IIUEHT CPeIHEW MPOHULAEMOCTH HEOTHOPOI-
HOW ra30BOM 3aJI€KU B JAHHOM ClIy4ae IpsMO
NPONOPIMOHANICH OTAEIbHBIM K03 duruen-
TaM TIPOHUIAEMOCTH Pa3JIMYHBIX 3alexel, a
TaK)Ke 3aBUCHUT OT PaJINyCOB KOHTYpa MUTAHUS
CKBKMHBI M pajnyca TPaHUIbl 30H 3aJEXKU.
Huxe ompenensioTcst ra3oBble OTOKU B pas-
JIMYHBIX 30HaX JMaHHOM 3anmexu [1, 5]. C aroit
LEJIbI0 UCTIOJIB3YETCsl CIAeAyIoIas aHaTuTHYe-

CKasl CBSI3b MEXIY UCTUHHOW CpPEeIHEH CKOPO-
CTBIO ABMKCHUS I'a3a B MOPOBLIX KaHAJIAX I10-
pPOIBI 3aJIeKU M TEKYIIeH CKOpOCThIO (hHilhb-
Tpaluy rasa:

v dr
@, -
m dt

(17)

rac a)cp - UCTUHHAasA CPCAHAA CKOPOCTL ABH-

JKEHUS Ta3a B 3aJIekKU; M - KOdPPUIIUEHT T0-
PHUCTOCTHU MOPOJBI 3aJEXKHU; t — BpeMs MPOJBU-
JKEHUS Ta30BOT0 TIOTOKA B 3aJICXKU.

®opmyiy (17) cHagaia mpuUMEHUM IS
I 30HBLI

b __dn

m, dt

b

N
2P ———)-rd
KPP 1 dy (rl)ﬂm](r[ POk » (18)

I 12 2 _p2
2P pem-) o REEEED

HNHTerpupys 310 ypaBHEHHE 110 T OT 1]
10 1o v 110 t oT 0-51 10 t; , MOJTYyUUM:

11
2P@r)pmy (=)
R oo ’

- k 12 2 (___):O_J
(PP=F) 33 !

Otcroza noiny4nm:

2P, (=)

t, = < P —r
ey

(19)

ITo sToii (opmyne BBIUUCIAETCS TPO-
JOJDKATEIILHOCTh MPOJBUKEHUS T'a30BOTO I10-
TOKa OT TEKYILEro paauyca ry 10 .

Ecmu ri =R, o t;=T;.

2P, (-~ 1)

r
T = < R —F
b 3k (PP -PY) (R =1)

ITo ¢opmyne (20) ompenensercs modi-

(20)

Has TPOJIOJDKUTEILHOCTh MPOJABMKCHUS Ta30-
BOTO ITOTOKA B | 30HE 3a5eKH.

A Ttenepp dopmyny (17) nmpumeHuM
i I 30HEBI 3amexu
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U, _ drz; k,(P} —P") 1 dn
1 1. 4
2P(r,)ym,u(———) "2
(1) zu(R Rk)

PaznenseM Ha mepeMeHHBIE 3TO IHU}-

m, dt

(dhepeHnManbLHOE ypaBHEHHE:

1 1
2P(ry) um, (E - R—k)rzzahf2

- = dt
ky(B: = P")

NHuTterpupys 3T0 ypaBHEHHE IO T OT I
10 R v t or Hyns 70 t, mosydum:

1 1
2P(ry)mypu(———
~ (2) 2:u(R Rk)(ﬁ_R_z)_O_t
k,(P, — P"%) 3 3 ?
O1croga umMeeM:
1 1
2P(r2)mzﬂ(*_R7)
t, = k_(r; -R’
Ty
Ecmu r; = Ry, TO t,=T>.
1 1
ZP(”z)mzﬂ(E_IT)
T,= (R} -R)

2 2 2
3kz(Pk -P )
[To sToli dopmysne BbIUMCIACTCS 3HA-

YEHUE TPOJOJDKUTEIHPHOCTH TIOJHOTO IIPO-
NBIKECHUA Ta30BOro IOoTokKa BO I 30He 3anmexu

[7].

BriBenieHHble (OpMyIBI HEOOXOIUMBI
JUISL COCTABIICHHSI IPOEKTa pa3pabOTKU JaHHO-
rO MECTOPOXJICHHS Tra3a, a TaKKe IpH pere-
HUM Pa3JIMYHBIX 33/1a4 TEOPHH pa3pabOTKH
MECTOPOXKACHHUM.

3akiiroueHue

Pemrena CcTalluoHapHad ra3ouHaMHuyc-
CKas 3aava O MoycepHuecKUu-paguaibHON
(GWIbTpalu TPUPOJHOTO Ta3a B KPYroBOH
HEOJHOPOJHOM 3AJIEHKHU.

HeonHopoaHOCTh 3a7eXu 3aKIr04aeTcs
B TOM, YTO 3aJie)kKb UMEET JBE 30HBI pa3HOMN
MPOHUI[AEMOCTH, TIOCJIEIOBATEILHO COENIU-
HEHHbIE JIpyr ¢ apyroM. OHM pacroyiaratoTcs
BHYTPHU TpeX KOHIEHTPHUECKUX TMoirychepu-
YECKHX BOTHYTBIX MOBEPXHOCTEH (PUIbTpAINH
raza. @opMynbl cCKOpoCTH (MIBTpaLMU rasa,
nebuta, BpeMEHH MPOAOIDKUTEILHOCTH MpO-
JBUKEHHS] Ta30BOrO MOTOKA U T.J. BBIBOAM-
nmch kKak st I, Tak u g1 11 30HBI 3aeKH.

BriBenennbie (popmMysibl HEOOXOIUMBI
JUISL COCTaBJICHUS MPOEKTa pa3paboTKU JTaHHO-
ro MECTOPOXKACHUS ra3a, a TakXKe MpU pellie-
HUM DPa3IUYHBIX 3aJa4 TEOpUH pa3pabdOoTKu
MECTOPOKACHUM.

—
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Abstract

The article discusses the latest scientific innovations in the field of synthesis of nanomaterials, nanofertilizers
and their impact on agricultural crops, and also compares the results with the work carried out in this area. It was
shown that a nanomaterial - a nanotube with high quality and high structural parameters was synthesized from the
gas phase by chemical deposition in the laboratory. The positive effect of the obtained nanotubes on the development
of "Gobustan" soft wheat variety was studied and the reasons for the development trend were analyzed. A device has
been developed for the production of magnesite nanoparticles (Fe,O4), which are used as nanofertilizers in agricul-
ture, increase the productivity of plants, increase the amount of chlorophyll and carbohydrates in plants and are used
in various fields of science. The second part of the article examines the effect of nanoparticles on the development of
plants (wheat). It was found that nanoparticles of silicon and silicon oxide in a certain concentration affect the pores
of the root system of a plant, promote plant growth, and have a positive effect on its productivity. The obtained re-
sults confirm the vitality of use of nanomaterials in agriculture and make the use of such materials important for the
future development of the agricultural sector.
Keywords: nanomaterial, nanofertilizers, chemical deposition, magnesite, nanoparticles.
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Nanomateriallarin, nanogiibralorin alinmasi va kond tasarriifati
bitkilorinag tasirinin todqiqi
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Xiilasa

Mogqalodo nanomateriallarin, nanogiibrolorin sintez edilmosi vo onlarin kond tosorriifati bitkilorino tosiri
barado son elmi yeniliklor aragdirilmig, alinan noticolor bu sahodo aparilan islorlo miiqayiso edilmisdir. Alinan
nanoborularin “Qobustan” yumsaq bugda sortunun inkisafina miisbot tosiri aragdirilmis vo inkisaf tendensiyasinin
sobablori tahlil edilmisdir. Kond tesarriifatinda nanogiibra kimi istifade edilon, bitkinin mshsuldarligini yiiksaldon,
bitkids xlorofil vo karbohidratin miqdarini artiran, hom do elmin miixtolif sahosinds totbiqini tapan maqnetit (Fe,O,4)
nanohissaciyin almmasi {glin qurgu hazirlanmisdir. Nanohissaciklorin bitkilorin (taxilin) inkisafina tesiri
arasdirlmigdir.  Miioyyon olunmusdur ki, silisium vo silisium oksid nanohissociklori miioyyon edilmis
konsentrasiyada bitkinin kok sistemindo olan gozciiklors tosir edorok bitkinin inkigafini asanlasdirir, onun
mohasuldarlifina miisbot tosir edir.

Acar sozlor: nanomaterial, nanogiibra, kimyovi ¢okdiirma, maqnetit, nanohissacik.
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AHHOTAIUSA

B cratbe paccmaTpuBarOTCS MOCIIEAHNE HaydHBIE MHHOBAIMK B 00JIACTH CHHTE3a HAHOMAaTEepHAJIOB W HAHO-
ymnoOpeHnii, X BIHMSHUE HAa CENBbCKOXO3SHCTBEHHBIE KYJIBTYPHI, a TaKKe CPABHHUBAIOTCS Pe3yJbTAaTHI C PabOTaMH,
MPOBOUMBIMH B 3TO# oOyacTu. V3yueHO MOJIOKUTEIbHOE BIMSHUEC MOJIYYCHHBIX HAHOTPYOOK Ha pa3BUTHE COpTa
MSTKOU TineHuIb! «['00ycTany U MpoaHaTH3UPOBAHBI IPUYHHBI TCHACHIIUH pa3BuTHs. Pa3paboTaHo ycTpOHCTBO st
pou3BoJicTBa HaHouacTul MarHetuta (Fe204), koTopble UCTIONB3YIOTCS B KadecTBe HAHOYAOOPEHUH B CEIbCKOM
XO3SUCTBE, MOBBIIIAIOT MPOAYKTUBHOCTh PACTCHUI, YBEINYHMBAIOT KOJMYECTBO XJIOPO(PHIIIA U YITICBOIOB B pacTe-
HUSX W UCTOJB3YIOTCSA B Pa3iMYHBIX 00JacTsx Hayku. Mcciemyercss BiAMSHHE HAHOYACTHI[ HAa Pa3BUTHE PACTCHHUI
(mmenuirspr). OOHAPYKEHO, YTO HAHOYACTHIILI KPEMHUS U OKCHJIA KPEMHUS B OTPEICICHHON KOHIICHTPAIIUN BIHUSIIOT
Ha TIOPBI KOPHEBOHM CHCTEMBI PACTECHHS, CIIOCOOCTBYIOT POCTY PACTEHHS M TOJIOKUTEIHFHO BIMSIOT HA €T0 MPOIYK-
THBHOCTb.

KiaroueBblie ciioBa: HaHOMaTepHual, HaHOY,HO6peHI/I$I, XUMHYCCKOC OCAXKJACHUC, MAIrHCTUT, HAHOYACTHIIBI.
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Introduction

Nanotechnology is the production of na-
nomaterials, creation of nanostructures on their
basis, and methods of manipulating nanoob-
jects. Currently, nanomaterials are widely used
in physics, chemistry, biology, agriculture, en-
gineering, and medicine. The main reason for
the interest in nanomaterials is that the particle
size of a substance has significantly decreased
compared to the critical size, which led to a
significant change in their properties. The crit-
ical particle size ranges from 1 nanometer to
100 nanometers for many substances, while
changes in their properties occur abruptly. Ma-
terials are also called nanomaterials because
this measurement, in which the measurement
effects are observed, is in the nano order. It
was found that the main properties and stabil-
ity of nanomaterials directly depend on the
method of their production. In the process of
obtaining nanoparticles, it is necessary to take
into account their high reactivity and instabil-
ity. When these conditions are not taken into
account, they lose their basic properties and
become aggregated by interacting with the en-
vironment. The production of nanostructures is
based on two concepts. One of those is the bot-
tom-up concept (condensation; combination of
atoms, ions, molecules) and the other is the
top-down concept. The bottom-up concept
means creating an ordered structure by com-
bining individual atoms. This can be done as a
result of self-assembly or some sequence of
catalytic chemical reactions. Such processes
are very common in biological systems and are
almost natural for the survival of living things.
For example, biological catalysts called en-
zymes assemble amino acids in such a se-
quence that they form living tissue. The con-
cept of "top-down" implies the creation of
nanostructures with a gradual decrease in the

size of a macro object or a macro-size struc-
ture. The methods used to obtain nanostruc-
tures are conventionally divided into chemical
(nanoparticles are obtained by chemical reac-
tions) and physical (obtained by a physical
process) methods. Bottom-up technology per-
mits to assemble nano-sized objects from indi-
vidual atoms and molecules. Condensation is
often used in this technology. Nanostructures;
carbon nanotubes, fullertenes, nanoclusters can
also be obtained by condensation. This tech-
nology is called epitaxy. Epitaxy means the
sequential accumulation of another crystal on
one crystal.

Technology of the production of nano-
materials and nanofertilizers.

Carbon nanotubes are cylindrical struc-
tures several microns long formed by bending
one or more layers of graphite. The carbon at-
oms on the pipe surface are at the top of the
regular hexagon, and the end is connected to
the regular hexagon. Carbon nanotubes are
formed by the chemical conversion of carbon
at high temperatures. Depending on the syn-
thesis method, it is possible to obtain single-
layer, double-layer, multi-layer, etc. nano-
tubes. In the laboratory, carbon nanotubes with
high quality and high structural parameters
were synthesized by the method of chemical
vapor deposition (CVD) (Figure 1).

Aerosol chemical deposition was used to
synthesize carbon nanotubes. CVD - the sys-
tem consists of a horizontal quartz reactor (2 m
long and 45 mm in diameter), covered with an
electric furnace 35 cm long. This method is
based on spraying the solution into a reactor in
the form of an aerosol and decomposing it at
high temperatures. Carbohydrate liquids were
used as a solution. The starting material ranges
from 40 to 60 ml. Productivity 2.0 - 2.5 g/h,
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depending on the experimental conditions and
the volume of raw materials. As a result of the
development of the laboratory system, the
productivity was 20.0 g/h.

T - oy <
Figure 1 — SEM description of carbon nanotubes

A mixture of organic solvents such as
cyclohexane, alcohol, acetone, benzene with
ferrosen was used, and Ar/H, gas was used as
the transport gas. The system is isolated from
air and filled with argon gas. A high-frequency
ultrasound device was used to obtain the aero-
sol. After reaching the required temperature,
the aerosol is introduced into the system at a
speed of 850 sm’/min. H2 gas is introduced
into the system during synthesis. After the
deposition and cooling process, synthesized
carbon nanotubes are obtained from equipment
pipes without the use of special chemical
methods. This method was used to grow multi-
layer carbon nanotubes with a diameter of 10-
85 nm and a small percentage of 0.85-1.14 nm
[1-3].

The main part of the device for the pro-
duction of most nanomaterials is the reactor.
The most important device in the reactor is the
plasmatron. The principle of operation of any
plasmatron is the same: an electric arc occurs
between a solid material cathode and an inten-
sively cooled anode. The working medium

ionizes it, releasing it from the electric arc, and
plasma, the fourth state of matter, is obtained
at the output of the plasmatron. In this case,
ordinary air, alcohol vapors, water, etc., can be
used as a working medium. Copper with an
inner hole diameter of 1.9 mm was used as the
anode. Water or ordinary antifreeze is used as
a coolant. An electromagnetic coil is placed
along the nozzle to stabilize the plasma flow
and prevent erosion of the anode. A tungsten
rod with a diameter of 4 mm is taken as the
cathode (the rod used as the anode material is
pushed through). A working fluid under a
pressure of 1.5 atmospheres is used to cool the
cathode. A household electric heater with a
power of 4.5 kW can be used as a ballast resis-
tor [4].

It should be noted that when the arc is
ignited, you need to touch the cathode to the
anode and quickly fix at a distance of 3 mm.
The block diagram of the device is shown in

Figure 2.
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1.  Anode 6.  Tungsten cathode
2. Cathode holder cover 7. Thread holder
3. Cathode holder 8. Stabilization support
4. Intermediate layer 9. Anode block
5. Screw 10. Cathode block body

Figure 2 — Block diagram of a device for the synthesis
of nanoparticles and nanostructures

Magnetite nanoparticle (Fe;O4) and its
production technology: Fe;O4 nanoparticles
have magnetic-physical properties and are
mostly black in color. It is currently used in
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the production of nanomaterials, electrical en-
gineering, pharmaceuticals, national security
systems, information technology, biotechnolo-
gy, and agriculture.

Fe;041s used in agriculture as a nanofer-
tilizer, which increases the productivity of
plants, increases the amount of chlorophyll
and carbohydrates in the plant. It also affects
humic acids and soil pH. Magnetic nanoparti-
cles in small concentrations increase the plant's
resistance, make it resistant to cold and thirst,
act as a cofactor of enzymes (resistant to high
temperatures), and participate in the formation
of intermediate metabolites [5].

There are many methods for synthesiz-
ing magnetite nanoparticles, the most common
of which is the chemical method. In this meth-
od, 6 grams of FeCl;.6H,O and 3 grams of
FeS0O4.7H,0 are mixed in 100 ml of an aque-
ous solution. Next, 25% ammonium hydroxide
(NH40OH) is added to the mixture and stirred
again at 500 ° C for 2 hours. The resulting so-
lution is placed in a centrifuge and rotated at
60 rpm. In this case, the aqueous solution is
separated, and only magnetite nanoparticles
remain. It was found that the size of magnetite
nanoparticles is in the order of 10-20 nm. In
the research also used 20 nm silicon and sili-
con oxide nanoparticles and magnetite nano-
particles with magnetic-physical properties.

Nanoparticles and their effect on plant
growth

A reliable food supply is one of the main
conditions for the economic and social stabil-
ity of any country. Consequently, to meet the
population's demand for food and industrial
raw materials at the current level, it is neces-
sary to increase agricultural productivity. A
positive solution to this issue has always been
relevant for the agricultural sector at all times.

Increasing the yield of agricultural crops
and improving the quality of products primari-
ly depends on the study of the interaction be-
tween fertilizers, soil and plants in the process
of mineral nutrition, taking into account their
biological properties, protecting soil fertility
and determining the optimal rates of fertilizers
for the return of nutrients taken from the soil,
the use of scientifically based fertilization sys-
tems [6].

The area shown in Figure 3 was select-
ed as the study area and was divided into six
equal portions, each 12.5 m long and 3.6 m
wide, of which 3 portions were used as the

study area.

Saigrs £t i A

Figure 3 — The area selected for the study

That is, the studies were carried out on
plots with an area of 45 m” each. In each study
field, 1.15 kg of Gobustan soft wheat seeds
were sown. The seeds are first washed with
plain water, then with distilled water and dried
on filter paper. Then the seeds were divided
into 3 parts and mixed with water, adding a 20
nm silicon nanoparticle (Si) to the first part
and a silicon dioxide (SiO,) nanoparticle to the
second part, in which 10 mg, 50 mg and 100
mg nanoparticles are added to 100 ml of water.

Watering was carried out after sowing.
Watering after sowing is called sprinkler wa-
tering. Unlike other methods, spraying should
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be carried out by strip or furrow method. [7].
Furrow irrigation is also used to flush saline
soils. Germination occurs 13-27 days after
sowing. [8]. In our case, germination was
observed after 13-21 days (Fig. 4).

’ -

X

Figure 4 — Wheat germination phase

It was found that even if the soil mois-
ture is not normal, there are no difficulties in
the germination of such plants. Table 1 shows
the measured wheat root lengths for November
and December.

Table 1 — The measured wheat root lengths for
November and December.

Area Root length (sm)
November December
Ordinary 5 7
Si 6,7 11,5
Si0, 8 12,9

As can be seen from the Table 1, the
length of root of wheat treated with nanoparti-
cles of silicon and silicon dioxide and meas-
ured within two months were longer than the
root of ordinary wheat. As can be seen, silicon
dioxide has a better effect on the development
of the wheat root. In the experiment, silicon
and silicon oxide nanoparticles in 3 different
concentrations were given to each field sepa-

111

rately. At the same time, it was found that the
increase in the concentration of nanoparticles
does not increase the development of the root
system of the plant, which is associated with
the lagging of root growth. It is known that
nanoparticles acting on root pores expand
them. As a result, water and nutrients can more
easily enter the plant from the expanded part.
When the concentration of nanoparticles is
high, the nanoparticles can fill the pores and
cause clogging. Thus, it is difficult for the
plant to absorb water and nutrients.

In our experiments, we also used mag-
netite nanoparticles and nanotubes 30-50 nm
in size. Magnetite nanoparticle behaves in the
same way as nanofertilizer, and increases plant
productivity by increasing the amount of chlo-
rophyll in the plant, as well as carbohydrates,
affecting the height of the plant. At low con-
centrations, a magnetite nanoparticle plays a
key role, increases the plant's resistance,
makes it resistant to cold and thirst, acts as a
cofactor of enzymes (resistant to high tempera-
tures), and participates in the formation of in-
termediate metabolites. Experiments have
shown that nanotubes have a significant effect
on the growth rate and height of plants com-
pared to nanoparticles. Experiments on wheat
have led to the conclusion that a single-walled
nanotube in an aqueous solution increases its
height by 20% compared to the usual case.

Conclusion

A new device for the production of na-
noparticles and nanostructures has been devel-
oped. Due to the new device it is possible to
obtain nanoparticles of any metal, as well as
nanotubes and nanostructures of a certain di-
ameter, as well as to control their size. It was
found that nanoparticles of silicon and silicon
oxide at a certain optimal concentration, acting



Azarbaycan Miihandislik Akademiyasinin Xobarlori Herald of the Azerbaijan Engineering Academy
2021. Cild 13, Ne 3. S. 106-112 2021, vol. 13, no. 3, Pp. 106-112
N.H. Cavadov va basq. N.H. Javadov et al.

on the pores in the root system of the plant, particles exceeds 100 mg / I, it negatively af-
expand them, facilitating the transfer of water  fects the crops and weakens their develop-
and nutrients into the plant and causes its de- ment.

velopment. When the concentration of nano-
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Abstract

The article studies the analysis of the study of astronomical factors of modern climate change Climate is a
generalized characteristic of the state of the natural environment around us. The temperature regime is an important
component, which determines many features of the life of the population and the state of the natural environment.
Therefore, the problem of climate change and, first of all, its temperature characteristics seems to be significant for
modern science and practice. At present, there are noticeable trends in the change in the surface air temperature, the
temperature of the ocean surface, the level of the World Ocean, the area of sea ice and permafrost, and the ice mass
of mountain glaciers. Finding the reasons for the trends observed in the Earth's climate system means finding an ex-
planation for the observed changes in the Earth's climate. Currently, it is widely assumed that the main cause of
global climate change is the "greenhouse" effect, associated mainly with the emission of greenhouse gases deter-
mined by the anthropogenic factor (combustion of coal and hydrocarbon fuels). At the same time, there is no doubt
that solar radiation is of great importance in the genesis of climate.
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Xiilasa

Maqalo miiasir iqlim doyisikliyinin astronomik amillorinin arasdirilmasina hosr edilmisdir. Iqlim, otrafimiz-
daki tobii miihitin voziyyetinin imumilosdirilmis xlisusiyyatidir. ©homiyyetli komponenti, shalinin hayatinin va tobii
miihitin voziyyetinin bir ¢ox xiisusiyyetlorini toyin edon temperatur rejimidir. Bu sobobdon, iqlim doyisikliyi
problemi vo ilk ndvbads, onun temperatur xiisusiyyotlori miiasir elm vo praktika {igiin ohomiyyatli goriiniir. Yerin
iglim sisteminds miisahids olunan tendensiyalarin sabablarini tapmagq, Yer iqliminde miisahids olunan dayisikliklorin
izahini tapmaq demokdir. Hal-hazirda qlobal iglim dayisikliyinin asas sababinin antropogen amil (kdmiir va karbohi-
drogen yanacaqglarinin yanmasi) ilo toyin olunan, asason istixana qazlarmin emissiyasi ilo oalagoli "istixana" effekti
oldugu genis yayilmigdir. Eyni zamanda, giinas radiasiyasinin iqlimin yaranmasinda bdyiik shamiyyats malik oldugu
siibhasizdir.

Acar sozlar: iqlim, qlobal iqlim, insolyasiya, Yerin istiliyi, barpa, iqlim doyisikliyi.
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AHHOTALUSA

Cratbsl TOCBAIICHA aHAM3Y HCCIIEA0BAHUS ACTPOHOMHYIECKNX (DPAKTOPOB COBPEMEHHOTO M3MEHEHUS KIIMMa-
ta. Kimmar — 310 0000111eHHas XapaKTepUCTUKA COCTOSIHUSL OKpY>Karollel Hac MPUPOIHOI cpexabl. BaxkHoii ero co-
CTaBJISIOUICH SIBISICTCS TEMIIEPATYPHBII PEXUM, ONPEEISIFOINA MHOTHE OCOOEHHOCTH KU3HU HACENICHUS U COCTOS-
HUSI IPUPOIHOH cpenbl. [loaToMy mpobnemMa H3MEHEHUsI KITMMaTa U, IIPEXk/Ie BCEro, ero TeMIepaTypHbIX XapaKTepH-
CTHK MpEJCTaBIsAETCs 3HAYMMOM AJI1 COBPEMEHHOM HAayKU U MPAaKTUKU. B HacTodiiee BpeMsi 0TMEYarOTCs 3aMETHbBIE
TPEH/Bl B M3MEHEHUH NPUIIOBEPXHOCTHON TeMIepaTypsl BO31yXa, TEMIIEPaTyphl IOBEPXHOCTU OKeaHa, ypOoBHSI Mu-
POBOTO OK€aHa, IUIOLaAd MOPCKUX JIbJOB U BEYHON MEp3JIOThI, MacChl JIbJia TOPHBIX JeJHUKOB. Halltu npuuuHb!
O0TMEUYaeMbIX B KIIMMAaTHYECKOI cucTeMe 3eMIIM TPEHAOB — 3HAYUT HANTH 0OBsICHEHNE HaOII0JaeMbIM N3MEHEHHAM
KauMaTa 3eMid. B HacTosImiee BpeMs IMPOKOE PACIIPOCTPAHCHNE TOTyYHIIO MIPEATION0KEHHE O TOM, YTO OCHOBHOH
MPUYHHON M3MEHEHHUs TII00ANTBHOTO KIIMMAaTa SBIACTCS “HapHUKOBEIN 3()(eKT, CBA3aHHBIN, TIAaBHBIM 00pa3oM, ¢
SMHCCHEH NMapHUKOBBIX I'a30B, OMPENEIsIEeMOH aHTPOIIOTeHHBIM (aKTOPOM (CXKUTaHHEM KaMEHHOTO YTJIS M yTJIEBO-
JIOPOAHOTO TOIUIHMBA). B TO ’ke BpeMst He mojBepraeTcsi COMHCHHIO M TO, YTO COJIHEYHAs Paauanus UMEeT BaKHEH-
IIee 3Ha4eHHE B TCHE3NCE KIMMaTa.

KuioueBble ciioBa: KiuMar, ro0aabHBIA KIUMAT, HHCOJIALINS, TeMIepaTypa 3eMITH, OCIMIIISIHS,
W3MEHEHUS KJIuMarTa.
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Giris

Molumdur ki, Giinos atmosferds, hidro-
sferda, yer sothindo bas veron hidrometeo-
roloji, biokimyavi vo bir ¢ox digor proseslor
liclin osas enerji monboyidir. Glinos enerjisi
yer 1izindo hoyatin inkisafinda on vacib
amildir, hoyat vo fotosintez ii¢lin lazimlh
temperatur soraitini tomin edir. Rus meteo-
roloqu A.I. Voeikov qeyd edir ki, "Giinas, Yer
sathinin vo havanin temperaturuna shomiyyatli
doracado tesir gostoron giiclii istilik moan-
boyidir".

Qadim dovrlorde Hipparx (godim yunan
astronomu, cografiyasiinas vo riyaziyyatci, e.9.
IT osr) iglim fasillorinin illik doyismosini,
Yerin orbital horokoti vo onun firlanma
oxunun meyli ilo toyin olunan giinas siialarinin
diismo meylindoki doyisiklik (Yunan dilindon
torciimado "iglim"-"meyiletma") ilo slagslon-
diron bir agiglama verdi. Bundan olava,
sababloari holo do elmi miizakiro mévzusu olan
illik vo uzunmiiddotli iqlim doyisikliklori qeyd
olunur.

Gilinog radiasiyasimnin atmosferin yuxari
sorhadino vo ya Yer sothino (atmosfer nozoro
alinmadan) illik daxil olmasi orta hesabla 5.49
% 1024 C (vo ya 1367 V/m2) toskil edir. Lakin
bu qiymat sabit deyil. Zamana (mdvsiimi, illik
vo uzunmiiddotli doyisikliklor) vo mokana
(enliklor Ttizro) goro doyisiklikloro ugrayir.
Yero golon gilinos radiasiyasinin doyisikliklori,
osason, forqli fiziki tobioto malik iki soboblo
miioyyon edilir: bunlardan biri Glinos aktivli-
yinin doyismosidir; digori isa Yer orbitinin
elementlorindo vo Yerin firlanma oxunun
meylindoki doyismoloro sobob olan somavi-

mexaniki  proseslordon qaynaqglanir [2,5].
Yerin iglim sistemindo (atmosferdo vo
okeanda) istiliyin paylanmast iki  osas

mexanizmlo miioyyon edilir: biri — enliklor
arasi istilik miibadilosi (V.V. Suleikino goro
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“birinci nov istilik miiharriki”); o, Yer tizlindo
istilik monbayi (“soba’) adlanan bir sahonin
(ekvatorial) vo istilik monsobi deyilon iki
hissonin (qiitb bolgolori) “soyuducular”
olmasi ilo baghdir. Ikinci mexanizm, okean-
materik sistemindoki istilik miibadilasi, soyuq
vo istilik bolgolorinin movsiimi doyigsmosi ilo
olagoalondirilir ("ikinci nov istilik miiharriki").
Onun faaliyyati, daha ¢ox istilik tutumlu
okean sothindan forqli olaraq, qitelorin sathinin
daha siiratli qizmasi vo soyumasi ilo alage-
dardir. Yerin istilik rejiminin tonzimlon-
mosinda vacib bir amil atmosferin torkibidir
(ilk novbado, atmosferdoki su buxarinin faiz
miqdar1). O, atmosferin oks etdirdiyi giinos
radiasiyasinin miqdarint (albedo), homginin
planetin istixana effektinin rolunu vo dayis-

molarini miioyyanloasdirir.

Istixana effekti noticosindo planetimizin
Gilinesdon aldigr istilik saxlanilir. Molumdur
ki, istixana gazinin osasini su buxar1 toskil
edir. Onun miqdar1 havanin vahid hocmi {i¢iin
4% -3 qgodor ola bilar; karbon qaz1 (COy) -
yalniz 0.04% (bu torkibds 1%-don az olan
karbon gazi, insan faaliyyati naticasinds amala
golmigdir).  Beloliklo,  atmosferdoki
buxarmin hocmi miqdar1 karbon qazindan
(iimumilikda, tabii va antropogen) toqriban iki
tortib coxdur. Atmosferdo H,O antropogen
mongali CO,-don toxminon dord tortib ¢coxdur.

Hoaqigoton, planetimiz “sulu” dur. Diinya
okean1 Yer kiirosinin 2/3 hissasini togkil edir.
Bu, atmosferdoki su buxariin omolo golmo-
sinin osas monbayidir. Planetimizin yiiksok
dagliq orazilorinde buzlaqlar inkisaf etmis,
qiitb bolgolorindo iso okean doniz buzuyla
Ortiilmiigdir. Yer {izlindo iki nohong buz
gapaglar var:

- Antarktida vo Qrenlandiya. Kosmos-
dan alinan tosvirlordon goriiniir ki, planetimiz
buludlarla ortiilmiisdiir vo bu, ilk ndvbado, su

su
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buxarimin oldugunu gostarir (lakin, CO, deyil).
Su Yer
movcuddur. Bir voziyyotdon digorino kegid
istilik ayrilmasi (vo ya udma) proseslori ilo
misayiot olunur. Beloliklo, Yerin tobiotindoki
suyun, buzun vo su buxarmin (moslum hidroloji
dovrii - tobistdoki su dovranini nazare alaraq)
istilik miibadilesi vo iglim omalo golmasi
proseslorindoki rolu COj-nin istirakt ilo
miigayiso oluna bilmoz. Atmosferdoki digor
istixana qazlarinin (metan vo s.) miqdari
karbon gazinin miqdarindan ii¢ tortib asagidir.
Iqlim tobii miihitin veziyyetidir. O, tobiotda
tobii miihitin on vacib komponenti vo onun
doyismo amili olan H;O-nun olmast ilo
olagodardir [4].

Gilines radiasiyast olmadigr toqdirds,
Yerdoki temperatur onu ohato edon mokanin
temperaturuna yaxin olardi (miitlaq sifira
yaxin vo ya — 273°C). Hal-hazirda Yerin orta
illik sotho yaxin temperaturu + 15°C-dir. Ogor
Yer iizorindo atmosfer olmasaydi (mdvcud siia
enerji aximi ilo), onun temperaturu movcud
temperaturdan 39°C asagr olub, — 24°C
qiymatini alardi (bu Antarktidadan daha isti,
lakin Arktikadan daha soyuqdur).

Yerin temperatur rejimi asason iki tabii
amillo mioyyon edilir: Giinosdon golon
radiasiya vo planetin "istixana effekti" (su
buxar1 osas "istixana" gqazi kimi). ©gor nozoro
alsaq ki, Yeri ohato edon fozanin temperaturu -
273°C, Yerin orta illik soths yaxin temperaturu
iso + 15°C-dir, o zaman golon giinos
radiasiyas1 ilo olagoli olan istilik toxminon
86% (249°C), planetin yaratdigi "istixana
effekti" ilo olagoli yaratdigr istilik iso 14%
(39°C) olacaqdir (sok. 1).

Miiasir dovrdo miisahido olunan Yerin
iglim  sistemindoki  normadan  konara-
cixmalarin, ilk novbodo, geyd olunan iglim
omologotirici amillori (giines radiasiyasit vo

liziindo 1Ui¢ faza voziyyetindo

planetin “istixana effekti) ilo olaqgoli oldugu
giiman edilo bilor.

[ 239 / Gedan

aks olunan Giinay Galan Gilnag enerjisi f urundalgal

enerjisi 101,9 V/im2. S e Emsalial

Sékil 1- Yerin radiaéiya balansi v onun komponentlari.
Figure 1- Earth's radiation balance and its components.

Miiasir qlobal iqlim doyismalarinin
sabablari: yerin insolyasiyasi

Yerin insolyasiyasinin hesablamalarinin
naticalari gostarir ki, son 5000 ilds Yera golon
giinog radiasiyasimin (atmosfer xaricindo) orta
illik axin1 comi 0,005% azalib [1]. Hor il Yero
golon giinos radiasiyasinda timumilikdo kigik
bir azalma ilo olaqodar, hor bir yarimkiironin
45° enliyindon asag1 bolgolords radiasiyanin
nazaragarpacaq doracads artim meyli meydana
golir, 45°-don yuxari isa bu azalma ilo ovoz
olunur. Homginin miioyyan edilmisdir ki, qis
yarimilliklordo yarimkiirolordo golon radiasiya
artdig1 halda, yay yarimilliklordo azalir.

Yer kiirosinin insolyasiyasinda qeyd
olunan tendensiyalar (enlik tozadlarin artmasi
vo movsimii  forqlorin  hamarlanmasi),
planetimizin firlanma oxunun meyl bucaginin
azalmasiin asrlik tendensiyalar ilo slagalidir.
Serb riyaziyyat¢isi M. Milankovigin osorlo-
rindon [3] belo molum olur ki, firlanma
oxunun meyl bucagmin artmasi ilo giinos
radiasiyasinin qiitb bolgolorino golisi artir -
yoni, yarimkiirolordo enlik tozadin hamar-
lanmast vo movsliimi forqglorin artmasi bas
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verir. Meyl bucaginin azalmasi ilo slagadar
ekvator bolgalorine daxil olan radiasiya artimi,
qiitb bolgolorino daxil olan radiasiyada iso
azalma bas verir. Enlik tozadlar artir, movsiimi
forglor hamarlanir.

Giinos radiasiyasinin Yer sothindo geyri-
borabor sobobindon  (atmosfer
nozora alinmadan) meridional

gradiyenti (MiQ) yaranur.

paylanmasi
insolyasiya
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Sokil 2 — Yerin insolyasiyasinin qis (1) ve yay (2)
yarimilliyinde  (Simal yarimkiiresi  {iglin)  enlik
doyismolori (e.a. 3000 —cii ildon b.e. 2999 —cu ilo kimi)
Figure 2 — Latitude changes of the Earth's insolation in
the winter (1) and summer (2) half-years (for the North-
ern Hemisphere) (from 3000 BC to 2999 BC)

MiQ-in  uzunmiiddotli
molorindo maraqli xiisusiyyotlor gqeyd olunur:
meridional insolyasiya qradiyenti hor yarim-
kiirodo ekvatordan qiitb dairalorino qodor artir.
Arttimin maksimumlar1 hor bir yarimkiironin
65-ci paraleli yaxinhginda (qiitb dairalori
yaxinliginda) lokallasmigdir. Qiitb  otrafi

illik  dayis-

bolgolordo qiitb dairslorindon qiitblors dogru
MIQ-in azalmas miisahido olunur.

Hor yarimmkiirodo MIQ-in artma bolgolori
(ekvatordan qiitb dairasino) vo azalma sahalori
(qiitb dairosindon qiitbo) ayird edilo bilor.
MIQ-in maksimum artimlar1 (1.25%) har bir
yarimkiironin qiitb dairalori (toqriban 65° en-
lik) yaxinliginda (illik turbulent zonalar)
misahido olunur; cografi qiitblerin yaximli-
ginda maksimum azalma (orta qiymotdon
2.56%) miisahids olunur (sakil 2).

Qeyd olunan turbulentlik zonalar1 ekstra-
tropik siklonlarin (siklogenez) maksimum ink-
isafinin bolgolori (60° - 70° enlik) ilo iist-iisto
diistir.
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Sakil 3 — Yerin enlik zonalarinda orta illik insolyasiya
Figure 3—Average annual insolation in latitudes of Earth

MIQ doyismolori yarim il iigiin do sociy-
yovidir: Simal Yarimkiirssi ti¢iin ilin qis yarim
ilindo bu parametr 15° c.e.
maksimum doracodo artir (18%-o qodor), 10°
c.e. iso miimkiin qodor azalir (17,8%). Yaz
aylarinda (Simali Yarimkiiro ii¢lin) yarim 15
s.e., meridional insolyasiya qradiyentindo
maksimum artim (11,8%) miisahids olunur. 10
s.e. maksimum daracado azalir (17,8%). Belo-
liklo, hor yarimkiironin 10°-15° en dairslorindo
yerlogon movsiimi turbulent zonalar segilir.
Burada yay yarim illlorinds yarimkiiralorin
gonsu zonalardaki MIQ-in kenaragixmalarinda

yaxinliginda

maksimum uygunsuzluglar qeyd olunur (15°
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enlik yaxinliginda - maksimum artim, 10° en-
lik yaxinliginda - maksimum azalma) (sokil 3).
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Sokil 4 — 5998 il ii¢iin insolyasiyanin illik meridional
gradiyentinin doyismosi

Figure 4 — Change in the annual meridional gradient of
insolation for 5998 years
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Sakil 5 — 5998 il arzindo Simali Yarimkiirs {igiin qis (1)
vo yay (2) yarimillorinds insolyasiyanin meridional
gradiyentinin doyigsmasi (enlik zonasi {liglin orta qiymat
nisbatindo - faizlo)

Figure 5 — Changes in the meridional gradient of inso-
lation in the winter (1) and summer (2) half-years for
the Northern Hemisphere for 5998 years (as a percent-
age of the average value for the latitude zone)

Molumdur ki, tropik siklonlarin boyiik
oksariyyati ekvatorial qursaqlarda omolo galir -
hor iki yarimkiironin 10° vo 30° en dairolori
arasinda vo 20° en dairosindon yiiksok olma-
yan orazilordo toxminon 87%. Tropik siklon-
larm yaranma saholori MiQ—in doyismosindoki
movsiimi turbulent zonalar ilo {ist-listo diisiir.
Bu atmosfer burulganlar1 tabiato vo insanliga

cox boylik ziyan vurur. Masalon, 2005-ci ilda
“Katrina” qasirgasindan doyon zarorlor 100
milyard ABS dollarindan, 2017-ci ildo “Har-
vey” vo “Irma” qasirgalarindan doyon zororlor
159 290 milyard ABS dollarindan c¢ox
olmusdur.

Enerjisinin burul@anl o&tiiriilmesi, osa-
san, “birinci nov istilik miharrikinin” — atmo-
sferdoki enliklorarasi istilik 6tiirmo mexaniz-
minin iglomasi ils slagadardir; burul@anlar (si-
klonlar) atmosferdoki enerjini istilik manbayi
bolgosindon (asag1 enliklordon) onun axini
bolgosino (yiiksok enliklors) otiirtir. Hom do
molumdur ki, orta 6lgiilii bir tropik siklon tors-
findon dasman timumi enerjinin miqdart tox-
minan 1017 C - dur; bu, diinyanin biitiin elek-
trik stansiyalarinin 3 saat orzindoe istehsal et-
diyi iimumi enerji ilo miiqayiso edilo biler
(sokil 6) [6].

Sokil 6 — Tropik siklonlarin yaranma markazlorinin
Xoritasi

Figure 6 — Map of the centers of formation of tropical
cyclones

Okean-atmosfer sisteminds orta illik ener-
ji daginmasi Yer sothindoki (atmosfer vo okean
istisna olmagqla) orta illik MIQ ilo toyin
olundugundan, onda MGI-in doyismosindo
geyd olunan xiisusiyyotlor 6ziinii okean - at-
mosfer sistemindo gdstoro bilor. Onda oldo
edilon naticolordon belo fikro golmok olar ki,
atmosferdo enerjinin burulganli dasimmasinin
intensivliyi artir (miqdarin artmast vo/vo ya
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tropik vo ekstratropik siklonlarin intensivliyi),
yani “birinci nov istilik mithorriki”nin isi, yoni
atmosfer vo okeanda zonalararasi istilik
miibadilosi giiclonir (sokil 4).

Molumdur ki, il orzindo Yerdoki iglim
fosillorinin doyismosi, onun firlanma oxunun
Gilinos  otrafindaki
(ekliptika) dik perpendikulyarin meylli olmasi
ilo alagadardir. Hal-hazirda bu bucaq toxminen
23.5° toskil edir vo miiasir dovrde yavas-yavas
azalir. Insolyasiyanmn illik dévriiniin doyismo-
sinin bagqa bir astronomik sobobi do vardir.
Yerin elliptik orbitidir (xatirladaq ki, Yerin
inolyasiyasinin illik gedisatdaki doyismosi ap-
ogeydon perigrliys kimi toxminon 7%-dir).
Lakin, oxun meyl bucagi iqlim fasillorinin
doyismaosi liciin boyiik ohomiyyat kosb edir.
Belo ki, yay yarimkiiralori qis yarimkiire-
lorindon forqli olaraq, toxminen iki dofs ¢ox
giinos radiasiyasi alir (sokil 5) [7].

firlanma miistavisinin

Insolyasiyadan asih olaraq yerin global
temperaturunun doyismosi

Yerdoki iqlim doyisikliklorini  tohlil
etmok tigiin (istilik monbalari va lavabolar sa-
holori oldugu iigiin) insolyasiya tozad: (iT)
gostoricidon istifado etmok rahatdir.

Yarimkiirolor iiciin IT il orzinde enlik
bolgosing (0° - 45°; istilik manbayi) vo 45°-90°
(istilik axin1) golon gilinos radiasiyasinin
arasindaki forq kimi hesablanir. Biitiinliikdo,
Yerin IT géstoricisi onun yarim kiiralor iigiin
hesablanmis orta illik qiymeti qobul edilir.
Korrelyasiya tohlili noticasinds Yerin vo
yarimkiirslorin  sothindoki hava temperatu-
(HST) uzunmiiddotli  doyismolori
arasinda six bir olago miioyyon olunmusdur.
Homginin, Diinya Okean sothinin temperatur
(OST) qiymotlori ilo insolyasiya tozadi (IT)
arasinda da korrelyasiya tapilmisdir. IT-daki
coxillik doyigsmolori, ay-giinos vo planet press-

runun

esiya vo nutasiyasi ilo slagodar olan, Yerin fir-
lanma oxunun meyl bucaginin doyismesi ilo
miioyyan Digor torofdon, (IT)
doyismasi planetimizin firlanma oxunun meyl
bucaginin doyismasindon xatti asilidir. 1850-ci
ildon 2050-ci ilo kimi korrelyasiya omsali —
0,998-dir.

Miiasir dovrds Yerin vo yarimkiiralorin
OST-nin ¢oxillik doyismalori asason miioyyon
tendensiyalar (trendlor) ilo xarakterizo olunur
[8]. Conub Yarimkiirosindo OST-in doyisi-
kliklorinin 84%-1, Simal Yarimkiirosindo 75%-
1, Yer lcilin iso 81% -1 trendlo nozoro alinir.
Buna gors, global temperatur doyismolorinin
saboblorini miioyyan etmok {iciin, geyd olunan
sobabini

olunur.

tendensiyalarin (trelorin)
miioyyonlosdirmak lazimdir. Buna OST ilo IT
arasinda six olagesinin olmasi siibutdur.
Korrelyasiya ~ omsalinin  qiymoti  Simal
yarimkiirosi iiglin 0,71; Conub Yarimkiirosi
tictin 0,80 vo Yer iigiin iso 0,78 toskil edir
(sokil 7).
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Sokil 7 — Yerin firlanma oxunun meyl bucaginin (1) vo
insolyasiya tozadinin (2) goxillik deyismalori

Figure 7 — Multiplicative changes in the angle of incli-
nation of the earth's axis of rotation (1) and the contrast
of insolation (2)

Oxsar noticolor OST vo IT c¢oxillik
doyismolor arasindaki olagoni izah etmok ii¢iin
do almmisdir. IT vo OST arasinda korrelyasiya
omsali Simal yarimkiirasindo 0,69, Conubi
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yarimkiirodo 0,83, Diinya Okeani {i¢iin iso
0,78 giymatini almigdir.

Reqressiya tonliklorino osaslanaraq (in-
solyasiya verilonlorindon istifado etmoklo)
1900-2016-c1 illor iigiin IT vo OST anomaliya-
lar1 hesablanmigdir. HST vo OST anomaliya-
larinin  hesablanmis vo hoqiqi qymatlorinin
miiqayisesi gostorir ki, elo dovrlor mévcuddur
ki, hesablanmis qiymatlor hoqiqi qiymatlori
asir. Elo dovrlar do var ki, bu qiymatlor haqiqi
qiymatlordon asagidir. Belaliklo, Yerin iglim
sistemindo toraddiid miisahido edilir. Bunun
fiziki tobioti giinos radiasiyasi ilo alagoli deyil.
Onun dovriililyi toxminon 60 ildir. Bu
toraddiid Oziinii sinxron sokildo okeanda vo
atmosferdo do gostarir.

Yerin HST doyismolorinin 68,3%-i, 1T-
nin  1900-cti ildon 2016-c1 ilodok (Simali
yarimkiirade  60,3%, Conub yarimkiirads
72,3%) c¢oxillik doyismolorlo izah olunur.
Homin dévrdo OST doyismosi Diinya okeani
iclin 68,3% (Simal yarimkiirasindo 57,3%,
Conub yarimkiirasindo 75,4%) toskil edir.
Hesablanmis qiymotlordo diizalisi nozoro al-
saq, 60 illik toroddiid {i¢iin bu gostoricilor artir.
Bu halda gostorilon iki amilin (IT va iqlimin
multidekad osilyasiyas1 (IMO)) tosiri Yerin
HST doyismolorinin 84,1% -i ilo izah olunur
(Simal yarmmkiirosindo HST doyismasinin
81,3% -1, Conub yarimkiirosindo iso 81,7% -i
toskil edir). Bu halda geyd etdiyimiz amillorin
tosiri Diinya okeaninin soth temperaturunun
doyismaosinin 84,2%-1 ilo 6z oksini tapir (Simal
yarimkiirosinds 79,1%, Conub yarimkiirasindo
83,8%).

Belalikls, HST vo OST-nin 1900-2016-
ci illor arasindaki doyigsmasinin osas sobablori
insolyasiya tozadi vo iglimin ¢ox dekadli ossi-
lyasiyasidir. Umumilikda, bu amillarlo 84,1%
Yerin HST, 84,2% iso Diinya okeaninin soth
tobagosinin temperaturunun doyismasi izah

edilir. HST vo OST-nin yerds qalan izahsiz
hissasi ehtimal ki, gilinos aktivliyi, vulkanik
foaliyyot vo digor amillordoki doyisikliklori ilo
baghdir.

HST anomaliyasinin doyismoasinds 60 il-

lik (IMO) taraddiidiiniin rolu Yer iigiin 15,8%,
Simal tiglin  21,0%, Conub
yarimkiirosi ii¢lin iso 9,4% toskil edir. Diinya
okeaninin OST anomaliyasiin 15.9% doyisi-
kliyi do IMO torafindon do izah edilir. Simal
vo Conub yarimkiirolordo bu ossilyasiyanin
OST anomaliyasindaki  doyisikliyo  olan
"téhvasi" uygun olaraq 21,8% va 8,4%-dir. Bu
miinasibatlor zaman etibar ilo ¢ox ehtimal ki,
doyiso bilor. ©gor nozoro alsaq ki, HST wva
OST-nin uygun olaraq 8% -don 22% -o kimi
doyismosi (IMO) —nun tosiri ilo izah olunur,
onda bu osilyasiyanin miimkiin soboblorini
nazardon kegirmak lazim golir.
Makroalomdo yalniz iki fundamental fiziki
qarsiliglt tosir — elektromaqgnit vo caziba
qiivvesi molum oldugu {iciin, onda, IMO-nun
tobioti, ehtimal ki, cazibo qiivvesidir (o, insol-
yasiya ilo olagoli deyil). IMO-nun yaranma
sobabi, Yerin giinos sisteminin planetlori ilo
cazibo qarsiligh tesiri ilo olagelondirilo bilor.
Bu o demakdir ki, IMO-nun osasinda tabiotda
(Yer kiirosini ohato edon kosmik fozada)
movcud olan caziba qarsiligl tosirlo toxminon
60 illik dovrls bir toroddiid olmalidir. Yerin
iqlim sistemi do buna cavab verir.

GOy mexanikasindan molumdur ki,
nohong Yupiter vo Saturn planetlori, Giinas
otrafinda horokot edorkon, toqribon hor 20
ilden bir ardicil birlogmolor (eyni geosentrik
uzunluqda yerlogon) omoalo goatirirlor. Bu do-
vrlords onlarin gabarma vo Yers olan hoyacan-
lanmuisg tasirlori giiclonir. Planetlorin birlogsmosi
ekliptikanin miixtolif noqtolorindo bas verir.
Lakin, hor 60 ildon bir bu onun kifayot qodor
dar bir sektorunda bas verir: yani dovrii olaraq

yarimkiirosi
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(hor 60 ildon bir), Yupiter vo Saturnun kon-
fiqurasiyasinin Yer va Giinoso nozoran toqribi
tokrar1 var. Ola bilor ki, bu dovriilik 60 illik
caziba signalinin yaranmasi ilo olagodardir. Bu
da Yer kiirosini ohato edon fozaya vo onun
iglim sistemino tosir edir.

Diinya Okeaninda toxminon 19 illik bir
dovr ilo toroddiidlorin tozahiiri bir c¢ox
tadqiqatgr terofindon qeyd olunur. Bu, eyni
zamanda, okeanda dovrii toxminon 60 il olan
zonal toraddiidiin ehtimalin1 nozardos tutur. Ola
bilor ki, “isti” fazalardan biri, su kiitlolorinin
ekvatordan qiitbloro dogru horokotini oks
etdirir. Digor “soyuq” faza su kiitlolorinin oks
istigamotdo harokati ilo olagodardir.

Umumiyyatlo, HST ilo Yerin insolya-
siyasi arasinda tapilan slagalorin amolo golmo
mexanizmini asagidaki kimi gostormok olar:
planetimizin insolyasiyas1 ekvatorial bolgada
artir, qiitb bolgolorindo iso azalir. Noticado,
meridional insolyasiya qradiyenti (vo insolya-
siya tozadi) vo ekvatorial bolgodon qiitb bol-
golorino  oOtiiriilon istilik artir. Meridional
istigamotda: ekvatordan - qiitbloro godor hava
kiitlalori vasitosi ilo daginan istilik yarimkiira-
lordoki miixtolif xarakterli soth oOrtiiklorino
uygun golir.

Yerin Simali yarimkiirosindo isti hava
kiitlolorinin horokoti HST-nin artmasina gatirib
cixarir (askar istilik). Simal yarimkiirosindo
istilik axin1 sahasindo HST-nin artim1 atmosfer
torkibinin doyigsmosino sobob olur (ilk nov-
bads, buxarlanmanin artmasi sobabindon su
buxarmin miqdarinin artmasi). Xiisuson, Ark-
tik orazilordo. Bu "istixana" effektini artirir vo
olavo olaraq HST artimina sobab olur. Istiliyin
simal bolgosinds artimi, homginin kondensasi-
ya sobobindon bas verir. Bu zaman isti hava
kiitlolori yerlorini doyisorak, soyuq yer sothi ilo
qarsiliglt olagodo olur (gizli istilik ayrilir).
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Qeyd etmok lazimdir ki, planetimizin Simal
yarimkdiresinin 60,7% orazisi okean ilo ohato
edilmisdir. Orazinin 39,3%-1 qitolorin payina
diigiir. Conubi Yarimkiirodo bu nisbot uygun
olarag, 80.9% vo 19.1% -dir. Simali
Yarimkiirodo HST-do artim miisbot oks
olagolorlo do miioyyon edilir: mosolon, sa-
holorinin azalmasi hesabina doniz buzlarinin
oks olma qabiliyyotinin (albedo) azalmasi
(xtisusilo yayda).

Yerin conub yarimkiirasinds golon isti
hava kiitlolori soyuyaraq, istiliyi okeana (asagi
temperatur vo yiiksok istilik tutumuna malik)
verir. Bundan basqa, bu yarimkiirodoki giiclii
soyuma tosiri  Antarktidanin  tosiri  ilo
olagolondirilir. Planetimizin Simal yarimkii-
rosindo soth Ortiiyii qeyri-bircins oldugundan,
istiliyin burul@anli meridional dasinmasi (si-
klonlarin tasiri) cox gliman ki, Conubdakindan
daha intensiv bas verir.

Yerin kriosferindo miisahido olunan
hadisoalor, MIQ vo IT torofindon idare olunan
atmosferin (HST) vo okeanin (OST) tempe-
ratur rejiminin doyismasi ilo slaqadardir: doniz
buzunun vo daimi buzlaqlarin, hamg¢inin dag
buzlaglarinin  kiitlesinin
Okeaninin saviyyasindoki artim OST-nin art-
mas1 vo dag buzlaqlarinin deqradasiyasi ilo
olagolondirilir.

azalmasi; Diinya

Natica

Beloliklo, iglimin mdvsiimi doyismolori
Yerin firlanma oxunun ekliptika miistavisine
nazaran meyilli olmasi ilo baglidir. Uzunmiid-
dotli iglim doyismolori, asason, Yerin firlanma
oxunun meyil bucagmin doyismasi ilo slage-
dardir. Proses homg¢inin Yerin iqlim sistemindo
(atmosfer vo okeanda) enerjinin meridional
dasinmasini tonzimloyir.
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Abstract

Per and polyfluoroalkyl substances (PFAS, also perfluorinated alkylated substances) are considered pollutants
in the environment because they are present in the environment, biota and humans. The article discusses the toxic
effect of fire foam components and the degree of damage to the environment. In this regard, PFAS compounds were
found in their blood in various concentrations. Data on the toxicity of these compounds have been obtained almost
exclusively from environmental studies, but data on their adverse effects on human health have been limited to a
small number of professional studies. Although there is limited research on the effects of PFAS on humans, there are
serious health problems associated with the widespread use of these compounds in the human population, especially
given their very persistent and biocollective nature and potential developmental effects.
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Xiilasa

Per vo polftoralkil birlosmolor otraf miihitdo, biotada vo insanlarda miivcud oldugu ii¢iin otraf miihit {igiin
cirklondirici maddaler hesab olunurlar. Maqalads yangmsondiiriicii koptiklarin terkib elementlarinin toksiki tasirlari
vo otraf miihito zararlilik doracalori miizakire edilmisdir. Movcud molumatlardan molum olur ki, bir ¢ox 6lkolorin
yanginsondiiriiciilorinds peso foaliyyati ilo olaqodar olaraq, onlarin gan niimunslorindo miixtolif konsentrasiyalarda
PFAB (PFAS) birlosmalori askar edilmisdir. Bu birlogmalorin toksikliyi hagqinda mslumatlar demok olar ki otraf
miihit tadgiqatlart naticosinds oldo edilmisdir, lakin insan saglamlifina monfi tosirlori barodo molumatlar az sayda
peso arasdirilmast ilo mohdudlasdirilmisdir. PFAB - larin insan orqanizmine tasiri haqqinda arasdirmalarin mohdud
olmasina baxmayaraq, xiisuson do onlarin yiiksok davamli vo biotoplayici tobistini vo potensial inkisaf tosirlori
nazors alaraq, bu birlogsmalorin insan populyasiyanin genis yayilmasi ilo bagl ciddi saglamliq problemlori
movcuddur.

Acar sozlar: yanginsondiiriicii kopiik, otraf miihit, biopar¢alanma, PFAB, ekoloji tohliika.
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AHHOTAIIAA

ITep u momudropankunsubie Bemecrsa ([IPAC, a Takxke nepdhTopupoBaHHbIE AJTKHIMPOBAHHBIEC BEIECTBA)
CUYMTAIOTCS 3arpsI3HAIOIIMMU BEIIECTBAMHU B OKpPY)Kalolle cpese, MOCKONbKY OHM IPUCYTCTBYIOT B OKpYXaromeit
cpene, Ouorte u monsiX. B cratee 0OcyknaeTcsi TOKCHYECKOE JEHCTBHE KOMIIOHEHTOB IT0)KapHOW IEHBI U CTENECHb
yiepba okpyxkaroieii cpeae. B cBsi3u ¢ 3TUM B uX KpoBH ObUTH 00HapyxeHbl coenauHeHus [IOAC B pa3smUuHBIX
KOHLCHTpAlMsIX. JlaHHBIE O TOKCHMYHOCTH JTHX COCIUHEHHH OBUIM IOMYYEHBI MOYTH HWCKIIOYUTENHHO U3
9KOJIOTUYECKUX HCCIICNOBAHUM, HO JaHHbIE 00 MX HEOJAromnpHsTHOM BO3/ACHCTBHUM Ha 3/I0POBBE YEJOBEKa ObLIN
OrpaHWYCHBl HEOONBIIMM KOJIMYECTBOM IPO(ECCHOHANBHBIX HCCIENOBAaHUN. XOTS CYHIECTBYET OTPaHHYCHHOE
KOJIM4eCcTBO mccienoBaHuii BozneiicTBus [IOAC Ha OpraHM3M UYeNOBEKa, CYIIECTBYIOT Cepbe3HBIE MPOOIEMBI CO
3/I0POBBEM, CBSI3aHHBIC C IIMPOKHAM HCIOJIb30BAaHUEM 3THX COCIMHEHHH B YEJIOBEYECKON HOMYJISALNH, OCOOCHHO C
YUETOM HX OYEeHb YCTOWYMBOM M OMOKOJIIEKTUBHOW NPUPOIBI U MOTCHIIMAIBHOTO BO3ICHCTBUS HAa Pa3BUTHE.

KiroueBble cjioBa:  TICHA JUIA MMOXKAPOTYIICHHS, OKpYXaromasi cpena, onoaerpamamus OIIAB, sxonornueckas
OIAaCHOCTb.
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Giris

Miiasir dovrds otraf miihitdos askar edilon
davaml cirklondirici maddolor
tadqiqateilarin - digqqet morkozindadir. Yeni
cirklondirici maddoalora su hovzolorindo rast
golinon, lakin insan saglamligina vo otraf
miihit {¢iin zororli tosirlori halo do tam
arasdirilmayan maddolor aid edilir. Bu név
cirklondirici maddolora sothi aktiv maddoslor
kimi per-polftoralkil birlogsmalorini aid etmok
olar. Davamli {izvi ¢irklondiricilor,otraf mii-
hitdo uzun miiddot parcalanmayan, giiclii
karbon-ftor rabitasi naticasinds parcalanmaga
qars1t son dorocodo davamli olan birlogsmalor
hesab edilir. Sothi aktiv maddolorin vo ya
onlarin parcalanma mohsullarinin konsentra-
siyalart vo miqdar1 soth sularinda, ¢okiin-
tiillordo miixtolif ciir doyisir. Otraf miihitdoki
sothi aktiv maddolorin yolverilon hoddon
yuxarl soviyyado olmasi ekosistemo monfi
tosirlor gostora bilor [1].

Per- va polftoralkil birlosmolor (PFAB)
1940-c1 illordon bori bir sira genis ticarot
mohsullarinda  istehsalinda istifado edilon
cirklondiricilorin boyiik bir qrupudur. 1947-ci
ildo PFAS istehsalinda elektrokimyovi
fliiorlagsma prosesi totbiq edilmis vo 2002-ci ilo
godor  PFAS  birlosmolorinin  istehsalinda
dominant proses olaraq qalmigdir. 1950-1960-
c1 illordo PFAS birlosmalori sabitlik va soth
gorginliyini azaltmagla isladict maddo kimi bir
cox mohsullarda genis istifado edilmisdir.
(Prevedouros et al., 2006). Sonayeds, PFAS da
sothi aktivlosdirici maddalor, emulsifikatorlar,

tzvi

isladici maddaloar, alavalor vo Ortiklor kimi
istifado edilmisdir (Land et al., 2015). 1960-c1
illorin ortalar1 vo 2000-ci illor orzindo,
yanginsondiirma sahosinds yanar mayelarin
sondiiriilmasinda PFAS torkibli
tobogoomologatirici kopiiklor (AFFF) istehsal
edildi vo UNEP molumatlarina osaslanaraq,

PFAS-AFFF
yayilmigdir.

1970-c1 illardon bari

genis

Masalonin qoyulusu

Bu birlogsmoalor “tohliikasiz” istehsal
olunaraq istehlak olunsalar da, onlar elmi
tadgiqatlarda davamli,biotoplayict va toksik
kimyovi maddolor hesab olunurlar. 2009-cu
ildo Stokholm Konvensiyasinda qanunla
istifadosi gadagan olunmus maddosloro yeni
maddolor - perfluorooktan sulfonit
tursusu vo onun duzlari, perfluroktan sulfo-
nilflorid olavo edilmisdir (2). Bu maddolor ftor
osaslt kopiikemologatirici maddalarin
parcalanma mohsullaridir vo otraf miihito
manfi tosir gostarirlor. Tadqiqatlar gostorir ki,
PFOS davamli, bioakiimulativ vo zoharli
cirklondiricidir. Bu  maddolor  ftorasaslh
kopiikomologatirici  maddolorin  pargalanma
mohsullaridir vo otraf miihito monfi tosir

uzvi

gostorirlor.

Bu da 6z ndvbosindos, yanginsondiirmo
sahosindo  istifado  olunan  ftortorkibli
koplikomologotirici  maddoslorin - totbiqini
demok olar ki, koskin sokildo mohdudlasdirdi.
2000-ci ilin avvallorindo ABS-1n osas perftorlu
birlosmolor istehsalgisi olan “3M Company”
PFOS ilo olagoli mohsullarinin istehsalini
dayandirmaq gorarina goldi. Bu sababden, bu
birlogmolorin miioyyan niimayandaslari (PFOA
vo PFOS) otraf miihitdo davamli,biotoplanan ,
insan vo heyvanlar {iglin potensial toksik
olduglart t¢iin davamli iizvi cirklondiricilor
(POP) sinfino namizod kimi toklif olunurlar
ABS, Kanada, Avropa Birliyi, Avstraliya vo
Yaponiya qaydalara osason yanginsondiirmo
kopiiklori do daxil olmagla PFOS - osash
mohsullarin istehsalin1 qadagan etmisdir. Hal-
hazirda ABS-da AFFF-in otraf miihito
tullanmasit ABS-in Otraf miihitin miihafizosi
Agentliyi (EPA) vo Miidafio Nazirliyi

125



Azarbaycan Miihandislik Akademiyasinin Xobarlori
2021. Cild 13, Ne 3. S. 123-130
M.O. Qurbanova, F.M. Hacizads

Herald of the Azerbaijan Engineering Academy
2021, vol. 13, no. 3. Pp. 123-130
M.A. Gurbanova, F.M.Hajizade

torofindon ganunauygun olaraq tonzimlonir.
Bu birlogsmalorin miioyyon bir sinfi ftortorkibli
sothi aktiv maddolor kimi yanar mayelorin
sondiiriilmesinde  totbiq edilon yanginson-
diirtici kopiiklorin osas torkib hissosini togkil
edir. Per- vo polftoralkil birlosmolor sinfinin
tosnifatina uygun olaraq bir ¢ox birlogmolor
bura aid edilir, lakin otraf miihit {i¢iin zororli
birlogsmolor yanginsondii-riicti kopiiklorin osas
torkibini togkil edon birlosmolor hesab edilir.
Hal-hazirda genis totbiq olunan yanginson-
diirticii koptiklor torkibi, tobiotdo hidrofobik
olan karbohidrogen sothi aktiv maddolordon
forqgli olaraq ham hidrofobik, ham do oleofob
maddalor olan per- va poliftorlu alkil
birlosmoalorindon (PFAB) ibarotdir (sok.1).

Per vapolftoralkil
birlagmalari

(PFAS)

b Perftorpoliefir
(PFPE}

Sakil 1 — Per- va polftoralkil birlosmoalorin tosnifati
Figure 1 — Classification of per- and polyfluoroalkyl
substances

Qeyd: qirmizi rongli birlogsmalar yanginsondiiriicii
kapiiklorin torkibina aid edilir.

Note. Compounds used in fire-fighting are shown
in red.

PFAB qlobal miihitds genis yayilmisdir
vo insanlarda daxil olmagqla su vo yeriistii canlt
orqanizmlorin  toxumalarinda ~ movcuddur.
Otraf miihitdo davamli ,biotoplayict vo
toksikliyo sobab olan bu birlogmolor miixtolif
Olkolorin su miihitindo bir ne¢co mgq/ 1
soviyyoasindo tapilmigdir. Soth sularinda vo
otraf miihitdo per- vo polftoralkil kimyovi
birlogsmolorin askar edilmosi miihiim ekoloji

problemlor yaradir, ¢iinki birlogsmolor canlilar
torofindon qobul edilo vo qida zoncirindo
biotoplana bilor. Perftorlagdirilmis sothi aktiv
maddalor otraf mihitds pargalanmadiqlar
ticiin, onlar birgs ¢irklondiricilorin paylanma-
sina vo biopar¢calanmasina tosir edon biogeo-
prosesloro  tosir edo  bilorlar.
Perftoroktan sulfonik vo digor perfluoroalkil
tursularinin ~ otraf  miihitin  ¢irklonmosi
yangmsondiiriicii  kopiiklorin - saxlanmasi vo
totbiqi ilo olagolondirilir.

Per- vo polftoralkil kimyovi birlogsmo-
larin toksikliyi hagqinda malumatlarin oksariy-
yati canlilar {izerinde aparilan todqiqatlardan
golir vo insan saglamligina monfi tosirlori
barods molumatlar az sayda peso arasdirilmast
ilo mohdudlasir. PFAB-larin insan orqanizmi-
no tosiri haqqinda arasdirmalarin mohdud
olmasmma baxmayaraq, xiisuson do onlarin
yiiksok davamli vo biotoplayict tobiotini vo
potensial inkisaf tosirlori nozoro alaraq, bu
birlogmolorin  insan populyasiyanin  genis
yayilmast ilo bagli ciddi saglamliq problemlori
movcuddur.

Qeyd edildiyi kimi, bu birlogsmoalorin
insan saglamligina monfi tosiri birbasa onun
peso  foaliyyoti ilo  six  baghdir vo
yangmsondiiriiciilor iiclin bu aktual hesab
edilir. Aparilan tadqiqatlar neticasinds [3],
yangmsondiiriicii koptiklorin  kimyovi torkib
elementlori kimi, PFHxS (C¢HF305S), PFOA

kimyavi

(CsHF;505,), PFNA(CoHF;03), PFOS
(CgHF705S)  miixtolif  konsentrasiyalarda
yangmsondiiriiciilorin = gan  nlimunalorindo

askar edilmisdir (sokil 2.)

Umumilikdo yanginsdndiiranlor arasinda
PFAS konsentrasiyalarinin oxsar paylanmasi
moveuddur, lakin bezi yanginsondiironlords
PFOS vo PFHxXS saviyyalarinin yiiksaldilmasi
yanginsondiirmo  kopiiklori vo ya effektiv
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olmayan profilaktik iisullarla bu birlosmolora
moruz qalmagin gostoricisi ola bilar.

40 -

35 -

30 -

P

20 -
= 15 f
8
g‘ 10 |

s -

PR —— == L

PFHXS PFOA PFNA PFOS

Sokil 2 — Yanginsondiironlorin gan niimunalerinds

ftorlu birlogmolorin konsentrasiyalari [3].
Figure 2 — Concentrations (ng/mL) of four highly
fluorinated substances in serum firefighters [3].

Qeyd. Qrafikda qeyd olunan kvadratlar yanginséndiiranlarin
50 % -nin gan niimunalorinda askar olunan konsentrasiya
migdaridir

Note. Boxes indicate the range in where 50% of the
participants have their results and whiskers show the entire
concentration range.

Isvecds edilon bir arasdirmada, B sinifli
yanginlarin ~ sondiiriilmosinds  kdpiiklorin
istifadesi yanginsondiironlorin qan niimune-
lorinds PFOS vo PFHxS soaviyyalerinin agiq
sokilda artdigin1 vo amok foaliyyatinin artmasi
ilo serum soviyyssinin artmas: ilo agiq bir
tendensiyanin oldugu miisahido olunmusdur
[3]. Yiiksok ftorlagmis maddolorin yangin-
sondiironlorin qan niimunslorindo miioyyon
illordon sonra agkar oluna bilor vo buna goro
yanginsondiiriicii kimi uzun miiddat foaliyyat
gostoron soxslords daha yiiksok konsentra-
siyalarin  agkar qabul
faktdir. Qan niimunolorindo askar edilmis
maddalora nozar etdikdo, PFOS vao PFHxS
birlogsmolorin yliksok konsentrasiyali oldugu
molum olur. Bunlarin har ikisi zoharlidir, lakin
PFHxS PFOS-dan daha zororli birlosmo hesab
olunur va adobiyyatlarda PFHxS zorori barada
az molumat verilir. “PFHxS” olduqca davam-

olunmasi olunmus

Iidir, insanlarda PFOS-dan daha c¢ox bio-
akkumulyativ hesab edilir.
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Sakil 3 — Yanginsondiironlorin pesa faaliyyati illarine
osason kvadratlar tisulu ilo qurulmus reqresiya tohlili
osasinda xotti model.

Figure 3 — Serum concentrations of PFOS, PFHxS, and
PFNA in relation to number or years worked as
firefighters. A linear model is plotted (solid line) by
least square regression analysis.

Yanginsondiironlorin - qan  niimunalori
izro aparilan todqiqat naticolorinin miiqayise
etdikdo konsentrasiya gdostaricilori arasinda
miioyyon forqlor mévcuddur.

Buna osas kimi yanginsondiriiciilorin,
kopiiklorin tosirine moruz qalma doracasinin
az olmasi, koptklorin totbiqi zamani ehtiyat
todbirlorinin goriilmasi vo eyni zamanda B
sinifli  yangmnlar iiclin nezords  tutulan
kopiiklorin  totbiq saholorinin - mohdudlas-
dirtlmasi hesab edils bilar.
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Holl yollan

Yanginsondiiriicii kopiiklorin otraf mii-
hito potensial tosirlorinin qiymotlondirilmosi
ticiin otraf miihit {i¢iin qabulluq meyarlarindan
istifado edilo bilor. Qiymstlondirmods, mad-
donin tohliikasizlik pasportunun tohlili vo alda
olunan molumatlardan istifads edilir vo asagi-
dakilara ododi doyorlor totbiq edilir. Hesab-
lama noticosindo sorti bir rogom alir, bu
rogom sondiiriicii  kopiiklorin otraf miihito
potensial tosir bali kimi qiymatlondirilir.
Kopiiklorin  qisamiiddotli vo uzunmiiddatli
tohliikalori lizro qiymatlor ekoloji tohliikolor
tigiin maddolarin
tosnifati vo etiketlonmasi iizro qlobal uygun-
lagdirilmig sistem (GHS) kodlart osasinda
toyin edilir. Bu kodlar mohsulun tohliikasizlik
pasportunda olur vo Yanginla miibarizo
Kimyovi maddoslor Qrup Standartinin (2006)
tolab etdiyi kimi bildirilir.

toyin olunan Kimyavi

Tasir bali =
Bioparcalanma X ), QM tahliiks X
Y. UM tohliika X ). PFAB tohliikasi (1)

Burada, Bioparcalanma - BOT/KOT
nisbotindon alinan bal, QM tohliikko -
tohliikosizlik pasportundan (MSDS) alinan
qisa miiddatli tohliikolorin ballarinin comi,
>UM tohliikko- tohliikesizlik pasportundan
(MSDS) geyd edilon uzun miiddatli tshliika
ballarinin comi, XPFAS tohliikasi - tohliiko-
sizlik pasportunda qeyd edilon PFAS nii-
mayandalorinin  “Chemwatch Gold” siste-
mindo izra geyd edilon balidir [4].

Bioparcalanma
Biopargalanma tohlili BOT/ KOT
nisboti ilo qobul edilir. Bioloji oksigen

tolabatinin (BOT) kimyavi oksigen tslabatina

(KOT) nisbati, otraf miihitds asanligla bioloji
parcalana bilon maddodoki {izvi kompo-
nentlorin nisbotini oks etdirir. Bu nisbotin
optimal olmadig1 gobul edilso do, per- vo
poliifliiorlagdirilmis birlogmolorin tam oksid-
losmomosi sobobindon mohsulda qeyri-ftor-
lagdirilmis birlogsmolorin biopargalanma-gina
asas verir. YK ii¢ilin tohliikasizlik pasportunda
BOT barodo molumatlarin mévcudlugu cox
miixtolifdir . Bir ¢ox mohsul iigiin iso bu
barado molumat tamamilo yoxdur. Umumiy-
yatlo geyd etmok lazimdir ki, YK néviinden
asil1 olmayaraq yiiksok vo yaxud daha yiiksok
BOT-na malikdir [2]. Biopar¢alanma {igiin
gostarici qiymotlor asagidaki codval 1-do
gostorilmigdir.

Cadval 1 - Biopargalanma {i¢iin gar¢iva bali

kriteriyalar1
Table 1 — Framework scoring criteria for
biodegradability
BOT/KOT . ..
q /m’) Xisusiyyat Gostarici
~0.6 . Hazir )
bioparcalanan
0.5-0.6 Bioparcalanan 1.5
0.4—-0.5 |Az Biopargalanan
0.2-0.4 |Pis Bioparcalanan 3
<0.2 Pargalanmayan
Yanginsondiriici ~ koptiklorin ~ otraf
mithito  qisamiiddotli  tohliiko  doracasi

koptiklorin {izroindo olan GHS kodlarina
osason mioyyon edilir[4]. Mohsulda GHS
kodu 400 - 402 verilon yalniz bir birlogmoadan
ibaratdir oldugda, hesablanma zamani tok bir
gostarici nozore alinir. ©gor mohsulda GHS
kodu 400 — 402 olandan basqa birlosmo
oldugda hesablama zamani hor bir kod {izro
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gostorici nozors alinir. Masolon, bir mohsulun
hor biri 6ziino uygun GHS 401 kodu olan ii¢
birlosmadon vo miivafiq olaraq 1, 3 vo 10%
faiz torkibindon ibarot olduqda, qisamiiddotli
tohliiko hesab:

Qisamiiddotli tohliiks daracasi =
(G(’jstarici X ﬁ) + (G(’jstarici X 1%) +

. .. 10
(Gostarla X E) (2)

GHS kodu ilo
qisamiiddotli tohliiko doroacosi iigiin bal krite-

mioyyon edilmis

riyalar1 asagidaki codval 2-do gostorilmisdir.

Cadval 2 — GHS kodu ilo milayyen edilmis qisa-
miiddatli tahliiks ti¢ilin ¢arciva bali kriteriyalari
Table 2 — Framework scoring criteria for short-
term hazard identified by GHS code

Uzunmiiddatli tahliiks daracasi =
5 5
:(Gostarla X E) + (Gostarla X ﬁ) 3)

Cadval 3 — GHS kodu ilo miisyyen edilmis
uzunmiiddotli tohliike {igiin ¢or¢ivo bali
kriteriyalar

Table 3 — Framework scoring criteria for long-
term hazard identified by GHS code

GHS kodu Xiisusiyyat Gostorici
1402 Su ha}fatma 500
qgars1 ziyanh
H401 Su hoyatina 400
qars1 toksik
Su hayatina
H400 gars1 cox 600
toksik

Kopiiklorin otraf miihito uzunmiiddotli
tohliikka deroacasi do kdpiiklorin iizerinds olan
GHS kodlarina ssason miioyyon edilir (codval
3.) Burada da kdpiikdo GHS kodu 410 - 413
verilon yalniz bir birlosmodon ibarotdir
olduqda, hesablanma zamani tok bir gostorici
nozors alinir.

Ogor mohsulda biri GHS 410 kodu,
digori iso GHS 412 kodu olan iki birlosmo
varsa vo hor ikisi 5% maksimum torkibdo
olsa, uzunmiiddatli tohliiko doracasi asagidaki

kimi hesablanacaq:

GHS Xiisusiyyat Coargivo
kodu bali
HA13 Su ha.yatl.na uzunmuddgth 500
zararli tasira sabab ola bilor
HA12 Su heyatma.l uzunmiiddatli 400
ziyanli
HALl Su hoyatina uz‘unmuddath 600
toksik
H410 Su hoyatina uzul.qmuddeth 200
cox toksik
PFAS tahliikasi
Qiymotlondirmo  zamami  k&piiklorin

torkib elementlorindo PFAB (PFAS) birlos-
molori oldugda Chemwatch Gold System
tohliikasizlik
miivafiq hadd bali nozor alinmalidir [5]. Qeyd

pasportunda  gdstarilonlora
olunan birlosmonin daha davamli bir mohsula
parcalanmasi gostorildiyi zaman iso hor iki
birlogsmonin on yiiksok hadd bali gdstarici
kimi gotiiriiliir.

PFAB birlosmasinin faiz torkibi ilo bagh
tohliikosizlik pasportunda he¢ bir molumat
geyd olunmarsa, hesablamada tam hodd bali
odadi qiymat kimi gotiiriiliir (6: 2 fltortelomer
ticiin PFOT (PFOA) GHS kodu -H412 totbiq
edilir).

Notico

Yanar mayelorin  sdndiiriilmosindo
PFAB torkibli yanginsondiiriicii kopiiklor

beynolxalq toskilatlar torofindon verilon mo-
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lumata osason 2023-cii ilo godor morhalali go-
kildo
Miiasir dovrds bu torkibli kopiiklora alterna-

istehlak bazarindan c¢ixarilacaqdir.

tiv olaraq digor kimyovi torkibli koptklor
tokilif olaraq verilmasino baxmayaraq, yana-
ginsondiiriictilorin geyd etdiklorino osason ,bu

lorin organizmlarinds miqdar olaraq azalmasi
uzun miiddot tolob edir. Buna goro, gandaki
moveud konsentrasiya saviyyalari illor avvel
moruz qalmis tosirlori oks etdiro bilor.

Oksor istehsal¢1 iddialarina baxmaya-
raqg, torkibindo ftor olmayan YK ftortorkibli

nov kopiiklorin istifadosi olverigsiz hesab YK-o nisboton daha yiiksok toksikliyo
olunur. malikdir, belo ki, ftortorkibli kopiiklor
PFAB-o moruz qalma riski peso tobogoomologotirici xiisusiyyoti ilo xarakteri-

faaliyyeti ilo olagodar olaraq miimkiin qador
minimuma endirilmolidir. Yanginsondiiriicii-
lorin miitomadi olaraq bu ciir birlosmalarin
tosirino moruz qaldigin1 nozoro alaraq, onlar
koptlik mohsullarinin Tohliikasizlik molumat-
lar1 voragolorindo (SDS) verilmis tohliikosiz
is prosedurlarmma vo

tovsiyoloro  diqqot

yetirilmalidirlor. PFAB-1n yangison-diiriicii-

73 oldugu halda, torkibinds ftor olmayan YK
tobogo xlisusiyyotini avoz etmok tigiin torkibo
yiikksok miqdarda karbohidrogen sothi aktiv
maddolor va halledicilor slava edilir.

Karbo-hidrogenli sothi aktiv maddslor
vo holledicilor iimumiyyatlo su sistemlorindo
ftorlu sothi aktiv maddoloro nisboton daha
toksiki hesab olunur.
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