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QEYRI-BIRCINSLI ORTOTROP CEVIK YATIQ QABIQLARIN
QEYRI-XOTTI ELASTiKi DEFORMASIYALARI

[.R. SADIQOV °

Maqalade miiasir texnikanin miixtolif sahslorinds genis istifade olunan nazikdivarli optimal konstruksiyalarin yiiksok
keyfiyyatli yeni méhkomlondirilmis materiallardan hazirlandigindan miivafiq deqiqlosdirilmis hesablama {isullarinin kdmoyino
cox boyiik ehtiyac duyulur. Bu mogsadlo qeyri-bircinsli va fiziki qeyri-xotti xassolorine malik yatiq qabiglarin boyiik
deformasiyalar1 daxilinde hesablama metodikas: islonmisdir. Bu metodikaya osasen yatiq qabigin yuxarida gosterilon
qoyulusda yerdoyisma komponentlari ils ifads olunmus ¢ox miirskkab qeyri-xatti diferensial tonliklor sistemi alinmis vo onun
holli iigiin elastiklik nazariyyosinin todricon yaxinlagsma iisulundan istifado olunmusdur. Hesablamalarin naticolori gostormisdir
ki, mosalonin alqoritminin konturu iizra oynaqli barkidilmis ve miintazom yayilmis yiikiin tasiri altinda olan gabigin tigiincii
yaxinlagmada halli ils kifaystlonmok miimkiindiir.

Acar sozlor: yatiq qabuqlar, fiziki qeyri-xatti materiallar, handasi qeyri xattilik, elastiki-plastiki deformasiyalar,
qeyri-bircinsli qabiq, tadrican yaxinlasma tisulu.

Cevik yatiq gabiglarin gorgin deformasiya halimin todqiqi iiclin elastiklik nozariyyesinin
osas tonliklorinin x, y, z dekart koordinat sistemindo ifadslorindon istifads edirik.

Miiasir, stiratlo inkisafda olan texnikanin toloblorinin 6denilmasi magsadils yliksok moh-
komliyo malik xiisusi elastiki xassoli armaturla borkidilmis sintetik materiallardan miihandis
konstruksiyalarinda genis istifado olunur. Belo materiallarin oksoriyyoti xatti vo geyri-xatti elastiki
xassaloro malik olmagqla yanasi geyri-bircinsli vo anizotrop olurlar. Bu tipli materiallardan olan
nazik yatiq ¢evik gabiglarin asas tonliklorini tortib edorkon onlarin biitiin deformasiya prosesindo
Kirxhof-Lyav forziyyslorinin dogru oldugunu va ortotropluq xassosinin saxlanmasini forz edirik.

Yatiq ikili ayrilikli gabigin miivazinot tonliklori asagidaki kimi yazilir[1]:

oNy T _
ox dy
or ON, (1)
ox  dy
0°M, _9°M,, *M, N, N 0*w
22—+ X+ E+2Lyor +q(,y) =0

dx? dxdy  dy> R, R, dxdy
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LR. Sadigov

Burada N,, N, — normal, T-siiriigdirticii qiivvalor, M,, M, - dyici vo My, - burucu
momentlordir.

Nazik yatiq qabiglarin orta sothinin noqtslorinin yerdoyismo komponentlori ilo defor-
masiyalarin komponentlari arasinda asililiglarini yazaq [2]:

o Oug N 1 (6w>2 K-
= T2\ ox W
o 9o N 1 <6W)2 Ko 5
gy - ay 2 ay 2W; ( )
o _Ouy 0vy Jdw Jdw

Yy =5y T o Yax oy

Burada &£, sg, ygy — qabigin orta sothi noqtalorindo deformasiyalarin komponentlori,
Uy, vy vo w yerdoyismo komponentlori, K; =1/R;, K, = 1/R, ((2) tonliklor sistemindoki
ticlincii tonlikdo yatiq qabigin bas oyrilik xatlori arasinda olava siirlismo deformasiyast 2K, - w
nisbaton yiiksak tortibli ki¢ik kamiyyat oldugundan nazordon atilmisdir) - bas oyriliklori, Ry vo R, -
orta sothin bas oyrilik radiuslari, w(x,y) - deformasiya naticosindo qabigin ilkin yiiklonmodon
ovvalki vaziyyatine gors elastiki sothi - oyintilor funksiyasidir.

Yatiq ¢evik qgabiglarin orta sathino paralel vo orta sathdon z masafasindo olan har hansi
qatindaki néqtalorde deformasiyalarin komponentlori agagidaki kimi yazilir:

0 0w
Ex =& ~Z oo
o 02w
gy =& —Z* a7 3)
92w

Yay = Yay =22 0x0y

Qabigin deformasiyalarinin kasilmazliyi tonliyini (2) vo ya (3) tonliklor sistemlorindon
birincisini  y—o, ikincisini iso x -0 goro iki dofo diferensiallayib onlari torof-torofo toplamagla
alman tonlikdon (2) vo ya (3)-iin ii¢lincii tonliyinin  x vo y-9 goro qarisiq toromasini ¢ixib aliriq:

0%e)  0%g)  0%yyy 0w 0°w 0%w 0w 0w
+ - = - ' —K; — K, (4)
dy?  0x? 0xdy d0x0y dx? 0y? dy? dx?

0 va

(3) tonliklar sisteminden bu tanlik gstarilon qaydada alindiqda onun sol torofindo £9, &

ygy OVOZIND &y, €y VA Yy, istirak edocaklar.

A.A.llyusinin kicik elastiki-plastiki deformasiyalar nozoriyyosina osaslanaraq gabigin
materialinin qeyri-elastiki oldugunu, habelo sixilmazliq (Puasson omsali yu = 0,5) forziyyasinin
gebul edildiyini nozors alaraq ortotrop (yani elastiki simmetriya miistovilorinin bas oyrilik miista-
vilorino paralel olan halda) qabigin gorginliklor komponentlari ilo deformasiyalar komponentlori
arasindaki asililiglarini yaziriq [3]:
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4 O; 1
ax:5-8—i|x-<sx+55y>;

4 O; 1

y:§'g—ly'<sy+§£x); (5)
—1lo-i ]

Txy_§ g_z Yy~

xy

Burada gorginliklor intensivliyi o; ilo deformasiyalar intensivliyi &; arasindaki asililigi
ikihadli kubik parabola soklinds gobul edirik [4]:

aizE-ei—Ls-3=Eei 1—Le-2 (6)
3¢z, " 3¢z, "

Sonuncu ifadodon istifads edib (5)-i asagidaki soklo saliriq [5]:

4 1 ) 1
0x=§Ex 1_3812nh€i (€x+§€y>;
4 1 ) 1
O'y :§Ey 1—?;’181- <€y+§gx>; (7)
1 1 )
Ty = §Exy 1- 382’1 & | Vay
m

burada &,,;, - qabigin materialinin mohkomlik hoddine uygun nisbi xotti deformasiyasi, E,,
E,, E,, - geyri-bircinsliliyini nazars alan (x, y - doyisonlorinin funksiyalari soklinds qabul edilon)
elastiklik modullaridir.

Qabigin daxili qlivve amillori ilo gorginliklori arasindaki asililiglar asagidaki kimi yazilir:

+0,5h +0,5h +0,5h +0,5h
N, = f oxdz, N, = f oydz, M, = f 0,2dz, M, = f 0,zdz,
—0,5h —0,5h —0,5h -0,5h
+0,5h +0,5h +0,5h
Q. = f Tydz, Q) = f T,9dz, Ty =T, = f Tyydz,
-0,5h —0,5h —0,5h
+0,5h
My, =M, = f Tyy * Zd2Z. (8)
—0,5h

Burada h — qabigin qalinligy;

Ny, N,, — normal (dartici-sixict) qiivvaloari;

M,, M,, — ayici momentlari;

Qx, Q, —kasici qiivvalari;

T, =T, = T — orta sathina paralel tosir edan stirtigdiirticti qlivvalar;
M,, = M,,,, = M}, — burucu momentlardir.

(3) ifadalorini nazars almagqla (7)-ni (8)-ds yerins yazib aliriq:
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— 4 h 2 0 1 01].
N, §Ex 1_3grznhgi ex+§ey ;
4 1 1
N, = §Eyh <1 ~3e2 sf) (539 + ES’?>;
1 2 0
T §Exyh 1- 3e2,, ) Yy ©)
m
M. = E.h3 . 1 ,\[(0*w N 10°w)
*= 779 3¢2, 5 )\ ax? T 20y )’
Y = E,h? . 1\ [(0*w N 10°w)
¥~ 79 3¢2, U J\ay? T 20x2)’
E,h? 1

Burada qabigin materialinin qeyri-bircinsliyini ifado edon E,, E,, E,, komiyyatlorini
x = 1 simvolik parametri daxil etmokls asagidaki funksiyalar soklinds gobul edirik [6]:
Ex =Exoll+x - f.y); Ey =Eyoll+x-f(x,)];
Exy = Exyoll +x - f(x,¥)]. (10)
1
3€2

(9) ifadalorine daxil olan (1 - . 85) métarizosinin ikinci hoddi £%/3€2, « 1 olduguna onu

mh
asagidaki soklo saling:
2

1-7 (11)

i
32,
Burada i — qabigin materialinin fiziki qeyri-xattiliyi ilo bagl sabit parametrdir.
Baxilan masalods eyni zamanda c¢evik gabiglarin hondosi geyri-xattiliyi nozora alinir. (2)

ifadslorinds hondasi geyri-xattiliyi nazors alan hadlors da xiisusi sabit parametr ¢ -ni daxil edak:

d0x 2\0x
o _ 9V K 1 <6W>2_ 12
gy - a 2W ( 2 ay § ( )
Lo T 0w 0w ow
Vo9 0x ox 0y

(9) ifadaslorini (12)-1 nazars alinmagqla (1) miivazinat tonliklorinds yerine yazib masalonin
Uy, Vo Vo w yerdoyismo komponentlori ilo ifado olunmus ¢ox miirokkab qeyri-xatti diferensial
tonliklor sistemini aliriq:

a 0 1 0 2 J 2
o+ v FG Y] (e84 560) (= amed) | + Enyo 5o (1L~ viae?)-

L4 vx fOaNvdy} = 0;

4E,

10
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9 )
Exy,Oa{[l +vx - Oy, - (1 —vnag?)} + 4Ey,o@{[1 +vy - fxy)]-

. (839 + %e,?) 1- vnafsiz)} =0; (13)

O {14 vr- o1 —viaed) (2 + 22901
X053 vy f(x,y vnag) |7 +5 377

2 2

0
Bo %y’ {(1+vy fl,n]-1- vnasiz)y,?y} + 606_3/2{[1 +vx ] — vnag?) -
’w  19%*w 5 o1, 2
' <ax2 + 56—},2>} — 0 {[1 +vx f(xy)] (ex + Egy) (1 — vnas: )} _

1
=6, {1+ vx- )] (e +562) (L= viaeD)] =8,(11 + vy - fGx, )]

(1 —vnag?) -y} —qlx,y) = 0.

(13) tonliklorinds asagidaki isarslor qabul olunmusdur:

4 h
a=1/3e5,, a0 = Eyo h3/9, 8, = Ey, h3/9,B, = Eyvyo h3/9,8, = §Ex,o R’
1
4 h 2
62 = §Ey’0 R_z, 63 = §Exy,o ' h, (14)

(13) diferensial tonliklor sisteminds istirak edon asagidaki ifadslorin torkibindo asas ug, v,
vo w machullardan asili olan geyri-xatti funksiyalar mévcuddur:
2

o 1 0uy 10y, K, 1 /0w 1 /0w\?
ap =& t5& = +———<K1+—>W+V'( §<_) +Z<_> ;

2777 ox 2 ox 2 0x dy
o 1 0y, 1oy K, 1 0w\* 1 /0w\>
bo”y*fx=E+§W‘(KI+7>W+“ 5(@) +1(3x) |
du, 10y, dw dw

= O:— —— . — 0 —
‘0= T 6y+26x+v ox 0y’

(15)
, 4
& =3 (P. — 2zP., + z*P,),
Burada

1
Po= (D) +eed + ()" +2 (18,

1
Pa= et at ey dy +5 (60 2y + &) X+ ¥y X)) VO
P, = x%+ x + XxXy + X3y  — kvadratik formalardur.

Yuxarida alinmis (13) qeyri-xatti diferensial tonliklor sistemino qabigin materialinin geyri-
bircinsliliyi ilo bagli y parametri, hondasi geyri-xattiliyi ilo bagli { parametri, fiziki geyri-xattiliyi
ilo bagli n parametri daxil edilmigdir. Gostorilon parametrlor 6z novbasinde timumi bir v simvolu

11
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ilo baglanmigdir. (13) geyri-xatti tonliklor sisteminin halli ii¢lin simvolik parametrlor (hayacan-
landirma) tisulundan istifads edilo bilor. Bu mogsadlo machul yerdoyismo komponentlori asagidaki
siralar soklinds gabul edils bilar:

o)

[00] [0¢]
= Zvl “Upj; Vo = Zvl "V j; Wo = Zvl "W ) (16)

j=0 j=0 j=0
(16) ifadoalorini (13)-do yerino yazib v simvolu, habelo ), p vo { parametrlorinin eyni

doracolorino goro siralara ayirib asagidaki hor biri {ic xotti diferensial tonliklorindon ibarat
diferensial tonliklor sistemini aliriq:

0 0
4Ey a (@go) + Exyyo @ (coo) =0

d
ExyO (Coo) + 4E,, @ (boo) = 0;

2 2 2

a
aoﬁ(do) + ﬁom(coo) + 5oﬁ(eo) — 81a99 — 82bgo — 03¢0 = q(x, y).
d
4Ex (‘101) + ExyO (001) Eyxo ox (f Ago) — ExyO (f Co0);

0
Exy,Oa (co1) +4E, (bo1) xyO (f “Coo) — 4Ey @ (f * boo);

2 2 2

d
aoﬁ(dﬂ + ﬁom(cm) + 506_)12(81) — 81091 — 63bg; — 83¢p1 =

2 2 2

d
—®o5 5 92 (dof) = Boz—== 9xdy (coof) — 8o ay2 (eof) + 61a00f + 82boof + 85Cof;
d 0 5 d 5
4Ey ox (ap2) + Exyo @ (co2) = 4E,, a (agi,o : aoo) + Exyo0 @ (agi,o : Coo):

0 0 0 5 0 5
Exyo I (co2) + 4E, @ (byz) = Exyo o (agi,o ) Coo)+4Ey,0 @ (a’gi,o ) boo)}

2 2 2

aoﬁ(dz) + ﬁom(coz) + 506_)12(82) — 8109, — 63bg, — 83¢p2 =

02 02 02
= a5 (adosiz_o) + B, m (cooaefo) + 6, a_yz (eoaefo) — 8yag0aely —

_62b00a " SiZ’O - 636‘00“ " 81:2,0. (17)
4, d ( )4+ E ( )= a1 <6w0)2 N 1 <6w0)2 g 0 <aw0 awo)
x,0 o3 xy,0 5y, \€03 Exo ox |2\ ox 4\ dy wOay\ ax dy
£ d (cou) + 4E (b )= d (awo aw0> iE a1 <6w0)2 N 1 <6w0) _
x,0 G \€03 Y0 gy ~703 Exyo ox \ ox oy Y09y 2\ oy 4\ ox ’

12
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2 2 2

d 0
aoﬁ(dﬂ + ﬁom(cm) + 506_)/2(83) — 81093 — 63bg3 — 83Co3 =

9% (dw, dw, 1 /0wg\> 1 /0wy\° 1 /0wy\> 1 /0wy dw, Ow,
s ) o G+ o ) o )
dxdy \ dx 0dy 2\ ox 4\ oy 2\ dy 4\ 0x dx 0dy

(16) ifadalarini (15)-do nazars almagla onu asagidaki sokils saliriq:

Ay = Qoo +VXap1 +VNay, + viays + vz)mam + Vz)((aos + vzniaoa +
by = boo + VXbo1 + vbo, + vibyz + v xnag, + v:x{ags + vinlags +
Co = Coo + VXCo1 + VNCoz + V{Co3 + VZXUC04 + Vz)((Cos + vznia% + (18)

&l = (e1)o +vx(eD)y +vn(el)s +vi(eP)s + vian(el)s + v x{(el)s + vni(e)s +

(18) ifadslorini nazors almaqla (17) diferensial tonliklor sisteminin davamini asanliqla ala
bilorik.

Masalonin talab olunan daqiqlikls hallini almaq ti¢iin (17) xatti tonliklor sistemindon lazimi
sayda tonliklor saxlanmalidir.

Baxilan halda-qgeyri bircinsli materialdan hazirlanan qabigin qgeyri-xatti elastiki vo bdyiik
deformasiya daxilindo gorgin halina dair mosalonin halli iigiin daha somarali olan tadricon (ardicil)
yaxinlagsma lisulundan istifads edok. Bu magsadls (13) tonliklor sisteminin biitiin tonliklorinin (15)
ifadslorini nozors almaqla xotti hadlorini sol torafdo saxlamagla geyri-xattiliklor ilo bagl hodlarini

sag torofo kegirib aliriq:
2

4E

05y 3.2 +Exy0

ow
+(2Ex0 + Exyo) 3y — E,o(4K; + 21{2)% =

dy?

AE d 1(6W>2+1(6w>2+ <°+1 0) 1 5
oz [2(ax) *3lay,) TX @ (E+58) A - ae)

£ d aw ow 1 )
gy ae gy T FE) - aned)]

0%u, 0%v, 0%v, ow
(ZEy,o + EXY,O)M + 4Ey_0 a_yz—I_Exy'O m - Ey_o(‘l-Kz + 2K1) E =

4E616W2+16w2 010\ 2
~4By03 2(5y) +1lG) Tx e (g a-aed| -

dy
0 BW ow
o0 (5e gy T V(= aneP)|; (19)
o'w  ay+48, 9*'w o*w Bu, 93y, A
Yot VT Gxzayz T %0gyr T ho <6x6y2 + 6x26y> - (51 ) o
(61 62) [61 (Kl KZ) + 6, (Kz + &>] w—q(x,y) =
2 2 2
92 2w 19%w
= a3 z{m fx,y) = vnast —vima: f(x, y)]( 7 +3%32 )—

13
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0> ow ow . 1o
oy 1V 3 gy + Gy = vmae? — v £ ymactld| -

2 2

0 5 5 o [0PW 10%w
_506_3/2 vy f(x,y) —vnasi — vy f(x,y)nas;] a_y2+§W +

+6; {E (((33_\,;)2 + %((33_],;)2] +vy- f(x,y) (5,‘3 + %sﬁ) (1- vnaeiz)} +

+6, {[% (2—?:)2 + %(Z—:)z] +vy-f(x,y) (839 + %s,?) (1- vnagiz)} +

aw Jow ) 5 21,0
+63 {VZ 'ox 3y + [vx - f(x,y) —vnagf —v*yx - f(x,yInag; ]ny}-

(19) tonliklor sistemini ardicil yaxinlagsma tisulu ilo hall etmak {i¢iin ilk yaxinlasmada homin
tonliklorin sag toroflorini sifir qobul etmoklo xatti diferensial tonliklor sistemini gabigin mévcud
sorhad sortlorini 6dayon ug g, Vg9 Vo Wy yerdayismo komponentlorini tapiriq.

Bu funksiyalarin ifadslorini (19) tonliklorinin sag toroflorinds ugy, vgve w-nin yerino
yazaraq alinan diferensial tonliklorin sag toraflorine uygun xiisusi hallorini (Ugq, Vg1 vo Wq) tayin
edirik. Eyni qayda ilo mosalonin novbati yaxinlasmalarin naticalori alinir. Bu proses o vaxta qodor
davam etdirilir ki, iki sonuncu yaxinlagmalarin naticolori arasindaki forq ¢ox kigik alinsin.

Misal olaraq 6lgiilori planda axb olan vo miintozom yayilmig intensivliyi ¢ = const olan
yikiin yatiq qabiq panelino tosirini nozordon kecirok. Tutaq ki, qabiq panelinin konturu tizro
yerdoyismo komponentlori sifira borabordir, yoni onun kontur sortlori asagidaki sokildo ifado
olunur:

x=*1a/2 oldugda uy =0, w=0;

y=1b/2 oldugda vy =0, w=0. (@)
(a) sorhad sortlorini 6doyon yerdoyismo komponentlorini asagidaki ifadslor soklinds qobul
edirik [7,8]:
mnx . nmwy
- sin——;

b

<
o
Il
:ﬁ
3
S
(@)
QS
9

mmx nmy
© oS ——; (20)

Cy mnSin

mmx nmy
— oS ——.

b

s s 3]s

S
I

S
Il
P15 Ss 3D

)
z
3
S

(@)

QS

&

3
i
el
S
I
Y

q = q(x,y) yayilmis yiikiin intensivliyini ikigat triqgonometrik sira soklindo gabul edok:

(o) (o)
Z c mmx nmy @1
= cos ‘oS ——,
q gmn a b )
m=1n=1
burada mvo n=1,3,5, ..., Cgmn siranin ixtiyar1 hoddinin omsalidir. Bu omsali toyin etmok

ticlin agagidaki diisturdan istifado edirik:

14
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mmx nm

L y
=— cos —= dxdy (22)

C =
amn - ap

q(x,y)cos

|

Nj S~ N Q
|

N NS

Qabigin panelins tosir edon yiilk miintozom yayilmis olduqda, yoni q(x,y) = q = const
olduqda (20)-don alirq:

mmx nnyd Jv = 16q . mm  mn 23
cos —=dxdy = ———sin—-sin—-, (23)

cos

Q|h
o

|

N R~ N Q
|

N NS

Cq,mn

burada m =1,3,5, .., oldugundan sin% = +1; sinnz—” = +1.

(23) ifadssini (21)-do yerino yazib aliriq:

_ ii 16q . mm  nm mmx nmy 24
q= g S Sin—-cos ——- cos — (24)
m=1n=1

(20) vo (24) ifadolorini (19) tonliklor sistemindo (bu tonliklorin sag torofinin sifir qobul

edilmis hali {igiin) yerina yazib aliriq:

- 2 m

m?m? n?m? m-n
Cu,mn 4'Ex,O 7 + Exy,o 7 + Cv,mn(ZEx,O + Exy,O) T +Cw,mnEx,0 (4K1 + ZKZ)

T
= 0;
a

mnm? n?m? m2m? i
Cu'mn(ZEyno + Exy,O) 7 + Cv,mn 4'Ey,o 7 + Exy,o a—2 + Cw,mnEy,O (4K, + 2K,) T =0;

m*nt  ay+ 8, m*n?mt ntmr? K, K,
Covn [ao - o+ S0+ 0y (K + ) + 6, (Ko + 7)] -
m3mn? 5,\ mm m?m?n 8\ mn
~Cumn [BT ~(8+3) |~ Comn [ﬁOW +(5+3) 7] -
1l6q .omm | nm
—m-sstm?:O. (25)

Alinmug cabri tonliklor sistemini hall edib €y pmp, Cpymn VO €y iy @msallarinin ifadolorini
aling:

c = 4% . dad;
W ey —dy e /dy" T die; —dye;’

Cumn = Cvmnﬁ — Cwmn &' (26)
' Ty Ty

burada dl = b1a2 - bzal; dz = Claz - Czal;
ey = byaz — bzay; e, = c,a3 — C3a, (b)

(26) ifadslorine daxil olan komiyyatlor asagidaki sokilds isars olunublar:
2.2 nZ 2 2

m T mnmn
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mn?m3 8,\ mm mnm?
as = _ﬁoW + (51 + ?>7F by = (2Exp + Exy,o)wi
n2m? m?m? m?nm? 8\ nm
by = 4By g+ Beyo gz bs = ~Po gz~ (84 3) 5
mm nm
c1 = Eyo(4K; + ZKz)TJ c; = Ey (4K, + ZKl)T; (27)
m*rt  ay + 6, m*n?mt nimt K, K;
€3 =3 > pET) + 6y b +61<K1+7>+62<K2+7>;
lé6qg . mm  nm
d= g Sin—sin—-.

(26) vo (27) ifadalorindon istifado etmoklo €y jpy Cyun VO €y mn 9msallarimi m vo n -in
istonilon qiymatlori iiglin yerdoyisma komponentlorini, (3) vo (12) asililiglarindan deformasiya
komponentlorini, (9) diisturlarindan iso daxili qiivvo amillorinin komponentlorini  birinci
yaxinlagsmada toyin eds bilarik.

Mosalonin novbati yaxinlasmada hollini almaq mogsadilo (19) geyri-xotti diferensial ton-
liklor sisteminin sag torafinde uy, vy vo w yerdayismo komponentlorinin yerino (20) siralarinin
birinci hadlorini (m = 1,n =1 qobul etmoklo) ugg, V99 Vo Wy yaziriq. Bundan olava yatiq
gabigin materialinin geyri-bircinsliliyini xarakterizo edon komiyyatlorin parametrlorini asagidaki
kimi gobul edirik:

E o =15-10*MPa, E,, = 1,3-10*MPa, E,,, = G, =0,2-10*MPa,

f(x,y) = ax? + by? (a = 1,0, b =0,7).

Ikinci yaxinlasmada mosalenin holli asagidaki sokilde qobul olunur:

Upq1 = Upq +Ug1; Vo1 = Vo1 1+ Vo1 Wo1 = Wo1+ Wps. (28)

Burada U 1, Vg1, Wo 1 — (19) diferensial tonliklor sisteminin timumi halli (sag toroflorinin
sifira boraber gotiirmokle alinan halli), U4, Vg1, Wo1 - (19) tonliklor sisteminin sag torofindoki
ifadslora uygun xiisusi hallidir.

Gostorilon qayda ilo moasalonin ndvbati yaxinlagmalarda holli asanligla alinir.

Yuxarida gostorilon metodikaya uygun olaraq miivafiq proqram iizro hesablamalar
aparilmigdir. Bu mogsadlo gabiq panelinin olgiilori a/b =2, h = 2sm, R; = 60sm, R, =
40sm, x, n, {, v simvollari isa vahido barabar gobul olunmuslar.

Aparilmis hesablamalarin noticolori gdstormisdir ki, yerdoyismolor {i¢iin gobul olunmus
triqgonometrik siralar kifayot qodor siiratlo yigilirlar vo (19) diferensial tonliklor sisteminin hallindo
artiq ticlincli yaxinlagsmada praktiki cohatdon lazimi daqiqlik tomin olunur. Belslikls, ¢evik yatiq
gabigin geyri-bircinsliyinin va fiziki geyri-xattiliyinin nozors alinmasina dair hesablama metodi-
kasinin somarali oldugu tosdiglonmisdir.
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NON-LINEAR ELASTIC DEFORMATIONS OF NON-HOMOGENEOUS ORTHOTROPIC
FLEXIBLE CONCAVE SHELLS

LR. SADIGOV

The wide application of the optimal thin-walled structures, made of new reinforced materials, in all different fields of
modern technology requires a creation of more accurate calculation methods.

Hence, a new method is developed for calculating the flexible shallow shells made of non-homogenous and physical-
ly non-linear materials. The obtained complexed system of non-linear differential equations, expressed through displacements,
can be solved through the method of successive approximations. The results of these approximation calculations demonstrate
that the algorithm for the hinged-and-flush concave shell under the uniformly distributed force is accurate with the third order.

Key words: concave shell, physically non-linear materials, geometric non-linearity, elastic-plastic deformations,
non-homogeneous shell, gradual approximation method.

HEJUHEAHO-YIPYTUE TE®OPMAIIMA HEOJHOPOJIHBIX OPTOTPOITHBIX
T'MBKHX IOJOI'uX OBOJIOYEK

n.p. CAIbII'OB

[Iupokoe nuCroab30BaHUE B PA3IMYHBIX OTPACIAX COBPEMEHHON TEXHUKH ONTHMAIbHBIX TOHKOCTEHHBIX KOHCTPYK-
U, U3TOTOBJICHHBIX U3 HOBBIX YNPOUHEHHBIX MaTEPHANIOB, BBI3BIBAET HEOOXOJMMOCTh CO3JAHHUS COOTBETCTBYIOUIMX YTOU-
HEHHBIX METOJIOB pacuéTa.

B stux nemsx paspaboraHa MeToaMka pacdyéra THOKMX MOJOTHX O00JIOUEK U3 HEOAHOPOIHBIX (U3UUECKH-
HeNMMHEHHBIX MaTepHanoB. CoriaacHoO 3TOi MeToJMKe, MOTydeHa CIOXKHAs CHCTeMa HEeJIMHEWHBIX Iu(QepeHnHaIbHbIX ypaB-
HEHUH, BBIPOKCHHBIX Uepe3 MEepeMEIleHUs, A PEIICHHs KOTOPOH NPEaIoKEHO HCIIOIb30BaTh METOJ[ IOCIIEN0BATEIbHBIX
npubmmkeHnii. Pe3ynbraTel pacuéToB IMoKa3anu, YTO aJITOPUTM 3aJadd Ul IMapHUPHO-ONEPTON IO BCEMY KOHTYpY ITOJIOTOH
000JIOUKH OT JEHCTBHUSI PABHOMEPHO paclpeeNéHHOI Harpy3Ku IO3BOJISIET OTPAHUYHUTHCS PELIEHHEM B TPEThbeM NpUOIIKe-
HHU.

Knroueswvie cnosa: nonozue 060104y, usuecku HeauHelHble Mamepuabl, 2eoMempuiecKas HetuHeiHoCMy, Ynpy-
2o-nuacmuyeckue oegpopmayuu, HeOOHOPOOHAsE 000NIOUKA, MEMOO NOCIE008AMENbHBIX NPUOIUNCEHUIL.
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INPUHYAUTEJIBHOE OXJIA’KIEHUE TPUBOCUCTEMbI
JEHTOYHO-KOJIOJJOYHOI'O TOPMO3A BYPOBOM JIEBEJIKH

(dacts I)

AX. JDKAHAXMEJIOB®, A.W1. BOJIbYEHKO ~, 3.C. [INPBEPJIUEB*,
H.A. BOJIbYEHKO ™, B.C. BATBULIKMII ™, B.M. UY®YC"

B cratpe MPUBEACHA KOHCTPYKIUA CUCTEMbI OXJIQXKACHUS NTap TPEHUSA JICHTOYHO-KOJIOAOYHOT'O TOPMO3a U €€
OCO6eHHOCTL, TEIIOBOM OallaHC 2JIEMEHTOB KOHCTPYKIIUU U TPaJUCHTHAs TCOPUS OXJIAXKACHUSA TpI/I6OCI/ICTeMBI.

Knrwuesvie cnosa: JIeHMOYHO-KOIOO0YHUL MOPMO3, mpubocucmema, napvl mpenus, 0600 wKued, Kamepa ¢
HCUOKOCMBIO, KOHGEKMUBHDBII, KOHOYKMUBHDBI, PAOUAYUOHHDIL MENI000MEH.

BBenenue. B cooTBETCTBHMU TEPMOIMHAMHKONW HEOOPATUMBIX IPOIECCOB HEPABHOMEPHOE
TEMIIepaTypHOe I0Jie, BO3HHUKAoIIee Ha pabodell moBepXHOCTH 000/1a TOPMO3HOTO IIKHBA B pe-
3ynbTaTe (PPUKIMOHHOTO B3aUMOJICHCTBUS Map TPEHHS JIGHTOYHO-KOJIOJAOYHOTO TOPMO3a OypOBOii
ne0e KN TPH CIyCKe KOJOHHBI OYPWJIBHBIX TPYO B CKBaXKHHY, IPUBOJUT K BO3HUKHOBEHHIO Jie-
¢dopmanuii u HanpspkeHuid. [Ipu 3TOM, B CBOIO 04epeb, mpoluece aeGopMupoBaHus 000a IIKUBA
BBI3BIBACT M3MCHEHUEC B HEM IMOBEPXHOCTHBIX M TIIYOMHHBIX TPAaJUCHTOB TeMIlepaTypbl. Takum
o0pa3om, B 0001€ TOPMO3ZHOTO IIKHBA TOJIS MEPEMEIICHUI U TeMIepaTyphl B3aMMOCBSI3aHbI, YTO
TpeOyeT COBMECTHOTO PELICHHUS] YpaBHEHUH TEIUIONPOBOIHOCTH U JABIKeHHs. Bonpocam pereHwust
3a/1a4 CBSI3aHHOW TEPMOYNPYTOCTH TocBsmieHa MoHorpadus [1]. Omxnako BousHUE >PdexTa Tep-
MOMEXaHHYECKOTO B3aUMOJICHCTBUS I METaNIOB HeBeNnuKo (okouo 2 ... 3%), mosTomy c gocTa-
TOYHOHM ISl MH)KEHEPHBIX PACUeTOB TOYHOCTHIO MOXKHO pEIIaTh HECBS3aHHYKO 3ajady, BHAdaie
oTipeieNsAs TeMIIepaTypHOe Imojie 06012 TOPMO3HOTO IIKKBA, a 3aTeM — HaNpsHKeHHO-1e(hOpMUpo-
BAaHHOE COCTOSTHHE €T0 KOHCTPYKIIUH.

B yka3aHHBIX yCIOBHSX HEMAJOBAXKHYIO POJIb UTPAET BO3AYIIHO-KHIKOCTHOE OXJIAKICHUE
000/1a TOPMO3HOTO MIKHBA, SIBIISIOUIETOCS CBOETO POJAA aKKyMYJSTOPOM TEIUIOBOW SHEPTHH, IIO-
CKOJIbKY OJIHA M3 BKHEWIIHMX 3a]a4 TOPMO3OCTPOUTENEH — CHIDKEHHE SHEProHArpyKEHHOCTH, U
KaK CJICJICTBHE, HAIIPSHKECHHO-E(POPMUPOBAHHOTO COCTOSIHHS 000]1a TOPMO3HOTO LIKUBA.

Cocrosinne npodaembl. DpdexTuBHAT U HaAe)KHAS paboTa QPUKIIMOHHBIX y3JIOB JICHTOY-
HO-KOJIOJIOYHBIX TOPMO30B OYpOBBIX JI€OSTOK BO3MOXHA B JIMANIa30HE MOBEPXHOCTHBIX TEMIIepa-
Typ, HE TMPEBBIMAIONINX TOMYyCTUMBIE IJIsI MaTepHaioB (HPUKIIMOHHBIX HAKIAJOK, YTO TO3BOJIUT

AsepOaiimkanckas MHxeHepHas akageMust

HBano-®paHKoBCKUil HAIMOHATIBHBIA TEXHUYECKUH yHUBEpcUTET He(TH U ra3a (1. MBano-®paHkoBck, YKpanHa)
ok o o o

Ky0GaHnckuii rocynapcTBeHHBIN TexHOMOrH4Yeckuil yausepeutert (r. Kpacnonap, Poccust)
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Bceraa (hopMHUpPOBATH B MOBEPXHOCTHBIX CIIOSIX MX Map TPEHHUS JIBOMHBIEC dIEKTpuieckue ciou. 13
MOCTIEAHUX 00pa3yroTCsl MHUKPOTEPMOAJIEKTpoOaTapen, paboTarolme B PEKAMax MHUKPOTEPMO-
AIIEKTPOTEHEPATOPOB U MUKPOTEPMOIJIEKTPOXOIOAUILHUKOB KOPOTKUN TIEpUOJT BPEMEHHU, TEM ca-
MBIM JIOKQJIBHO IMOBBIIIAs I TIOHWKAsl SHEPrOHATPYKEHHOCTh MUKPOBBICTYIOB [2].

CHMXeHHE PHEeProHarpyKeHHOCTU Map TPEHUS JICHTOYHO-KOJOJOYHOTO TOPMO3a JIOJIKHO
MPOUCXOANTh KaK MPH pekUMe (PUKIIMOHHOTO B3aUMOJCHCTBUM TpUOOCONPSIKEHUM, Tak U MPHU
CBOOOJHOM BpaIlleHHH TOPMO3HOTO IIKHBA. TakMM CPEICTBOM SIBISETCS NMPUHYIUTEIHHOE BO3-
JYLTHO-KUJIKOCTHOE OXJIAXKIEHUE TPUOOCUCTEMBI C OLICHKOU ee 3(h(hEeKTUBHOCTH Ha OCHOBE TEILJIO-
BOW MOJIEJIN C MIPUBJICUCHHEM TPAIMEHTOB KO (HUIIMEHTOB TeIIoNEepeaayn.

IMocTanoBka 3anauu. B maHHOW mMyOMMKaMu pacCMOTPEHBI CIIEAYIOIINE BOIPOCH! PUMeE-
HUTEJIbHO K penraeMoi npodieme:

— 0COOEHHOCTH KOHCTPYKLHUH BO3AYIIHO-XHIKOCTHOW CHCTEMBI OXJaXKIACHUS TpUOOCOIps-
YKEHHUH JIEHTOYHO-KOJIOI0YHOT0 TOpMO3a OypoBoii 1ebenK;

— TEIJI0BOU OaslaHC TPUOOCUCTEMBI C OXJIAXK/IEHUEM H €r0 YCIOBHSI TEIII000MEHa;

— rpaJUeHTHAs TEOPHSI OXJIAXKICHUS TPHOOCUCTEMBI JICHTOYHO-KOJIOJJOYHOTO TOPMO3a.

Heab padoTsl - pa3paboTka KOHCTPYKLUMU MPUHYIUTEIBHOTO OXJIAXACHUHU TPUOOCHUCTEMBI
JICHTOYHO-KOJIOJIOYHOTO TOPMO3a C TOCJIEAYIONEH OLEHKON ee PHEeproHarpyKeHHOCTH U Hamps-
KEHHO-ZIe(POPMUPOBAHHOTO COCTOSIHHUSI.

Oco0eHHOCTH KOHCTPYKIMM BO3AYHIHO-KHJIKOCTHOIH CHCTEMbl OXJIA’KIEHUsI TPuOOCo-
NPpsKeHUH JIEHTOYHO0-K0J10I0YHOT0 TOPMO03a OYpPoBoii JiedeaKu.

B ocHOBy mnpuHIMIA BO3AYIIHO-)KUIKOCTHOTO OXJQXKIACHUS @ap TPEHHs JIEHTOYHO-
KOJIOZOYHOI'O TOPMO3a 3aJI0KEHBI cienyromue 3pGeKThl: BUXPEBOU, KOHTYKTUBHBIN, JTYUUCTHIA U
HCIIAPUTENBHO-KOHICHCATHBIM.

Ha puc. 1 g, 6 nmoka3zaH T€HTOYHO-KOJIOJOYHBIN TOPMO3, IPOJOJIBHBIN pa3pe3 (a); Ha puc. 6 —
paspe3 o A-A puc. a (6e3 B0o31yx03a00pHUKOB U CHCTEMBl OTBEPCTUH B CpeaHMI 4acTH 00oja
IIKUBa U B pedope).

Ha puc. 2 a, 6 ucnonbs3zoBanbl ciiefyronye ycioBHble o0o3HaueHus: C; — KO3QPHUIHMEHT u3-
nyuyenust; T;, T> — TeMepaTypbl MOJUPOBAHHBIX MOBEPXHOCTEN: pabouMX U HepaboUHUX MOBEPXHO-
cTeit obona mkuBa; 1y, Tc— TeMIepaTyphl: KUAKOCTA U OMBIBAIOIICH BO3YIITHOW CPENIbI; (L, Gic —
KOA(GUIIMEHTHI TEIJIOOTAAYH OT: KUIAKOCTH K CTEHKE KaMepbl; CTEHKH KaMephl K OKPY>KaroIeMy
BO3/yXY; h — TONIMHA 000/]a TOPMO3HOTO IIKKUBA; [D — KOJIBIIEBON TUAMETp KaMephl, paccMaTpH-
BAIOTCS JBa BapUaHTa: a — )KUJKOCTh OMBIBACT BHYTPEHHIOIO CTEHKY KaMepbl; O — )KUAKOCTh OMBI-
BaeT MOJMPOBAHHYIO HEPAOOUYIO MOBEPXHOCTh 000/ IIKMBA U BHYTPEHHIOKO CTEHKY KaMephl.

JIEHTOYHO-KOJONOYHBI TOPMO3 € TPUHYAUTENBHONM CHCTEMOM BO3IYIIHO-)XKHIKOCTHOTO
OXJIAKJCHHSI COCTOUT U3 MOJbEMHOro Basia 1, 6apabana 2 ¢ ¢naniem 3, KOTOPbIH KpEmuTcs ¢ Mo-
MOIIbI0 O0JITOBOTO COeAMHEHUS 4 K TEIIOM30JIMPOBAHHOMY BBICTYITY 5 TOpMO3HOTO IikuBa 6. I1o-

cienHuit nMeeT pedopasl 7, pabouyio 8 m Hepabouyo 9 moBepxHocTH. PaGodas moBepXHOCTH 8§
IIKWBA B TPOIECCE TOPMOXKEHUS (PUKIIMOHHO B3aUMOJICHCTBYET C pabOuYMMHK MOBEepXHOCTIMH 10
MOIUMEPHBIX HAKIAJO0K 11, MPUKPENIEHHBIX ¢ TOMOIIBI0 YCUKOB 12 K TOpMO3HOU JieHTe 13, nume-

fomeit Haderaromryro (a) u cOeraromryro (0) BetBu. HaGeraromas BeTBb (a) J1eHTHI 13 ¢ mOMOIIBIO
pe3b00BoH cTsbKKM 14 kpenuTces K onope 15, a ee coeraromas BeTBb (0) — K pplyary 16 ynpaBieHus

TOPMO30M.
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0)

Pucynok 1 a, 6. J/lenmouno-K0a10004HbLIL MOPMO3 ¢ RPUHYOUMETbHOU CUCMEMOT
6030YULHO-HCUOKOCHHO20 OXT1AHCOCHUSA:

a —o0wmwuii Buxg; 6 — monepeuHslil paspes no A-A puc. a; | — mogbemuslii Ba; 2, 3 — 6apabana ¢ ¢uianuem; 4 — 601TOBOE CO-
eIIMHEHMs; 5-9 — TeIUIOM30IMPOBAaHHbINH BBICTYI TOPMO3HOTO LIKHUBA, UMEIOIMH pebop b, pabouyio U HepaboUylo IOBEPXHO-
cru; 10-12 — paGoune NOBEepXHOCTH HAKIAAOK ¢ ycuKamu; 13 — TopMo3Hast jieHTa, UMerolell Haberaroulyro (a) 1 cOerarlyio

(0) BetrBH; 14 — pe3nboBast cTsDKKA; 15 — omopa; 16 — peryar ynpasieHus TopMo3oM; 17-19 — kamepa 1 ee GOKOBEIE CTCHKH;

20 — repMeTH3anMOHHAs NIPOKIIagKa; 21 — KpenexxHble 00NThL; 22 — KpyroBoii ma3; 23 — MUIMHIPUIECKOe KOJIbIO;
24 — kuaKoCTh; 25, 26 — BIIyCKHOW U BBITYCKHOM KJIanaHbL.

29 AL ; Ze AN |
- - . " 9000 % %% % % %% %% % %%
70 7, —YA72— é,#,_ja ¥ ,Xt ¢ Q B RIRRIARRKS
z L RRRARRRRRRARIRZK [N
T R RIHIRIRIRERRERR
] 1 | E )
J J

Pucynok 2 a, 6. @®pukyuonnoe e3aumooeiicmeue 6 y31ax mpeHus 6 ux eepxuem (a)
u Hudicnem (6) nonoxcenuu:
27 — Bo31yx03abopHuKY; 28, 32 — oTBepCcTHs B 000/1€ MIKNBA; 29 — MIINHIPHIECKUE KOIBIEBEIE 00BEMBI;
30 — meperopoKu ¢ OTBEPCTUSIMU MKy YacTsAIMU 000/1a [IKHBa

[Ton Hepaboyeit moBepXHOCTHIO 9 00072 mKUBa 6 pacronoxeHa kamepa 17, 3aHnMaromas
00BEM OT NIEPBOM paaualibHON O0KOBOW CTEHKH 18, pacrooKeHHOU CO CTOPOHBI CBOOOAHOTO Kpast
00012 mKUBa 6 W J0 BTOPOH paauanbHON O0KOBOHM cTeHKHW 19, Haxojsmieics Bo3ie BbICTyHa 5
mkuBa 6. CBepXy nepBas paanaibHas O0koBas cTeHKa 18 Haxomutes B masze 19 Topia pedopast 7 u
yepe3 TepMEeTH3aLMOHHYI0 MPOoKIaaKy 20 ¢ momoiipio 60ATOB 21 Kpenures Mo ee NepuMerpy K
obomy mkuBa 6. Bropas panuanpHas O0koBas CTeHKa 19 3aBejieHa ¢ HATATOM B KpyroBoi ma3 22.
CHuzy crenku 18 n 19 coenuHeHBI MEXITy COOOM MMIMHIAPUISCKAM KOJBIIoM 23. 3ampaBka KaMe-
pbl 17 mpOM3BOAUTCS KUAKOCThIO 24 yepe3 BIIYCKHOM KitamaH 25, a cTpaBiuBaeTcs B aTMochepy
oOpa3zoBaBmmiics map B kamepe 17 depes BBITYCKHOH KiamaH 26.

Kamepa 17 3anonHeHa xxunkocthio 24 Ha 2/3 ee o6beMa u Haj Hel Hepabouasi MTOBEPXHOCTh
9 obona mkuBa 6 BbINOMHEHA NoaupoBaHHOM. K neBoii pebopae 7 1o ee nepuMeTpy MOAKIIOUYEHbI
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BO3/1yX03a00pHUKH 27, PaCHOI0KEHHBIE C TIOCTOSIHHBIM IIarOM, KOTOPBIE COEJMHEHBI C OTBEPCTH-
smu 28 B pedopae 7. OtBepcTus 28 BBHIMOIHEHHI MO YIIIOM B pebopae 7 B Buae comen JlaBais.
[locnennue cBsi3aHbl C MEPBBIM LMIMHIPUYECKUM KOJIBLIEBBIM 00BbEMOM 29, pacmloiOkKeHHBIM B
cepenuHe TONMUHBI 00072 mKkuBa 6. KoJMYecTBO MWIMHIPUYECKUX KOJBIEBHIX 00BEMOB 29 B
000/1€ mKUBa 6 3aBUCUT OT €ro IHUPUHBL. MeXly HMIMHIPUYECKUMHU KOJIbLIEBBIMU 0ObeMaMu 29
HaXOATCSI KOJbLEBBIE Meperopoaku 30, B KOTOPHIX BBIIIOJHEHBI TOPU30HTAIbHBIE OTBEpCTHs 31.
[locnennune mo nepumerpy mneperoposiok 30 cmenieHsl Ha BennuMHy ux auametpa. [locnemnwmii
WIMHAPUYECKUH KOJIbIIEBOM 00beM 29 MOAKIIOUEH K OTBEPCTUSAM 32, BHIIIOJHEHHBIM B BHJI€ KOH-
¢by30pOB 10 IepuMeTpy padbodeit MoBEepXHOCTH 000/1a MKKBA 6 €T0 3aleMIICHHOTO Kpasi.

JIeHTOYHO-KOJIOI0YHBIN TOPMO3 C MPUHYIUTEIBHON BO3IYIIHOM CUCTEMON OXJIAXICHUS pa-
6otaet cienyromuM obOpa3om. [Ipu BpalieHUM TOPMO3HOTO HIKKMBAa 6 C OOJBIION CKOPOCTHIO B
HATIPaBJICHUHM CTPEJKU TIPU CITyCKE KOJIOHHBI OypPWIJIBHBIX TPYO B CKBa)XKMHY (HE ITOKa3aHbBI) JI0
BKJIFOUEHUS] MEXAaHUYECKOI'0 JIEHTOYHO-KOJIOJOYHOTO TOpMO3a BO31yX03a00pHUKU 27 cmoco0-
CTBYIOT OOpa30BaHUIO CIEIYIOIIMX BO3AYIIHBIX MOTOKOB: Ha BXoje — coruia JlaBans — mepBblit
MWIAHAPUYIECKUN KOJBIEBOW 00BeM 29 — ropu3oHTaIbHBIE OTBEpCTHS 31 B KOJBIICBOW TEpero-
ponke 30; Ha BBIXOJE — MOCIEIHUN HMIMHIPUYECKUHN KOJbIEBOH 00beM 29 — nepreHauKyIsIpHbIe
orBepctus 31 (KoH]Y30pbl) K pabodyeil moBepxHOCTH § 0001a mKuBa 6. MHTeHcHuKanus Bo3-
JYIIHOTO KOHBEKTHBHOTO TEIJIOOOMEHA MPOUCXOAUT B OCTAIBHBIX IMIMHIPUYECKUX KOJIBLEBBIX
oObemax 29 3a cyer TOro, 4YTo TOpU3OHTaIbHBIE OTBepcTUsa 31 mo mepumerpy neperopojok 30
CMEIICHbI Ha BEIMUMHY UX AHaMeTpa. Takoe KOHCTPYKTHBHOE pPEIIeHHE CIIOCOOCTBYET OOJBLIOMY
KOJINYECTBY CKOPOCTHBIX BO3AYIIHBIX MOTOKOB, KOTOPBIE, YAAPSSACH 00 MOBEPXHOCTH OYEPETHOU
NEePEeropoku 29, 3aBUXPSAIOTCS U TEM CaMbIM YBEJIMYUBAIOT BO3AYyXO0OMEH, M KaK CIEJICTBHUE, UX
OXJIAKJAIOT, @ 3aT€M YK€ OHH IMOMa/aloT B ouepennsie orBepctus 31 meperopook 30, B KOTOPBIX
IIPOUCXOANT YCKOPEHHUE BO3TYIIHBIX IIOTOKOB.

Takum 00pa3oM, OCYIIECTBISETCS OTBOJ TEIUIOTHI OT BEpXHEW 4acTU TOPMO3HOIO HIKUBA 6
3a CYET LMPKYJALMUA B HEM MHOXKECTBA BO3AYIIHBIX MOTOKOB, OMBIBAIOLIUX KOJIBLIEBBIE MEPEro-
ponku 30, SABISIOUIMXCS TEIUIOBBIMM MOCTHKaMH MEKAY BEPXHEH M HMXKHEH 4acThbl0 TOPMO3HOIO
HIKUBa 6, 4TO CMOCOOCTBYET CHIKEHHIO B HUX TIIyOMHHOI'O TeMIlepaTypHOro rpaaueHta. Kpome
TOT0, UMEET MECTO KOHJIYKTHBHBIN TEIUIOOOMEH MEXAY HWKHEH 4acTbio 000/1a TOPMO3HOTO LIKU-
Ba 6 U cCTeHKaMu Kamepsl 17.

OcTaHOBHUMCS Ha MPEAJIOKEHHOM KOHCTPYKTUBHOM PEIIEHUU MPUMEHUTENTHEHO K TOPMO3HO-
My IIKHUBY, Kacarollerocsl MoJMpOBaHHON Hepaboyeil MmoBepXHOCTHU ero 0007a, pacroyioKEeHHOM
HaJ| )KUJIKOCTBIO KaMepsl (puc. 2 a).

AHanM3 UHTEHCUBHOCTH TEIUIOOOMEHA OT METAJUIMYECKUX 3JEMEHTOB (PPUKIIMOHHBIX Y3JIOB
JICHTOYHO-KOJIOIOYHOTO TOPMO3a YKa3bIBaeT Ha TO, YTO KOI(PPHUIMEHTHI TEIJIO0TAaYH OTIMYAIOTCS
[0 MOJYJIIO U 3aKOHY M3MEHEHUs M 3aBUCST OT JIMHEHHON CKOpOCTH 0007a TOPMO3HOTO IIKHBA.
Kpome Toro, matoBbie U MOJMPOBAHHBIE TOBEPXHOCTH METAJIIMUYECKOTO 3J€MEHTa TPEHHUSI OMbIBa-
IOTCS PA3IMYHBIMU 0 XMMHYECKOMY COCTaBy M T€PMOJMHAMHUYECKUM Mapamerpam cpenamu. C
YKa3aHHBIX ITOBEPXHOCTEH METAJUIMYECKOIO 3JEMEHTA TPEHHS OCYIIECTBISAETCS TEIUIOOTAAYa JIy-
YeHCIyCKaHUEM OMbIBarolieMy ux Bo3ayxy. CoriacHo 3akony Ctedana-bonbimana kosddunueHt
TEIUIO0TIa4H JTYYEHCITYCKAaHUEM OIPENEsIeTCs U3 BhIPAKEHUS
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rne Ty — TeMmeparypa HarpeBaHMs MOBEPXHOCTEH METaJUTMYecKOoro anemeHra tpenus, K; T —
TemriepaTypa okpykatouieit cpensl, K; C; — kosbdumment nsnydenns, Br/(m® K*).

Pesynbrarthl pacuera mo ¢opmyne (1) mpencraBieHsl Ha puc. 3 a, 0, U3 KOTOPBIX CIEIyeT,
9TO KOA(PUIMEHT ¢ ; YBEIMYUBACTCS C MOBBIIICHUEM TEMIIEPATYPHI.

Y CTaHOBIIEHO, YTO BETMYMHA OTHOIICHUS KOI()(UIIMEHTOB M3ITyYeHHsS] MAaTOBOM IMOBEPXHO-
CTH K T10JIMPOBAHHOM JOJDKHA OBITh PaBHA OTHOILIEHHIO TUIOIIAACH OXJIAKIAeMOW TTOBEPXHOCTH K
HarpeBaeMoi MOBEPXHOCTH METAJUIMIECKOT0 dieMeHTa TpeHHs. [1o ee 3HaYeHUI0 MOXKHO CYIHTH O
HACTYIUICHUU €T0 YCTaHOBHBIIETOCS TETIOBOTO COCTOSIHUSI.

B Buzme cooTHomeHMA MOTydaeM: IS JIGHTOYHO-KOJIOA0YHOTO TopMo3a 6e3 ydeta (2) u ¢
yaetoMm (3) Hepabouel MoIMPOBaHHON MTOBEPXHOCTH 000/1a TOPMO3HOTO IIKHBA (TOPMO3HOM IKUB
W3TOTOBJICH U3 CTAJN):

C 5,0
w2 2 33y, e 270756y )
Cy 1512 Ay 1048
C

e 50 _3gp. Aw 3467 5, 3)
Cp 1512 Aoy 1139

Puc. 3 a, 6 3asucumocms KoIpuyuenmoe mennoomoauu o 1y4yeucnycKaHuem Mamoeuix (a) u nOIUPoean-
HbIX (6) nosepxHOCMell MEMANIUYECKUX ITIEMEHINO08 MPEHUA Om MeMNepamypsl Hazpesanus t npu paziuy-
HBIX 3HAYEHUAX OMHOUWEHUA OUAMEMPOE NOBEPXHOCIU MPEHUA K NIOWA0AM nosepxHocmeil d/A

B 1a6n. 1 npuBeaeHs! mI0Ma 1 TOBEPXHOCTEH TEINIOOOMEHA CEpUIHHOTO TOPMO3HOTO IIKUBA
JICHTOYHO-KOJIOJOYHOTO TOPMO3a OypoBoH iedeaku Y2-5-2.

[IponieHTHOE pacxOXKAECHUE MEXKAY BETUUMHAMHU OTHOLIEHUH AJIA IIEPBOTO CIy4yas COCTABUIIO
23,0% u 8,15% — nnst BTOpOTO.

JIEHTOYHO-KOJOAOYHBIA TOPMO3 C MPUHYAUTENBHON >XUIAKOCTHOW CHCTEMOW OXIaXIAEHUA
paboTaeT ciaenyromuM 00pazom.
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Tabnuua 1

[Maomanu moBepxHocTeil TeNI000MEeHa CEPHITHOTO TOPMO3HOT0 IIKMBA
JIEHTOYHO-KO0JIOI0YHOI0 TOPMO3a OypoBoii JiedeKkn

[Inomany noBepXHOCTEW, IPUHUMAKOLIIUX YYACTHE B PA3IUUYHBIX
tma p > 1P ornx y3 p Macca (Kr) 2JIeMEHTOB
BHJIaX TETIOOOMEHA C OKpPYKAIOIIeit cpeoid, 1 O0KOBasi CTCHKA
2 TOPMO3HOTO IIKHBA
¢nanna 6apabana nebeku, M
Tlnomau noBepxHOCTeil (M”) [Inomanps noBepx-
TOPMO3HOTO IIIKHBA! HOCTEit (M°) BBIC-
MaToBast Tyna 000/1a IKKUBA, OOKOBOI
oboma BBICTYIIa
KOTOpAasi CTBIKYETCSI CTCHKHU
NOJIMPOBAaHHAsl | BHYTPEHHsS | HapykHast | C (haaHIeM Oapa-
Oana
-
1,048 /0,091 1,405 0,73 0,541 324,48 31,98 72,54

*[Ipumeuanune: Ilnomans paboyell HOBEPXHOCTH TOPMO3HOTO IIKMBA: B YUCIUTENE — IEPEKPhIBAEMON
HaKJIaJKaMU, B 3HAMEHATEIIC — HE [IEPEKPhIBAEMON HAKIIa[KaMH.

ITpu HaxaTuu Ha pbryar 16 ympaBieHUS TOPMO30M IPOUCXOAMT 3aTATMBAHHE TOPMO3HOM
neHtsl 13, u paboune moBepxHOocTH 10 MOMMMEPHBIX HaKIAIOK 11 B3aMMOAEHUCTBYIOT C paboueit
MOBEPXHOCTHIO 8 TOPMO3HOTO HIKMBA 6, YTO CIOCOOCTBYET I'€HEPUPOBAHMIO TEIUIOTHI Ha UX TO-
BepXHOCTSX. [Ipy 3TOM 3HauMTEIBHAS YAaCTh TEIUIOTHI MOTJIOLIAETCS IKUBAM 6, KOTOPBIN ABIISETCS
aKKyMYJISITOPOM TEIUIOBOM 3HEpruu. B cBoro ouepenb, TOPMO3HON IIKUB 6 COCTOMUT W3 BEPXHEH M
HIDKHEH 4acTH, KOTOpble MEeXIy co00il coearHeHbl KoibleBbiMU neperopoakamu 30. Tlocnennue
UTPAIOT POJIb TEIUIOBBIX MOCTHKOB I10 BBIPAaBHHBAHUIO YHEPrOHAIPYKEHHOCTU BEPXHEH U HUKHEHN
4yacTU TOpMO3HOro mkuBa. Ilepenaya TerioTsl B KOHAYKTUBHOM TEIJIOOOMEHE OT HMKHEH 4acTh
000/1a TOPMO3HOTO HIKMBA K AJIEMEHTaM KaMepbl CIIOCOOCTBYET €€ OTBOY B KUAKOCTD.

Paccmotpum nBa cimydast B3auMoAeCTBHS TIOJTMPOBAaHHOK Hepaboueil moBepxHocTH 9 06012
mIKkuBa 6 ¢ )XUAKOCThIO 24 Kameps! 17.

[lepBbIil cily4ail MPOMILTIOCTPUPOBAH HA pUC. 3a, KOr/a KUJIKOCTh 24 HE OMBIBAET MOJIHUPO-
BaHHYIO Hepabouyi0 MOBEPXHOCTh 9 0007a TOPMO3HOTO MIKMBA 6 M MEXIY MX MOBEPXHOCTIMH

obpazoBaiics 3a30p. M3 monmmpoBaHHON Hepabodel MOBEPXHOCTH 9 0007a TOPMO3HOTO IIKUBA 6
OCYIIECTBIISIETCS JTYIUCTHIN TEIUIOOOMEH: IMTOABOIUTCS JTYYUCTHIN MOTOK (,; OT TIOJMPOBAHHOHN pa-
0oueil moBepxHOCTH 8 00071a TOPMO3HOTO IIKMBA 6 W B COOTBETCTBHHM ¢ 3akoHOM Credana-

boabiMana OTBOJIUTCS MOTOK COOCTBEHHOTO H3JIy4YCHUA TIJIOTHOCTBIO CHT: HEIMMOCPEACTBCHHO K

MOBEPXHOCTH a0OCOJIIOTHOTO YEPHOTO TeMa, T.e. XKHUIKOCTH 24. B 3TOM ciydae Takke UMEeT MeCTO
cJ1a0bIil KOHBEKTHBHBIM TEIUIOOOMEH, MTOCKOJIBKY MTPH BPAIICHUH IIKUBA 6 3a CUET HEHTPOOEKHBIX
CWJI KaIUIM KUJKOCTH BCE-TaKM IMOMNaJal0T HA MOJMPOBAHHYIO HEpabodylo MOBEPXHOCTh 9 0601a
MIKMBa 6, HA KOTOPOH cpasy mpeBpalmaroTcs B nap. TakuM oOpa3oM, B JaHHOM CiTydae UMeeT clia-
Oblif KOHBEKTUBHBIA M CHJIbHBIM JTYYHCTBIM TEIIOOOMEHBI, KOTOPbIE CHUXKAIOT YHEProHarpyKeH-
HOCTb 000712 TOPMO3HOTO LIKUBA.

Bropoii cny4daii mokazaH Ha puc. 3 0, Korja >KHIKOCTh 24 HaXOIUTCs Ha MOJMPOBAHHOW HE-

paboueii moBepxHOCTH 9 00012 TOPMO3HOTO IIKKBA 6. B 3TOM cilyyae CHIBHBIM SIBISIETCS KOHBEK-
TUBHBIN TEIUIOOOMEH NPU B3aUMOACUCTBHH CJIOCB KUIKOCTH 24 C MOJMPOBAHHOW Hepabouel mo-
BEPXHOCTHIO 9 000/1a IKMBA 6 TIPH CIIA0OM UX JTyYHUCTOM TETUIOOOMEHE.
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U3 puc. 3 a, 0 ciegyeT, 4TO TEIUIOBOE COCTOSIHUE YaCTeH TOPMO3HOTO IIKHMBA, HAXOISAIIMXCS
Ha pa3HBIX MOJIFOCAX B BEPTUKAJIBHOM IUIOCKOCTH, SBJISETCS HEOJAMHAKOBBIM H3-3a U3MEHEHHS Tep-
MOJIMHAMUYECKHX MapaMeTpoB >KUJIKOCTH U OMBIBAIOLIETO BO3/yXa, YTO U CIOCOOCTBYET M3MEHE-
HHUIO MX TPAJUEHTOB, U KaK CIIEICTBUE, NHTCHCU(PHUKAINN KOHIYKTUBHOTO, KOHBEKTHBHOTO H pa-
JTUAIIMOHHOTO TEINI00OMEHA B MPEJIOKEHHOM CUCTEME OXJTaXKICHUSI.

Takum o6pa3om, npu padoTe B peKuMax BpalleHUs TOPMO3ZHOTO MIKUBA WIH (PPUKIIMOHHOTO
B3aMMOJEHMCTBHS Nap TPEHUS JIEHTOYHO-KOJIOJAOYHOIO TOPMO3a UMEKT MECTO CIIEIYIOIINE BHUJIbI
TerooOMeHa:

— B IIEPBOM pPEKUME — KOHBEKTUBHBIN BO3AYIIHBIM U )KUAKOCTHOM, KOHAYKTHBHBIH, a TaKKe
JYYUCTHIN ¢ pabodeil 1 HepaboUeil MOBEPXHOCTHIO (TOJUPOBAHHOI) 00012 TOPMO3HOTO IIIKHBA;

— BO BTOPOM PEKMME — KOHBEKTUBHBIN BO3AYIIHBIN U )KUAKOCTHOM, KOHAYKTUBHBIH, a TaKkKe
JYYUCTHIN C TTOJIMPOBAHHOM Hepabodeil MOBEPXHOCTH 000/1a TOPMO3HOTO IIIKHBA.

[lepeuncriennble BUABI TEIJIOOOMEHAa B HEOJAMHAKOBOM CTENEHU BIMSIOT HAa SHEProHarpy-
YKEHHOCTh Nap TPEHUS JICHTOYHO-KOJIOJIOYHOTO TOpMO3a OypoBoii jeOeqku, a B KOHEUHOM HTOTE,
CHIDKAIOT WX SHEPrOHArpy>KeHHOCTh, U KaK CIIICTBUE, JOITOBEYHOCTh pa00OYMX MOBEPXHOCTEM.

TenoBoii 6ajanc TPUOOCUCTEMBI € OXJIAKIEHUEM H ero YCJIOBHUS Tel1000MeHa.

Pacrnipenenenne TemIOBbIX MOTOKOB U €T0 YCIOBHUS TEIJI000MeHa MpH (GPUKIIMOHHOM B3au-
MOJICHCTBUY Map TPEHUSI TOPMO3a MPOUCXOUT MEKAY: paOOUYNMH MOBEPXHOCTSIMHU (PPUKIIMOHHBIX
HAKJIaJ0K ¥ TOPMO3HOM JIEHTOH (KOHBEKTUBHBINA TEII000MeH — 1); BepxHel 4acTbio 00o/1a TOp-
MO3HOTO IIKUBA (JIy4HCTO-KOHBEKTUBHBINA TETJIOOOMEH — 2), OMBIBAEMBIX B JIBYX CIy4asx TEIUIO-
0o0MEHa CKOPOCTHBIMH TOKaMH BO3JIYIIHBIX MOTOKOB CpPEJbl; BEpXHEH M HIDKHEH 4acThio 000za
TOPMO3HOTO IIKMBAa, OMBIBAEMBIX B MX CEpPEAMHE LUPKYIUPYIOUIMMH CKOPOCTHBIMU TOKaMHU BO3-
JYIIHBIX TIOTOKOB, MPOXOSIINE C 3aBUXPEHUSIMH 4epe3 MUpUHy 000/1a MKKUBA (KOHCTPYKTHBHO-
KOHBEKTHUBHBIN TeI000MeH — 3); HIKHEH 4acThio 000/1a IIKUBa U TEJIOM CTEHOK KaMephl, OMbIBa-
€MBIX >KMJIKOCTHOM M BO3IYLIHOW Cpeoi (KOHAYKTUBHO-KOHBEKTHBHBIN TEIJI0O00MEH — 4); MOJIU-
POBaHHOH 4acThIO BHYTPEHHEH MOBEPXHOCTH 000/1a IIKMBA, PACIIOIOKEHHOW B KaMepe, U ee KUJI-
KOCTBIO (JIy4YUCTO-KOHBEKTUBHBIM TEINIOOOMEH — 5); HWIMHAPUYECKUM KOJIbLIOM Kamephl, OMbIBa-
€MBIM XUJKOCTBIO C BHYTPEHHEH MOBEPXHOCTH, a C HAPYKHOH CTOPOHBI — CKOPOCTHBIMH TOKaMH
BO3/IYIIHBIX TOTOKOB (KUJIKOCTHO-BO3IYIITHBII KOHBEKTUBHBIN TEIUIOOOMEH — 6).

[Tpu cBOGOIHOM BpallleHMH TOPMO3HOTO IIKKUBA MPOUCXOAUT 3aMETHOE YCUIICHHUE JTyYUCTO-
r'0 TEIUNI00OMEHA ero MOJMPOBAHHON paboueil MOBEPXHOCTH CO CKOPOCTHBIMU TOKaMH BO3JyITHBIX
MOTOKOB M OCJabJieHHe MX KOHBEKTUBHOTO B3aMMOAEWUCTBUS (JIyYHMCTO-KOHBEKTHUBHBIN TEILIO00-
MeH). OcTanbHble BHJIbI TEIJIOOOMEHA OyAyT TaKUMHU K€, KaK U MpH (PPUKIIMOHHOM B3aWMOJEH-
CTBUH T1ap TPEHUS TOPMO3a, TOJIBKO C MEHBIIIEH HHTEHCHBHOCTHIO TeTutooOMeHa [3].

TemuoBoit 6ananc TPUOOCUCTEMBI C OXJIAXKICHUEM B peKUMAX:

— (pPUKIIMOHHOTO B3aMMOJICHCTBHSI ap TPEHHUS TOPMO3a

q(0)=q,(t)) + q, () + q5(83) + q,(t4) + g5 (t5) + g4 (Z); 4)
— cBOOOJHOTO BpAIIIEHHsI TOPMO3HOTO IIIKHBA

q'")=q\ ") +q, ") +q5 ) +q' (') +q's('s)+q's (') (5)
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IZie ¢; — TWIOTHOCTH TEIJIOBOTO TMOTOKA MPH TeMIIEpaType ¢, OTBEYAIOIIas BHIaM TeII000MeHa, KO-
TOpHIC BBITIIE 0003HAYCHBI apaOCKUMU udpamu.

[Tpu oueHke TemIoBOro OanxaHca TPUOOCHCTEMBI C OXJIAKICHUEM BAXKHYIO POJb HIPaeT
MoJIUpoBaHHas pabodast 1 Hepabodasi MOBEPXHOCTH 0002 TOPMO3HOTO IIIKMBA B PEKUMAX TOPMO-
JKEHHs U CBOOOIHOTO €ro BpalleHus. Tak, B pexkuMe TOPMOKEHHs TpH yriie ooxsara 270° ieHToi
C HakJIaJKaMu paboueil (IMOJUPOBAHHOW) MOBEPXHOCTH 000732 TOPMO3HOTO IIKMBA CYMTAEM, YTO
KK 9eTBEPTHIA 00OPOT MIKMBA OYyAET SIKOOBI MPOWCXOMUTH TPH «OTKPHITOW» pabodeit mo-
BEPXHOCTH 00012 mKkuBa. [Ipu 5TOM monupoBaHHas HEpabovas MOBEPXHOCTh 000712 TOPMO3HOTO
IIKMBA, COCTaBIISIOMas 2/3 mupuHsl ero 00oa, OyIeT MOJTHOCTBIO MPUHUMATh Y4acTHE B JIy4dH-
CTOM TEIUIOOOMEHE 3a MoJITopa 00opoTa 000/a MmKuBa. YTo KacaeTcss CBOOOTHOTO BpAIECHHS TOP-
MO3HOTO IIKWBA, TO 3()(}HEeKT MOIMPOBaHHOW pabodvell MOBEPXHOCTH €ro 0007a HUBEIUPYETCS B
CBSI3U C OMBIBAaHHEM JKHJKOCTBHIO Hepaboueil MoBepXHOCTH 000/a IIKHBA.

Hcxonst M3 BBINICU3IIOKEHHOTO, OMUIIEM YCIIOBHS TEINIOOOMEHA B TPUOOCHUCTEME C pas-
JUYHBIMU BHJIAMH OXJaxaeHus. [Ipu (pUKIMOHHOM B3aMMOJEHCTBUU Tap TPEHHUS JICHTOYHO-
KOJIOZIOYHOT'O TOPMO3a IT0 TIOBEPXHOCTAM A, ¢ Temneparypamu 1;(x, v, z, t) u T(X, y, z, t) cTaBAT-
Cs1 YCIIOBHSI COTIPSKEHHUSI

oT,
Tl| = 2| - 1_1 R;
A A on 4 (6)
oT, oT.
,11_1 = 2_2 ,
on s on s

rac R - TCPMHUICCKOC KOHTAKTHOC COIIPOTUBJICHUC, #1 — HOPMAJlb, 2,1 , /12 — KOB(I)(I)I/ILII/ICHTLI TCII-

JIOTIPOBOAHOCTH MPUTIOBEPXHOCTHBIX CJIOE€B MAaTEPHUAIOB HAKIAJAKU U 000/1a IIKUBA.
Pacnpenenenue temmnepaTyphl Ha MOBEPXHOCTH 000712 TOPMO3HOTO IIKMBA Kak (pyHKIMH
KOOpIMHAT U BpeMeHH (ycnosue upuxie):

T(x,y,z,t)|AT =T. (7)

HopManbHast KOMIIOHEHTa I'paJMeHTa TEMIIEPaTypbl, COOTBETCTBYIOLIAsl IMOTOKY TEIUIOTHI

g1 4epe3 BEpXHIOI YacTh 000/a 1mkuBa (yciaoBue Helimana):

oT
- — =q,(x,y,2,1)|, . 8
2 5], ~ Y I (®)

q

KoHnBekTHBHBIH TEMIO0OMEH OT MaTOBBIX HOBerHOCTeﬁ:
— TOPMO3HOI'O HIKHMBa

:al[][TlU|An_TB]; 9)

— CTCHOK KaMCpPhbI IIKMBa
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ZaR[TK|AK_TB]a (10)

Ay

Rl
“ on

rne Ag — Kod(pPUIMEHT TEITONPOBOIHOCTH MaTepHaja CTEHOK KaMepbl; Ay, Ax — IUOmaan MaTo-
BBIX IOBEPXHOCTEU, OMBIBAEMBIX BO3JAYXOM: IIKUBA, CTCHOK KaMephl; &, C; — KOI(DOUIHMESHTHI
TEIJIOOTAaYH OT MAaTOBBIX IMOBEPXHOCTEH IIKMBA U CTEHOK KaMmepbl, I, — TeMIeparypa OMBIBalO-

IIEro BO3yXa.
JlygucThIii TETIIO0OMEH OT IMOJIMPOBAHHBIX TTOBEPXHOCTEH 00012 IIIKHUBA:

— paboueit
oT 4 4
- =c,\rt -1); 11
o, L 1) (1)
— Hepaboueit
oT
RS =lrt -1); (12)
nly

rae A,,, Ao, — TOTUPOBAHHBIE TUIOMIAAN MMOBEPXHOCTEH 00012 TOPMO3HOTO IITIKUBA: pabouas, He-
padouas; T,,,, T,., T-»— TeMIepaTyphbl: padodeil n HepaboUel MoBepxXHOCTeH 000/1a ITKKUBa, B Oec-
KOHEYHOCTH.

KoHyKTHBHBIN W COBMECTHO C KOHBEKTHBHBIM TEILIOOOMEHOM TPH B3aUMOJICHCTBUN HUXK-
HEl yacTh 000/1a MIKUBA C paTuaIbHBIMU CTEHKAMHU €T0 KaMepHhI:

i, 7] o

1297% TK|AK_T)K _aB[T;-t.tt.o._Tp]:A_Z(TB_TH)’ (13)
K

e Q, &z — KOI(QOUIMEHTH TEIUIOOTIa4M OT BHYTPEHHEH U BHEUIHEW CTEHOK Kamepsl; 7,

H.Y.0.

T,, Ty, Ty, Ty — Temmepatypsl: HWKHEH yacT 000/1a IKUBA; paJMaIbHOi CTEHKH KaMepbl; KU/~

KOCTH, HIKHEN U BerHeﬁ TOYKH IMOBCPXHOCTH KaMCPBhI; Ak — IJ1omaab BBaHMOﬂCﬁCTBHﬂ HUKHEH
qaCcTHu 060,[[8. IIKHUBa C paavaJIbHbIMU CTCHKAMU KaMCpPbI; [ - JJIMHa paI[HaHLHOﬁ CTCHKH KaMCPBbI;

A,, — TIPUBEICHHBIA KOO()(PHUIMEHT TEIIIONPOBOJHOCTH MATEPHAJIOB HIDKHEH YacT 000/1a [IKUBA

U pa/IMAbHBIX CTEHOK KaMephl.

Ha ocHOBaHWM BHIIIEU3IIOKEHHOTO MEpeHaeM K PACCMOTPEHHUIO TPAJUCHTHOW TEOpUHU
OLIEHKN KO03((UIMEHTOB TEIUIONEpeadn pa3INyHbIX BHUIOB OXJIAXKJEHHS B TpUOOCHCTEME JICH-
TOYHO-KOJIOJJOYHOTO TOPMO3a.

I'paguenTHasi TeOpHUs OXJIAKIEHUSI TPHOOCHCTEMBI JJEHTOYHO-KOJI00YHOT0 TOPMO3a

W3BecTHO, UTO TpajiueHTHAsI TEOPHUS PACIIPOCTPAHSIETCS HA TOPMO3HBIE MOMEHTHI, y/eIbHbIE
Harpy3KH, MEXaHUYECKUE U TeMIIepaTypHbIE HATPSHKEHUS, TIOBEPXHOCTHBIE M 00bEMHBIE TEMITepa-
Typsl, U T.1. [4]. OgHaKo [0 cero BpeMeHU B TEXHHUYECKOH JINTepaType HE BCTPEHAIOCHh MOHSTHE
«rpamueHT KodhdunmenTa Teronepenadyl MHOTOCIONHOTO 00BEKTa.

O1eHNM MHTEHCHBHOCTB TEIUIONEPeaud Yepe3 JIEMEHTHI Mapbl TPEHHUS C yYETOM (PH3HKO-
XHUMHUYECKOTO COCTOSHUSI MPUIIOBEPXHOCTHOTO €JI0s1 (PPUKIIMOHHONW HAKJIAJIKA U TePMOAMHAMHYE-
CKUX MapaMeTPOB BO3/AyXa M KHUJIKOCTH.
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Koadpdumument temmonepenadn B TEIIIOOOMEHHOM MPOIECCE Yepe3 TaKOW MHOTOCIOWHBIN
00BEKT KaK «CpeJa MEKKOHTAaKTHON 30HBI — METAIUIMYECKHI JIEMEHT (BEPXHSISI 4acTh 000/1a IIKH-
Ba) — OMBIBAIOIINI BO3/IyX» OINPEIENISICTCS 3aBHCUMOCTBIO BHJIA

K=t (14)
1 s 17
— 1+
o A o
rae o, 0., — KO3(pQPHUIUEHTHI TeIIONepeaay OT: MEKKOHTAKTHOU Cpeibl K paboyeid (oIupoBaH-
HOM) MOBEPXHOCTH METATMYECKOTO 3JIEMEHTa TPEHHUS, BHEIIHEW (MaTOBOW) €ro MOBEPXHOCTH K
OMBIBAIOLIEMY BO3IyXYy; &, , A, — TOJNIIMHA BepXHEl 4acTu 000ja IIKUBA M KO QUIMEeHTa Tell-

JIOIIPOBOAHOCTH €r0 MaTepHaa.
Koadpdunment rernonepenaun B TeI000MEHHOM IMPOLIECCE Yepe3 «Cpeay MEKKOHTAKTHOM
30HBI — MPOTUBOTIOBEPXHOCTHBIN CII0H (DPUKIIMOHHON HAKITAIKHA — TEJIO (PPUKITMOHHON HAKITAIKH —
TOPMO3Has JICHTAa — OMBIBAIOIINN €€ BO3LyX» OIPEIEIAETCSA 3aBUCUMOCTBIO BUA!
-1 1—1 -1 > ( 1 5)
1 o, o0, O 1

—+ + + == |+ —
a, A A A a5

n 1 7

K, =

rae o, — K03((UIMEeHT TerI00TJaud MaTOBOW MOBEPXHOCTH TOPMO3HOM JICHTHI K OMBIBAIOILIEMY
BO31yXY; 8,, 8, , 8, — TOJILUHA: IPUIIOBEPXHOCTHOIO CJI0s1 (PPUKIIMOHHON HAKIAJKH, COOCTBEHHO

HaKJIaaKH U TOpMOSHOﬁ JICHTBI, 7\,,[ , 7\,H , ?\.ﬂ - KO3(I)(I)I/IL[I/ICHTBI TCIIJIOIIPOBOAHOCTH: ITPUITOBEPXHOCT-

HOT'O CJIOSI HAKJIaJIKU, COOCTBEHHO HAKJIAJIKA M TOPMO3HOM JICHTHI.

Koaddumnment rermnonepenadn B TEIII000MEHOM TIpoOIIecce Yepe3 «HU3 BEpXHEH JacTu 00o1a
IIKMBA — MUPKYIAPYIOIIMHA BO3/yX B KOJBLEBBIX MITHHIPUUECKIX 00bEMaX U B OTBEPCTHUSX Hepe-
TOPOIOK — BEPX HIKHEW 4acTH 000/1a IIKUBAY OMPEENSIETCS 3aBUCUMOCTBIO BH/IA!

Ki=——— (16)
3 _ 1 °
o 15
——t—+ =
Aoy 4
rac 0(.4 — KO3(I)(I)I/IL[I/ICHT TCINIOOTAa4u OT HMU3a U BEpXa qacTel 060,[[8. IIKWBAa OMBIBAIOLIIEMY HUX

BO3AYXY.
KO3(1)(1)I/II_[I/IGHT Tennonepe/:[atm B TeHJ'IOO6MeHHOM npouecce qepe3 ((OMBIBaIOHlI/Iﬁ L[I/IpKy'J'II/I-
pYIOH_II/Iﬁ B03I[YX B KOJIBLIEBBIX L[I/IJ'II/IH,I[pI/I‘IeCKI/IX O6’beMaX U B OTBepCTI/ISIX neperopoL[OK — HH3
HH)KHGﬁ qactu 060,2[3 IIIK1BA — OM]'::IBaIOH_[I/Iﬁ BO3IIYX)) OHpe,Z[eJ'IHeTCH 3aBUCUMOCTBIO BHU1Aa
K= (17)
|
—+ 1+

a, A o

rne o — Ko3((UIMEHT TEII00TIa4i OT MaTOBOM Hepaboueil mOBEpXHOCTH 000/1a MIKMBA K OMBI-

BAIOILIEMY BO3/AYXY.

Koaddumnment remnonepenadn B TEIUIOOOMEHOM TPoIIecce Yepe3 «HU3 HUKHEH JacTh 00o0/1a
HIOJIMPOBAHHOTO IIKKBA - BO3AYIIHBIN 3a30p B KaMepe — JKUIKOCTh B PA3TMYHOM (a30BOM COCTOS-
HUH» ONPECIeTCsS 3aBUCHMOCTBIO BU/IA:
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Ki=——— (18)
5 -
1§ 17
—++—
ag A0y
re g, O.; — KO3((GUIUMEHTHI TEIIOOTAaur OT HU3a HIDKHEH YacTu 000/a IIKUBA K BO3IYXY U OT

HCTO K )KUJAKOCTH KaMEphI IKKUBA.

KO3(1)(1)I/ILII/ICHT TCIIonepcaaynu B TENI000MEHHOM mponecce 4epe3 «CIIOM KHUIAKOCTH, HAXO-
I[HH.ICfICS[ B pa3jiIndYHOM (I)aBOBOM COCTOAHHHU — KOJIbLICBAsA CTCHKA KaMCPbI — OMBIBaIOHH/Iﬁ BO3yX»
OMpeaACIACTCA 3aBUCUMOCTBIO BHU/IA:

K= (19)

og A, 0O,

rIe Og, Oy — KOI(POHUIMEHTH TEMIOOTAAYN OT KUIKOCTH, HAXOAAIIEHCA B Pa3IMYHOM (a30BOM
coctossHuH. K BHyTpeHHeﬁ MOBEPXHOCTHU CTCHKHU U OT €€ Hapy>KHOI71 IMMOBEPXHOCTHU K OMBIBAKOIIEMY
BO3YXY, SC 5 >\‘c — TOJIIIIUHA HHHHHHqueCKOﬁ KOHBHCBOﬁ CTCHKU U KOB(I)(I)I/ILII/ICHT TCIIJIOIIPOBOI-

HOCTH €€ MaTCpuaja.
[To 3HauenusM K03 GUIMEHTOB TEIUIONEPEAAYH B IApaX TPEHMUS ONPEASTUM KOI(POUIMEHTEI
pacnpeacjaCHus TCIUIOThI MEXKAY UX 3JIEMCHTAMM B ITPOLECCE TOPMOKCHHA:
. ST 20)

K, +K,

rae K, — cpennss BennyrHa KO3 (OUIMEHTOB TEIUIONEpeIaul B TEMIO0OMEHHOM MPOIECCe «Cpeaa
MEKKOHTAKTHOHN 30HBI — METAJUIMYECKUIN IEMEHT TPEHHS — OMBIBAIOIIUI BO3AYX» 3a MEPUO]I Bpe-
MEHH OT Hayaja /10 KOHIIa TOpMOXKeHust; K, — cpeHss BelnynHa K03 (PUIMEeHTOB Terionepenayn

B TEIJIOOOMEHHOM TNPOIIeCCe MHOTOCIOWHOTO O0BEKTa “Cpefa MEXKOHTAKTHOM 30HBI — IIPHIIO-
BEPXHOCTHBIH CIION (PPUKIIMOHHON HAKJIaJKU — TOPMO3HAs JICHTA — OMBIBAIOIIUN BO3yX» 3a Mepu-
0J1 BpEMEHH OT HavyaJla J0 KOHIIa TOPMOKEHHUSI.

Ha puc. 4 npoumtocTpypoBaHa cxemaThdeckasi TEIUIoBas MOJIENb BO3AYIIHO-KUIKOCTHON
CUCTEMBbI OXJIaKJICHHs (PPUKIIMOHHBIX y3JI0B TopMo3a. B paborax akagemuka A.X. JkaHaxmenoBa
HEOHOKPATHO OTMEYaJOCh, YTO HEOOXOAMMO IOJIb30BAaThCS B HCCIIECAOBAHHMAX OOOOIICHHBIMH
napaMerpamMu. B 1aHHOM ciydyae TakuM mapameTpoM SIBJISIOTCS KO3 (GUIIUEHTHI TEIUIoNnepeaun B
TETIOOOMEHHBIX IpOIeccax 4Yepe3 MHOTOCIOMHbIE OOBEKTHI MPU BO3IYIIHO-KUIKOCTHOM OXJIa-
XKJIEHUH TPUOOCUCTEMBI TOPMO3a.

Ha ocHoBaHUM BBIIEH3I0KEHHOTO MEepeiiieM K rpaJueHTaM Ko (UIIMEHTOB Terionepe-
Jlau B TEIUIOOOMEHHBIX MpOIeccax Yepe3 MHOTOCIOWHBIE 00BEKTHI TpHOOCHUCTEMBI TOpMO3a. [ pa-
JUEHTHI KO3 PUIIMEHTOB TEIUIONepe1aun ONPEIEIIIOTCS 110 3aBHCUMOCTSIM BHJIA:

K, —K
"0,5(, +1,) (18)
K, —K
2050, +1,) (19)
VS TR (20)

05 +1,)
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rne ly, b, b, ls, Is, ls — nyivHA 30H JEHCTBHS KQKIOTO WX PACCMOTPEHHBIX KOA(DPHUITMSHTOB TETLIO-
nepeaayn.

- OMbIBaIOmIUK BO3TYX

A r
Topmo3Has neHTa
Ll Ky
OpuUKIMOHHAS HAKJIaKa
v [IpumoBepXHOCTHBIH CIIOH 1
A —
L Ky OMBIBarOIMUN BO3TYX
—
v BepxHnsis yacts 00012 TOPMO3HOTO IIKWBA —
—_—_—
2 I I I
[upkynupyromuii Bo3ayx —Ks 3
A
v
HwxHasist 9acTh 000712 TOPMO3HOTO IIIKHBA
— Ky I
Is] Ks — Croii BO3TYXa
OMEbIBaromui v
Y Kawmepa ¢ sxugkocTbio BO31YyX
lg] K¢ —
v OMBIBAOIINNA BO3TYX

Pucynox 4. Cxemamuueckas menuioeas mooeib 6030YUtHO-HCUOKOCMHOU CUCHEMbL OXNANCOCHUA PPUKUUOH-
HbIX Y3106 mopmo3a: 1, 2 — nonupoeannsvie nosepxrnocmu 0600a wikuea: pavouasn; nepabouasn; K;— xoagpgu-
Uuenm menionepeoaiu 6 menio0OMeHHbIX RPOYECCAX Uepe3 MHO2Z0CT0lHble 00beKnbl

CornacHO cxeMaTHYEeCKOM TEIIOBOW MOJETN BO3AYIIHO-KUAKOCTHON CHCTEMbI OXJIaXKACHHS
(PUKIMOHHBIX Y3JIOB JICHTOYHO-KOJIOJOYHOTO TOPMO3a, MEKIY KO3 PHUIIMEHTaMH TeTIonepe1adn
JOoKHO coOmonathes yenosue K, <K, >K;; K, <Ky > K, . IIpu 3TOM CBOWCTBOM BO30YXIato-

mero ¢akropa obmamaer kodpunment rertonepenadn K OOBACHICTCS 3TO TEM, YTO JKUAKOCTb,

HaXOoJsIIasAcsa B KaMepe, MOKET ObITh B pa3HbIX (Pa3oBbIX cOCTOAHUAX. [ pagueHTsl Ko3dduimen-
TOB TEIUIONEpeIadl B MHOTOCIOIHOM 00BEKTe TPUOOCHCTEMBI OYAYT ONpeeNeHbI TOCie MpoBe-
JICHUSI SKCIIEPUMEHTAIIBHBIX HCCIIEI0BAaHU.

BeiBoa. [Ipemnoxena cucrema BO3AYIIHO-KUKOCTHOTO OXJIAXKIACHHS (PPUKIIMOHHBIX Y3JIO0B
JICHTOYHO-KOJIOJJOYHOTO TOPMO3a U 0OOCHOBaHA KOHIICTIIIUS €€ TEeTJIOBOTO pacyeTa.

29



A.X. [canaxmedos, A.U. Boavuenko, 3.C. [lupsepoues, H.A. Bonvuenxo, B.C. Bumeuykuii, B.M. Yygyc

REFERENCE

1. TIpo4HOCTB, YCTOHYMBOCTh M KOJEOaHMs TKEIOHATPYKCHHBIX 000y04edHbIX KoHCTpykuuit / B.®. I'pubanos, M.A.
Kpoxun, H.I'. ITunnukus [u ap.]. — M.: Mamunoctpoenue, 1990. — 368 c.

Prochnost, ustojchivost i kolebaniya tjazhelonagruzhennyh obolochechnyh konstrukciy / V.F. Gribanov, I.A. Krohin,
N.G. Pinichkin [i dr.]. — M.: Mashinostroenie, 1990. — 368 s.

2. Tpubonorus / A.W. Bonsuenko, M.B. Kunnpauyk, /I.A. Bonsuenko [u np.] // Kues-Kpacnonap: «Ilmait», 2015. — 371 c.
Tribologija / A.I. Vol'chenko, M.V. Kindrachuk, D.A. Volchenko [i dr.] // Kiev-Krasnodar: «Play», 2015. — 371 s.

3. TIpoekTHbIf ¥ TPOBEPOUHBIH pacueT (PUKIHMOHHBIX Y3JOB JICHTOYHO-KOJOJOYHBIX TOPMO30B OypOBBIX j1€0emOK /

A.X. xanaxmenos, [.A. Boapuenko, [[.}O. Xypasnes [u ap.]; mox oOm. penakuueit akagemuka A.X. JhxaHaxmenosa.
Cranpapt. — baky: «Anoctpodd», 2016. — 312 c.
Proektny i proverochny raschet frikcionnyh uzlov lentochno-kolodochnyh tormozov burovyh lebedok / A.Kh. Jan-
ahmadov, D.A. Volchenko, D.Ju. Zhuravlev [i dr.]; pod obshh. redakciej akademika A.Kh. Janahmadova. Standart. —
Baku: «Apostroffy», 2016. - 312 s.

4. Jxanaxmenos A.X. dusnko-croxactudeckoe TpudomonenupoBanue. — baky: Omm, 1988. — 152 c.

Janahmadov A.Kh. Fiziko-stohasticheskoe tribomodelirovaniye. — Baku: Elm, 1988. — 152 s.

5. Hxanaxmenos A.X., Boibuenko A.U., Kpumrona C.U., Cragnuk O.Bb. DHeproHarpyXeHHOCTh (PPUKIMOHHBIX Y3-
JIOB TOPMO3HBIX YCTPOMCTB MMPHU Pa3IMYHbIX PSKHUMaX UX HCHbITaHui. / BecTHHk A3epbaiimkanckoit MHkeHepHOH aka-
nemun. T.7, Ne4, 2015, c. 18-35.

Janahmadov A.Kh., Volchenko A.L, Krishtopa S.I., Stadnik O.B. Energonagruzhennost frikcionnyh uzlov tormoz-
nyh ustroystv pri razlichnyh rezhimah ih ispytaniy. / Vestnik Azerbaydzhanskoy Injenernoy akademii. T.7, Ne4, 2015, s.
18-35.

QAZIMA BUCURQADIN LENTLI - KUNDOLi OYLOCINiN TRiBOSISTEMININ
MOCBURI SOYUMASI
(I hisso)

9.X. CANBHMSODOV, A.I. VOLCENKO, E.S. PIRVERDIYEV,
N.A. VOLCENKO, V.S. VITVISKiY, V.M. CUFUS

Maqaladas lentli-kiindali aylacin siirtiinms ciitliniin soyutma sistemin konstruksiyast va onun xiisusiyyatlari,
konstruksiya elementlarinin istilik balansi va tribosistemin soyudulma qradiyent nozariyyasi gostorilmigdir.

Acar sozlor: lentli-kiindali aylac, tribosistem, qasnaq ¢onbarinin siirtiinmoa ciitii, mayela dolu kamera, kon-
veksiya, konduktiv, radiasiya istilik miibadilasi.

FORCED COOLING OF TRIBOSYSTEM “BAND-SHOE BRAKE”
IN DRILLING DRAWWORKS
(Part I)

A.Kh. JANAHMADOV, A.I. VOLCHENKO, E.S. PIRVERDIEV,
N.A. VOLCHENKO, V.S. VITVITSKY, V.M. CHUFUS

The article examines specifics of the frictional pair of the band-shoe brake, their thermal balance within the
balancing elements of design, the gradient of cooling theory for this tribosystem.

Key words: band-shoe brake, tribosystem, frictional pairs, rim of pulley, chamber with liquid, convective,
conductive, radiative heat transfer.
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THE DEVELOPMENT OF NATIONAL STANDARDIZATION
SYSTEMS OF THE CIS COUNTRIES IN ACCORDANCE
WITH INTERNATIONAL REQUIREMENTS

Z.Y. ASLANOV®

The national standardization system of the Republic of Azerbaijan has been undergoing the signifi-
cant reforms to meet the requirements of accession to the World Trade Organization and the process of in-
tegration into the European Union. In accordance with these reforms, existing national regulations are be-
ing replaced by strict international standards. In this process, it is necessary to bring the private sector in
line with the new principles of standardization system, which is not easy and requires large investments.

In the paper, the authors analyses the changes applied to the existing national system of standardiza-
tion, as well as aspects related to such a reform.

Key words: national standardization system, private sector, World Trade Organization, European Union,
international requirements.

As known, in relation to the membership of the World Trade Organization (WTO) and
integration to the European Union (EU) the national standardization system of Azerbaijan has
to be adapted to the requirements of those organizations. This will result in significant changes
to the current system. Thus, unlike the current system, in the market economy system only the
safety of products is regulated by the state. The quality of the products is regulated by the mar-
ket itself. Therefore, the requirements on the safety of products, called technical regulations,
are mandatory for implementation. The product quality requirements are reflected in standards
and application of the standard is voluntary. Enterprises that want to improve the quality of
products and thus get ahead of the competition are voluntarily applying these standards. At the
same time the government limits its control by security of products. Another important change
1s taking foodstuffs control out of the national standardization system. In order to fulfill all the-
se requirements the thousands of the existing Azerbaijan standards will be renewed as men-
tioned to meet international standards.

The aspects of adaptation of the national standardization system to meet interna-
tional requirements. In general, the adaptation of the national standardization system to the
international requirements will be implemented according to the following aspects:

%
»Standardization and Certification” department, UNEC
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 Adapting of the system itself to the principles of the market economy. Thus, in accord-
ance with the market economy the standardization as technical regulation providing and apply-
ing of the mandatory requirements to the safety of the products and standardization defining
voluntary requirements to the quality of products should be divided into two parts. This, ac-
cording to the state control over the economy and the quality of the products safety regulation
limiting the market makes it necessary to release the law of supply and demand,;

* standards that form the basis of the system requirements for the products to adapt to the
requirements of international standards. It is redesigning the existing standards to meet interna-
tional standards. This is the most difficult element of the adaptation of the standardization sys-
tem. Because of the fact that standards in former Soviet republics do not meet international
requirements the tens of thousands of the existing standards have to be redesigned;

* product safety requirements for each product, product group and its overall safety rec-
ord for technical regulations is to be developed. The former GOST standards include safety and
quality requirements for each product, and this requires the development of standard for each
product. But in international practice the security requirements of the product are defined in
terms of security parameters, not in terms of product. So, whatever product has a security pa-
rameter this product is applied to the relevant technical regulations;

* identification of general requirements to the products in the technical regulations and
liberalization of methods to meet these requirements. Along with determination of the require-
ments for products in the former soviet republics’ standards, there a single mechanism to meet
these requirements is also reflected. In international practice technical regulations specifies the
security requirements only, but how they’ve met is carried out according to the rules shown in
referenced standards or defined by the manufacturers itself. The manufacturers shall be deemed
to satisfy the requirements of the technical regulations in case of at least one of the standards or
the self-defined method is applied;

* institutional reforms in the management of standardization system. One of the major
changes brought by adaptation is change of the structure and authority in government agencies
responsible for the management of the national standardization system. So that, is required to
carry out the necessary reforms to identify requirements of state bodies’ authorities for security
of products and limitation of these requirements by ensuring, preparation of standards and lib-
eralization of the authority use, conformity assessment carried out by the private sector, in or-
der to ensure one-sidedness, transparency and public participation;

* improving the safety and quality performance of products in conformity assessment
system. According to the former soviet standardization system almost all products are manda-
tory certified and certification is carried out by state authorities. In addition, compliance with
both the production and the market is under state control. But compliance with international
standards requires that only high-risk products must be mandatory certified, compliance as-
sessment of low-risk and mid-risk products shall be carried out by the manufacturers them-
selves, conformity assessment activities shall be carried out not by the state, but by the con-
formity assessment bodies accredited in accordance with international standards [1].
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Apparently, it is necessary to carry out the significant changes in the current system to
adapt to international standards.

One of the key elements of harmonization of national standardization system with inter-
national requirements is taking into consideration the interests and potential of the private sec-
tor in Azerbaijan. Thus, the producers are the object of standardization. Those are parties who
use the new norms. Therefore, changes made will affect manufacturers in the first place. There-
fore, coordination should focus the private sector as well. Thus, the adaptation of the private
sector should be kept in the center of attention as well.

Private sector related issues in the process of harmonization of national standards
with international requirements. There are the following private sector related issues in the
process of harmonization of national standards with international requirements:

¢ to involve the private sector to the development of new technical regulations and stand-
ards;

¢ to educate the private sector about the new technical regulations and standards;

e to provide transitional period for adaptation to the new requirements, technical support,
concessional loans and assistance to the private sector;

e to support of the establishment of private enterprises which will carry out activities on
the national standardization system,;

e to adjust the consumer market to the new products.

Now, let’s comment each of these issues separately:

1. The involvement of the private sector to the preparation of new technical regulations
and standards to the possible extent. As mentioned above, involvement of the private sector to
the development of technical regulations and standards gives it a lot of benefits. So, by this
participation they fully adopt the applied requirements, achieve taking into account its interests
in these documents, learn other manufacturers’ views and suggestions on this standard, get
without investigation expenses scientific and technical progress achievements included in the
standard etc. Therefore, according to the international experience it is considered appropriate
that a most effective mechanism to adapt the private sector to the new rules is to involve it to
the preparation of these rules. Although relative progress has been made in this area in recent
years in our country, there are still problems in terms of unformed mechanism and lack of un-
derstanding of the importance of this issue by the private sector. In order to involve the private
sector in this process the sectors or technical committees for products should be established. In
the first phase it must be involved to develop mandatory subsequently applied technical regula-
tions.

As known, the aim of the development of technical regulations is to ensure safety of
products for people, animals and plants. While scientific achievements and innovations, best
practices and higher requirements on the quality of the products are considered when pro-
cessing standards, whereas product safety indicators have taken as a basis when processing
technical regulations. Therefore, accordingly the aim of participation of the private sector in
processing of technical regulations should be development of safety requirements determined
for its own products and while study of mechanisms to ensure it, the aim of participating in the
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development of standards should be in obtaining of the scientific achievements and new tech-
nologies and thus in improvement of the quality and competitiveness of their products. How-
ever, fulfillment of the safety requirements in technical regulations leads to safe and competi-
tive manufacturers’ products, and this in turn leads to increased confidence in their products
and being more competitive. That is, in both cases the private sector achieves economic benefit
when participated in the preparation of these documents [2, 3].

In addition to the participation of the private sector in the national technical committees,
its participation in the development of international standards and national standards of foreign
countries should be encouraged. This is important either being a requirement of the WTO or
taking into account the interests of the national economy in international standards and facili-
tate subsequent application of international standards in the country. On the other hand, the
most important aspect which makes necessary the participation of the private sector in the de-
velopment of regulatory documents is their contribution to how the provisions of the interna-
tional standards, taken as a basis, complies with the interests of the national economy, and
which adaptations should be made in the national technical regulations and standards adopted
on the basis of this international standard in terms of local climate, geographical, technological,
environmental and economic factors. Because, there might be such requirements of interna-
tional standards, direct application of which, due to the above factors, is not appropriate in our
country. In this regard, what adaptations should be justified by the private sector to substantiate
its position [5,6]. So, involvement of the private sector in both technical committees, either
created under the State Committee on Standardization, Metrology and Patents of Azerbaijan
for development of the technical regulations, or under Azerbaijan Institute of Standardization
and Certification for preparation of national standards, is a very important issue.

To ensure the participation of the private sector in the development of regulations the ex-
tensive educational work should be carried out first and then the benefits provided by such par-
ticipation should be delivered to them. Some countries practiced to use premium payments and
awards as promotional tools to motivate the participation of the private sector. Although it is
advisable to carry it out for the development of technical regulations in our country, but it can
be difficult to apply for the development of standards. In many countries, however, private
sector pays the membership fee for participation in the development of standards.

In addition to the participation of the private sector in the national technical committees
their participation in the development of international standards and national standards of for-
eign countries should be encouraged. This, in addition to being a requirement of the WTO, is
either important in terms of taking into account the interests of the national economy in inter-
national standards and further easier application of international standards in the country [7].

For this purpose, in accordance with the relevant technical committees of international
standardization organizations an appropriate "mirror" committees should be established and
discussion of international standards by these committees should be provided through the par-
ticipation of local experts and the private sector. For this purpose, it is necessary to allocate
funds from the state budget. At the same time, using the center of the inquiry and notification
established on the basis of the WTO request the technical regulations of the WTO member
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states, the obtained projects of conformity assessment procedures passed to the private sector
and review of these documents during the given period from the national interests point of
view by the private sector must be provided.

2. To educate the private sector about the new standardization system. In our country,
the representatives of the private sector are misinformed about the new approach due to
operation based on the national standardization system requirements stand on Soviet era. While
the national standardization system is in line with international requirements based on the
proposed mechanism the private sector should be also well-informed about the nature of the
new system. Thus, they must be tanned that the safety is the subject of regulation, but the
quality is the subject of the market and they must be explained that implementation of either
safety or quality requirements is the subject of competition and customer satisfaction in the
market economy. It could be considered as a new approach for producers forced by the state to
carry out such requirements for a long time. Therefore, the action plan to educate the private
sector to be developed and the essence of the new system to be delivered to them through the
followings:

¢ Dby organization of public events, conferences and seminars;

e by setting up the Training and Consulting Center under Standardization, Metrology
and Patents Committee and by providing through it a free training to the representatives of the
private sector on the nature and requirements of the new system;

e by giving free consulting to the manufacturers on new technical regulations and
standards for their products, as well as on their application using the established center;

e by creating an information portal on technical regulations and standards;

e by preparation of the guidance on the application of any adopted technical regulation
and by placing it on the website;

e Dby creating a system of national awards for safe and quality products production;

e by preparing of training and printed materials on the new standardization system and
distributing to the private sector through the Institute for Standardization, universities and
research institutes;

e by organizing regular activities and events in the press to raise awareness about the
new system,;

e by implementing joint events and projects along with public and business associations
and other non-government organisations (NGO) etc.

3. Providing the transitional period, technical support, soft loans and aids for the private
sector to adapt to the new requirements. We’ve noted that one of the most difficult moments in
adaptation of national standardization system to international requirements and in ensuring the
transition to the new system is namely application of the new technical regulations and
standards to the private sector. So, for a long time the producers operating in Azerbaijan have
established their production process in accordance with the current standards of their products.
Being tougher and different than in QOST standards the requirements of the new technical
regulations and standards must satisfy the requirements of the new regulatory documents based
on international standards by making a significant investments. This first of all includes the
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means of production, in particular, the equipment, raw materials, renewing of the production
environment, training for updating knowledges of professionals for new requirements, the
assessment of compliance with the new requirements and other operating expenses.

In international practice the transition period is given for the application of new technical
regulations by the private sector. In our country within the process of WTO accession both for
national standardization system to meet international requirements, as well as for the provision
of new requirements by the private sector 7-year transition period has requested. After Ukraine
has adopted the new technical regulations, except for the necessary safety measures, 1-3 year
transition period has allowed for its’ mandatory application. During this period the manufac-
turers are gradually applying the new requirements to their production processes. During this
period, the current standards also remain in force [4]. It is considered appropriate to apply this
experience in our country. During the voluntary implementation period it’s important for the
government to help manufacturers to understand requirements and application of new technical
regulations by constant education, as well as by providing of free training and consultancy ser-
vices.

Another important point is provision of grants and soft loans to the producers, applying
new technical regulations. For example, in this regard, the special state's financial aid program
is carried out in Slovakia. So, within this program the government is covering the 65% of the
expenses required to meet the guidelines of the European Union by producers [4]. This experi-
ence could be applied in our country in regard to manufacturers of the products which have a
priority for the economy and export potential. Primarily, it would be advisable the fulfillment
of the general requirements of technical regulations and compliance assessment to be met by
these manufacturers. On the other hand, to apply technical regulations the preferential loans
can be applied to the producers who guaranteed the safety of products and interested in the
export of products. Thus, producers will be able to get preferential credit when they applied for
it by noting that it aimed to apply the new technical regulations and standards. One of the main
advantages of giving either soft loans or grants is safe and quality manufacturing of own prod-
ucts by manufacturers having such a support and by this to promote the government to manu-
facture the safe products in the local market. Therefore, it is necessary to use these experiences
within the financial opportunities of our country. This should be done in close cooperation with
international organizations and financial institutions. Because, some of those agencies are car-
rying out these types of activities. For example, there is the program of the European Bank for
Reconstruction and Development related to the covering of the 40-60% of the costs incurred
for the implementation of international standards by the manufacturers of our country. The
program is being implemented successfully [10].

4. Encourage the establishment of private conformity assessment bodies. Mandatory
conformity assessment activities in the country for a long time carried out by the government
prevented the establishment of private enterprises in this field. However, passing to the private
sector this type of activity in our country as well paved the way for the creation of this type of
enterprises. Most of the private certification companies operating in Azerbaijan are foreign and
international companies. Local companies have shown little interest in this area. On the other
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hand, despite the fact that this area is liberalized, the provision of those services by state
enterprises prevents the creation of private enterprises. Therefore, the expansion of this field is
very important both from obtaining by manufacturers more competitive conformity assessment
services and from the development of the business areas related to conformity assessment
activities point of view. There are hundreds of private enterprises in this field in Europe.
Competition among them leads to service quality improvement and price reduction for the
services provided to the manufacturers.

In our country, to encourage the industry the awareness and promotion activities should
be taken in the first place. As well as technical support to fulfill the necessary requirements of
local businesses and their accreditation should be conducted. Because, the lack of accreditation
of local businesses means abcence of international recognition of their compliance documents,
which in turn discourages manufacturers from using their services. The accredited local
companies should be registered and those companies should be recommended to the
manufacturers [8,9, 10].

One more issue should be noted that some even international certification companies
operating in our country deceive manufacturers by selling fake certificates to them or give
them for extra money a certificate before necessary requirements met by manufacturers. That’s
means delusion of consumers and sale of unsafe products to them. Therefore, in addition to
promoting the creation of private enterprises, their operation in accordance with requirements,
especially the mandatory certification of the products’ safety parameters should be carefully
controlled.

5. Adaptation of new products in the consumer market. Manufacturing of the products
according to the new technical regulations and standards will lead to an increase of their
production costs and thus, an increase of their market price. This will result in a rise in
consumer prices in the market. Therefore, in order to prevent the increase of the prices of
products as much as possible it is necessary to support the manufacturers to reduce their costs
by usage of the above-mentioned financial aids, grants and soft loans. At the same time, the
gradual measures in the direction of the improvement of social welfare and the increase to the
level of consumer purchasing power in Europe should be taken.

Another important point is the improving citizens' consumer culture and to be more
demanding of products purchased, including the implementation of comprehensive measures
for the protection of consumers' rights based on international experience. The harmonization of
the product safety regulation system with the international standards leads to the giving more
freedom to the manufacturers, which in turn leads to the abuse of freedom by manufacturers. In
a market economy consumers are getting better than government to prevent this kind of abuse.
The exactingness of consumers makes manufacturers more sensitive than the exactingness of
government. Therefore, the important measures aimed at developing a culture of consumer
awareness should be promoted.

Conclusion. One of the most important elements of the adaptation of the national stand-
ardization system with international standards should be especially the development of the pri-
vate sector to new system requirements. Thus, that will require billions investment from the
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private sector for the transition to the new system to be able to apply the new national stand-
ards based on international standards. To do this, it needs to think in advance about the neces-
sary investments and preferential loan programs. In addition to this, the new system requires
from the private sector the establishment of closer cooperation and development of standards,
based especially on the needs of the private sector itself. This in turn makes inevitable by pri-
vate sector to take a more active role in this process, so in order to take that role by the private
sector it should be properly informed and the mechanism for participation should be formed.
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MDB OLKOLORININ MiLLi STANDARTLASDIRMA SISTEMLORININ BEYNOLXALQ
TOLOBLORO UYGUN iNKISAFI

Z.Y. ASLANOV

MDB 6lkalorinin milli standartlagdirma sistemlarinin beynslxalq toleblors uygunlagdirilmasi tohlil edilmigdir.
Gostorilmisdir ki, MDB dovlstlorinin QOST asasli milli standartlagdirma sistemlari prioritet shomiyyatli masoladir. Milli
standartlagdirma sistemina dair beynoalxalq toloblorin osas xiisusiyyatlori miioyyen edilmisdir. Umumdiinya Ticarat Togkilatinin
(UTT) toleblarinin vacibliyi osaslandiriimisdir.

Agar sozlor: Milli standartlasdirma sistemlari, beynalxalq talablor, UTT-nin taloblori, MDB déviatlarinin
standartlagdirma sistemlari.

PAZBUTUE HAHMOHAJIBHBIX CUCTEM CTAHJAPTU3ATIUUA CTPAH CHT
C YYETOM MEXKJIYHAPOJHBIX TPEFOBAHUHU

3.10. ACJJAHOB

B cratee nmpoaHanu3upoBaH BOMPOC aJaNTal[MU HAIIMOHAIBHBIX CHCTeM cTanaapTu3aiuu ctpad CHI' k MexyHapoaHBIM
TpeOOBaHMAM, a TAKKe YKa3aHO NPHOPUTETHOE 3HAYEHHE HAIMOHAIBHBIX cucTteM crannaptusauuu 'OCT crpan CHI, ycra-
HOBJIEHBI OCHOBHBIE OCOOCHHOCTH MEXITYHAapOJHBIX TPeOOBaHHMN K HAIIMOHAIBHOM CHCTEME CTaHAapTH3aIluu, 000CHOBaHA
Ba)KHOCTH TpeboBanuii Bcemupnoii Toprosoit Opranmsanuu (BTO).

Knrwouegwle cnosa: nayuonanvhvie cucmemvl cmaHoapmu3ayuu, mMexcoyHapoonvie mpedoganus, mpedosanus BTO, cu-
cmemuvl cmanoapmusayuu cmpan CHI.
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PLAUSIBLE CAUSES OF COMPLETION TUBING FAILURE
IN GAS CONDENSATE WELLS

T.Sh. SALAVATOV", KHURRAM IQBAL"

This paper deals with operational experience with the down hole challenges of sweet gas corrosion, and
scaling tendency in carbon steel completions. When completion was pulled out for the purpose of workover at
well-1at Salsabil Gas field, Punjab, Pakistan, completion tubing was found severely eroded/corroded. This com-
pletion failure was observed after almost 8 years of production. An investigation was carried out find process of
this sever corrosion in tubing. There have been numerous studies and published literature on corrosion forming
mechanisms in acidic and sour conditions; the sweet/acidic part (without H,S) has been the dominant area of in-
vestigation by far. This is imperative to understand why the corrosion observed on the sweet wells where carbon
di oxide (CO,) is significantly lower than corrosion prediction models.

It also accommodates the guidelines to avoid such failures in future. It is worth mentioning that the
company experience with this sweet gas producer has shown the tendency for corrosion to occur at shallow depth.
The tubing pulled out of well-1 was found to be severely corroded, washed out and collapsed due to low yield
strength over the uniformly corroded surfaces.

Detailed failure mechanism was investigated for the completion design and to suggest remedial measures
in maintenance and design of tubing to prevent such financial losses to avoid extra cost of material and work-
overs.

Key words: Sweet Gas Corrosion, Acidic Gas Corrosion, Galvanic Corrosion, Tubing Corrosion

INTRODUCTION. Corrosion is one of the major problem in oil industry and it costs to petroleum
industry in billions of dollars. A vast literature is available and oil companies are spending lot of
capital to reduce corrosion to protect and increase life of their wells, pipelines, plants etc. [1].
Salsabil Gas Field was discovered in 2005 in Middle Indus Basin of Pakistan. After artificial frac-
turing of the sandstone reservoir, completion was replaced with 4-1/2 inch completion in 2008.
During recent workover tubing was pulled out, it was observed to be washed out due to corrosion.
Almost all initial joints retrieved were washed out and punctured. At 149.24 m tubing pulled out
was collapsed as a consequence of low yield strength over the uniformly corroded surface while
remaining fished in the hole. After 158.85 m the retrieved tubing was in relatively better condition.
Images are attached in the end for the retrieved tubing.

Gas composition of the concerned reservoir is not sour gas, as it is devoid of H,S and CO; contents
are ranging between 8~9 mole%. Therefore this gas can be classified as acidic gas instead of sour

* Department of Petroleum Engineering
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gas [1]. This is pipeline quality gas used in major network of gas supply in Pakistan. Even reservoir
conditions are not in the range of high-pressure/high temperature (HPHT) reservoirs (10,000
psi/300 °F), most conditions are in temperature ranges between and temperature 229°F to 231°F.
Produced 43°API high gravity hydrocarbon condensate rates range between 5 barrels per million
standard cubic feet per day (bbl/MMscfd) to 7 bbl/MMscfd. Produced water is a mixture of con-
densed water vapor and some interstitial water, which is dependent on flow striping velocities.

This well hosts the tubing material grade L80, a restricted yield-tubing grade that was available in
Type 1, 9-Cr, or 13-Cr. Type 1 is less expensive than 9-Cr and 13-Cr but more subject to weight-
loss corrosion at low temperatures. L80 Type 1 is commonly used in oil and gas fields due to high-
er yield strength than common J55. L80 is satisfactory for SSC resistance in all conditions but may
incur weight-loss corrosion. Type 9-Cr was popular in the past for CO, and mild H,S contaminated
wells but has been replaced by Type 13-Cr. Type 9-Cr also has an extended delivery schedule. 13-
Cr tubing has gained popularity because it has good CO, induced weight-loss corrosion resistance
properties; however, it is more costly.

As per the compliant standard NACE-MRO0175-ISO-15156 [1] that prescribes the requirements and
recommendations for the selection and qualification of carbon and low-alloy steels, corrosion-
resistant alloys and other alloys for service in equipment used in oil and natural gas production
dictates, “for natural gas to be classified as sour the partial pressure of H,S must exceed the limit of
0.05 psi”. Oil and gas exploration and production companies have develop their own guidelines for
classification of sweet and sour gas depending upon the ratio of H,S/CO, and partial pressures of
H,S [3].

CORROSION CAUSING MECHANISMS. Though all detailed mechanisms concerning corro-
sion are not yet fully agreed upon, in particular concerning H,S, a substantial number of intermedi-
ate phenomena have been well described and acknowledged. Here the objective is not to discuss
these mechanisms in any detail. Intention is to introduce a few basic considerations of interest and
to discuss the experience reported hereafter. Main corrosion agents are represented in Figure-1.
Sweet corrosion attacks metals due to acidic nature of dissolved carbon dioxide forming carbonic
acid. The pH or acidity of the solution will depend on the partial pressure of the carbon dioxide.
For the same pH, the weak carbonic acid is more cor- '

rosive than strong acids (e.g. hydrochloric acid), as
carbonic acid can rapidly dissociate at the metal sur-
face to provide a steady supply of the hydrogen ions
needed at the cathode. The anode and cathode (as giv-
en in Figure-2) can both be at the same surface of
metal [4]. The electrons emitted by anode are received
by cathode. It is possible to create an electro-potential
(voltage difference) on the surface of the metal by
differences in the grains (crystals) caused by varia-
tions in composition, roughness or surface film within
the metal structure or between grains and grain bound-
aries which will be discussed further in Galvanic cor-
rosion.
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Plausible causes of completion tubing failure in gas condensate wells

It is agreed that the prime cause of corrosion in gas producing wells is the presence of CO,, H,S
and water in the flow stream. Ideally, if these gases can be excluded and water maintained at a neu-
tral pH or higher, the presence of water would cause very few corrosion problems. Similarly, both
CO, and H,S are noncorrosive in the absence of moisture. This being said, the question rises about
the critical levels of water or CO, and H,S above which corrosion starts becoming an issue. This
could be a subject of thought in the case discussed hereafter. It is also well acknowledged that CO,
and H,S are acting as weak acids when combined with water:

H,0 + CO, €= H,CO; € > H + HCO;

H,S <> H + HS

Depending on the water composition, H,S and CO, contents, and total pressures, the resulting pH
typically ranges from 3 to 6.5 (Well-1 water pH 6.7). Under these acidic reducing conditions, the
primary corrosion product is Fe™™ while bicarbonate anions are present in the water as corrosion
byproducts. It is to be noted that iron carbonate is a quite insoluble corrosion product at high tem-
peratures and low moisture.
During the producing life of the field, wells undergo work over operations for several reasons that
may include, but are not limited to the following:
Failed corroded tubing, stuck fish, leaking packer, and reentry to sidetrack and drilling into other
parts of the producing zone, collapsed external casing, failed gas-lift mandrels, etc. Whatever the
reason for such Work over, they allow a close look into the corrosion/scaling condition of the
pulled tubing.

SWEET/ACIDIC GAS CORROSION AT SALSABIL WELL. The case history of Well-1 of
Salsabil history starts from 1% January 2005, when existing well Rhodo-03, was deep up to Sembar
Formation. This well produced from well cemented, hard argillaceous sandstone, characterize by
poor reservoir quality. Porosity and permeability are poor ranging 5-7% and less than 10 md, in-
cluded fracture porosity and permeability. Cumulative production was of gas was more than 4.5
Bcef. Most of production was coming from fractures as duel porosity is noticed on well test analy-
sis.

After a production history of 400 days it
was decided for artificially hydraulic

(Or 2H* + 26" — Hy)

fracturing. Before the job well was pro- Fe2+ e Sl Water
ducing at 9.5 MMSCFD of gas at 90/64
in choke, with 54 barrels of condensate e
. ) Fe W
fmd 44'ba1‘*rels of water. Just after induc s ( ef ) FE
ing artificial fractures, well started flow Steel
33 MMSCEFD of gas at 60/64in choke, (e.g. Grain boundary) (e.g. Iron grain)
with 160 barrels of condensate but water oFe _»2Fe? 146 (Anode)
production reached up to 930 barrels.
i on i S 0, + 2H,0 + e — 40H (Cathode)
This water production increased within 2t <
2Fe + O, + 2H,0 — 2Fe(OH), (Combined)

30days of hydraulic fracturing job. Three
attempts were made to stop water pro-
duction by placing bridge plugs after
third bridge plug gas production and wa-

Metal + Electrolyte + Water — Corrosion

Fig. 2. General Corrosion chemistry
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ter production drastically reduced but gas water ratio did not change drastically that was ranging
1:16 to 1:10.

During normal pressure surveys campaign of 2013, an obstruction was felt at 154m depth but its
nature of obstruction was not recognized. Then it was planned to remove existing 4-1/2 inch pro-
duction tubing to replace with 2-3/8 inch tubing to act as velocity string.

Work-over of Dewan-1 was started in February 2016. On pulling out string up to 154m was re-
moved from hole in a single trip, during pulling out of hole 4-1/2 inch tubing was found collapsed
and badly corroded up to 154 m depth (Figures 9-11)

A study was carried out to investigate to understand phenomenon and process of corrosion to avoid
any such situation in future.

DISCUSSION. The Salsabil Gas Field well life was considered for 8 to 10 years. Design philoso-
phy of Salsabil Wells did not include continuous down hole corrosion inhibition as a part of well
completion as its prerequisites are to go through a pilot testing for results and might add unneces-
sary complexity to the well integrity. However another method is the batch treatment by gravity
settling which requires the well shut down for 16~24 hours depending upon the length of the pro-
duction tubing. A test pilot is also required for conclusive results of the application.

Problem primarily related with corrosion inhibitors is that they do not condense on to the tubing
wall except where the temperature is sufficiently reduced (high up in the tubing string). It was ex-
perienced by an international E&P company, where P105 tubulars have been known to fail after six
months in high temperature wells therefore before an effective high temperature corrosion inhibitor
is available, more work is needed. Presently, organic based inhibitors are not recommended for
temperatures above 150°C, however performance testing under specific operating conditions may
allow their use at up to about 170°C in certain cases [5]. Similarly inhibitors are available for batch
treatment but are not effective at high temperatures. Problems experienced include the increased
risk of scaling due to the carrier water, increased hydrostatic pressure on the well, foaming and
emulsion problems, in deep hot wells. Corrosion control through the use of inhibitors is not rec-
ommended for hostile wells [1]. Both of the above mentioned programs have been applied by
known hydrocarbon producing wells but found to be inconclusive and expensive.

Collected statistical data indicates that well under discussion produced relatively large quantities of
formation water at well head. The general industry rule of thumb for produced gas—water ratio
(GWR) is 4:1 that will provide a protective coating layer on the carbon steel tubular, mitigating
CO; corrosion [3]. The average hydrocarbon to water ratio (GWR) on the subject well was as fol-

low:
Inception to Sep 2008 work over =1:2.55
Till October 2012(shut in) =1:330.25
Dec 2013 till Feb 2016 =1: 660

On an average from the start till the work over the GWR has been reached up to 1:38. The partial
pressure of CO, in well-1 was 75 psi. The amount of CO, that can dissolve in the water depends on
the partial pressure. The partial pressure (Pcoz) can be derived as below:

Pcox = (Mole fraction of CO, in gas) (Total pressure)
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Therefore, typical major cause of internal corro-
sion is the formation of carbonic acid in water by
dissolution of associated CO, gas. The corrosion
rate of carbon dioxide is directly related to its par-
tial pressure, the system’s temperature and pres-
sure (Figure-3 & 4).

Well-1, field data shows that CO, induced corro-
sion predominantly occurred at the upper portion
of the production tubing. Subsequently corrosion
did not occur on the most surfaces which definitely
means that good protectiveness was gained over
these surfaces i.e. a protective carbonate layer was
formed. This is related to the fact that very limited
amount of water present at the bottom of the tub-
ing and to an annular flow regime inducing only a
very thin water layer on the surface. Such a thin
layer of condensed water may become saturated

(a-2) Effect of CO- Partial Pressure on Corrosion Rate
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Fig. 3. Partial Pressure C0, vs Corrosion rate of
different metals

very quickly in iron carbonate, even with a moderate corrosion rate, and form a very strong film
due the high temperature at the bottom; the lower the water flow rate and higher the temperature,
easier and stronger the protective film formation on L80 (carbon steel). The carbon dioxide corro-
sion generally proceeds in the localized form (Figure-5).

Temperature
Operating Pressure: 900 psi| 6205 l kPa l
€02 mol fraction: 0.083
CO2 Partial Pressure: 75 psi| 500 ] kPa l
Operating Tempterature: |14o |F| 160 | C |
10

Maximum Unmitigated Corrosion Rate:

13 mm/y

CO2 pressure
kPa 1000

Fig. 4. Corrosion Rate against CO2 Partial Pressure and Temperature

The flow regimes define the type of flow behavior. For a vertical well, the flow regimes are gener-
ally bubble flow, slug flow, annular flow, mist flow and possibly churn flow (Figure-6). It should be
noted that in the mist flow regime, the gas phase is continuous and liquid travels as dispersed drop-
lets within the gas. It is the gas phase that predominantly controls the pressure gradient. A no-slip
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condition is assumed for the

Type 1 corrosion Type 2 corrosion Type 3 corrosion
flow in this regime, as mist (heloar IS0 (peaks at 200°F) (RDONS S00°F)
. . . Iron carbonate film is absent Thick, porous iron

flow requires relatlvely hlgh or soft ea[sily moved. carbonats scale.
gas flow rates [1]. — - -

. Fe?* Fe?*
As the water rate increment- 1 - {
ed in the well-1 and it en- \ ‘\ /‘ /
tered the slug flow regime s
from slug-annular transition,  General Pitting ('mesa’) corrosion - high  High Initia{ corrosion rates
. . corrosion. localised corrosion rates. promotes strong, dense
it affected the tubing at shal- Fresh steel continually Iron carbonates film - low

. . exposed - reaction :
low depth primarily due to rate increases as
temperature increases.

fact of low temperatures at
those depths Fig. 5. Corrosion of carbon steel by CO2 at different temperatures

As the gas traveled to the
top its temperatures and
pressure dropped, condens-
ing out more water, along
with the very high amounts
of produced water from the
formation. Below 60 deg C
(140 deg F) and 75 psi par-

tial pressure of CO, carbon ANNULAR  SLUG-ANNULAR

SLUG BUBBLE
MIST TRANSITION
steel is vulnerable to high =
vu & Decreasing Gas Rate

general corrosion. The car-
bonate film (which in reality
is a corrosion product), formed is very weak at low temperatures and dissolves in the produced
water quickly, thereby increasing the rate of corrosion by many times over.

In conclusion, the amount of produced water, decrease in gas production in production tubing and
the flow regimes are the primary factors influencing the corrosion at shallow depths inside well-1.
We therefore believe, consistently with all the facts in hand, that corrosion remained low in the
lower part of tubing because of the strong and dense protective film, which was a result of the par-
ticular pressure and temperature profiles of this well.

It is possible although not documented at well-1 that this condensed and produced formation water
contained organic acids. We cannot, however, comment on this possibility as we do not have
enough data at this point.

From the above elaboration it therefore is concluded that Carbon steel has a decent resistance to
CO; induced corrosion at high temperatures and form a tight carbonate film at bottom-hole condi-
tions. At higher temperatures, the effect is reduced and chromium steels may even corrode at high-
er rates than carbon steel (Figure-7). Therefore, at the design stage of the well, it should be consid-
ered combination tubing at Salsabil field to avoid additional expenditure, according to its acid gas
composition and temperature profile.

Galvanic Corrosion. Above stipulation might raise the argument that using different tubing grades
will instigate galvanic corrosion? In reality all corrosion mechanisms require an electro-potential

Fig. 6. Flow regimes in vertical wells
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(voltage difference) between the anode and the
cathode. As earlier briefed, this anode and cath-

ode can be on the same material (Figure-8). : ?Z: g:
Different metals connected together can also A 2% Cr
promote the corrosion cell. The more noble 400- @ 3% Cr
metal (most corrosion resistant) becomes the < o 5:/° Cr
cathode with pitting occurring at the less noble E : ?;/fér
metal (anode). The different metals may be tub- 2 A 17%Cr
ing screwed to a component, a weld compared é x 25% Cr
to the surrounding metal, or casing touching g

tubing. Avoiding dissimilar metals is impossible G i
in a completion. The best strategy while using (L
dissimilar materials is to ensure that the anode is o od A

much larger than the cathode (Figure-9). 100 200 300 400 500
Temperature (°F)

Fig. 7. Corrosion rate as function of chromium
content (Courtesy of Sumitomo Metals).

Z—Z

' I Tubing sacrificially corrodes

compared to component, but
area is much larger so effect
is minor.

Anode

Cathode

Completion component
e.g. mandrel more noble
(less corrosive) than tubing.

) Catncge []Anocce =T

Fig. 8. Cathode and Anode at same Fig. 9. Suitable proportion of two different metallurgy of
metal surface completion can reduce effect of corrosion

In this case study different types of corrosion are shown in Figures 10 to 12. Metal wastage due to
uniform corrosion is clearly evident in Figure-10 to Figure-12. This corrosion is product of car-
bonic acid, differential temperature and ultimate galvanic actions. Figure -11 indicates drastically
reduction in material strength and steel pipe has been collapsed [6].
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Fig. 10. Uniform General and localized Corrosion due to CO2 resulting
in Metal wastage and pitting

Fig. 11. Uniform General Corrosion Resulting in stress corrosion cracks
(left side) and material wastage (right).

Fig. 12. Collapsed Tubing as a consequence of uniform corrosion
that resulted in low yield strength.
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CONCLUSIONS. As explained, Well-1 till its workover produced bulk quantities of water at well
head besides increase in its CO, content. These conditions supplemented acceleration in the corro-
sion rate and aggravated deterioration of the production tubing from the shallower depth. At bottom
hole conditions due to high velocity the annular flow regime water remained in mist flow but at
shallower depth the flow regime changed from annular to slug flow. With all the facts in view it
can comprehensively be concluded that Corrosion remained low at the lower portion of the produc-
tion tubing due to high temperatures and low amounts of condensed water that allowed a tight pro-
tective film over the surface of carbon steel tubing. Carbon steel completions are still a cost effec-
tive solution depending on the well profile.

Continuous injection of corrosion inhibitor might initiate introduction of oxygen in the tubing
which will cause tubing failure very quickly, apart from additional cost during well designing.
While batch treatments of corrosion inhibitors will result in production losses, in addition no signif-
icant data is available that warrants its effectiveness.

Coatings cannot be applied on the tubing as they have a tendency to break due to the thermal ex-
pansion of the tubing while in operation, thus causing localized corrosion.

To avoid extra expenditure after consultation and quality testing, combination tubing materials
should be used keeping in view temperature and pressure profiles of the well, e.g. (L80 at bottom-
hole with corrosion resistant alloys at top). Galvanic cell needs the anode area to be equal to its
cathode to start galvanic action. For corrosion assessment various models are available commer-
cially for the purpose of calculating the tubing life, and use of corrosion resistant alloys according
to the well conditions. Well life must be taken into consideration while choosing the tubing grade
at the well design stage for keeping economics.
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QAZKONDENSAT QUYULARDA NKB-NIN DAGILMASININ EHTiMAL
OLUNAN SOBOBLORI

T.S. SALAVATOV, XURROM iQBAL

Mogqalodo amoliyyat iglorinin tocriibasindon vo quyu dibi zonada karbon miihitdo karbon torkibli
poladdan hazirlanmis borularda korroziya hadisesinden bohs edir. Salsabil qaz yataginda, Pakistan,
Poncab tomir mogsadi ilo tamamlanmis NKB borulari ¢ixardanda, onlarin korroziya ilo zodslonmasi geyd
olunmusdur. Bu 8 illik istismar dovriinden sonra bas vermisdir. Bu mdvzu ilo bagh todqiqatlar
aparilmigdir va ¢oxlu sayda korroziya problemindan yazilan adabiyyat toklif edilmisdir.

Neytral quyularda, harada karbon dioksid toerkibinin qiymati hesablanmis qiymatinden asagidir,
korroziyanin intensivliyini tohlil etmok ¢ox shomiyyatlidir.

Itkilorin mexanizmi tohlil edilmisdir vo golocokdo NKB layiholondirilmesi toklif edilmisdir. Bu
yanasma, golocokds korroziya ilo bagli ugursuzluglarinin qarsisint almaq vo tomire sorf olunan vasaitlorin
genaat etmoys komok edacokdir.

Agar sozlar: NKB-nin korroziyasi, neytral qaz, halvanik korroziya, karbon dioksid.

BEPOSITHBIE IPUYHUHBI IOBPEXKJIEHUI HKT B T'A3OKOHJIEHCATHBIX
CKBAXKHMHAX

T.I. CAJTABATOB, XYPPAM UI'BAJI

CraThs TOCBSIIIIEHA OMBITY ONEPAlMOHHBIX PA0OT B OTHOLICHUH ITPOOIEM KOPPO3HUHU B YTIIEKHUCIION
cpeze Ha 3a00¢€ W OIpeneNsieT MacITa0bl MPOSIBICHNS TCHACHINN B 3aBEPIICHHBIX KOJOHHAX YIIIEpOJO-
cojiepkamux craied, korna 3aBepuieHHble HKT OblIM M3BIEUYEHBI C IEBbI0 KallUTaIbHOTO PEMOHTA B
ckBaxuHe well-1 Ha razoBom mMectopoxaennn Cancadbwun, [Tanmka0, [Takucran. 3asepmennsie HKT 65bI-
JIM HECKOJIBKO TOBPEXICHBI Koppo3ueid. OTu notepu npu 3asepmienny HKT Obutn oOHapyxeHsI ocie 8
aer pa3paboTku. [IpoBeneHHbIe HCCIEIOBAaHMS NMOKa3aId HAJIWYHE Tpoliecca JKECTKOH KOPPO3UH B TPY-
6ax.

[IpoBeneHo MHOTO HCCIIEIOBaHMI M OIMyONMKOBaHA JIMTEPATypa MO KOPPO3HMH, (OPMHUPYIOIMINX
MEXaHN3MBbI B KUCJIOTHBIX YCIOBUSX, B HACTOSIIIEE BPEMS JOMUHHUPYIOIIEH 001acTbI0 UCCIIE0OBaHUI CcTa-
7 ycioBus 0e3 Hammaus H,S.

BaxHO MoHATH, HOYEeMy KOPpPO3HsI HaOMI0Janack B HEHTPaIbHBIX CKBaKHHAX, TJ€ 3HAUCHHS JHOK-
CHJa yIJiepo/ia HAMHOTO HIKE, YeM B IIPEIBAPUTEIBHO PACCUNTAHHBIX MOJIENAX Koppo3uu. CTaThs TakxKe
BKJIIOYAET PYKOBOAAIINE MPUHIIHUITB IPEIOTBPAIIECHHS TAKUX MPOBAJOB B OyAyIIEM.

HccnenoBan netanbHbI MEXaHU3M MOTEPH A TipoekTrupoBanus 3aBepiieHHsix HKT u qis onpe-
JIeTICHUs] Mep NMpOoQHUIaKTHKN TEXHUYECKOTo oOciayxuBanus U npoektupoBanusi HKT c nenpto nmpenot-
BpallleHUs TaKuX (PUHAHCOBBIX IOTEPb, YTOOBI N30€XkKAaTh AOMOJHUTENBHBIX 3aTpaT MaTepuaga M Kalu-
TaJILHOTO PEMOHTA CKBa)KHH.

Knioueswie cnosa: xopposus HKT, netimpanvuulii a3, eanvéanudecxas kopposus, CO, .
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METO/Ibl BOPbbEbI C ObBOJHEHHWEM I'A30BbIX CKBA’KUH

JI.A. BOJIbYEHKO", A.B. IYMHUI"

B crarbe paccMoTpeHa npobiieMa HaKOIICHUS )KUJIKOCTH Ha 3a00€ ra30BOH CKBaXKMHbI U METO.IbI OOPHOBI
C 3TUM SIBJICHHEM, KOTOPbIE 3aKIIIOYAIOTCSl B OCBOOOXKIECHUH CTBOJIA CKBOKMHBI OT JKHJIKOCTH ITyTEM €€ I10.[b-
eMa Ha NOBEPXHOCTb. [IpeanoikeH MeTox AMCIEPrupOBaHMS KHIKOCTU B Ta30XKHMIKOCTHOM moToke. Ero co
BPEMEHEM MOXKHO 3aMEHUTh TeXHoJorueil komourasnudra. [IpoaHanusupoBaHa CTpyKTypa HOTOKA Ia30kKu/I-
KOCTHOM CMecH B BEPTHKAILHOH TPYOe M JKU3HEHHBII IIUKJI Ta30BOI CKBaXKHHBI B IIETIOM.

Knrwouesvie cnosa:  06600nenue, memoosvi 60pbObl, 2A30HCUOKOCMHAS CMECH, PEHCUMBL NOTNOKA, HAKONIEHUEe
JACUOKOU (pasbl, ducnepeamop, bIHOC HCUOKOCMU, KOMOUuaziugm.

Beenenne. C nosiBIeHHEM XHUIKOCTH (BOJBI U KOHJEHCATa) B MPOAYKIMH CKBAXXUH CHH-
JKAIOTCSl IEOUTHI ra3a, YTO CBA3aHO C yMEHbUIEHHEM (ha30BOM MPOHHUIIAEMOCTH MOPUCTON Cpeabl
JUIA Ta3a, OOBOJHEHHEM YaCTH Ta30BBIX MHTEPBAJIOB, POCTOM MOTEPhH JABICHUS B NMPH3a00MHON
30HE IJIacTa, CTBOJIE CKBAKUH U CHCTeMe cOOpa ras3a MpH JBIKEHUH IBYX(Pa3HOH ra305KuaAKOCTHOM
CMECH.

Bce metop1 00pp0ObI ¢ 00BOTHEHHEM T'a30BbIX CKBAKUH MOKHO Pa3JeIUTh HA TPU TPYIIIBI
[1].

MeTtoapl IEpBOM TpYIIBI OCHOBAaHBI Ha MPEAYNPEKACHUM MOCTYIUICHUS BOJBI Ha 3a00i
CKBAKUHBI U BKIIIOYAIOT:

- CEJIEKTUBHOE PACKPBITUE Ia30HOCHBIX IJIACTOB;

- M3OJISIMOHHBIE PabOThl Ui OTCOEAMHEHUS OOBOJHEHHBIX MPOIUIACTKOB, YCTAaHOBKY
9KpaHOB B IUIACTAxX C MOJOIIBEHHOM BOJOM, JIMKBUIALMIO 3aKOJOHHBIX IIEPETOKOB BOJBI U HETEp-
METUYHOCTH JKCIUTyaTaluOHHOW KOJIOHHBI;

- HKCIUTyaTallMi0 CKBAXXWUH C TMOHIKCHHBIMH J1€OMTaMH ra3a, IpU KOTOPHIX HCKII0YAETCs
MOCTYTUICHUE Ha 3200 MIaCTOBOM BOIBI;

- 00paboTKy npr3a00HON 30HBI TA30BBIX IJIACTOB C LEIbI0 YMEHBIIEHHUS pabovux Aenpec-
CHI Ha IUIACT.

Ko BTOpOIi rpymme oTHOCATCSI METO/ 16l OCBOOOKIACHHUS CTBOJIA CKBAXKUHBI OT )KUJKOCTH 0e3
MOJbEMA €€ Ha MOBEPXHOCTh. K HUM OTHOCSATCA: NEPHOJUYECKHE OCTAHOBKHU CKBAXKMHBI IS T10-
TJIONIEHNS TUTACTOM JKHJIKOCTH, KOTOpasi coOpanack Ha 3aboe; MpoBeJeHHE BHYTPUCKBAXKUHHOM
cernapauuu BOJAbl OT raza C NOCJIEIYIOUIMM IPOIYCKOM €€ MOJ JEUCTBHEM THMJIPOCTATHYECKOIrO
HaIlopa WM 3aKa4yKOU C MOMOILBI HACOCHBIX arperaTros.

* v v [
VBano-®paHKOBCKMIT HAMOHANBHBIN TEXHHYECKUI yHUBEpCUTeT He(hTH U raza (YkpanHa)
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K tpetseii rpynme oTHOCSTCS METOABI OCBOOOXKACHUS CTBOJIA CKBAXKHHBI OT JKUAKOCTH ITy-
TEM MOIbEMa e¢ Ha TIOBEPXHOCTb.

[Tpu u30mAIMHN B ra30BBIX CKBKMHAX OOBOJIHEHHBIX MPOIUIACTKOB MCKITIOYAETCS BO3MOXK-
HOCTb PETYJIMPOBAHUS MPOABIKEHUS B 3aJI€Kb IIACTOBOI BOJBI M JOOBIUN YIIEMJIEHHOTO ra3a u3
00BOIHEHHBIX 30H.

Bce meronpl dKcIUTyaTanuu OOBOJAHEHHBIX T'a30BBIX CKBAKUH MOJPA3EISIOTCS HA ra3o-
THIPOANHAMHYECKHE, (PU3UKO-XUMUIECKHE U MEXaHU3UPOBAHHBIE.

I'azorugpoaunamuyeckue Metoabl. OCHOBaHBI Ha UCIIOJNB30BAaHUH MPUPOIHON SHEPTUU
IUTACTOBOTO Ta3a JUIs BBIHOCA KHUIKOCTH M3 CKBAKUH ITyTEM MOJIEPKaHUA HEOOXOIUMBIX CKOPO-
CTel NBM)KEHHUS ra3a Ha BXoJe B JU(TOBbIE TPYOHI (32 CUET YMEHBIICHUS AABICHHUA HAa YCTbE H
nuaMeTrpa JM(TOBBIX TPyO MM YBEJIMYEHHUS pacxoja ra3a) U yMEHBIICHUS MOTEPh JABJICHUS B
CTBOJIE CKB)XMHBI (32 CUET CO3/IaHHS B JTHU(PTOBBIX TPyOaxX OAHOPOIHON CTPYKTYPHI Ta30KUIAKOCT-
HOTO TIOTOKQ).

K M oTHOCSTCS:

- BBIOOp palMOHAILHOW KOHCTPYKIIMHM KOJIOHHBI JU(MTOBBIX TPyO (Imamerpa W TITyOWHBI
CIyCKa);

- IPUMEHEHNE KOMOMHUPOBAHHOHN KOJIOHHBI JIN(TOBBIX TPYO Pa3IMYHOTO TUAMETPA;

- CHIDKEHHUE JIaBJICHUS Ha YCTbE CKBAXXHMHBI 32 CUET BBEJCHHS B SKCILUTyaTaIlMI0 KOMIIPEC-
COPHOI CTaHIIUH;

- TIEpHOAMYECKUE TMPOTYBKH CKBAXXHH B OPOCOBYIO JIMHHIO C TIOMOIIBIO aBTOMATHYECKHX
KOMIIJICKCOB THMa «3a00i-1» W Ipyrux, mpeaHa3HAYeHHBIX Ul MOJHOTO WIJIM YAaCTHYHOTO IIpe-
KpaieHus oTOopa ra3a ¢ LEeNbI0 HAKOIUICHHS SHEPTHH JUIS MOIbeMa JKUAKOCTH U3 32005 HA IO-
BepXHOCTh. OCHOBHBIM >JIEMEHTOM KOMIUIEKCA SBIISICTCS 3alIOPHBIN KIIamaH, KOTOPbIi MOHTHPYET-
Csl Ha BBIKHTHOM JIMHUM CKBAYKMHBI M 3aKPBIBACTCS WIIM OTKPBIBACTCS IO KOMaH e OJIOKa yIpaBJie-
HUSI TIPU JOCTIDKCHHUHU 33JJaHHOM Pa3HOCTHU JaBJICHHIA B 3aTPyOHOM MPOCTPAHCTBE U BBHIKUIHOM JTU-
HHHM TIOCJIE KIIAIaHa;

- IEPHOANYECKHE POJTYBKU CKBAKUHBI B Ta30MIPOBOJ] HU3KOTO JaBJICHUs MM B aTMochepy
1o (akeIbHON JTHMHHUU C TIOMOUIBI0 CMOHTHPOBAHHBIX HAa YCThEe WJIM Ha 3a00€¢ aBTOMAaTHYECKUX
YCTPOMCTB. ABTOMATHI, yCTAaHOBJICHHBIE HAa yCThE, CPA0ATHIBAIOT MPHU JTOCTIKEHUH 33JaHHOM pa3-
HOCTH JaBJICHHI B 3aTPYOHOM IMPOCTPaHCTBE U JIM(PTOBBIX TpyOax. [Ipy CKOIUIEHUH KHUIKOCTH Ha
3a00e CKBaXMHBI JaBJICHNE Ha Oy(depe yMEHbIIaeTcs MPU MOYTH HEM3MEHHOM JIaBJICHUH B 3aTPyO-
HOM IIPOCTPAHCTBE, YTO (PUKCUPYETCS AATIYMKOM PA3HOCTH JIABJICHUH, U MOCIE JOCTIKEHUS TTOPO-
ra cpabaTbIBaHHs JAaTYMK TOCHUIAET CHUTHAJ 4yepe3 OJIOK YIPAaBJICHUS HAa OTKPBHITHE 3allOPHOTO
KjamaHa. 3a00iHbIe aBTOMAThl CpabaThIBAIOT MPHU JOCTHXKEHHH OMPEIEICHHOW BBICOTHI CTONI0A
XKHUJIKOCTH B JIM(PTOBBIX TPyOax M MPECTABISIOT co0O0i OJUH KJalaH Ha BXOJE B TPYObI WM He-
CKOJIBKO ITyCKOBBIX Ta3IH(THBIX KJIAAHOB B HWKHEW YacTH TPYO;

- OCHAII[EHWE CKBAXHH, PabOTAaIOMUX ¢ 1eOUTaMHu ras3a, MpeBHIIAIOIINMI MUHUMAIBHO HE-
00XO/IMMBII YPOBEHb, aBTOMAaTUYECKUMH CHCTEMaMu TUNa «JlacToukay Jjisi HeMPEePhIBHOTO BBIHO-
ca JXUAKOCTH IO JTUPTOBBIM TpyOaM 1 0TOOpa OCTATOYHOIO Ta3a U3 3aTPYOHOTO MPOCTPAHCTBA WITH
oTOopa BCero raza u3 3aTpyOHOTO POCTPAHCTBA U TIEPUOINIESCKOTO BRIHOCA KHIKOCTH TI0 JTH(TO-
BBIM TPyOaM IyTeM NepepacnpeieiCHUs] MOTOKAa Ta3a B CTBOJIE CKBAKHMHBI 32 CUET IOJIHOTO WM
YaCTUYHOTO 3aKPBITUS KJIANlaHa Ha BBHIOpOCE M3 3aTpyOHOro mpocTpaHcTBa. [IprMeneHune aBToMa-
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TUYECKUX CUCTEM «JIacTouka» NMO3BOJIAET MUHUMHU3UPOBATh IOTEPH JIABICHHS B CTBOJIE CKBAXKHHBI
¥ TeM CaMbIM yBEJIHYHUTh JeOUTHI Ta3a;

- IPUMEHEHHE CU(POHHBIX TPYOOK C YCIOBHBIM AMaMeTpoM 25 uiu 32 MM U 42 MM, KOTO-
pBI€ CITyCKAIOTCA B KOJOHHY JH(PTOBBIX TPYO ISl MEPUOTUYECKOTO WIIM HEMPEPHIBHOTO BBIHOCA
JKUJKOCTH;

- o0opynoBaHHE KOJOHHBI (DOHTAHHBIX TPYO 3a00MHBIMHU M JTU(TOBBIMH JUCIIEpPraTOpaMu
JUISL CO3/1aHUSI OJJHOPOJHOIO BBICOKOAMCIIEPCHOIO ra30’KMIKOCTHOIO MOTOKA ITyTEM MEXaHUYECKO-
T0 U aKyCTUYECKOTO JUCTIEPTUPOBAHUS KUAKOCTH.

POusuko-xumMuuyeckne Meroabl. OCHOBaHbI Ha HMCKYCCTBEHHOM IPOIJIEHMM IEpHOAa
€CTECTBEHHOTO (DOHTAHMPOBAHUS CKBAKMHBI 32 CUET BO3JEHCTBHS HA T'a30)KMIKOCTHOW TOTOK B
TUQPTOBBIX TPyOax (PU3MUECKHUMH MOJSMU, TEMIEPATyPHOrO BO3ACHCTBHS, OJa4H C MOBEPXHOCTHU
BerieHuBaronmxcs [TAB u pasnmudHBIX XUMpPEareHTOB, KOTOPBIE B3aUMOJICHCTBYIOT MEXKIY CO00it
WIH C IJ1acTOBOM Bojoi. K naHHOM rpymnmne OTHOCSTCS TaKhe CoCOObl BHIHOCA KUAKOCTHU U3 32005
CKBaXXMH:

- IEPUOANYECKOE WIM HENPEPHIBHOE BBEICHHE TBEPIBIX WU KUIKHX BCIEHHBAIOIINXCS
[TAB B 3aTpy0OHO€ MPOCTPAHCTBO WK JIU(PTOBBIE TPYObI;

- mojaya Ha 3a00ii CKBaXkKHHBI CyXoro Jjbjaa (TBepaoro CO,) u nocneayromeil 1006141 Kui-
KOCTH, Fa3UPOBAHHON JUOKCHIOM YIJIEPOa;

- BBEJICHUE B CKBa)XMHBI HECKOJIBKHUX PEAr€HTOB, HAIPUMEpP, MEJIOBOM NAaCThl, CMELIaHHOU
co BcrieHuBarommmMucs [TAB, u comnstHONM KHUCIOTBI, IPU B3aHMOJIEUCTBUHM KOTOPBIX BBIACISETCA
00JIBIII0€ KOJTMYECTBO Ta3a, TOCTATOYHOE Ui BCTICHUBAHMS U BBIHOCA JKUAKOCTH U3 CKBAXKHMHBI,

- BBIHOC JKUJKOCTH U3 CKBAaXXHHBI C TIOMOIIbIO TpeX(}a3HbIX NEH, YTO JOCTUTAETCs, HAIPH-
Mep, Tojladeil Ha 3a00i pacTBOpa B ANMEKTposMTe BerieHuBaromerocs [TAB, xumuaeckn HecoBMe-
CTUMOTO C IUIacTOBOM BoAOM. IIpy UX B3auMOI€iCTBUM BBINIAJa€T TBEPABINA OCANIOK;

- UCHapeHue >KUJIKOCTH, KOTOpas CKalJIMBaeTcsl Ha 3a00€ CKBa)XMHBI U B MPHU3a00HHOM
30HE, C TOMOIIBIO IUPKYIUPYIOIIETO B CKB)KMHE MEPErpeToro mapa Wil 3a00WHBIX 3JIEKTPO-
HarpeBaTelei;

- TeMIepaTypHOe AMCIIEPTUPOBAHUE KUAKOCTU MyTEM HAarpeBa €€ C IMOMOIIbI0 3a00HBIX
3JIEKTpOHArpeBareneil 10 TeMIepaTypsl, IPU KOTOPOH 3a CYET YMEHBIIECHHUS BSI3KOCTH M IOBEPX-
HOCTHOT'O HATSKEHUS Ha TPAHULE C Ta30M MPOUCXOAUT MHTEHCHBHOE APOOJICHHE Kamlelb XKHUIKO-
CTH;

- JTUCTIEPTUPOBAHNE >KUAKOCTH IyTeM BO3JCHCTBHS Ha Ta30KUAKOCTHOH MOTOK (u3nye-
CKHUM I10JIEM, HAIIPUMEP, MAaTHUTHBIM, YTO MPUBOAUT K YMEHBIICHHUIO TIOBEPXHOCTHOTO HATSXKEHUS
JKUJIKOCTU Ha TPAHULIE C ra3oM;

- BJIEKTPOJIN3 BOJABI HAa 3a00€ CKBaKUHBI C TIOMOIIBIO CHEIHATBHBIX 3a00HHBIX YCTPOMCTB,
CONPOBOXKAAOIINIICS BBIIECIEHUEM Ta3a.

Mexanu3upoBaHHble MeTOAbl. OCHOBAHbBI HA MCIIOJI30BAHUU JIJISl BBIHOCA JKMJIKOCTH J0-
MOJTHUTENIbHOM SHEPTrUU C MOBEPXHOCTH (PHEPTHH CKATOTO rasa - mpu raznudtHom crnocobe, Mo-
TEHIMAIIbHON U KMHETUYECKOM SHEPTUH - MPU HACOCHBIX CIOCO0aX WM 000pyIOBAaHUH KOJOHHBI
T(TOBBIX TPYO CHEIMATBHBIMH yCTPOHCTBAMU, KOTOPBIE IPUBOJATCS B ACHCTBHUE 3a CUET SHEPTUU
IUIACTOBOTO ra3a (MMHEeBMOArperathl, IUTyHXephl).

JlaHHas TpyMIa BKIIOYAET TAKHE CIIOCOOBI SKCIUTyaTallii OOBOIHEHHBIX CKBAXKHH: MEPUO-
JUYECKUM | IUTYH)KEPHBIM Ta3au(ToM; IITYHXEPHBIM JIN(PTOM; CKBaXXMHHBIMU HACOCAMU; ITHEBMO-
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MOPIIHEBBIMU arperaTaMu C UCIOJIb30BaHHEM SHEPIHH IUIACTOBOTO ra3a; MPUMEHEHHE YCTPOUCTB,
paboTarImux Mo NPUHIUITY cBada.

CTpyKTypa NOTOKA ra3o:KuJAKOCTHOWH cMeCH B BePTHKAJIbHOI Tpyoe.

B 3aBucHMOCTH OT PU3HUYECKUX CBOWCTB KUAKOCTH U XapakTepa BBOJA ra3a B IIOTOK MOTYT
BO3HUKAThH PA3IMYHBIC CTPYKTYPHI Ta305KUIKOCTHOTO MTOTOKA MPH €T0 IBUKCHHUH B TPyOe, KOTOPHIE
CYIIECTBEHHBIM 00Pa30M BIHSIOT Ha YHEPTeTHUECKUE TIOKA3aTeNN IO IheMa KHUIKOCTH.

CTpyKTypa ra30HIKOCTHOTO MOTOKA B BEPTHKAIBHBIX TPYOax, KaK MPaBHIIO, XapaKTEePH-
3yeTCs 4eThIPbMsI OCHOBHBIMH pexxumami (puc. 1). Pesxum motoka ompeensercs CKOpOCThIO Ta30-
BOM M KHMIKOH (ha3 U OTHOCUTEILHBIM KOJUYECTBOM Ta3a U JKUAKOCTH B JHOOOH 3a/laHHON TOYKE
moToka [2].

OCHOBHBIMU PEKUMaMH Ta305KAIKOCTHOTO TIOTOKA B BEPTUKAIBHBIX TPyOax SBISIOTCS:

1. Ily3bIpbKOBBI — CKBa)KMHA MPAKTHYECKH TOJTHOCTHIO 3aIOJIHEHA YKHUKOCTBIO, CBO-
OOHBIN Ta3 MPUCYTCTBYET B BUJIC MAJICHBKUX ITy3bIPHKOB (puc. 1 a).

2. T'moOymsipHBIA — MPUCYTCTBYIOT PACIIMPEHHBIC Ta30BbIC My3bIPHKH, KOTOPHIC CITUBA-
10TCS B OOJIBbINIME TI100YIIbI, HO KUAKas (a3a, Kak U paHbliie, HerpepbiBHA (puc. 1 0).

3. T'moOymsipHO-KOJBIICBOW — HETPEPBIBHBIN KUIKUH MOTOK IMEPEXOAUT B HETIPEPHIBHBII
ra30BbIH, )KUIKas (ha3a MOKET YBJIICKAThCS B BUJIE Kalelb B MOTOKe ra3a (puc. 1 g).

4.  DMyIbCHOHHO-KOJIBIIEBOW — Ta-

30Basg (asa HempeppiBHA, OONbIIas YacTb
JKUJIKOCTH YBJIEKAETCS Ta30M B BUJIEC KOHJICH-
cara, CTEHKH IOKPHITHI TOHKOH IUICHKOM
xuakoctu (puc. 1 2).
I'a3 MoXxeT MpoxoaAuTh Yepe3 JTro0yIo
6)

U3 YKa3aHHBIX CTPYKTYp INOTOKAa B TE€UYECHHE
BCET0 KU3HEHHOI'O IIUKJIa CKBAXKHUHBI.

Ha puc. 2 nokasan »U3HEHHBIN UK

TUIMUYHOW Ta30BOM CKBaXXWHBI OT HayaJbHO- a) B) n
ro mnepuojaa €¢ SKCILTyaTallud M 10 KOHIa Puc. 1. Pescumpl 2a30231cudK0CHIHO20 NOMOKA 6 6EPNLU-
MpOM3BO/ICTBA. BHAvasie a3 uMeeT BBICOKYIO KanbHbix mpyoax

CKOPOCTB, TIPH 3TOM B TIOTOKE OH Ipeodiana-

er. C TeueHHEeM BPEMEHH PEXKUM IMOTOKA OT
nepdopaioHHON MOBEPXHOCTH H3MEHSETCS
10 Mepe yMEHBIICHUs] CKOpocTH Taza. JKua-
Kas (aza mpu 3TOM MOXKeET Takxke pactu. [1o
Mepe CHIKEHHS CKOPOCTH ra3a CTaOWMIbHBIN
KHUJIKOCTHOW TOTOK OyzaeTr mpeobianate B

3

L

o0BeMe Ha HCYCTOf/'I‘IHBLIM Ta30BbBIM IIOTO-

koM. Korma ckopocTs nBHKEHHS Taza Oymer

HEJO0CTaTOYHOM JUIsl TPAHCIOPTUPOBKH KU~

KOCTH Ha MOBCPXHOCTD, ITY3bBIPbKH Ia3a 6y- d
YMEHBLIEHNE PACXOLA 330 et BDEM 5]

JIyT TIPOCTO TIOJIHUMATHCSI BBEPX 4epe3 3a-
CTOMHBIN CTOJIO KUIKOCTH.

Puc. 2. ZKu3znenHnulit yuki 2a3060i CK6ANCUHbL
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Ecnu ckopocTh raza I0OCTaTOYHO BBICOKA, TO OH OYJET BBIHOCUTH KHJKOCTh Ha TOBEPX-
HOCTB. BrICcOKasi ckopocTh Ta3a opMUpPYET CTPYKTYpPY MOTOKA, B KOTOPOM >KHUJKOCTH BBICTYIAET
MEJIKOAUCTIEPCHON (pa30i, YTO MPUBOAUT K HU3KOMY IMPOILEHTHOMY COOTHOIICHHUIO >KUIKOCTH B
00IeM MOTOKE Ta30KUIKOCTHOM CMECH.

[To mepe TOrO, KaKk CO BpeMEHEM CKOPOCTh T'a3a CHIDKACTCS, CKOPOCTh JIBUIKEHUS JKUIAKO-
CTH, IEPEHOCUMOI Ta30M, yMEHbIIaeTcs emle ObicTpee. B pesynbpTare *KHUIKOCTH HAUMHAET COOM-
paTbcs Ha CTEHKAaX CKBa)KWHBI M, B KOHIIE KOHIIOB, OHA CKarulMBaeTcs Ha 3aboe. Hamnmuume takoro
HAKOIIJICHUSI MOXKET 3aMeJUTUTh IIPOU3BOACTBO WM AK€ OCTAHOBHUTH JI00BIUY T'a3a B IIEJIOM.

Hecmotpst Ha TO, 4TO OOJBIIMHCTBO METOJOB JJIsi 00€3BOKMBAHHS TA30BBIX CKBAXHH HE
3aBUCAT OT MCTOYHHMKA OOBOJHEHHMS, JJISI KQUeCTBEHHOTO M 3()(HEKTUBHOTO pelIeHUs: MpoOIeMbI
HE0O0XO0IMMO BBISBIISITh NICTOYHUKH TIOCTYTIICHHS )KUAKOH (aser [3].

[To mMepe CHIDKEHHS TIACTOBOTO JIABJICHUSI KOJIMYECTBO BOJBI M KOHJCHCATa B CKBAKHHE
Bo3pacTtaeT. Tak Kak CKOPOCTh Tra3a OyJeT YMEHBIIATHCS MO MEpe CHIDKEHHS IJIaCTOBOTO JaBiie-
HUSI, MBI IMEEM CHUTYAIIMIO YMEHBIIEHUs JOObIUN ra3a Hapsay ¢ yBeIHMUEeHHEM oO0beMa MOAHUMAae-
MO )KHJIKOCTH, B CBSI3U C YEM JKUAKOCTHAS HArpy3Ka CKBaXXMHBI HEM30exkHa [4].

JAucneprupoBaHue »KUIKOCTH B ra30:KUAKOCTHOM IOTOKe. B HavanmbHBINA NIEPUOJT pa3pa-
OOTKHM Ta30BBIX MECTOPOKICHUI BHICOKHE TEOUTHI CKBAKUH 00ECTICUNBAIOT BEIHOC KHIIKOH (ha3bl B
KareJIbHO-UCIIEPTHPOBAHHOM BUie. [Ipu nanpHelel 3KCIyaTalud MECTOPOXKICHUS B CBSI3H C
Ma/IeHUEeM IUTACTOBBIX JABJICHUN HAKOIUIEHUE KUIKOH (a3pl Ha 3a00€ CKBAXKUH CTAHOBUTCS TIPH-
YHHOW OCJIO)KHEHHH B UX pa0OTe U3-3a SBJICHUS CaMO3aIaBIMBaHKsI, KOTOPOE MPUBOIMT K CHIDKE-
HUIO JIeOHUTa CKBAKUH U JIaXKe K MMOJHON X OCTaHOBKE.

C 1enplo yCTpaHEHHsI 3TOTO SBJICHUS HEOOXOIMUMO HCIIONB30BATh PA3JIMYHBIE METOABI U
yCTpOICTBa JUIsl TIEpeBOJa XUIKOCTH B TMEHHBIC WM TUCIIEPTUPOBAHHBIC B ra3e a’po30JIbHBIC
CTPYKTYPBI, KOTOpbIe 00ecrieyaT BEIHOC BOJHBIX CKOIUIEHHH M3 Ta30BBIX CKBAKUH.

Hucnieprarop (puc. 3) MOKET OBITh HCIIOJIB30BaH HA Ta30BbIX M Ta30KOHICHCATHBIX MECTO-
POXJICHUSIX, B YACTHOCTH, Ha JIOOBIBAIOIINX CKBKUHAX, MPOAYKIHS KOTOPBIX COACPKUT KHIKYIO
dbazy [5].

BHyTpeHHSS TOJOCTh IUCTIepraTopa BBINOJIHEHA B BHJE

JIByX YCEUEHHBIX KOHYCOB 2 W 5, COEIMHEHHBIX MEXIy coOoin

-~

MEHBUIMMHM OCHOBaHHWSMM LWIMHIAPUYECKON BcTaBkoM 3. OHHu N

N

ruzpaBiInyecku coobuiens! ¢ nojgoctbio HKT mocpencTtBom kana-
70B 4, BBINOJHEHHBIX B Kopmyce 1 aucnepraropa. Kopmyc 1 mo-

W

A AN

’KET OBITh M3TOTOBJIEH M3 CTAIM WIIN U3 Marepuaia ¢ HU3KUMH al- } 4

IFC3UOHHBIMW W BBICOKMMU AHTHUKOPPO3HOHHBIMU CBOﬁCTBaMH,

HampuMep, U3 MOJUTETPa(TOPITUIICHA.

7
0

[lepBoHaYaIbHO TIPU JIBMKEHUH OJHOW Ta30BOW a3kl Co- N B
N N
[J1acHO 3aKOHY BepHyIIu CKOpOCTh B IUIMHIPUYECKON BCTaBKE 3
Oyzer BbIlIe, a jaBieHue P, B Helt Hibke, yeM gaBiieHue P mepen N h 5
‘ 70—

JIACTIEPTaTOPOM B €T0 KOHYCHOM 4acTu 5. B pesynbprare Hammuus ;]' e

nepenaja gaBiaeHus P=P;-P, )xuakocTh 6 U3 KOJBIIEBOTO CJIOS 1O )
Puc. 3. /lucnepzamop 0111 ébiHO-
KaHaimam 4 OyleT BOBJICKAThCS B IIMJIMHIPHUYECKYIO BCTaBKY 3 W Ca 60ONBIX CKONeH WL U3 2a30-

BIIPBICKUBATBCA B IOTOK Traza (3¢dexT mynabBepusaTopa). B pe- 8bIX CKEAMNCUH

53



I.A. Bonvuenko, A.B. J[ymuui

3y/lbTare 3TOro (opMUpYyeTCcs Ta30KUAKOCTHOM MOTOK, KOTOPBIM JBUKETCS K BBIXOJY KOHYCHOM
yacTH 2 Kopnyca | aucnepraropa.

IMoabeM kuAKOCTH M3 320051 ra30BBIX CKBAXKHH IO TEXHOJOTMHM KoMOurasaugra.
Komb6uraznudt - nporecc noabéMa >kUIKOCTH U3 CKBa)KUH, P KOTOPOM MO JIU(TOBOM KOJIOHHE
MEepeMeIaloT Ha MPOBOJIOKE C MOMOINBIO JIEOEIKH HErepMETUYHBIH MOpPIIeHb-pa3nenuTens. ['a3,
MIPOXOJAIIMNA Yepe3 3a30p MEXIy pa3ieluTeNleM W JH(PTOBOW KOJIOHHOW, MPEMSTCTBYET CTOKY
JKUJIKOCTH K 320010 CKBaKUHBI OTHOCUTENIBHO pa3jenutens [6, 7].

[lepuognueckn pasgenurens CIycKa-
I0T TI0 KOJIOHHE JU(TOBBIX TPYO MO YpOBEHB
KUJIKOCTH, a 3aTeM IMOJHHUMAIOT CO CTOJIOOM
KUAKOCTU HaJ HUM. OIyCKaeTcs pa3feinuTellb
3a CYET CHJIbl TSKECTH, a MOAHUMAETCS C UC-

nonb3oBaHueM Jtebenku. JKHAKOCTH depes
OOKOBBIE OTBOJIBI (POHTAHHOW apMaTyphl OTBO-

JTUTCSl B cucTeMy cOopa (miM Ha (akeabHYIo

auHUIo0). LUK mogbema XHUIKOCTH C MOMO-
b0 KoMOuTa3nudra mokaszaH Ha puc. 4.

VYTeuka JKUAKOCTH 4Yepe3 3a30p BO

Puc. 4. Cxema pabomul Komoéuzaznugpma BpeMs nmoabeMa pas3fecianTeiss YMCHBITAeTCS 3a

cyer «razomakepyromero» 3¢ddexra. Ilpu

OTIpEICTICHHBIX PEKUMaX MOAbEMa Pa3AeTUTENs ) KUIKOCTh MOJTHOCTBIO BhITyBaeTcs U3 3a3opa. s

BBIIIOJTHEHHS ATOTO YCIIOBHS Pa3leiHTENb B CKBAKHHE HEOOXOIMMO IOJHHMATh CO CKOPOCTBIO,
MEHbIIIEH CpelHel CKOPOCTHU JABIKEHHUs Ta3a mo Tpyoe. [lmomanb KolbLIeBoro 3a3opa MOXKET CO-
cTaBIATH 70 50% OT MJIOMIAa N TPOXOAHOTO C€UEHUs TU(PTOBON TPYOHI.

OCHOBHBIM YCJIOBHEM TIPH MOJbEME JKHIKOCTH 0 TEXHOJOTHH KOMOHUra3imu(Ta sBIseTcs
CO3JIaHKE TePMETUYHOTO JUHAMUYECKOTO YILUIOTHEHHS KOJIBIIEBOTO 3a30pa MEXIY KOPIYCOM pa3-
JeTUTEIs ¥ TpyOOH ¢ MCITOIb30BaHHEM ITOTOKA Ta3a.

BoiBoabl. [IpoBeneH kpaTkuit 0030p Ta30THIPOIMHAMHYECKHX, (U3HUKO-XHMUYECKUX H
MEXaHU3UPOBAHHBIX METOJIOB IKCILTyaTaIlMi OOBOTHEHHBIX Ta30BBIX CKBAYKHH.

PaccMOTpeHBI OCHOBHBIE CTPYKTYpPBI T'a305KUAKOCTHOTO ITOTOKA TP €r0 JBIKCHUU B TPY-
0e, KOTOpbIe CYIIECTBEHHBIM 00pa30M BIMSIOT HAa YHEPreTUYECKHUE MOKA3aTeNH MOIbeMa KHIIKO-
ctu. [IpuBe/ieH )KU3HEHHBIN IIMKJI THIIOBOW Ta30BOW CKBaXXMHBI OT HAYaJbHOTO MEPHOAA €€ DKC-
TUTyaTalyy U 10 KOHIIA TPOM3BOJICTBA.

PaccmoTtpen croco0 BhIHOCA JKUAKOCTH MPU KOMOMHAIIMKA METOJIa TUCTIEPTUPOBAHUS JKU-
KOCTHU U TeXHooruu komourazmudra. [Ipu sTom komOuTa3zmudt mpuMeHSIOT B TOM ciiydae, Koraa
METO]T IUCTIEPTUPOBAHUS CeOsI HcUepIian v He PUHOCUT HYKHOTO Y deKTa.
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QAZ QUYULARININ SULASMASINA QARSI MUBARIZO METODLARI
D.A. VOLCENKO, A.V. DUMNIY

Mogqalodo gaz quyularinin dibindo mayenin toplanmasi problemi vo bu tozahiirlo miibarizo metodlarina
baxilmigdir. Bu metodlardan biri kimi mayeni quyu govdasi ilo yerin sothina ¢ixarilmaqdan ibaratdir. Qaz maye
axininda mayenin pargalandirilmasi metodu toklif edilib. Miioyyon zamandan sonra metod qazlift texnologiyast ilo

avaz etmak olar. Saquli boruda qazmaye qarisiginin axininin strukturu ve qaz quyusunun hoyat tsiklini biitovliikde
tahlil edilib.

Agar sozlar: sulasma, miibariza metodlar:, qazmaye qarisigl, axin rejimi, maye fazanin toplanmasi,
disperqator, mayenin ¢ixarilmasi, qazlift kombinasiyasi.

WATERED-OUT GAS WELLS: MEANS OF SOLVING THE PROBLEM
D.A. VOLCHENKO, O.V. DUMNIY

The article deals with the problem of liquid accumulation in the bottom hole of a gas well and the methods of
solving this problem. The latter includes wellbore liquid removal by means of water lifting. A method of dispers-
ing liquids in gas-liquid flow, which can over time be substituted with a combined gas lifting method, is suggest-
ed. The structure of gas-liquid flow through a vertical pipe and the life cycle of a gas well as a whole are analysed.

Key words: watered-out well, means of solving the problem, gas-liquid flow, disperser, liquid removal, com-
bined gas lifting method.

55



Cild 9.Ne3 Azarbaycan Miihondislik Akademiyasimmn X9OBIRLIRI Iyul — Sentyabr 2017
Vol. 9.Ne3 HERALD of the Azerbaijan Engineering Academy July — September 2017

UoT 622.279.72

DONIZ YATAQLARINDAN CIXARILAN QAZIN NOQLO
HAZIRLANMASI ZAMANI iSTiFADO EDIiLON REAGENTLORIN
SORF NORMASININ TONZIiMLONMOSI

A.S. QULIYEV", 8.N. QURBANOV *

Qazin hazirlanmasinin effektinvliyini artirmaq ve keyfiyyetini yaxsilagsdirmaq moegsadilo, gazkondensat
yataglarinda tedqiqatlar aparilmis, qazin kompleks sokilde naqle hazirlanmasi tedqiq olunmusdur. Noqlo hazirlanan
qazin keyfiyystini yaxsilasdermaq maqsadils hesablamalar aparilmus, sistemds istifads edilon, hidrat tixaclarinin
amoals golmaesinin qarsisint almaq magsadile metanolun sarfinin optimal normast toyin edilmisdir.

Maqalads hidrat ¢okuntularinin qarsisint almaq magsadils, sistemds qazin naqle hazirlanmasi tigiin metanolun
optimal sorf normasinin hesablanmasinin noticolori verilmisdir.

Acar sozlor: qazkondensat, metanol, hidrat, sarf normasi, termodinamika.

Doniz yataglarinda neftin vo qazin ¢ixarilmasi, y1gilmasi va naqli prosesinds qarsiya ¢ixan
istismar xorclorindon biri do hidrat omalo golmoasinin vo digor texnoloji ¢atinliklorinin garsisini
almaq lgciin totbiq edilon kimyavi reagentlorin sorfi ilo baglidir. Bu sorf bdyiik hocmds olarsa
istehsal olunan gazin maya doyarini artirir. Ona goro do qazlarin maneasiz noaqlini tomin etmok
tictin istifado edilon reagentlorin keyfiyyot vo komiyyot gostoricilorini tonzimlomok neftqazgixar-
mada aktual va vacib masalalordon biridir.

Qeyd olunanlar1 nozaors alaraq gaz—kondensat yataqlarindan qazin ¢ixarilmasi, qurudulmasi
va naqli prosesindo istifado edilon reagentlorin sorf normasini tonzimlomok {i¢iin qurgularin vo
texnoloji sistemin is prinsipini tokmillosdirmok vo yeni elmi-texniki tokliflorin iglonmasi tigiin
elmi-todqgigat vo modon islori aparilmisdir. Todqiqat islori bir nego istiqgamotds yerino yetirilmisdir.
[B-nin NQCi-do faaliyyat gdstoran qazin naglo hazirlanmasi qurgusunun ayri-ayri aparatlarmnin
isini tadqiq edorkon molum olmusdur ki, sistemds totbiq edilon reagentlorin saorfini tonzimlomak
tictin metodik hesabatlar, faktiki gostoricilor nozors alinaraq aparilmamigdir [1-3].

Doniz yataqlarinda aparilan todqiqat islorinin naticalori gostordi ki, qaz-kondensatin ¢ix-
arilmasi, y181lmasi vo noqlo hazirlanmasi miirokkob soraitdo yerino yetirildiyi ii¢lin texnoloji sis-
temdo omolo golon hidratin garsisim almaq iiglin istifado edilon reagentlorin torkibinin vo
texnologiyalarinin tokmillogdirilmosi mogsodouygundur.

* Neftaqzelmitadgiqatlayiha institutu

56



Doaniz yataglarindan ¢ixarilan gazin naqlo hazirlanmasi zamanu istifads edilon reagentlorin ...

Su vo gaz hidratlar ilo faza tarazliginin termodinamiki modellogmasino {imumi yanagma
“tobii qaz-karbohidrogen kondensati” sistemindo buxar-maye tarazligini arasdirilmasi aktualdir.
Lakin, kondenslogmis su fazasinin tarazliginin modellosmasine - su, soyudulmus su, inhibitorlarin
sulu mohlulu, buz fazasinin hidrata ¢evrilmasino metodiki yanagmanin totbiqi vo tomasda olan hor
bir fazanin ayri-ayriligda termodinamiki voziyyati arasdirtlmisdir. Bu iisulun quyuda olan termo-
dinamik soraitdo qazin hazirlanmasi {i¢iin bir sira istiinliiklori var ki, bunlar da faza tarazliginin
parametrlorinin hesabatinin dogigliyini vo hidratbirlosmo inhibitorlarinin normallagmasini tomin
edir.

Modon soraitindo faza miivazinatinin pozulmasinin doqiq hesabatin1 aparmaq ii¢lin qaz
fazasinin ugucu vo ya geyri ugucu komponentlorinin, o ciimlodon, CO,, H,S, N,, H,O vo metanolun
daqiq hesabati aparilmalidir. Bu magsadle karbohidrogen vo ya geyri karbohidrogen komponentli
qaz fazasi li¢iin Redlix-Kvonq tonliyi osasinda modifikasiya olunmus termodinamik model islonib
hazirlanmigdir. Modifikasiyaya osason istifado olunan models ikinci doracali virial omsallar vo
yiiksok tozyiqdo gaz qarisiglarinin sixilma omsali ilo xarakterizo edilon olave parametrlor daxil
edilir. Aparilan modifikasiya tonliyinin parametrizasiyasi gostorir ki, tobii qazin ugucu kom-
ponentlorinin hesablanmasi naticosindo 1-2% xota ortaya ¢ixir ki, bu da Peng-Robinson tonliyi ilo
daha doaqiq hesablanir.

Hal tonliyinin modifikasiyasinin iistiinliiyii — yeni sinaqlar aparilan zaman ikinci deracali
omsallarin hesabina yaranan olave doyisikliklorin asanliqla oslava olunmasi, ndqsani iss para-
metrlorin yiiksok olmasidir. Bu iso qaz fazasinda Hibbs enerjisinin doqiq tosvirinin artmasi ilo
sociyyalonir.

Tonliyin somarali istifads intervali -40°C + +100-150°C, tozyiqi iso 0,1MPa+12-14 MPa
toskil edir.

Son zamanlar kimyavi potensiallarin farqi - Az’ vo su-buz hidratmin bos hidrat sobokasi

entalpiyasi - Ah°, daha doqiq molumatlarin gostorilmosino asaslanaraq hidrat fazasinin modelinin
parametrizasiyasinin yenilosdirilmasi vacib sayildigina gors tobii qaz qarisiglarinin fordi kompo-
nentlorinin Lengmiir omsalinin yenidon kalibrlosmasi hoyata kegirilmisdir. Hal-hazirda yeni
giymotlor agagidaki kimidir:

I struktur tigiin: A,uo =1203 J/mol,; Ak°=1170 J/mol; T=273,15° K temperaturda;

II struktur tiglin: A,uo =1077 J/mol; Ah°=1294 J/mol; T=273,15° K temperaturda.

Buz-su entalpiyast Ak’ 6008 J/mol-a barabordir.

Yeni molumatlarin istifadssi zamani Lengmiir omsalinin yenidon qurulmasi aparilmisdir,
yoni, qaz-hidrat fazasinin parametrlorinin yenilonmasi, bu da ii¢cfazali tarazligin «qaz—su—hidrat»
tosvirinin miirokkob torkibli qaz fazasi iigiin yaxsilagdirilmis, lakin, tomiz qazlarla iigfazal taraz-
ligin tosviring tosir gostormomisdir.

Yuxarida qeyd olunan modellors osaslanaraq tobii qazin su ilo tarazligi, qaz sonayesindo
gazda fordi hidrat birlosmasi vo ya gaz qarisiqlarn {i¢iin verilmis tozyiq vo temperaturda kompleks
hesabat programi islonmisdir.

Kompleks hesabat proqrami vasitasi ilo miixtalif yataqlardan tobii qaz qarisiglariin, hid-
ratomaisgolmanin, qazin yi1gilmasi va hazirlanmasi sistemindo hidrat inhibitorlarinin sarfinin norma
toyini moagsadi ilo asan vo miivafiq analitik asililiglar olds edilmisdir.
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Miirakkob torkibli qazlarin qaz-hidrat tarazliginin hesablanmasinin naticalorini tosdiq etmok
iclin miiqayisoli hesabatin termodinamik {isuldan istifadosi, o ciimlodon, miirokkob torkibli qazin
hidratomalogolma ayrisinin istifadasilo qaz-hidrat fazasinin termodinamik modelinin empirik kor-
reksiyasi metodikasindan istifadosi mogsado uygundur.

Genis temperatur diapazonunda monfi vo ya miisboat temperaturda, tozyiq 100 MPa vo
yiiksok olmagla ticfazali tarazliq sinaq molumatlarinin termodinamik ekstrapolyasiya metodundan
istifads olunur.

Termodinamik modelin analizi gostorir ki, qaz-hidrat boslugunun doldurulmas: daracasi 1-
don yuxar1 olmamagq sortilo alinan sinaq molumatlari agagidaki kimi hesablanir:

AV p 1
Inf - Hp.T)~ (v, +v,)RT T

f — komponentin uguculugu; AV — su vo hidratin molyar hocmlor farqi, cM?; p — tozyiq,
MPa ; H (p,T) — Henri sabiti; Vv,,V, — kristal-kimyovi sabitlor (hidrat strukturunun tipini
xarakterizo edon).

Koordinat sistemindo moalumatlarin aproksimasiyasi asililigi:

Y=A+§+C-ln(T) ;

burada: A, B, C — omsallardir ki, bunlar da sinaq noqtalorinds molumatlar1 daha otrafli tos-
vir edir, manfi vo ya miisbat temperaturda alinan asililig1 genis halda ekstrapolyasiya etmays imkan
yaradir. Verilmis temperaturda tarazliq tozyiqi asagidak: diisturla toyin edilir.
p-AV Inx, .
(v1 +v2)-RT ’ vV, +Vv,
Yiiksok tozyiqde qazin ugma qabiliyyatinin, suyun sixliginin vo qazda suyun hall olun-
masinin toyini miitlogdir. Ekstrapolyasiya iisulu iki qaz {i¢iin (metan, azot) aparilmis vo alinan

A+§+C-ln(T):1n(f)—

naticolor metana goro hidrat birlosmasinin temperatur tarazlifi diapazonunda kifayst edir. Metan
ticlin ~307° K -dok (110 MPa), azot {i¢iin isa ~301°K-dok (230 MPa)-dir, hesabatda xota faizi ~ 5-
6% -dir (tozyiqo gora).

Metasabit fazanin termodinamik xassosi heksohonal buza nisbotdo gostorilir, soyudulmus
su vo buz kubu. Soyudulmus su vo buz kubu araliq faza kimi qaz hidratinin ayrilmasi zamani
yaranir. Heksohonal buzun hal temperaturu standart olaraq 7,=273,15° K toskil edir.

Heksohonal buzun vo soyudulmus suyun arasindaki kimyoavi potensiallar forqinin ter-
modinamik hesabati adobiyyatda verilon sinaq molumatlarina asason kondenslonmis su fazasinin
termodinamik xassalorino goro aparilmisdir. Soyudulmus su vo buz kubu kimyavi potensiallar
forqinin hesabati {igiin istifads olunmus faza tarazliginin hesabati bir ne¢o % xata ilo 240 — 273° K
temperatur diapazonunda aparilmisdir.

Hidratlarin long ayrilmasi modeli verilmis vo osas sinaq molumatlari da comlonmisdir.
Noazori modelin tiplosmosi vo hidratlarin ayrilmasi mexanizmi vo qaz hidratinin sathi ayrilma
xassosinin otrafli izahlar verilib.

Qaz hidratlarinin konservasiya texnologiyas: imkaninin genislonmasi mogsadi ilo Istomin
V.A. torafindon qaz hidratinin ayrilmasini longitmok {i¢iin onun {ist sothinin heksonal buz gqatindan
forqli olaraq, basqa bir bark fazali termodinamik sabit ortiiklo ortiilmalidir [4-6].
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Ayrilmanin kinetik mexanizminin reallagmasi hidratda qazin torkibindon, hidratin morfolo-
giyasindan vo strukturundan, onun yaranmasinin va ayrilmasinin termobarik sortlorindon asilidir.
Ayrilma prosesinin aparict quvvasi bir nega tisulla toyin edilir: masalon, A7" - ayrilma prosesinin
temperaturu vo hidratin qaza vo su fazasina ayrilmasinin temperaturlar forqidir vo asagidaki kimi
hesablanir:

AG=RTInf/fy~RTlnp/p,,

f, p - qazin sistemds ugma qabiliyyati vo tozyiqi, f,, p, - ugma qabiliyyatinin v tozyiqin

tarazliq qiymati.

Sinagin aparilmasi zamani ilkin marhalads aparici quvva dayiss bilor, sinaq malumatlarinin
naticolori qaz hidratlarinin ayrilmasi prosesinin mexanizminin xassolorini vo manfi temperaturda
olan kinetikasin1 gostorir: marhalali (ilk tez moarhalo vo sonradan long ayirma morhalasi ilo
naticolonan konservasiya effekti); hidrat metaninin va tabii qazin miisyyan temperatur diapazonun-
da 6z-0ziino konservasiyasi effektinin aydin goriintiisii; miixtolif metasabit su fazalarinin ilk ayirma
morholasinds yaranmasi; metasabit sothi fazanin termobarik soraitdon asili olaraq miixtolif vaxtda
yaranmast.

Sinaq sortlorindon asili olaraq monfi temperaturda qaz hidratlarinin ayrilmasi mexanizmi
variantlara boliino bilor. Konservasiya effektinin doqiq ayrilmasi tigiin ilkin merhsalods hidratin qaz
vo soyudulmus suya ayrilmasi, sonradan soyudulmus suyun oOrtiiyiiniin optimal soraitdo kris-
tallagsmasi. Soyudulmus suyun kristallasmamis voziyyotdo uzun miiddot saxlanmasi, istisna halda
hidrat hissaciyinin soyudulmus suya vo qaza tam ayrilmasi. Bu halda prosesin dayandirilmasi
miimkiin deyil. Konservasiya effekti zaman1 hidrat hissociklorinin bir hissasi tam ayrilir, o biri
hissasi iso 6z-0ziino konservasiya olunur.

Ogor hidratin ilk sothi ayrilmasi buz vo qazla bas tutursa hidratin {ist qatinda buz qati
yaranir vo prosesin longidiyino baxmayaraq, koskin gedis bas vermir.

Qaz hidratlarinin sathi ayrilmasi prosesi manfi temperaturda ii¢ asas marhoaloya boliiniir: ilk
morholo metasabit fazaya ayrilma morhalosi, metasabit su fazasinin kristallagmasi vo ya yenidon

kristallasma marhalosi vo sonradan diffuziya mexanizmi ilo
Cadval 1.

Tazyiqin azalmasi vo metan
hidratinin parcalanmasi
naticasinda soyudulmus suyun
termobarik movcudluq sartlori

long ayrilma maorholasi. Bazon morhoalolor bas tutmaya va
yaxud ayrilma morhalasi ilk marhalada bits bilar.

Metanin hidrat hissosinin ayrilmasi prosesinin ilkin
morholasinin daha genis aparilmasi ii¢lin asag1 (272,95°K)
temperaturda su fazasi ilo metanin hidrat hissasinin {i¢ fazali

hesabat1 aparilmisdir. Tazyiq, | Temperaturlar
Hesabatin noticalorinin tohlili par¢alanan metan hid- MPa | diapazonu, °K
ratinin iizorinds ¢ox soyuq su vo buzun ehtimal oluna bilon 0,1 ~240 — 272,95
meydana ¢ixma sahosini toyin etmoys vo belsliklo do, 0,5 ~256 — 272,95
miixtolif soraitds “Oziiniikonservasiya” effektinin omolo 1,0 ~263 - 272,95
golma sobablarini tohlil etmayo imkan verir. 1.5 266 —272.95
Asagida soyudulmus suyun miixtolif tozyiqlordoe 2.0 ~270 -272.95
«metan—metan hidrati—soyudulmus su» sistemindo movcud- 2:5 méveud d;yil

lugunun temperatur diapazonlari gostorilmisdir.
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> .
Sistemin 1 sahssindon 3 sahasine * @ ’;'"

kogiiriilmasi zamani (sok. 1.) vo hidratda -

buzun moévecud oldugu halda ilk morhalada Metan hidratmm sabitlik sahasi

metan hidratinin ayrilmasi1 naticesinds o, 4 s

soyudulmus su morholosino kegir, su iso 2

bilavasita kristallagib buza ¢evrilir. _§ Lo
Su hidrat vo buz arasinda dinamiki iﬁiﬁi’ﬁ:ﬁ:ﬁ.‘?ﬁ‘;ii;‘;i

qat yaradir, o zaman ayrilma siiroti asagi 051

disiir, su qatt yumsalir vo yox olur va e

belalikla, hidratin konservasiyasi marhalasi 00 : : : : : i

bas verir. 240,15 245,15 250,15 255,15 260,15 265,15 270,15
Qeyd etmok lazimdir ki, soyudul- RSB =S

mus suyun amolo golmosi vizual goriiniir Sok.1. Metan hidratimin tazyiqinin artmast naticasinda

miixtalif termobarik zonalarda “qaz-buz” va “qaz-

(hidrat barokamerasinin pancarasindo Otiib ”
soyudulmusg su” fazasina ayrilmasi.

kecon isiqda hidrat hissociklorinin "tiindlos-
masinin" bas vermasi miisahids olunur). Parcalanma prosesinin bu vizual goriintiisii "qaz (metan,
propan) — hidrat — soyudulmus su" eksperimental tapazliq xattini todqiq etmoayo imkan yar

Oziinii konservasiya effektinin tozahiiriiniin miimkiin temperatur diapazonunu toyin etmok
mogsadilo basqa qazlarin hidratlar1 {iglin analoji todqiqatlar aparilmisdir. Basqa temperatur dia-
pazonun alinmast ilo propan, etan, izopropan ii¢lin do hesabatlar aparilmisdir (codval 2). Cadval 2-
don goriindiiyli kimi alinan azot hidrati {i¢iin soyudulmus suyun asagr mdévcud ¢orgivasi nozori
noqtodon ~240 K-don asagidir, bu halda soyudulmus su praktiki olaraq moévcud deyil. Ona gors do
temperatur diapazonun tozyiqin atmosfer tozyiqo atilmasi zamani toyin olmasi miixtolif qazlarin
hidratinin konservasiyasi tisulunun optimallagmasi vo axtarigi vacib element sayilir.

Hidratin sothi ayrilmasinin termodinamik tohlili gostorir ki, onun konservasiya iisuluna
kegmosi vo prosesi idaro etmok miimkiindiir. Burada osas parametr tozyiq hesab edilir. Tozyiqin
miloyyon qiymaoto diismasi soyudulmus suyun hidratin iist qatinda yaranmasina sabab olur.

Konservasiya effektinds aparici parametrlordon biri do temperaturdur ki, onun todqiqatlarda
artmas1 miivafiq ardicilligla "qaz—heksohonal buz-hidrat" vo "qaz—soyudulmus su-hidrat" ti¢fazali
tarazliq xotlori sobokosindo hidratin sothi ayrilmasina gatirib ¢ixarir.

"Qaz—soyudulmus su—hidrat" sobokosinds hidrat soyudulmus suya cevrilir. Optimal goraitdo
bu suyun kristallasmasi vacibdir. Prosesin giicli az olan zaman suyun kristallagsmasi tezlosir,
masolon, sistemin tokrar soyudulmasini vo ya soyutma kombinasiyasini tozyiqin artmasi ilo te-
zlosdirmok miimkiindiir.

Hidratda buzun olmasi onun ayrilmasi prosesi ilo idaro edilmosino vo konservasiya
morholosine kegmasine imkan yaradir, ¢ilinki, buz soyudulmus suyun kristallasmasina gotirib ¢ix-
arir.
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Hor bir gaz hidrat1 {i¢iin texnoloji yollarin segil-
moasi mimkiindiir. Hidrat niimunasi avvalcadon hidrat Codval 2.
termostat barokamerasinda qizdirilir. Kameranin tem-  Miixtalif qaz hidratlarinin ayrilmasi
peraturunun  doyisilmosi tozyiqin sabitlosmosindon ~ zamam tazyiqin atmosfer tazyiqind

asihidir, bu demokdir ki, hidratin ayrilma prosesi bitdi. ~ diismasi zamam soyudulmus suyun
Sonra proses daha yiiksok temperaturda davam edir. temperatur diapazonunda mévcudlugu
Hor temperatur addiminda hidrat niimunosinin tozyi- Qaz Temperatur, °K
ginin artmasi vo ya sabit olmasi ilo naticolonan ayrilma Metan ~240 — 272,95
prosesi bas verir. Tozyiqin qalxmasi zamani ilk hidrat Azot ~223 271,85
nliimunasinin iist qatinda qaz fazasindan vo sudan tokrar Etan ~258 - 273,15
hidratbirlosmasi yaranir. (yeni hidrat plyonkasinin CcO2 ~251-273,0
torkibi forglidir). Belslikls, ilkin hidratin ayrilmas1 pro- C3H8 ~270,5 - 273,15
sesi dayanigqli davam edir vo sistemdo tozyiq sabitlosir. [zo-butan movcud deyil

Bu simnaqlardan goriintir ki, bir torkibli hidrat kon-
servasiya yolu ilo bir basqa torkibli hidrata ¢evrilir.

Proses hidratin hidratla konservasiyasi effektinin yaranmasi ils naticalonir.

Soraitdon asili olaraq alt hidrat ayrilir, suda hall olunmus qazdan hidrat yaranir ki, bu da
yeni torkibli sabit hidrat olaraq gismon ilkin hidratin ayrilmasinin garsisini alir. Hidratin ayril-
masin longitma effektinin idaro olunmasi {i¢lin daha bir {isul agkar edilib ki, bu da termobarik vo
sabit termodinamik soraitdo, miisbat temperaturda bir hidratin o biri hidratla 6rtiilmasi tisuludur.

Aparilan hesabatlardan goriiniir ki, bir torkibli hidratin o biri torkibli hidratla konservasiya
olunmas1 miimkiindiir va tozyiqi do o biri hidrat birlsmasinin tozyiqindon agagidir.

Belos ki, qaz qarisiginin torkibi: 98% metan +2% propan; 95% metan +5% azot; 70%
izobutan + 30% azot va 90% metan + 10% CO,)

Aparilan tohlil vo termodinamiki hesabatlar gostorir ki, qaz hidratlarinin long ayrilmasi
effektinin imkanlarii asagidak: sortlor togkil edir: qaz hidrat tarazliginin yeni todqiqat iisullarinin
islonmasi; hidrat halinda olan qazin saxlanmasi vo naqli texnologiyasi; metasabit soraitdo qaz
hidratlarinin moévudlugu sortlori; hidratbirlosma inhibitorlarinin normalagsmasina metodiki yanagsma
va ucucu inhibitorlarin istifadssi ilo onlarin slava xiisusiyyatlori geyd olunub.

Inhibitorun sorfinin normalasmasinin biitiin molumatlar1 onun texnoloji itkilori hagqqinda
molumati vo basqa istehsalat ehtiyaclarini 6ziindo comlosdirir.

Regenerasiyasi, saxlanmasi, naqli zamani yaranan inhibitorun istehsalat itkilori sinaq-
statistik {isulla toyin olunur, basqa itkilor hesabat-analitik yolu ils toyin edilir.

Islonmis reagentin texnoloji tsikla qaytarilmasi iigiin islonmis inhibitorun regenerasiyasi
qurgusunun quragdirilmasi, hidratbirlogmo inhibitorlarmin istifadesi iglin  resirkulyasiya
texnologiyasinin iglonmasi lazimdir.

Inhibitorun normalasmasina metodik yanasma asagidaki kimidir.

Biitiin qaz hasilatinin istehsalatinda kimyavi reagentlorin sarfi qrup soklinds (H) asagidaki
kimi toyin olunur:

H:ZHi'QiJ

20
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Burada: H; - kimyovi reagentlorin fordi sorfi hor qurgu iizra, kq/1000 m*; O, - miioyyen
vaxtda (ay, kvartal, il) qaz hasilat1 hor qurgu tizra, mln. m’.
Kimyavi reagentlorin sorfi /; hor qurgu iizrs xiisusi sorf normasini gostorir:

H =H -Hp+2Xg;

Burada: Hr — texnoloji prosesdo inhibitorun sorfinin normasi; Hp — xiisusi sorfinin normast,
tsiklo qaytarilan kimyavi reagent; Z g, — istehsalatin yekun itkilor normasidir.

Quyudaki har bir qurgu {izro texnoloji prosesa sorf olunan inhibitor normasi quyu sleyfino
uygun olaraq, har bir fordi texnoloji prosesds inhibitor sorfinin comi ilo toyin olunur.

Hor fordi sahads inhibitorun saorfinin normasi asagidaki diisturla toyin olunur:

H,,=G-K

Burada: G — minimal-vacib (nazari) inhibitorun xiisusi sorfi; K —nozors alinmayan faktorlar
tizro 1,05-1,25 diapazonunda ehtiyat omsali; K - qaz-maye qarisiginin geyri izotermik vo qeyri
stasionar axini zamani komponentlorin fazasina goro paylanma omsali sinaq yolu ils toyin olunur.

Yatagin ilkin morholodo istismari zamami omsalin maksimal qiymoti 1,10+1,25-9
borabordir, inhibitor sorfi istehsalat proseslorinin avtomatlagdirmasinin hoyata kegirilmosi zamani
omsal 1,05-0 qodor asagi diisiir.

Texnoloji zoncirin fordi sahosi iigiin inhibitorun nozori sorfi vo su fazasinin sorfi qorunan
noqtosinds asagidaki diisturla toyin olunur:

G =

G1 (X2 _X1)+G1recycle_(X2 _Xlrecycle)+ (VVl _[/Vz).)(2 N 100_X2 [(

X - X, X-x, Qz—Q1)+(CI2—‘]1)]

+ Gl ) Xl + GIVCCJ/CIE ) Xlrecyde +100- [(Ql B Q2 )+ (ql —q, )]

6, =X
X2 X2

G - minimal-vacib inhibitorun xiisusi sorfi, qatiliq X, kq/1000 m*; G, - inhibitorun ovvalki
texnoloji sahosindon “maye- su” fazasimin 1 noqtosine daxil olan xiisusi miqdari, kq/1000 m’;

G**“" - 1 ndqtesing verilon inhibitorun tokrar sirkulyasiya edon sulu mohlulunun xiisusi miqdari,

kq/1000 m*; G, - 2 ndqtesine verilon inhibitorun sulu maye fazasmnin xiisusi miqdar1, kq/1000 m’;
X, X;— miivafiq olaraq 1 ndqtesinin qarsisinda vo 2 ndqtasinds inhibitorun su fazasinin qatiligi, %
kiitlo; X — 1 ndqtosina verilon inhibitorun qatiligi, % kiitlo; X, — 1 ndqtesino verilon islonmis

inhibitorun qatiligi, % kiitlo; W;, W, — 1 va 2 noqtslerinde qazin riitubatlilik tutumu (sulu maye
fazas ilo tarazlasmis), kq/1000m’; Q;, O, - 1 va 2 ndqtelerinda qaz fazasinda inhibitorun miqdar,
kq/1000m>; ¢;, g» - 1 vo 2 ndqtelerindo karbohidrogen kondensatmin torkibindo inhibitorun
miqdar1, kg/1000m’; G,, G/*“”“, X;, X5, X[**, X molum komiyyatlor kimi farz edilir; G vo G,
komiyyatlari isa hesablama yolu ils tapilir.

Praktiki olaraq inhibitorun nozori sorfinin hesabati bir ne¢o dofo aparilir, yoni, bir nec¢o
texnoloji noqtads hesabatlar aparilir, alinan qiymatlor is9 toplanir.
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Burada metodika qaz-hidrat fazasinin termodinamik tonliyinin asanlagmasina yonol-
dilmisdir. Parametrlor sinaq molumatlar1 asasinda diisturla secilmisdir.

Hidratbirlosmasinin sortlorinin hesabati iiglin yuxarida qeyd olunan hesabat tisullarindan
istifado etmok miimkiindiir.

Qaz vo qaz-kondensat yataglarinda verilmis tozyiqde vo AT (K) qorunma ndqtesindo
hidratbirlosmo inhibitorlarinin qatiliginin hesablanmasi vo hidratbirlogsmosinin temperaturlararasi
forqinin harokatdon asililigr asagidaki kimi toyin edilir:

(100-x)/18
(X /M +(100-X)/18)’
ratlarin strukturundan asili olan empirik omsal. Bu amsal qaz fazasinin torkibindon vo tozyiqindo
asil1 olub fordi olaraq segilir.

Miirokkab torkibli tobii gqazin riitubatliliyini asagidaki diisturla hesablamagq olar:

AT =—-A4-In

A — qazin tozyiqindon, onun torkibindon, yaranan hid-

W=a -Wy=v-x-W
burada: )| - su-metanol mohlulunda suyun foalliq emsali; X; - su-metanol mohlulunda

suyun molyar hissasi; @; - su-metanol mohlulunda suyun foalligi; W, — tomiz su ilo tarazliqda tobii

qazin riitubatliliyi, kq/1000 m’.

Yuxarida miizakiro edilon hidratomologotirma inhibitorlar1 ii¢lin ugucu vo geyri-ugucu
inhibitorlarin normallasmasinin amali olaraq totbiqine metodik yanagmanin tohlili zamani bir sira
istiinliiklor agskar olunmusdur.

Ugucu inhibitorun — metanolun fazalara goro temperatur vo tozyiqden asili olaraq qeyri-
diizxatli paylanmasi xarakteri ilo bagl iistiinliikloridir.

Asag1 temperaturlu proseslords istifado olunan gazin hazirlama aparatlarinda hidratlardan
gorunmaq iigiin metanolun vurulmasi aparatin hidratsiz islomasi rejimini tomin edir.

Ucucu hidratbirlosmo inhibitorlarinin sorfinin normasin1 hesablamaq {i¢lin inhibitorun
sorfinin termobarik soraitds istidoyisdirici aparatin islomasindon asililigin1 hesablamaq vacibdir vo
inhibitorun sorfini hesablamaq {i¢iin maksimal funksiya se¢ilmolidir.

NOTICO. Termodinamik model vo program tominati islonilmis, karbohidrogen sistem-
lorinin kondenslosmis su fazasi, o climlodon, metasabit fazasi {i¢ vo iki fazal tarazligin hesabat-
larinin aparilmasina imkan verir.

Sinaq moalumatlarinin hesabat modelinin korreksiya {isulu, ”’qaz- kondenslogmis su-hidrat”
ticfazali tarazliginin tasvirinin yaxsilasmasi li¢iin termodinamik ekstrapolyasiya tisulu toklif edilir.

Miixtolif qazlarin monfi temperaturda qaz hidratlarinin sothi ayrilmasinin termodinamik
analizi iglonmis, qaz hidratlarinin ayrilmasi prosesinin idars olunmasi vo onlarin konservasiyasi
ticlin tisullar toklif olumub.

Hidrat birlogsmosi inhibitorlarinin sorfinin normalagmasi metodikasinin siaq tohlili vo
imumi bazas1 asasinda islonib, qazin hazirlanmasi texnologiyasi li¢lin onun istifadasinin asas
xtisusiyyatlorinin tohlili verilmisdir.

Metanolun xiisusi sorfinin azalmasinin texnoloji tisullart islonmisdir.
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EXPENDITURE CONTROL OF REAGENTS USED IN OFFSHORE GAS TRANSPORTATION
A.S. QULIYEV, AN. QURBANOV

The complex research was carried out at the gas condensate field to improve the efficiency and quality of the gas
transportation. The optimal methanol consumption rate is determined to prevent the formation of hydrate plugs and to improve
the quality of gas transportation.

The article provides conclusions on the optimal methanol consumption to prevent further formation of the hydrate
residues.

Key words: gas condensate, methanol, hydrate, consumption rate, thermodynamics.

YPEI'YJIUPOBAHUE HOPMbI PACXOJA PEAI'EHTOB,
HCNOJb3YEMBEIX ITPH TPAHCIIOPTHPOBKE T'A3A C MOPCKHAX MECTOPOKJIEHAI

A.C.T'VJIUEB, AH. TYPBAHOB

C nenbro noBhIIeHNs 3P (GEKTHBHOCTH OATOTOBKH U TIOBBIIICHHS Ka9eCTBA T'a3a IPOBOJMINCH HCCIICIOBAHUS B ra-
30KOHJICHCATHBIX MECTOPOXKACHUSAX M M3ydeHa KOMIUIEKCHAs MOATOTOBKA Ta3a K TPAHCIOPTUPOBKE. [ MpemymnpexaeHus
00pa30BaHus THAPATOBBIX MPOOOK OMNpeeeHa ONTHMAalbHAs HOPMa PAacXojia METaHOJA M MPOBEAEHBI UCUHCIECHUS C IETbI0
MOBBIILICHNS KA4€CTBa I'a3a, I0JrOTOBICHHOIO K TPaHCIIOPTUPOBKE.

B cTaTtbe naHbI BBIBOJIBI pacyéTa ONTHMAIBHOTO PAacXo/a METaHONa I MOATOTOBKM Ia3a C LEbI0 MPEeI0TBPAIIEHHUs
THPATOBBIX OTIOKECHHH.

Knrwouesvie cnosa: cazokondencam, Memanon, 2uopam, HOpmMa pacxood, mepmMoOUHAMUKA.
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PEIIEHUE 3AJTAYM HECTAIIMOHAPHOM ®UJIbTPALIAU KU JI-
KOCTHU B TPEIIUHOBATO-ITIOPUCTOM KOJIBIHEBOM IIVIACTE
C IPUMEHEHUEM JJUCKPETHOI'O BEUBJIET-IPEOGPA3OBAHUS

O.A. JIbILLINH"

Ha ocHoBe kpaTHOMaciITaGHOro aHammsa B Ly(R*) ¢ mpuMeHeHHeM THCKPETHOTO BeiBIeT-mpeoOpasoBaHus ¢
ceHapabeIbHBIM OPTOHOPMHUPOBAHHBIM 0a3UCOM pa3paboTaH METOA YCTOHYMBOrO MPUOIMKEHHOTO BEIUMCICHHS KITac-
CHYECKOTO PEIICHHs HayaJlbHO-KPaeBOMW 3a/laud HECTALMOHAPHON (MIBTPALMHU )KUIKOCTH B TPELIMHOBATO-IIOPHCTOM
KoJIblieBOM Iutacte. [locraBieHHas 3aaya CBOMUTCA K PELICHUIO HEKOPPEKTHON 3aja4l HAXOXKACHUS PELICHUS CUCTe-
MbI JIMHEIHBIX alNre0panuyecKux ypaBHEHHMII IPU HETOYHBIX JaHHbIX, NPHOIMKEHHOE PEIICHHE KOTOPOii, IOCTPOCHHOE
METO/IOM PETyJISIPU3ALUH, SABIACTCS YCTOHYMBBIM OTHOCUTENIBHO OMIMOKK 3anaHust Ko3GUImMeHToB quddepeHyans-
HBIX YpaBHEHHH M TPAaHUYHBIX YCJIOBUH, a TaKXKe HETOYHOCTH 3aJaHHs IIPaBOH 4acTH.

Knrouesvie cnoga:  necmayuonapnas purempayus, mpewuHo8amo-nopucmylii niAcm, KpamHoMAacumabHwlil ana-
U3, OUCKpemHoe geligaem-npeoopasosaniie, Memoo pezyrapusayuu.

BBenenne. OCHOBHBIE TTOJIOKEHHSI TEOPUH HECTAIIMOHAPHON (PHUIBTpAIMK B TPEIIMHOBATO-
nopucTsix cpenax cpopmymnuposansl I .1.bapen6narrom, FO.I1.)KentossiM n M.H.Kouunoii [1], a
3aTeM pa3BUTHI MHOTUMH UccienoBarensiMu [2,3]. TlocTaHOBKa KpaeBBIX 3a1a4 JIsl HEYCTaHOBHB-
mieicst GUIbTpaIuy KUIKOCTH B TPEITMHOBATHIX TTOPOIaX YTOYHEHA B paboTe [4].

C y4eToM MOJIy4YeHHBIX aBTOPOM B paboTe [5] yclioBuil pa3peiiMOCTH B KJIacce resibIepoB-
CKuX (YHKIUH HauyaIbHO-KPACBBIX 3a7a4 Ui JTUHEHHBIX CUCTeM TU(epeHIINaTbHBIX YPaBHEHUN
¢ TIepeMeHHbIMH K03 durmentamu, napadonuaecknx B cmbicie M.I'.IlerpoBckoro [6], mokazano
[7], uro cucrema nuddepeHIraTbHbIX YPaBHEHUH B YaCTHBIX MPOU3BOIHBIX, OMUCHIBAIOIINX HE-
CTAllMOHAPHYIO (HIBTPAIMIO OAHOPOIHON KHUIKOCTH B TPEIIMHOBATO-NIOPHCTON Cpefe, SBISAETCS
napabonuyeckoid mo IlerpoBckoMy cuctemoill ypaBHeHHid. Kpome TOro, ycTaHOBIEHBI YCIOBHS
CYIIECTBOBAHUSI U €JMHCTBEHHOCTH PEICHHS B KJlAacCce IelIbACPOBCKUX (DYHKUIUH Il HA4aJIbHO-
KpaeBOM 3aJaud HECTAIlMOHAPHON (UIbTpanuu >KUAKOCTH B TPEIIMHOBATO-TIOPUCTOM ILTACTE
KOJIBLIEBOW (DOPMBI MPH IPaHUYHBIX YCIOBUSIX HA BHEIIHEH TPAHHUIIE TUIACTA U CTEHKAX CKBAYKHHBI,
3a/laHHBIX C YY€TOM HaJIM4UHUs CPEJbl C ABOMHOM MOPUCTOCTHIO [8].

B nacrosmielr paboTe s pemeHus Ha4albHO-KPAeBOW 3a/1a4i HECTAIIMOHAPHOW (QHIIbTpa-
[I1H JKUAKOCTH B TPEIIMHOBATO-TIOPUCTOM KOJIBIIEBOM TUIACTE MPUMEHSIETCS AUCKPETHOE BEHBIIET-
npeobpazosanue 11 Gynxuuil u3 Ly(R3). g sToro ucnomnb3yercs cenapadanbHblii OpTOHOPMH-
pOBaHHBII 0a3uc, pacCMOTPeHHBIH B [9] mis obmero ciyyas mpoctpancTBa Ly(R "), n>2. KparHo-

%
A3sepbaiipKaHCKuii TOCyJapCTBEHHbIH YHUBEPCUTET HE(PTU U IPOMBILIICHHOCTH
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macitaOubiii aHanmu3 (KMA) B Ly(R ") paccmorpen B padote [10]. B kadecTBe MacuiTabupyromiei
byukimu  @(x),x € R, ucnonssyercs Beiisner Joobemmw [11]. [TockonbKy TpaJUilMOHHBIE METOIBI
MaTpPUYHOTO MpEeJICTaBICHUs B BEHBIETHOM Oa3uce omneparopoB AuddepeHunpoBaHus (yHKIUH
[12] mpeanonararoT TOYHOE 3a/laHe MACIITAOMPYIOMIeH QYHKIIUN ¥ CTAHOBATCS ManodPeKTHB-
HBIMH IPU OTCYTCTBUU aHAJTUTUYECKOM (3aMKHYTOH) (hOpMBI 3amucu MacmTaOupyromeil GyHKIuu
1 BEUBIETOB (Kak 3TO UMEET MECTO, HalpuUMep, A OPTOTOHANBLHOM cucTeMbl BelBieToB J[o0e-
III1), MATPUYHBIE 3JIEMEHTHI ONepaTopoB IudGepeHINPOBAaHNS B BEHBIETHOM 0a3uce OrnepaTopoB
BBIYHCIISIOTCS C TIOMOILBIO peKyppeHTHbIX (opmyn [13]. BeiiBner-nmpeobpazoBaHue CBOJIUT MO-
CTaBJICHHYIO HAa4yaJIbHO-KPAEBYIO 3a7ady Ul CUCTEMbI JIMHEWHBIX MapaboIMYecKuX ypaBHEHHIH,
paccMaTpUBaeMyIo Ul IPSMOYTOJIbHON 007acTH ¢ JIOOBIM YHCIOM MPOCTPAHCTBEHHBIX IEPEeMEH-
HBIX K CHUCTEME JIMHEHHBIX ajre0pandecKux YpaBHEHHH OTHOCHUTEIBHO BEUBIET-KO3()PUIMEHTOB
HCKOMOTO pElIeHHUs, Ul PEICHNs KOTOPOM MPU UCTOYHO 33JaHHBIX UCXOJHBIX JaHHBIX HCIIOJIb3Y-
etcst mero peryisipuzanuu A.H. Tuxonosa [14].
J5is mpuMeHeHHs BeBIIeT-MeToa NpeABapUTEIbHO KOJIblIeBast 00JIaCTh MIacTa MPUBOUTCS
K MIPSMOYTOJIBHOHM 00JIACTH C TIOMOIIHI0 KOHPOPMHOTO OTOOpaKECHHS.
1. IlocranoBka 3amayu. PaccMOTpUM KpaeByro 3ajady paclpeieseHHs MOJIed NaBiIeHUuin
pi(X,y) U p2(X,y), COOTBETCTBYIOLIUX TPEIIMHAM M OJIOKaM TPEIUHO-IOPUCTON Cpeibl, B

IIJIOCKOM KOJIBIICBOM IIJIACTC:
Q={xy):(x—a)?+y* <RV(x—a)?+y* =12}, (1.1)

rae (a;, 0) — HeHTp COBEPIIEHHON CKBaKUHBI pajinyca 7., P 3TOM 1.< R i, 1<a;<a, (puc.l)
Huddepennnanpupie ypaBHEHHS 33]a4y 3aUIIYTCS B BUIE CUCTEMBI:

(62p1 + 62191) _ .0 (p2=p)))

ox? T oy?) T Bt T (12)
< (62p2 + a2Pz) _0p, + P2 —=p) [’ '
M€2\Gx2 T 9y? )~ Tt T

cnpaBeanuBoi st BceX X € Qp = Qx(0,T), T-Bpemst 3KCIUTyaTalluu CKBaXXHHBI, A€ BBEIACHBI
0003HaYEHHU:

_ Kk _ b1 _ ks _ HB3
T’ - PR 1 = Lo 82 =—, T= 5
up3 2 k> Qo

A K; U Ky — INOCTOAHHBIC IIPOHULAEMOCTHU CPEL lu?2

-

(1-TpemmHBI, OTHOCUTENBHO MEJIKHUE, MEXIPaHy-
O JSIpHBIE TOPBI; 2-ropa3fo 0ojee KpymHbIE BTOPHY-
HBIE TIOPBI, MPEICTABICHHbIE OTACIbHBIMUA WIIN K€
COEIIMHEHHBIMHU MEXy c000il TpemuHamMu 1 KaBep-
HaMH); B =P + My By - X¥03bOHULINECHTHI
YIOPYrocTu 00eux cpell; U = const -BI3KOCThb KHJI-

KOCTH; [, —KO3hGUIIMEHT O0O0BEMHOTO  CXKATHS
KHUJKOCTH, PaBHBI OTHOIICHHIO OTHOCHUTEIHHOTO

n3MeHeHus: oobema xxuakoctu (dV,./V,.) K u3MeHe-
av,
d—;-KOB(b(bI/IHI/IeHT yIpy-
roctu 1wiacra; dV,-u3sMeHeHHe oObeMa Iop B dJie-

MCHTC IIl1aCTa, UMCHOIIEM 00BeM V, IIpU M3MCHCHHU OAaBJICHUA HAa BCIIMYUHY dp, MMOPHUCTOCTDb m;

Huro pasienus (dp);f. =

Puc.1 Konvueeoii nracm £
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(BcmencTBue Manoit gedopmanuu TBepaoW ¢dasbl) 3aBUCUT OT JaBJICHUSA IO GopMmyne: m;=
MeitPei(pi-po), i=1,2; Macca XKUIKOCTH (g), TPOTEKAOIIEH M3 OJIOKOB B TPEIIWHBI MOTUUHSICTCS

COOTHOILEHHIO: § = Qg * 7 2 (p, — p1) TaE ap-0e3pa3MepHblil KOIPOUIIMEHT, 3aBUCALIMA OT T€OMET-

PUYECKNX XapaKTEPUCTHK OJIOKOB MPOHUIIAEMOCTH K, XapaKTEPHOTO JTMHEHHOTO pa3mepa £ u 6e3-
PasMepHBIX BEJIMYUH, XapaKTepU3YIOIHUX GopMy OIOKOB, ay = &k, /€2, Ipu 5TOM cuMTaeTCs, 4TO
IUIOTHOCTB YKUAKOCTH P MaJO H3MEHIETCS Ha MHTEpBaje AaBICHHUH OT Py JI0 Py.

HadanbHbIe U rpaHUYHBIC YCIOBUS POPMYIUPYIOTCS CIETYIOUIIM 00pa3oMm.

B HavanpHBIi MOMEHT BpeMeHHU t = 0 maBiieHHs B TPEIIMHAX M OJOKaX OJUHAKOBHI U PaB-
HBI Py

pl(Xi VA 0) = pO’ pZ(Xf Y O) = pO (13)

Ha BHemHel rpannne mnacta [y, SBISIOMENCS OKpYXHOCTBIO paauyca Ry ¢ meHTpoMm B
Hayajie KOOPJIMHAT IJIOCKOCTH (X,Y) U MpEeACTaBIIAIOmEeNd coO0l KOHTYp MUTaHMs IJIacTa, TpaHuy-
HOE yCIJIOBHE 3alIMChIBAETCS B BUJIE:

(pZ (X, Y t) —P1 (X, Y t))l(x,y)erk =0, te (0, T)' (14)

VYcnoBue Ha CTEHKE CKBaXXHHBI, C YUETOM HAJIU4YUS ABYX cpej (10 aHAJIOTHH ¢ TPAaHUYHBIM
ycnoBueM u3 [15]) umeer Bua:

ap 1 (lelt) apz (vavt)]
frc I:O-l on + 0-2

ds=q(t), t € (0,T), (1.5)
(x,y)€Er

/1€ JIeBasi YacTh BbIpa)kaeTcs KPUBOJMHEHHBIM MHTErpajoM {-T0 poJia MO KOHTYpPY CKBaKUHBI [¢;
s-IauHa Tyru Kpusoi ['g; i — Mpou3BOjHAs MO HOpManH K I¢; q(t) — 1eOUT CKBaKUHBI, 0; =

k;h/u — ko3 punmeHT ruAPONPOBOTHOCTH i-CPEbl; /- TOJIIMHA TUIACTa.
Tak kak s mo6oit auddepenupyemoit Ha . pyHkImy f(x,y) umeeM:

frc af(xy,) ds=r, f (— cosp + —sm(p) do
X =1,C08Qp

y =1.5ng
rae (cosg, sing) — KOOPIMHATHI €IMHUYHOIO BEKTOPA HOPMAIK 1 B TEKYIIEH TOYKE (X,)) KOHTypa

Ie; ¢ = (7, 0x), 10 ycaosue (1.5) B ciayuae auddepeHuupyeMbx mo X ¥y (QyHKUUE pi(X,),t)
(i=1,2) MOHO 3amucaTh B BHJIe OOBIYHOTO WHTETpasia PumaHa mo mepemeHHON ¢.

T, fzn [01(—COS(p + = sm(P) + 02(— + _Sl"‘l’)] do = q(t),t € (0,T) (1.6)

[Tpumenum k unterpany B (1.6) kBagpaTypHy0 (HOpMYITy Tpamneuu ¢ MOCTOSTHHBIM IIIarOM
H n onenkoif octaTouYHOTO 4jIeHa

(2m)?
R=42782 12N?2

rae A, = max|f" (¢)|, f"(p)—BTOpas mpou3BoAHAS MOAMHTETPATLHON QYHKITUH f((),
[0,27]
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N-gucno pa3dumenuii orpeska [0,27] Ha gacTu nwHON H.

[Tyrem BBIOOpa mocTaTOYHO GONBIIOTO N MOYKHO JOCTHYHh TOYHOCTH HCTIOIB3YyeMOU st
unTerpana B (1.6) kBaapaTypHOi (GOpMyJbl, KOTOpas paBHAa TOYHOCTH 3afaHus aeduTa q(t) Ha UH-
tepBasie (0,T). O6o3nauas yepe3 M, TOUKy ¢ KOOpIAUHATAMH (Xy, Yy,t), THE X,=Fc" COSP,, Y, =Fc' COSP,
(v=0,1,...,N), ycaorue (1.16) ¢ Tounoctsto R, onpeneneHHON BbIIIE, MOXKHO 3alKcaTh B BUJE pa-
BEHCTBA!

L 9p op, 1 op,
e {5 [o2 (T cose + 3 sine) + 0, (G cosp + 3 Sm‘f’“MO +3]on (Freoso +
Z—Z;simp) + 0, (aap cosQ + sm(p” + Z [01 (aa_ cosQ + sm(p) + 0, (% cosp +

%Simp”m} =q(t),t € (0,T) (1.7)

Kak mokazano B [7], A/ CyliecTBOBaHUSI U €IMHCTBEHHOCTH KIIACCUYECKOTO PEIICHHS
(KP) 3amaum (1.2-1.5) (T.e. pemieHus, Il KOTOPOTO HEMPEPHIBHBI BCE MPOU3BOIHBIC, BXOISIINE B
(GOpMYIHUPOBKY 3a/1a41) TOCTATOYHO MPEAMOIOKHTh, YTO

q(t) € H2(Qy), > 0) (1.8)

£
rne H 1+E(Qr) - Kracc QYHKIHMA OT t, yIOBIETBOPSIOMINX YCIOBHIO ['enmpaepa C IMokaszareiem
£ -
o=1+ 3 (¢-moboe monoxkuTenbHOe yncio). Toraa pemenue p(x,y,t)= (pi(x,y.t), p2(x,y,t)) 3anaun

2+4, 1+

(1.2) — (1.5) Oynmer nmpuHamnexarts kiaccy H 2 ¢ TeNbJepOBBIMH MOKa3aresiMu 2+ € u 1 + -

II0 POCTPAaHCTBEHHOM BEKTOPHOM MepeMeHHON X = (X,y) ¥ BPEMEHHOM MEPEMEHHOM t, COOTBET-
CTBEHHO, T.€. P(X,),1) ABJIAETCSA KIACCHYECKUM PEIIEHUEM.

2. KondopMHoe 0TOOpaKeHHE KOJIbIEBOH 00J1aCTH B IPAMOYI0JIbHYIO.
Ha puc.1 mMoryt nipencraButhes aBa ciuydas: 1) a,/#a, v 2)a;=a;

Cayuaii 1: a,#a,
Bynewm nonarate, 4to a;>a,>1. B npoTUBHOM ciiydae, T.€. IPH a,> a;>1, mociie nmpeoopaso-

BaHMs X'=-x+a,+d+1 (0<0< a)
_ —A! — —A!
x=a,—x'=a; = (@, —a;) + 1+ 6 u x=a,—>x'=a, =1+ §, obecrieunBacTCs BHIIOIHCHUEC

HepaBeHCTBa a; > a, > 1.
Bocnonezyemcst koHGOpMHBIM oTOoOpaXkeHueM [16], Tabn.7.9-2, puc.2.1:

w = In—, (2.1)

KOTOpOE OTOOpa)kaeT KOJBIEBYIO O0JacTh () M3MEHEHUS KOMIUIEKCHOW NEepEeMEHHOW z=x+iy

(i=V—1) B mpsMoyroipHy0 007acTh () W3MEHEHUS KOMIUICKCHOW TMEepPeMEeHHON w=u+iv, TIe
¢1<usc,, -n<ov<m. [Ipu stom nentpsl O; u O, OKPYKHOCTEH, OTPAHNINBAIOLINX 00IACTh (2, TOJIK-

. 1,
HBI HAXOJUThCS B TOUKaX (a;,0), re a;=cthc;, a paaAnychl ’TUX OKPY>KHOCTEH 1; = g (i=12)
i
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_] , \ F\' Fv

A
B' E' u
—@ " d
Cq C
ALl \l
C « .D
1 . 1.
Puc.2w =1In ?—1; ueHmpul OKpyscHocmen ¢ moukax z; = cth - ¢;, r; = e (i=1,2).
- i

3agaBas 3HaueHud 1, = Ry, 1, = 1,,HaxoauM

¢ =ln [%(1 +J1+7%)  (=12).

Honarasr, K 1 u r; » 1, nonyuum c,>c>0. Torga

efi—eg G 1 —e %

a; = thci = efi — g~Ci - 1-— e—ZCi’
OTKYyJia ICHO, 4TO a4 > a, > 1.
U3 (2.1) nHaxogum

3 l {(x2 —1+y%)2%+ 4y2}
R — TP S
2l - D2+ y%](x* =1+ y?)
(x?2 =1+ y?)2 + 4y? }

UV = arc cos {6

IIpousBeas Teneps npeobpazoBaHue
X =X y' = ur (2.3)

cy—c;’ 2m
MOJTy4uM B TockocTH (x',y') KBagpat

Q={(x,y)0<x"<1,0<y" <1}
Cayvaii2: a; = a,
B stom citydae o6nacts () orpaHuYeHa AByMsI KOHIICHTPUYECKHMH OKPYKHOCTSIMHE C paiH-

ycamu 17, U R,. He ymeHbpmas oOOIIHOCTH, ITOJIOXUM
. =1u Ry = Ry(Ry > 1), yero Bcerja MOXHO JOOUTHCS YMEHbILIEHUEM MacluTada Mo ocsiM x 1
y BT, pa3, mpu 3ToM Ry = R, /7,

C nomoibio npeoOpa3zoBaHus

(2.4)
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oroOpa3umM obaacTe (), XAyl B INIOCKOCTH KOMIUIEKCHOW MEpeMEeHHOH z = x + +iy (puc.3,
a), B 00sacTh ()’ MIOCKOCTH KOMIUIEKCHOTO MEPEMEHHOr0o W = X + iv (puc.3.0), orpaHuYEHHYIO
BHEUIHEH OKPY>KHOCTBIO paauyca | ¢ IEHTpOM B Hayajie KOOPAUHAT U BHYTPEHHEH OKPYKHOCTBIO

1 . .
pamuyca r; = S HPOXOJIAIIIEH Yepe3 TOuKHU (u1,0), (u2,0) THe u; v u, cBsI3aHbl C Ry M KOHCTAHTOM
0

Ry = 1-uy up+ [(1-u?)(1—u?) 2.5)

Uq_Uy ’

- 1+uq up+ ,(1—u%)(1—u%) (26)

U+ ’

a COOTHOHICHUAMMU:

IpHa OTOM a > 1 U, €CJIA U, Uy YAOBJIICTBOPAIOT HCPABCHCTBY
_1 < uz < uz < 1, (2.7)
TOR, >1

0)
a)
Puc.3.
7—a 1+uq up+ ,(l—u%)(l—ug) 1-uq up+ ,(l—u%)(l—ug)
w = " a= ; RO =
az—-1 uq+uy ui—uy

w>1uR, >1lecn —1<u,<u <1

ui—u 1
Tak kax % =1 ur = —> 13 (2.5) Haxonum
0

! 1 ! ! 1 !
U, = —T, + /E_ (rc)z ,Up =T + 3 (Tc)zx (2.8)

>1ur, K<lunpuR, > 1, (2.9)

a u3 (2.6) ciexyer, 4yTo

1

IIpHU 5TOM
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] ] Ui—Uz _ 1 Tc
a; =0, azz%—rczz—&)=2Rk>0 (2.10)
OcyIecTBIss Teneph 3aMeHy MepeMeHHBIX
X =-u+ay+s+1, y =v 2.11)

¢ xoHcTaHTOl &, 0 < § < @), HONYYNM B IIOCKOCTH Z = X + iy o00nacTs (), aHATOTHYHYIO
obmacti ) Ha puc.l ¢ eHTpaMu BHeIIHe#l (a; ) ¥ BHYTpEHHeH (a, ) OKpy»KHOCTEH
a,=a,+8+1, a,=6+1, (2.12)
py 3ToM a; > aj > 1. Takum o6pa3oM, cirydaii 2 CBOIUTCS K CIIydaro 1, pacCMOTPEHHOMY BHIIIIE,
¥, CIIEJI0BATENILHO, B 000MX Cliydasx 00acTh () MOKHO IPUBECTHU K MPIMOYTOJIbHOM 00aactu ' B
wiockoctu (X', y'):
Q={x,y)0<x'<10<y <1}
3. KpatHomacmTadublii anaan3 (KMA) U opTOHOPDMHPOBaHHBIN 06a3uc BeiiBiaeToB B L, (R™).
Haubonee o0mumM MeTOAOM MOCTPOEHUS! BEHBJIETOB SIBJISETCS TaK HA3bIBA€MBI KpaTHO-

MacITaOHBIA aHAIu3. DTO IMOHATHE BBEIACHO U HCCaea0BaHO B [18].
[To onpenenenuto [10], KMA B L,(R") naszeiBaetcs —perynspusiM (r€ N); (N —mHOXe-
CTBO HATYPAJILHbIX UHCe), eci GyHKIMs ¢ (X) B cBoiicTBe 6 MOXKET OBITh BHIOPAHA TAK, UTO
0% ()| < Cp (1 + [x)7™ (3.1
st mroboro m € N u i moboro mynbTuuHiaekca @ = (Qy, ..., &, ), YAOBIETBOPSIOLIETO HEpa-
BeHCTBY |a| < r,toe |a| = a; + - + ay,.
Drto ozHauaeT, uTo npu |a| < 1: 1)0%@(X) € Lo, (R™); 2)0%¢(X) ObICTpO yMeHbLIaeTCs

npu X — 100; 3) fRn B, (x)0%p(x)dx = 0 mis moboro nonmuHoma P, (x) cremenn n, 0 < n < m;

D fen 0 0 (x)dx = 1.

Eciu ¢ mnopoxmaer KMA, To ¢ HaspiBatoT Macmtabupyromeil ¢ynkuueit (scaling
function) [10,11].

OptonopmupoBanusiii 6asrc (OHB) B L,(R™)(n > 1) cTpoutcs Ha OCHOBaHUH JTOKA3aH-
Hoii B [19] Teopemsl (chopmynupoBanHoii B [10]:

ITycts {Vj}jeZ g-perynspueiii KMA B L,(R™), W;- oproronansHoe fomnosnnenue V; 10

Vj;1. Torma cymectyer g=2"-1 ynximit {,(x)}p=14 13 V; cO cemyronmmmu cBoicTBaMH:

0% ()| < Cpy (1 + Ix])™ (3.2)
i moboro mynbtuuHaekca a € N'c |a| < r, moboro x € R™ u moboro m = 1, npu 3TOM
[Y,(x—xk):1 <¥ < q, k€ Z"} asusercs OHB B Wj,.

U3 Toii TeopeMbl BhITeKaeT cieacTue [10]: Habop dymkumit {2M1,(2/x —k):1 < £ <
q, k€ Z",j € Z} sensercs OHB B L, (R™).

Paccmotpum cHavana qByMepHbIN ciydail (n=2), st 6ojiee BBICOKMX pa3MEpHOCTEH CUTY-
anus aHaJornyHa. B oTinume oT oxHOMepHOro ciyyas OydaeM 00O03HauaTh >KMPHBIM HIpU(TOM
npoctpadctea V;u W;. Hcnons3ys 3HaK X I TEH30PHOTO IPOU3BEAEHHS INPOCTPAHCTB, 3aIlU-
meM Vi npu n=2 xax

Vit = Vi ® Vi =(V; BW)) ® (W; W)=
=(Vi® V) @ (V;®W) & (W; ® V) & (W;®W)) =V; BW; (3.3)
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Cnenosatensio, W;coctout u3 tpex wacteit W, "'=V,@ W, W®=W; @ V;u W*=W,; ®
W; ¢ opTOHOPMUPOBAaHHBIMH 0a3MCaMH, 3aJJaHHBIMH COOTBETCTBEHHO C IIOMOLIBIO ITPOM3BECHUM
Pjny (X1) Wi, (X2), Yjn, (X1) * @jn, (X2), Yjm, (*1) " Pjm, (%2 ). Tax mbr mpuxommm k ompesee-
HHUIO TpeX BeuBieToB @(x;)Y(x,), Y(x1)@(xy) nu(x)P(x,), 0OpasyrOmuUX MMOCIE CIBUTOB
X, Ux, Ha n; u n, OHbBW,.
Jnst n>2 cocraBHble YacTu MHOXKecTBa W) nmomyuaroTcs mocjie npuMeHeHHs, Kak u B (3.4),
JUCTPUOYTUBHOTO 3aKOHA ISl PACKPBITHS TEH30PHOTO MTPOM3BEICHUS
Vi1 = Vin®Vin®...Q Vi = (V; W) x (V; OW)) Q...Q (V; BW)) 3.4)
Hns waxoxneHnuss OHB B cocTaBHBIX MOANIPOCTPAHCTBAX W]-(q) (g=1,..2" = 1) npo-
crpanctBa W; B L, (R™) ynoOHO 1OIB30BaThCS CIIEAYIOMNM alropuTMoM [9]: mpu n=3 nuximde-
ckuM riepedopom udp 1,2,3 obpasyem Habopst: (P, P, Y)={(1,2,3)}; CoorsercTByromuii Habop u3
7-MU BEUBJIETOB 3aMMCHIBACTCS B BUJIE:
D Y)Y ()P (X3); 2) Y)Y (X)P(X3); 3) P (x)P (X3) @ (x1); 4) Y (X3) P (X1) 9 (X2);
5) Y(x1)P(x2)P(x3); 6) YP(x2)9(X3) 9 (X1); 7) P(X3) P (x1) p(X2) (3.5)
[Tpu n=4 nukmuaeckum repedopom mudp 1,2,3,4 obpasyem ciemyromnme HabOPHI:
WY, P)={(1,2348)} @, Ple)={(1,2,3]4),(2,3,4]11)(3,4,112), (4.1,2]13)}; (W, ¥le,¢) =
{(1,2],3,4), (2,3|14,1)(3,411,2), (4,1]2,3), (1,3|4,2), (2,4]3,1)},
Wle, o, 9) ={(112,3,4), (213,4,1), (314,1,2), (411,2,3)}; Bee HaGopsl, Bxomsaume B (@, 9|, P),
nepecekarotcs ¢ Habopamu (Y, P|@, @) u moromy He paccmarpuBaroTcs. Takum 00pa3oMm, Moiy-
yiM HaOop U3 15-TH BEWBIETOB:
D Y)Y ()P (X)P(X4); 2) Y (x) P (X)) P (X3) 9 (X4); 3) Y x)P (X3) P (Xa) 9 (X1);
4) P(x3)P (DY (XD P (X2); 5) P(X)P ()P (X2) P (X3); 6) YP(x1) P (X2) 9 (X3) P (X4);
NP EIY(x3)9 ()9 (X1); 8) Y(X3)P (X)) 9 (X1) P (X2); 9) Y (X) P (X1) @ (X2) 0 (X3); (3.6)
10) Y(x)YE3) ()9 (X2); 11) P ()P (Xa) 9 (X3) 9 (X1); 12) Y (X)) @ (x2) 0 (X3) 9 (X4)5

13) P (x3)p(x3) @ (x4) 9 (X1); 14) Y(X3) P (X)) P (X1)9(X2); 15) Y(Xg) @ (x1) 9 (X2) P (X3).
AHanormuHeIM 00pa3oM IMpH JIFOOOM N JIJIsT HAXOXKIACHHUS BEHUBIIETOB ITyTeM Tepebopa mudp

1,2..., n crposiTcs Habopsl Y Y1, Y22, ., Y K", ..., Y"1 n u3 HUX BEIOMpaeTcs HAGOP
U3 HENEPECEKAIOIIUXCsl 3JIEMEHTOB: {1/)q (x4, ...,xn)} (g=1,..,2"-1).
[onueiit Habop QyHKUKH
{(pj(xl, v X))y Waik (X1, Xn); (@ =1,2" =1, 20,k € Z")} (3.7)
rue <.0j(x1' v Xp) = (Pj(x1) ) on(xz) Tt <Pj(xn)a l/)qj,k(xp v Xp) = 2nj/2¢q(2jx1 -
—ky, ...27x, — k,,) o6pasyer OHB B L,(R™). D10 cieayeT u3 CBONUCTB OPTOTrOHATLHOCTH:
<P, () >=0 (= L/, L k,m € Z);
<Y, Yy (x) >=8;, " 6km (L k,mE Z); X€ER (3.8)
3nech <:>- 3HaK cKansApHOro npoussenehus B L, (R™), §;, * &, ,, - cumBonsl Kponekepa.
B kaudectBe @ (x) OOBIYHO MPHHUMAKOT MaciTabupyromyo ¢yukiuuio Hobemm @(x) =
M@ (x) [11] ¢ xoMnakTHBIM HOcHTeNneM mMpHuHBl L=2M-1 (M-1iernoe nonoxxutenabHoe ducio). Tak
kak Takas GyHkuus @(x), x € R, ¢uantaa va [0,L] mpu mro6om M>1 u aBakasl HEMPEPHIBHO
muddepennupyema Ha [0,L] mpu M>7[20], To mocnen0BaTeNbHOCTh MPOCTPAHCTB {Vj}jzo IIPU BBI-
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Oope npu QuUKCHpPOBaHHOM j Oa3uca {(pj (x — k)}kezn e @;(x —k) = @;j(x; — k)pj(x; — k) -
ot @ (X, — k) Ha ocHoBe dynkmuu @(x) = y@(x) ¢ L=2M-1, M>7, GyneT nopoxaaTh - pery-
asipabiii KMA B L,(R®) cr > s = 2.

Jlst mro6oit pyrkmmu f(x) u3 L,(R™) cipaBemmuso pasnokenue [10]:

f(x) =Ykezn < fr @0 > @ox(x) + ZAEszo/\j < fiha > Pyx), (3.9
e @or(x) = [lim; @ (x; — ki) Y (x)= (Pl,j,k(x) = @j(x — k),
N=A=(jk):1<1<2"-1kez"}

13 [10] cremyer, uto ecan KMA r-perymsipen ¢ 7 > s = 2 B L,(R®) u P;,f ecTb j * —vac-
THuHas cymma psaga (3.10) mns gynximuu f wu3 npocrpancta C2(R3), To, ¢ ydeToM BIOKEHHUs
C*(R®) € WZ(R?), Py.f cxomures k f mo Wy (R®) - Hopwme:

limj o ||0%Pf =0 fllwzey =0, lal <2, |a| =ay + - ay. (3.10)
MPUYEM OCTaTOK ATOTO psja Q]?"* =0%f — G“Pj* f oleHUBaeTCs Kak
. 9~ Cts-a)j*
4. IndpdepenumpoBanue BeiiBjaer-pasaoxkennii pynxumii B L, (R3)

PaccmoTpum cHavana onepanuto auddepeHuupoBanus BeiiBieT-pa3noxeHus GyHkuun f(x)
x € R:

) = X Sjk @i () + dj i (x) (4.1)

OGo3Haunm 4epes Sy U dy ;) BeliBneT-kodGduIments Gynkiun f(x), a yepes Sy, 1

dg jx COOTBETCTBYIOIME BelBieT-kodpduummentsl dynkumin g(x) = df /dx"™.  Kosdduuments
Sgjk ¥ dg jy BBIPAKAIOTCA C MOMONIBIO MATPUYHBIX JJIEMEHTOB omneparopa aupdepeHmpoBanus

4epe3 BEUBIET-KOIYPUIMENTBI Sy ;i U df ;. O popmytam [20]:

2/-1
Sgik = ) 88 Gk jo kD)spjur + TS ks ju k' dy
k=0
Jj— . P . . g
dg,j,k = Zi’:é T[()I;) U,k j, k )Sf,j,k + TSE))(I, k;j k )df,j,k, 4.2)

PaccmoTrpum Temepr (QyHKIHMIO TpeX MEPEeMEHHBIX f(X;, X, X3), (X;, X2, X3)€E Q Ttme Q-
orpaHuMueHHas obOnacth B R3. Jlng ynpomeHus paccyxkaeHuil OyaeM IojaraTh, 4TO
Q =[0,11°=[0,11x[0,1]x[0,1].

ITyCTh jimax = j*- JETaNbHBINA YPOBEHBb pa3peIieHus 1o X;, X2, X3, VIS YA00OCTBa paccykie-
HUs OyIeM CYUTaTh, YTO OH OJIMH U TOT XK€ 10 BCeM NepeMeHHbIM. 3armmieM 6asuc (3.8) mpu n=3 B
BHUJIC BEKTOpa
§(x1, %2, x3) = {fo,o;o,o,o(xl;xz;xs): fe,j;kl,kz,k3 (x1,%2,x3), £ =08;] =0,)%, ky,kp, ks = W},
4.3)

e €0,0,0,00 (%1, X2, x3) = @(x1)@(x2) 0(x3),
fo,j;kl,kz,kg (%1, %2, x3) = Pjk, (x1)<Pj,k2 (xz)fl’j,k3 (x3)
OcrajbHble KOMIOHEHTHI BekTopa {(Xq,X,, X3) ONPEICIAIOTCS B COOTBETCTBHU C HAOOpOM
BeliBneT-pynkiueit (3.6):
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$tjikykaks (X1, %2, X3) = W), )W)k, ()P, (x3)
fz,j;kl,kz,k3 (X1, X2, Xx3) = Yjk, (x1)1/)j,k2 (xz)fl’j,k3 (x3)
f3,j;k1,k2,k3 (X1, X2, Xx3) = Yik, (xz)ll)j,k3 (x3)<Pj,k1 (x1)
$ajikikoks (X1 X2,X3) = Pj ke (X3) W), (X))@, (x2)
&5 ik kaks (X1 X2, X3) = Pjr (X)) @)k, (X2) @) ke, (X3)
$6,jikikaks (X1 X2, X3) = Pj e (X2) @)k, (X3) @ 1, (1)
f7,j,-k1,k2,k3 (%1, %2, x3) = Yjk, (x3)¢j,k1(x1)§0j,k2 (x2)
Beiipnet-pasnoxenue (3.10) dynkmmu f{x;, X1, x3)€ L, (R3?) mo 6asucy (3.11) 3anmmercs B

BHJIE:
- i yai-
f(xq,%2,%3) = ?:o Zj:() lecl,klz,k3=0 Z1,j;kq,kz.ks fz,j;kl,kz,k3 (1, %2, X3) (4.4)
e  Zpjik, kpks =< f (X1, X2, %3), & jiky kpotes (K10 X2, X3)
ZO,j;kl,kz,k3 =0 (] = 1, kl' kz, k3 = 0, 2]* — 1)

Jlsist paboTBI ¢ OTlepaTopamMH, JACHCTBYIOLMIMME Ha OJHOMEPHBIC BEUBIIET-0a3UCHBIC (DYHKIMH
P (x)n 1 (x),x € R, 00BMHO HCTIONB3yeTCAs MX MaTpU4HOE NpescTapieHue. [ nuHeHHbIX
oreparopoB (¥, B YaCTHOCTH, JJIsI O1epaTtopoB AupGepeHInpOBaHHs) UX MATPUIHOE MTPEICTABICHHIE
MO’KHO BbITMCaTh B sBHOM BHe [20]. BecbMa BaXHO, YTO JJIsl 5TOTO JOCTATOYHO HA MEPBOM dTare
BBIYMCIIATh JIMIIb MATPHYHBIC DJICMEHTHl Ha HEKOTOPOM 3a/IaHHOM -M YpOBHE pelieHus. Bce
OCTaJIbHBIE MATPUYHBIC SIIEMEHTHI MOTYT OBITh TIOJYYEHbBI U3 HUX C MOMOIIBI0 PEKYPPEHTHBIX COOT-
Homrenwii [ 13].

PaccMotpum feiicTere onepartopa T = (gc—n (n = 1) na pynkmmio f(x), x € R, B pamMkax

KMA B L,(R). OO6o3naunM  MaTpuyHbIE  3JEMEHTHI  3TOr0  Omeparopa  depes
TR0,k j, k), TOGk;j k"), TG, k;j k'), T, k;j, k). 3aecs

T8 G ki j k) = [y 0300 (T (2)) dx, (45)

3aMeHa HIKHUX WHIACKCOB S — D(D — S') B nmeBoit wactu (4.5) COOTBETCTBYET MOJICTAHOBKE

N m  _
(p > Y)Y - @) mon 3HakoM wuHTErpaga B mpaBod dvacth 00603HAYMM, AaJiee, T =

TG, L, ), T (n) = T(0,0; 0, k). Ouesmro, uTo rj(ljl 7}‘(,?) eyr_p TRE r( ) = G(:)]k C mo-

MOIIBIO 3aMeHbl 2X = ¥ ¥ PEKypPPEHTHBIX COOTHOWICHWH i QyHKuMA @;(x) [20] momyqnm

YpPaBHCHHUE, CBA3bBIBAIONICC DJICMCHTHI T (k) OJHOTI'O U TOI'0 K€ YPOBHA

rM =23 % hh, (4.6)

]k m]Zk i+m

C IIOMOIIIBIO TOM K€ 3aMEHBI MOKHO MOJIYUUTh YPAaBHCHHUC, CBA3BIBAIOIICC MATPUIHBIC 3JIC-
MCHTBI COCCAHHUX ypOBHeI;'I

(m) _ )
Visipjel! = 2" Ty 4.7)

Koaddummentsr h;h,, B (4.6) BXOAAT B mpejacTaBieHre Macimradbupyromeid Gyakiuu Jlo-
oemmm @(x) = @ (x), onpenensemoe Gopmyoit [11]

P(x) =V2Thohm - @(2x —m) (4.8)
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[TocnenoBarenbHOCTh {go ik (x)}kez , e @ (x) = 2//2¢(2/x — k),06pasyer OHB B V;, rne
{V}}kez’ L,(R) -nocnenoBaTeIbHOCTh 3aMKHYTBIX MOMPOCTPAHCTB, oOpasyomnmx KMA B . B mpo-

crpanctBax W;, sensrommxcs nononHenuem K Vi B Vi (Vipg =V, @ W;;0 — 3Hak npsmon

cymMbl), OHB ciy>xuT mocinenoBaTebHOCTD (DYHKITHI {1/) I k(x)}kez rIe
Wi (x) = 272(2/x — k)

YO =VZ XL G 92X =), g = (D)™, (4.9)
Koadpdummentsr h,,, g, B (4.8)-(4.9) ynOBIETBOPSIOT CIEAYIOIIEH CUCTEME ypaBHEHUI
[19]:

Z Ry = higrom = 6o,m' (4.10)

k
> b Geszm =0, (4.11)

K
Z(—nk k" he =0, (n=01,..M—1), (4.12)

K

Z h =2, (4.13)
k

Cucrema THEHHBIX anreOpamdeckux ypaBHeHHH (4.10)-(4.13) ogHO3HAYHO OMpenesseT Ko-
s dunmentsr hy, ams @ (x) = ye(x). 3Hadenus 3tux kod3hunuenros it M = 2,10 npuBeneHb B
[11].
U3 (4.5) mpu j=0 nns BenwmauH (n) MOJIYYUM CUCTEMY YPaBHEHUI:
<M_2zzmhhr“) (k=01,..L—2) (4.14)

m "2k—i+m

KoaddurnuenTsr rk(n)o6naz[a}0T CBOMCTBOM CUMMETPHUU:
=% (k=01,..L-2) (4.15)
C yyeToM HOPMHUPOBKH
Lok ™M =nl (4.16)
U cooTHOIIEeHUH (4.15) cuctema ypaBHeHUI (4.14) MPEACTABIISIETCS] MATPUYHBIM YpaBHEHHUEM
Au = f, (4.17)
rme u = ( (n), 1( m) rL(n;) A — marpuna kodgduuumentoB pasmeproctu L'x L' (L' = L — 1), sne-
MEHTBI KOTOPOH BBIPAXKAIOTCS Yepe3 MPOU3BEICHUS hihy; f = (1,0,...,0)T — (L'x1) - BexTop-
cTonberl mpaBbIX Yacteit ypaBueHui (4.14). Tlpu ycnmoBun L' >n  ypaBHenue (4.17) umeeT euH-
CTBEeHHOE TouHOe pemrerne. Kak mokasano B [13], mMaTpuuHbie 37eMeHThI oniepaTopa auddepenmm-

dn
poBanusi T"™ = — BBIPAXKAIOTCA PEKYPPEHTHO Yepe3 MaTPUUHBIC 3JIEMEHTHI ornepaTtopa audde-

d n
Pemus ypaBuenue (4.17) nns n=1, mo snemMeHTaM ro(z-)o y=

pernmpoBanns T~ = dxn—l'
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€Y

€Y) —
T MOKHO BOCCTAaHOBHTH Bce MaTpuuHble aneMeHTsl Tod (j, [ j,1") = r y (=1, nec-

k=1'-1
NOJIb3ysl PEeKyppeHTHOe cooTHomieHue (4.7). OcranbHble MAaTPUYHBIC AJIEMEHTHI npn n—l orpene-
JISIOTCS ClIeayromuM 00pa3oM. OCyIIecTBIIss B SKBUBAJICHTHOM (4.6) ipu n=1 BeIpakeHUN
68 G b l) = 28 Zm b T 50 stram (4.18)

3aMeHy MHIEKCOB S—D ¥ COOTBETCTBYIOUIYIO MOACTAaHOBKY h—g momydnm ans Bcex >0 mpen-
CTaBJICHUS /11 MAaTPHUYHBIX 3JIEMEHTOB (1)(] L), (1)(] Ljil) wm T(l)(] Ljl).

Paccmotpum pasnoxenue (4.4) dynkmuu f (x4, X5, x3) B Ly (R3)mo 6asucy (4.3) u ycraHo-
BHM CBfi3b BEHBIET-KOI(PUIIMEHTOB YacTHBIX npousBoaubix 0" f/dxi* (i = 1,2,3) ¢ BeiiBieT-
KodpdumeHTaMu QyHKIUH f.

[TpencraBum (4.3) B BUIE Pa3IOKEHUS 110 BEUBIET-PYHKINAM ITEPEMEHHON X; W MPUMECHUM
dbopmyny (4.2) muddepeHmpoBaHUS BEUBIET pa3sioKeHUsT (DYHKIMK OJTHON NIEPEMEHHOM C UCTIONb-
30BaHHEM MATPHYHBIX 37eMeHTOB. Torma st npou3Boanbix 0™ f /0x]', n = 1, nomy4num pasioxe-

Hue 1o Gasucy (3.11) ¢ kodpduumentamu z*1 mpu $1,jiky kg ks> KOTOPBIE LISt BCEX J>1, Ky, ko, k3 =
0,27 — 1 Oynyt TUHEHO BeIpakaTbcs depe3 Ko GUIUEeHTHI pasioxkeHus (4.4)
Z(J)C,g;o,o,o = T(n) (0,0;0,0)z¢,0;0,0,0 + T(n) (0,0;0,0)z5,0,0,0,05
258 000 = TI(0,050,0)21 0,000 + T92 (0,050,003, 050,00
238 000 = To5(0,0;0,0)250.0.00 + Tos (0,0;0,0)26 0,00,0;
Z:B-o,o,o = Tgn)(o 0;0,0)z1,0,000 + T (0 0;0,0)23,0;0,0,05
Zyb 000 = To5(0,0;0,0)240.0,00 + T(")(O 0;0,0)2; 0,0,0.0;
T(n)(o 0;0,0)20,00,0,0 + T(n)(o 0;0,0)25,0;0,0,0;
228 000 = Tsp (0,05 0,0)250.0.00 + TSs (0,05 0,0)26 0,000

= T(n)(o 0;0 0)Z40000 +T(n)(0 0;0 0)270000'

X7 _ v2i7t () (m)
Zo enJentes = 2kt =0 Lss Us K137, K1) 20 jikey kepey + Tsp U beas 1o K1) Zs e, ey ey

z = X2 TS kys . ez + T92 G ka3 o, k) z
1,j;kq,k2.k3 k’_O 1’]' 1J41,j;kq,kz,ks3 1’]' 1923 jiky ey ks>

x7 ) (n)
Zz,};kl,kz,k3 Zk'—OT I (/ ki;j, k1)sz ikko, k3 +Tp ¥ (/ kl'J'kl)ZGJ ikq, ko kg

xf _ w2t () (n)
Z3 ki kaks Zk;—oT U ki) k )Z1] depkoks T Tpp U ki) k )231 ikq ko ks

2j-1

X1 _ m) (n) k! .
2y jikydep ks — Z Tpp U ka3 o k1) Za ey ey ey + Tos U K15 Jo K1) Z7 ik iy iy
k=0

X7 _ v2i7 () (n)
Zg itenJentes = 2kt =0 L ps Us K137, K1) 20 jikey kepey + Top U ki 1o k1D Zs e, ey ey
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2j-1

x{‘ _ n),. A n) . A .
Z6 jikerkaks E Tsp U k), kl)Zz,j}kl,kz,kg + Tgs U, ks kl)Z6,j;k1,k2,k3'
ki=0

xn _ 2J-1 n),. Lo n),. N
Zy ik koks = Zk{:o Tsp Us k137, k124 iy ieyies + Tss Us k1570 K127 e iy ies (4.19)

n
X3
koks A 21k, ko ks

o x
AHaJOTHYHBIM 00Pa30M CTPOATCS BEUBIET-KOdDPULIMEHTHI Z; 7.
Jik1,
5. Penienue cuctemMbl JMHEHHbIX Jre0panyeckux YpaBHEHHI METOI0M PeryJasipu3alumu ¢
NpUMeHeHUEeM NIPUHIMIA HEBI3KH.

IMoxcrasnss B ypaBuenus (1.2), (1.3), (1.4) u (1.7) Bmecto p,(x,y,)p,(x,y,t) wuq(t) ux
BEHBIICTHBIE PA3JIOKEHUS, IOJIYIUM CUCTEMY JIMHEHHBIX anreOpamdeckux ypaBaenuit (CJIAY)

Az=u , (5.1)

e z=(z,,zy,...z,)] - BEKTOP-CTOIOEI HEM3BECTHBIX BEHBIIET-KOA(DDUIMEHTOB Zyjikokoks (=
0,7, =0,7%, ky, ky ks =0,207"1) pyaxmmii p;(x,y,t) up,(x,y,t) ¢ pasMepHOCTBIO N = 2 -
8 [Z;;O(Zj -1 = 16(21'“r1 —j- 2)3; u=uy,...,;; - BEKTOP-CTOJIOCI] TpPaBBIX 4YacTed, COOTBET-
cTByromux nuddepennuansaomy ypaBHeHuo (1.2), 2-m HaganbHbIM yciaoBusaM (1.3) U kpaeBbIM
ycinoBusiM (1.4) u (1.7)), ¢ pasMepHOCTBIO m=5; A-MmaTpulia ¢ IeMEHTaMU @ j,A = {ai j} , Tnoe
j=1,2,...,n; i=1,2,...,m, u 9ucno n He 00s13aHO OBITH paBHBIM UMCIy #. [Ipu mocTpoeHNM omIepaTopoB
nuddepeHnupoBanus BelBieT-pasnoxkenuit GpyHkuuit p;(x,y, t)p,(x,y,t) Oymem moab30BaThCs
dopmynamu (4.17) - (4.19), nonaras x;=x, x,=y, U x3=¢, a ;ui1 GyHKUUU ¢(?) - hopmynoit nudpde-
pentpoBanus (4.2) s yHKIIUA OJTHOW MTEPEMEHHOM.

[Ipu pemenun cuctemsl ypaBHeHui (5.1) Oynem paccMaTpuBaTh OIIMOKU OKPYTJICHUS, CBSI-
3aHHBIE C BBIYMCIUTENIBHOW MOTPEIIHOCTHIO M3-3a KOHEUHOH paspsanHoctu DBM, ¢ Toif ke TOUKH
3peHusi, Kak U OMMOKH MCXOMHBIX NIAaHHBIX W MEpPBOHAYANBHOHN 3ammcu ux B OBM. B pesynbrate
BJIMSIHMSI BCEX TPEX YKA3aHHBIX BUJIOB OIIMOOK MPUXOANM K PEIICHHIO BO3MYIIIEHHOTO YPaBHEHUS

Az =1, (5.2)
me A=A, n ii=u; - IpUOJIMKEHHBIE 3HAYEHHUSI orepaTopa A W MPaBoil 4acTH u OTepaTop-
HOTO ypaBHeHHUs (5.1), y/IOBIETBOPSIONINE YCIOBUSIM AMMIPOKCUMAITAN

|4z — Az|| < () - llzll, lE—ull <6 (5.3)
rae ||| -eBximmoBa HopMma B mpoctpanctBe R u é(¢) - 0 mpue — 0 . 31ech € - MakKCUMaIbHas

abcomroTHas ounOKa 3a1anus kodppunueHToB ypasuenui (1.2), (1.7) u npaBoii yacTu ¢(?) ypaBHe-
Hus (1.7). llpunumas Bo BHUMaHHe oueHKH (3.14) u npumensist HepaBeHcTBa Komu-byHskoBckoro,
HOJTYYUM

1£(8)| < C; max(e, 277 ), (5.4)

C;s-xoHcTaHTa. Tak 94TO TIpH AOCTATOYHO OOMNBIINX j* Oymem umeTs & () ~C;e.

Cucrema (5.2), paBHo kak u cucteMa (5.1), MOXKeT ObITh OJTHO3HAYHO PAa3PELIMMOMN, BHIPOXK-
nenHoit (det A= 0) ¢ GecKOHEUHBIM MHOXKECTBOM pEIleHHil, a Takke HepaspermmuMoii. Bompoc 06
YCTOMYMBOM NPUOIIKEHHOM pelleHun ypaBHeHHs (4.21) pemaeTcs METOAOM peryispu3alnuu
A.H.Tuxonoa [14] ¢ TOMOIIBIO CTIIAKUBAIOIIETO IMapaMeTPUIECKOro (HyHKITHOHATA
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d%[z%] = c])g[z; i, A,z*] = ||AZ — Az” + allz -z, (5.5)

e o0 = (g,0); a > 0 -mapamerp peryisipu3amuy; Z - IPOU3BOJILHBIN A1eMeHT u3 R.
ITpu onpeneneHHbIX YCIOBUAX COTJIACOBAHUS MapaMeTpa o C MOTPEHIHOCThI0 6=(€,0) JOKa-
3aHO [14], uTo pemicHre ZzZF BapHallMOHHOM 324K

L[28] = infep, d21] (5.6)

cxoautcs npu o — 0 k anementy Z° u3s Dz = D, = R, 10CTaBIIOMIEMY OJHOBPEMEHHO MHHHUMYM
HEBSI3KE ||/TZ — 1| mHopma ||z — z*||.

ITo onpenenennto [14] ncesnopenenneM cucteMsl (5.2) Ha3HIBAIOT BEKTOpP Z, MHHHUMHU3H-
pYIOIINN HEBA3KY ||AZ — #i| Ha Bcem mpoctpancTBe R ", a HOpMabHBIM OTHOCHTEIIBHO BEKTOpa
z*penieHreM cucteMbl (5.2) Ha3bIBAIOT MCEBOPEIICHUE C MUHUMAbHOM HOpMOIt ||z — Z||. [1ces-
nopernienue Z cuctemsl (4.21) ctpoutcs mo dpopmyie

7= A1, (5.7)

rie A - ncesgoo6paTtHas matpuna ans A . HopManbHbIe OTHOCHTENIBHO TAKOTO BEKTOpAa Z*  pe-
mwenus cucteM (5.1) u (5.2) Oymem o6o3Hauath yepes z° u Z° , COOTBETCTBEHHO, M HA30BEM BEK-
TOp

z% = A%tu (5.8)

C MUHAMAJILHOM HEBsI3KO# ||Az — u|| u MuHUMaIBHOM HOPMOH ||z — z*||"TouHBIM" pemeHueM orre-
paropHoro ypaBHeHUs (5.2), T.€., HOpMAJIbHBIM PEIICHUEM OTepaTopHoro ypaBHenus (5.1).

XapakTep CXOAMMOCTH pemieHus zg 3ama4u (5.1) K TOYHOMY PEIICHHUIO z° ONEpaTOPHOTO
ypaBHenus (5.2) npu o,6—0 uccienoBan B [22] B 001meM cirydae JHHEHHOTO 3aMKHYTOTO OIepaTo-
pa A ¢ obmacteio onpenenenus Dz < H u o6mactsio 3Hauenuit Qz € F, e H u F - BelleCTBEHHOE
THI0€PTOBO MPOCTPAHCTBO U JIMHEHHOE HOPMHUPOBAHHOE MPOCTPAHCTBO, COOTBETCTBEHHO. C 3TOH
1eNbio B [22] BBoAUTCS B paccMoTpenue Gpynknnonan (5.6) npu A, = A:

d5lz] = b5lzus, A, 2] = 1Az — usll + allz — 27| (5.9)

v BesmanHa @ (a; z°,z%)= ||z& — 2%y (z&->xcTpemans dyHkunonana [4.25), 4epe3 KOTOPYIO BbI-
paskaercs yknonenue ot z° pemenns z& BapuaMoHHol 3anaun (5.6) npu A, # A:

5 50 % S A $ 11+ lAz" —us||
128 = 2l < wlos 2°,2°) + 8/Va + 52 || Az" — g, + 52 (112°1l +1=220) (5.10)

Ha ocHoBanuu Teopemsl 4 [22] ckopocTh cxomumocTd @ (o; Z°,z*) k Hymo npu  a—0
MO’KHO OLICHHUTD B JIBYX CIIydasix:

a)ecn z* — z° = A*v,v € Dy,1o w(o; 2%, 2%) < Va - ||vlr

0)ecn z* —z% = A*AD, 7 € Dz,mo w(ao; 2°,2°) < a - |9y

[TokaxkeM BO3MOYKHOCTh MCIOJB30BaHUS ciiydas 0) Al BO3MYIIEHHOro ypaBHeHHs (5.2),
pelieHue Z& KOTOPOro ABISETCSA NPUOIMKEHHBIM K TOUHOMY perueHuio z°.

ComnpsiKeHHEI onepaTop A* uis omepatopa A B ypasrenuu (5.1) 3amaercs matpuueit A,
ananornuno A* = (4*)7, rne T - 3HAK TPaHCTIOHUPOBAHHS.

Hanee Dg+ =Dz =Dy = Dy = R,H = F = R. Ilyctb z{ - anement u3z R, s kotoporo

z; -z° = ALA,7 rae ¥ = Z°- HopmankHOe permeHue ypaBHeHns (5.2), T.e. TICeBIOpEIICHNE, OTpe-
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nensemoe (opmyoir (5.7) KOTOpoe MMeeT MUHHMATIbHYI0 HOpMYy ||z — Z°||. Matpuy AT yno6Ho

BBIYUCIISITH C MMOMOIIBIO PETYIISIPU30BAHHOTO PEKYPPEHTHOTO alropuT™Ma ]'[E_.O) u3 [23], obnanato-
IIET0 YCTOMYMUBOCTBIO TIO € .

O603Ha4NM

n(ev)=[(A—A)" A+ A" (A, —A) + (A, —A) (4, — A)]v

Torma mnst z* = z; —n(e, V) umeem z* — z° = A*Av, U € D, v HAa OCHOBaHHHU cliy4asi 0)
npu o > 0 BepHa OlLIeHKa

w(a; 2% z* < al|?|| (5.11)
Tak xak ALA,Afus = Atug , 10 z; — z° = Alugs , oTKyna
z* =2+ A us + n(e,v) (5.12)
W3 onpenenenus 1 (g, V) moiaydaeM HETIOCPEICTBEHHO
In(e DIl < @ (2NALI + 38(@) Izl (5.13)

[Tpumensist oneparop A k oGemm vacTsMm paseHcTBa (5.11), Haxomum Az* = u + AAzus +
An(e, 7) , oTKyaa ciaeayeT OleHKa

142° = usll < 8 + (14l + E@) 1A - lusll + e, 7). (5.14)
[MoncraBmnss (5.13) B (5.14) m (5.14) B (5.10), momygaem OLeHKY
|z& — 2°|| < C(a, 0) (5.15)

¢ koHcTanToi C(a, 0), onpeaensieMol paBeHCTBOM
C@,0) = a lIAcl - llusll + @ 2R@NZ1 + (a7t + @ V2) (e)x
{8+ (1Al + €@ AN - lusll + E@(2NALN + 38 (@) |AF || - Nusll]},  (5.16)

r7e 0=0(c) YJIOBIECTBOPSET YCIOBHUIM COTIIACOBAHHUSA 0. C G U3 PabOTHI [22]
é(e)/a(o) » 0, 6*/a(6) >0, a=a(c) > 0npuoc —> 0 (5.17)

S
Otcrona, ¢ yuetoM (4.24), cieyer, 4To IpH A0CTATOUHO OonbiioM j z& — z°

o R -HOpME
mpu 0 = (5,6) >0 u a = a(o) » 0 , npudeM HOPANOK CXOAUMOCTH K 2z° He HpeBBINIAcT min
(e/a(0),8%/a(0)).

OnTHMaIbHOE 3HAYECHHE O TapaMeTpa PEry/SpH3alUU TPU 3aJaHHOH TOYHOCTH BEIYHCIIE-
HYSI PELICHNS 3a1a4l HAXOIUTCS C TIOMOIIIBIO HepaeHCTBa (5.15). [Ipn HaliIeHHOM 3HAYECHHH o = 0
CTPOUTCS BEKTOpP Z& M COOTBETCTBYIOIIEE STOMY BEKTOPY j - UYACTHUHBIE CYMMBI BEHBIET-
pasnoxennit Gpyakmuit p;(x,v,t), p,(x,y,t) (0603Haunm ux py /*(x,y,t) u p,/*(x,y,t)), KoTOpHIE
B CHIJIy MpeIeNbHBIX cOOTHOmEHUH (3.11) cXOIsTCs COOTBETCTBEHHO K HCKOMBIM (YHKIHSM
p1(x,y,t) 1 py(x,y,t) (KIaccHIecKOMY PelIeHHIO) IPH j —00 B Ly-HOpMe.

3akiawyenue. B otmuune ot mpeoOpazoBanus Dypbe (0OBIYHOTO WIIM OKOHHOTO), TIPHME-
HHMOTO JIMIIb K CTAllMOHAPHBIM MPOIECCaM, METOJ BEHBICT-PA3IOKCHUN MPEJCTaBIsIET COO0M
HauboJiee a/IeKBaTHBIN anmapar JUis UCCISI0BAaHHs IPOIIECCOB U SIBICHUM, YbH CBOWCTBA MEHSIFOTCS
BO BPEMEHH W/WJIH B IIPOCTPAHCTBE. DTO MPEUMYILECTBO ITO3BOJISIET HCIIOIb30BaTh KpaTHOMACIITA0-
HbBIIl BeWBJIeT-aHAU3 JJIsl IOCTPOCHUS] YCTOMYMBBIX PEIICHHI KPAeBbIX 3a/1ad, OMUCHIBAIOIIMX He-
CTaIlMOHAPHBIE TIPOLIECCHI HAa PA3IMYHBIX YPOBHSIX pa3perieHUs..

[MpennoxeHHbIH B paboTe METO PEHICHUS 3a1a4d HECTAMOHAPHOH (PHITbTpaIiy )KUAKOCTH
B TPEIIMHOBATO-MIOPHUCTOM ILIACTE B PAMKax KpaTHoMacmradHoro anammsa B L,(R3) moxeT GBITH
UCIIONIb30BaH JIJIsl PELICHUS] MHOTOMEPHBIX HAYalbHO-KPAeBBIX 3a/1a4 JIJIsl JIMHEWHBIX YPAaBHCHUI U
CHCTEM ypaBHEHHI B YaCTHBIX MPOU3BOJHBIX, paccMaTpuBaeMbiX B L,(R™), n> 1, B ycrnoBusix He-
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TOYHBIX JJaHHBIX. BelBieT-MeTO | MO3BOJISET IMOJIYUYUTDb aHAJINTHYECKUM BU]] PCUICHHA B BUJC OTPE3-

Ka BEMBJIET-psifia, B TO BpeMs KaK MPUMEHEHUE SIBHBIX W HESIBHBIX Pa3HOCTHBIX cXeM [24] uiu mpo-

CKIIMOHHO-CCTOYHBIX CXEM [25] AacT JIMIIb YHUCJICHHOC PCHICHUEC 3aJa4 Ha HECKOTOPOM CCTOYHOM

pa30reHu MHOXKECTBA MEpEeMEHHBIX. 151 KaXXJ0i KOHKPETHOM 3a/1auu TOJIKHBI TOI0MPaThCs TaKHe

CXEMBI, KOTOPBIC NPUBOAAT K yCTOI‘/JI'—II/IBHM H CXOOAIIMMCA 3HAYCHUAM CCTOYHBIX (I)YHKLII/Iﬁ npu
CTPEMJICHUH K HYJIIIO JJIMH CTOPOH AYCCK.
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CATLI-MOSAMOLI HALQASOKILLI LAYDA MAYENIN QEYRI-STASIONAR
FILTRASIYA MOSOLOSININ VEYVLET-METOD HOLLi

0.A. DISIN

L,(R*) boliinen miqyash analizin osasinda senarabel ortonormal bazislo diskret veyvlet-gevrilmonin totbiqi ilo gatli-
masamoli halqasakilli layda mayenin qeyri-stasionar filtrasiyasinin baslangic-sarhad masslasinin klassik hollinin méhkem
yaxinlagdirtlmis hesablamast metodu islonmigdir. Qoyulan mosolo qeyri-korrekt toqribi holli requlyarlasma metodu ilo
qurulmus qeyri doqiq verilonlor zaman1 cobri xotti tonliklor sisteminin hollinin toyini mosalosinin differensial tonliklorin vo
sarhad sortlorinin amsalinin verilmasinin xatasina nazeren dayaniqli oldugu gostorilmisdir.

Agar sozlor: qeyri-stasionar filtrasiya, ¢atli-masamali lay, béliinon migyaslh analiz, diskret veyvlet-cevrilmo,
requlyarlasdirma metodu.

WAVELET METHOD FOR SOLVING THE NONSTATIONARY FLUID FILTRATION PROBLEMS IN
THE FRACTURED AND POROUS ANNULAR FORMATION

O.A. DYSHIN

Based on the multiple-scale analysis in L,(R®) using the discrete wavelet transform with the separable orthonormal
basis we have developed a method of sustainable approximation of the classical solution of the initial-boundary value problem
of nonstationary fluid filtration in the fractured and porous annular formation. The problem is reduced to solving ill-posed
problem of finding the solution of linear polynomial equation given inaccurate data, when the approximate solution construct-
ed by regularization method is stable with respect to error in differential equations ratios and boundary conditions set up, as
well as set up right member untrueness.

Key words: nonstationary filtration, fractured and porous formation, multiple-scale analysis, discrete wavelet trans-
form, regularization method.
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OCOBEHHOCTM 'EOQJIOT'MYECKOT'O CTPOEHUS
U 30JI0OTOHOCHOCTD PY/I I'bI3BLIBYJATICKOIO
MECTOPOXKJIEHUS (MAJIBIIA KABKA3)

M.U. AJIUEB’, 10.P. IIUPUHOB’, I'.C. T'YCEMHOB"

B cTathe paccCMOTPEHBI TEOJIOTHYECKUE CTPOCHUS U 30JI0TOHOCHOCTH PYA ['BI3BLIOYIArcKOro MECTOPOXK-
JCHHS. AHATU3UpPYys JaHHBIC TPEABIAYINUX HCCICAOBAHUM, aBTOPHI YCTAHOBHJIM CYOBYJIKAHUYECKOC TOIHATHC
OMKJIMHAILHOTO THITA, KOTOPOE SIBJIIETCS OCHOBHOHM pyAOBMeNIaronie cTpykrypoi. Taxxke u3ydeHa 30J0TOHOC-
HOCTh PyA ['BI3BUIOYIarcKOTO MECTOPOXKACHUS. Y CTaHOBJIEHO, YTO HamOoiee BBICOKAs KOHIIEHTPAIUS 30JI0Ta
XapakTepHa U1 KBapIl-XaJbKOMMPHUTOBBIX pyA. llpeamonaraercs, 3TO CBA3aHO C TEM, YTO OCHOBHBIM PYIHBIM
MHUHEPAJIOM, COICPIKAINM 30JI0TO, HA MECTOPOXKICHHIH SIBIISCTCS XaIbKOTUPHUT.

Knrouegvie cnosa: cybsyikanuueckoe noonsamue, pyoosmewarouds CmyKmypd, 3010moHOCHOCHb,
xXapaxmep pacnpeoeneHusl.

I's13pu10YyIarCKOE MECTOPOXKACHHE, PACIIONIOKEHHOE B 30HE compsbkeHus ['apabaxckoro u
Arpamckoro antukianHopueB Jlok-Kapabaxckoit ctpykTypHO-(hopManmonHoit 30H61 Manoro Kas-
Ka3a, ABJSIETCS. OJHUM W3 MPEJICTABUTEIBHBIX 30JI0TOCOAEPIKAIINX KOTUYEAaHHBIX 3anexeld Mexma-
HUHCKOT'O PyJIHOTO paiioHa.

B reonornyeckom CTpoeHHH MECTOPOXKJICHUS YUaBCTBYIOT OTJIOKEHUSI CpEAHEN U BEpXHEH
1opel. Hanbonee nmpeBHuE cpeHEopckre 00pa3oBaHusl MPEACTABICHBI MMPOTyKTaMH HIDKHEOAMCKO-
ro BYJKaHU3Ma, COCTOSLIME M3 aH7e3u0a3albToOB, a TAKXKE TOJII TY(HO-U JTaBO-OpeKUHid TOro ke
cocrasa. [lopona 3¢ pu3uBHOIM (parmy M3MEHEHA 10 CTATUH 3eJICHOKAMEHHBIX TTOPOI.

Brrmenexanie Bepxaebaiickue 00pa3oBaHUs COCTOSIT M3 MOKPOBOB M MHPOKIIACTOB JTAIlH-
TOB, pUOJALUTOB U puanuToB. lllupokoe pazBuTue cpenr MPoIyKTOB BEPXHEIOPCKOIO ByJIKaHU3Ma
HOJIYYWIH CyOBYJIKaHMYECKHEe OOpa30BaHMs, NPEACTaBICHHBIC aHAE3MOa3UTaMHU, aHAE3HUTO-
JAlUTaMHu, JallUTaMu, pUOJALIUTAMHU, a TAKKe JUOPUTAMU U KBAPIEBHIMU TUOPUTAMHU.

MecTopoxaeHre NpUypoOUYeHO K LIEHTPabHOW 4YacTu J{poMOOHCKOW BYJIKaHO-KYIIOJIBHOM
CTPYKTYPBI, IPEJICTABIAIONIEH CO00W CHIIBHO 3POJMPOBAaHHBIN cTPaTOBY/aKaH. OHa ClI0XKeHa ByJI-
KaHUYECKUMHU O00pa30BaHUsIMU 0a3ajibT-aHAe3UT-1alUTOBOM (opManuu 0aTCKoro BO3pacTa,

" HUU MunepansHoro Chipbst pu Munncreperse Jxonornn i Ipuponneix Pecypcos AsepGaiimkanckoii PecnyGmikn
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MPEACTABICHHBIMA TPEUMYIIECTBEHHO JIaBOBO-MMPOKIACTUYCCKUMH OTJIOKEHUSIMH CpPEJIHE-0C-
HOBHOTO COCTaBa, M B MEHBIIICH CTeeHn — Kucioro (puc. 1).

—=Q
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Puc. 1. I'eonozuueckasa kapma I'vi3v110y102cK020 Mecmopocoenusn (no 10. P. Hlupunogy, 1981 2.)

1 — yeTBepPTUYHBIC OTJIOKEHUS, ByJIKaHUYEeCKUe 00pa3oBaHUs aHAE3UTO-0a3anbTOBOTO COCTaBa; 2— arJoMepaToBbIe U TIIBIOO-
BbIe Ty(BI; 3— MeIKooOIoOMOuHBle Ty(bI; 4 — JaBBl; 5 — JAaBOOpEKYMH; BYJIKaHMYECKHe 00pa3oBaHMS IAIUT-JIHIIAPHIO-
JTAIITOBOT'O COCTaBa; 6—arjio-MepaToBbIe U IIIBIOOBEIE Ty(bI; 7 — MEIKOOJIOMOYHBIC TY(BI; § — JTaBbl; 9 — BYJIKAHOMUKTOBBIC
necyaHuky; /() — cCyOByJIKaHUMYECKas UHTPY3UsI TUOPUT-TIOPGHUPHUTOB; [ /—CyOBYyI-KaHHIECKast HHTPY3HS JIUIApUT-TIOP(HHUPOB,
KOPHHM M3NUSHUS OATCKUX BYJIKAHOB; /2 — SKCTPY3MBHEIE 00pa3oBaHus; /3 — xepioBble Opexuny; /4 — mpeanonaraeMas rpa-
Huna J{poMOOHCKON BYJIKQHO-KYIIOJBHOH CTPYKTYpHI; /5 — TIyOMHHBIM TpaHWYHBINA pasioM; /6 — mpodue pasiiomsl, [7 —
rpaHuubl Gamuii; /8 — anemeHTsI 3aneranust; 19 — Kei3pl10ynarckoe MeCTOpOXKACHIE

B konType JIpOMOOHCKOW BYJIKAHO-KYMOJBHOW CTPYKTYpPHI (DOPMHUPOBAIIOCH HECKOIBKO
BYJKaHUUYECKUX almnapaToB Pa3IHYHBIX Pa3MEpPOB, BBIMOJIHEHHBIX KEPJIOBBIMH OPEKUUSIMH, DKC-
TPY3UBHBIMHU KYTIOJIaMU ¥ CYOBYJIKAaHWYECKHMH TEJIaMH aHJE3UTOB, aHE3UTO-TAI[UTOB U JTAIIUTOB.
K 30HE AYroBBIX pa3ioMoOB, OTACISIONIUX BHYTPEHHIOI YacTh BYJIKAaHUYECKOW MOCTPOHKU OT
BHENTHETO 0JI0Ka, IPUYpPOUEH KPYITHBIN CyOBYJIKaHMYECKHI WHTPY3UB THOPUT-TIOPPUPUTOB, 00pa-
3YIONIUH TUTACTOBOE TEJIO TMOJIYKOJbIEeBOH (hopmbl. OHO mon monoruM yriaoM (20-30°) mamaer B
HaNpaBJICHUH K KPalo BYJIKAaHOCTPYKTYPHI, OJYEPKUBAs €€ KyrnosooopasHyo dopmy. LleHTpans-
Hasl 4acCTh BYJIKAHO-KYIIOJIBHON CTPYKTYPHI OCIIO’KHEHA HEOOJBIION MPOCAIKON, TPEACTABIISIONEH
KaJbJIepy OCEJaHWs, 3allOJHCHHYIO JIABOBO-TIMPOKIACTHYSCKHUMHU TOPOJAMH JallUT-PHOJIUT-
JAIHTOBOTO cocTaBa. [locneaHue, cyas Mo TaHHBIM CKBa)KWH, 3aJIeTal0T Ha IPOTHYTOM OCHOBaHUH,
CJIO’KEHHOM BYJIKAHUTaMH aH/1€310a3aJIbTOBOTO COCTABA, U 00PA3yIOT MOJIOKHUTEIBHYIO CTPYKTYPY,
COOTBETCTBYIOIIYIO MO CBOEH (hopMe CHHBYJIKAHUYECKUMHU MOJHATHAM OUKIMHAIBHOTO THMA [4].
buknunHane sSBIsSeTCS OCHOBHOM pyaoBMeInaroniei crpykrypoid. C 3amajga 1 BOCTOKa OHa pacdie-
HEHa Pa3pbIBHBIMU HAPYLICHUSAMH, HanOoJee KPYIMHbIE U3 KOTOPHIX IPeACTaBIeHbl cOpocaMu Me-
PHUIMOHAIBHOTO M CEBEPO-3aMaJIHOTO MPOCTUPAHHUA. MepuauoHaATbHBIE PAa3JIOMBI SIBISFOTCS CHH-
BYJKaHHYECKUMH, TI0 HUM TPOU3O0ILIO MPOCEAaHUE U MPOrndaHne IEeHTPATbHOTO OJI0Ka CTPYKTY-
pol. Cpean KpyMHBIX pa3pbIBHBIX HAPYIICHHH Ha IUIOIIAAN MECTOPOXKACHUS 3aCiIyKHBAaeT BHUMA-
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HUSI IPOXOISIIHH 110 3armagHoMy (iaHry MecTopoXkIaeHus: COOCTBEHHO [ BI3bITOYIAarcKuii pa3iom ¢
npoctupanueM ot 355 1o 10° u nageHrnem Ha BocTOK 1o yriioM 50-60°. OH Ha TOBEPXHOCTH BbI-
pakeH CMSATHEM, pacClIaHLEBaHUEM, KAOJUHHU3AIMEeH U JTMMOHUTHU3ALUEN MOPO/ B MOJOCE LIUPHU-
Hoit 40-50 M, COITPOBOXKIaEMOI 3epKalaMi CKOJbkeHus. Ha riryOuHe 30Ha pazinoma GuKCHpyeTCs
B IITOJIbHAX M BBIPa)K€HA HECKOJBKUMHU COJMKEHHBIMHM LIBAaMHU MEPETEPTHIX 10 TIMHKH TPEHHS
MOpOJT Cpelr OKBAPIIOBAHHBIX W MUPHUTHU3UPOBAHHBIX BYJIKAHUTOB. [[aHHBIN pa3ioMm, OYEBUIHO,
Urpaj poib (panuanbHOrO YCTYIa, O YeM CBUAETENBCTBYET pe3Kas CMEHa (auuii U 3HAUUTEIIbHOE
COKpaIlleHHE MOIIHOCTEH KUCIIBIX BYJIKAHUTOB K 3amajly OT HEro.

B paifoHe MecTOpOXIEeHHS IMUPOKO Pa3BUTHI NTalKOBBIE OOpa30BaHWs, INPEICTABICHHBIC
aH/Ie31-0a3aIbTOBBIMAMY ¥ aHJIE3UTAMH, KOTOPbIe NMEIOT ceBepo-Boctounoe (10-15%) n Gamsimm-
pPOTHOE MpocTUpaHus. MOIIHOCTh UX KoyebsieTcs 10 5-8 MeTpoB.

W3 uHTpY3uBHBIX 00pa30BaHMI Ha MECTOPOKICHUN OTMEYAETCsl KBapIEBbIE TUOPUTHI, KO-
TOpbIE B IUIaHE TYyrooOpa3Hoil (OpMBI U MPOCIEKHUBAIOTCS Ha pacCTOIHUU 2,5-3,0 KM MPH MOLIHO-
ctu 300-500M. Jlexaunii KOHTAaKT MHTPY3HBa C BMEILIAIOLIMMHU MOPOJAMH, arjoOMepaTOBBIMU U
TIIBIGOBBIMHI Ty(haMH aHIe3HTO-6a3aIbTOr0 cOCTaBa 3aneraeT mox yriom 20-30°,

CTpyKTypHbIE OCOOCHHOCTH MECTOPOXKACHHUS ObUIM OOYCIOBJIEHBI MOCJEI0BATEIbHBIM
(dbopMupOBaHUEM pa3pbIBHBIX HAPYLICHUH pPa3IMYHON MPOTSKEHHOCTH U MPOCTUPAHMS, OCIOXK-
HEHHBIX MEJIKOW pa3HOOPEHTUPOBAHHOMN TPEMIMHOBATOCTHIO.

bnusmepuanonaibHas cucTemMa pa3ioMOB OTHOCHTCS K YMCIy Hambosee paHHHX, (GOopMu-
POBABIIMXCS B CHHBYJIKAHHMUYECKYIO CTaINIO M UTPABIINX BAXXHYIO pOJIb B (POpMUPOBAHUU BYJIKAHO-
KYTOJIBHOW CTPYKTYpbl. OHU XapaKTepH3yIOTCS THAPOTEPMAIbHO-U3MEHEHHBIMH, Pa3IpOOICHHbI-
MU MOPOJaMH ¥ MOIIHBIMH 30HAMH JIMMOHUTHU3UPOBAHHBIX MOPO/I.

B mpenenax mMecTOpoXKAECHUS OT HAa3BAHHOTO TITyOMHHOTO pas3jioMa OTXOJAT IBa OJIM3KO
PaCMONIOKEHHBIX ONEPSIOMIUX HAPYIIECHUs, COMPOBOXKIAIOLIUECS HA THEBHOM MOBEPXHOCTU MOIII-
HBIMU 30HAMHU JIMMOHUTHU3ALMU. DTU pa3pblBHbIE HapylieHus (3amaaHoe 1 BocTouHoe) KOHTpOIH-
PYIOT BBIXO/JbI HTHTEHCUBHO OKMCIIEHHOM pYJHOM 3aJIe’KH B BHJI€ TEKTOHMUYECKOTO KJIMHA. 3a1aIHoe
pa3pblBHOE HapylIEHHE B MpeJesiax MECTOPOXKIEHUS SBJISETCS pyNOKOHTpoiupyrommm. Pasnom
UMEET MHOTOCIIOIHOE BHYTPEHHEE CTPOCHHME U CONPOBOXKIACTCS CyOBYJIKaHHYECKUMHU TeJlaMH,
YKa3bIBAIOLIMMH Ha €T0 TIIyOMHHOCTh, HEMOCPECTBEHHYIO, THO0 KOCBEHHYIO CBSA3b C MarMaTHye-
CKHM o4arom [6].

CrnenyeT MOIYEPKHYTh, YTO Pa3phIBHBIC HAPYLIEHHS UMEIOT JJIUTEIBHYIO HCTOPUIO Pa3BU-
TUS M XapaKTePU3YIOTCS Pa3HOHAINPABICHHBIMHM JBM)KCHHSMH Ha Pa3HBIX 3TallaX CTaHOBIICHUS
MecTopoxkaeHus. OCHOBHbIE PYJOKOHTPOIMPYIOIINE Pa3phIBHbIE HAPYILIEHUS 3aKJIabIBAIHUCh, TO-
BUIUMOMY, B TepuoJi (hopMUpOBaHUS BYJIKAaHUYECKOH CTPYKTypbl. Hapsiny ¢ HUMH B 3TO Bpems
NPOSIBUINCH U TUIACTUYECKUE Je(opmaliny, BeIpa3uBLIMECs] B MHTEHCUBHOM PacClIaHIEBaHUU T10-
PO/l Ha OTAENBHBIX yyacTkax. [lmockocTu paccinaHueBaHusl pa3BUBAJIMCh HA TPAHULIE TIOPOJ C pas3-
JUYHBIMH (PU3UKO-MEXaHHYECKUMHU CBOWCTBAMHM M B MOCJEIYIONEM OBUIM YaCTUYHO 3aJICYCHBI
KBapLEM U KaJIbLIUTOM.

30HBI OoJiee MO3THEr0 pacciaHleBaHUs U ApoOJIeHHUs (HOPMUPOBAIUCH BAOJb JAOPYAHBIX
TEKTOHUYECKHUX IIBOB B INEPHOJ PYAOOTIOKEHUS. [IpyM NMOBTOPHBIX BHYTPHPYIHBIX IOJBHIKKAX
00pa30BaJIUCh MONEPEUHbIe U AUAaroHajgbHble TpeuuHbl. C HUMH CBsSI3aHO 00pa3oBaHHE IITOKBEP-
KOB, B KOTOPBIX OTJIaraJIuCh KBapL-IUPUT-XAIbKOIIMPUTOBBIE PYABI MO3HUX CTaJUil MUHEpAIN3a-
LUH.

84



Ocobennocmu 2e0102U4ecKo2o CNMpoerus U 3010moHOCHOCNb pya Fbl3blﬂ6yﬂaZCK020

Haunbonee xopomo u3y4yeHa 30J0TOHOCHOCTh JTAHHOTO MECTOpOKAeHusA. B pymax mecro-
POX/IEHUS BBIACICHBI CIEAYIOUINEe MUHEpAIbHBIE acCOIMAIMH: KBAPI-TUPUTOBAs, KBAPL-TIMPHUT-
XaJIbKOTIUPHUTOBASI, KBAPII-XaJIbKOITUPUTOBASI, XAIbKO-IUPUT-C(ajepuToBasi 1 KBapi-kapOoOHaTHasI.

Kpome kBapi-kapOOHATHOW, Bce MHHEPAJIbHBIE ACCOIHMALNU U PYyJ000pas3yIolne Cyib-

GunHBIE MHHEpANbl SIBISIOTCS 30J0TOHOCHBIMU. OJIHAKO CTENEHb 30JIOTOHOCHOCTH pa3Has
(Tabn.1).

Taonuua 1
XapaxkTep pacnpeejieHus 30J10Ta U cepedpa B pa3IMUYHBIX MUHEPAIbHBIX
acconHaNuAX 1 MOHOMHHEPAJIBHBIX (PPAKIHUAX OCHOBHBIX CYJIb(PHIHBIX
MHHEpPaT0B I'bI3BLI0YIArCKOI0 MeCTOPOKACHHUS
Ipenen Cpennee conep-
Tunsl pyn Koa-B0 COZ[ep)KEHillﬁ, B I/T )Il)ca[:me, B 1I"I/Tp
npod Au, /T Ag, /T Au ‘ Ag
MuHepanbHbIe acCONMALMHA
Keapi mupuToBas 46 0,1-1,0 5,0-10,0 0,6 2,2
KBapn-nmupur-xaasKomupuTOBast 250 0,6-80,0 0,8-77,2 2.8 7,0
Kpapm-xanpKonupHuTOBast 123 3,0-42,0 1,0-26,0 9,2 6,3
XaJapKOMUPHUT — cajepuToBast 152 0,1-80,0 0,4-27 5,9 8,6
Kgapii -kapOoHaTHast 60 - - - -
MonoMuHepaibl
[upur 28 0,1-11,0 1,0-15,8 1,6 3,9
XambKOMUPUT 26 0,3-44,5 0,5-35.4 6,2 6.5
Coanepur 23 0,1-10,0 0,2-35,0 2,8 7,2

Haubonee Bricokasi KOHLIEHTpaLUs 30J10Ta, KaK SBCTBYET U3 CPABHEHUS CPEAHUX COJIEpKa-
HUIA, XapaKTepHa ISl KBapL-MIUPUT-XaTbKOIMTUPUTOBOM U KBAPII-XaIbKOIMTUPUTOBOH U XaTBKOITUPUT-
o(aBepHuTOBOH accoruanuii, HO MAKCUMaJIbHBIE COIEPKAHMS 30JI0TA MIPUCYTCTBYIOT B PyAax Kax-
JIOM W3 BBIJECNIEHHBIX acconuanuii. [To-BugumMomMy, 3T0 CBSI3aHO C TE€M, YTO OCHOBHBIMHU PYIHBIMHU
MUHEpaJaMH, COAEPKALIUMH 30JI0TO, SIBIISIFOTCS XaJIbKOMUPHUT U canepuT, B npeaenax 6,2 u 2,8
/T cooTBeTCTBEHHO (Tabm.1).

Haubonee BbicOkOe cpenHee cojlepkaHue cepedpa XapaKTepHO JUId KBapL-THPUT-
XaJIbKOITUPUTOBOM M XaJIbKOTHPHUT-CPATICPUTOBON acCOIUAIA, a MAKCUMAIIbHOE 3HAYCHHE ceped-
pa oTMedaeTcsl B pyAax XaJdbKomupHuT-chagepuToBoii accoruanuu (8,6 1/T). ITO CBUIACTEIBCTBYET
0 TOM, 4TO Hapsy ¢ cepedpoM, BXOSAIIUM B COCTaB CaMOPOJIHOTO 30J10Ta, UMEIOTCS IPyTHE cepe-
OpoconeprKalye MUHEpaIbl, U TPEKIe BCero — Onekinas pyaa, raleHuT. BeposTHO, mmpokoe pas-
BUTHE MOCJIETHUX 00YCIIOBIMBAET CEPEOPOHOCHOCTh XAIBKOIUPUT — C(PaICPUTOBON acCOLUALIUH.

Ha ocHoBanuM MOJTy4eHHBIX PE3yIbTATOB MOCTPOCHBI TUCTOTPAMMBI paclpeeseHus 30710~
Ta ¥ cepedpa B pa3IUIHBIX THMAX py (puc.2).

['ucrorpammbl pacnpenesieHust COAEepaHHUs 30J10Ta B KBAapU-MHUPHUT-XaJIb-KOMHUPUTOBBIX
pyJax mokasajid, YTO MaKCUMYM COOTBETCTBYET MHTepBajaM 2—5 1/T, no 30j0Ty u 5-10 r/T o ce-
pebpy. Pyabl ¢ Takum conepxanneM cocTaBisiioT 34% 1o 3010ty u 37% 1o cepebpy.
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Puc.2. I'ucmozpammul pacnpedenenus co0eprcanuil 3010ma u cepedpa 6 pa3iuuHvlx
munax pyo I'vi36110y102CK020 MeCmopoicoenun:

I — kBpu-nmput-xanskonuputosas; 11 — kBapi-xans-konupuroast; 111 — xanbkonuput-cdanepuropas mo JaHHIM aTOMHO-
abcopO1MoHHO# criekTpoMeTpuH. [To ocu abuucc-Kiacchl CoIepixKaHuil B I/T, IO OCH OpJMHAT — 4acTOTa BCTPEUaeMOCTH MPod
OTIPEIENIEHHOT 0 KJIacca cojep>kaHnii B % OTH.

B kBapI-xanbKOMUPUTOBBIX THIIAX Pyl KOHIEHTpalus 30J0Ta Oojee Bricokas. Tak, oTMme-
qaroTcs aBa Makcumyma (puc.2,.11), coorBeTcTByIonre nHTEpBaaM 2-5 1/T 1 5-10 1/T 110 30710TY U
2-5 1/t o cepedpy u cocraisromue 31% mo 3010ty u 50% 1o cepebpy. ITo emie pa3 NOATBEp-
KITaeT, 4TO Ha JaHHOM MECTOPOXKIEHWH OCHOBHBIMH 30JIOTOHOCHUTEIISIMU SIBIISIFOTCSI KBapIl-
XaJIbKOMTUPHUTOBBIC pynbl. WK comepikaHus 30710Ta W cepedpa Mo XaTbKOMUPUT-CHATICPUTOBOMN
MUHEpAJIILHOW aCCOIMAIIMK, COTIIACHO TUCTOTPaMMe, COOTBETCTBYeT nHTepBaiaMm (,1-2 r/T mo 30-
70Ty ¥ 2-51/T 110 cepebpy u coctaisromue 49% mo 3010ty u 43 % 1o cepedpy.

i m3ydeHus pacrpeaesieHus 3070Ta U cepedpa B cynbhumax [ bI3pui0ynarckoro MecTo-
POXJIEHUS] aTOMHO-a0COPOIIMOHHO-CIIEKTPOMETPHYECKUMH METOAaMHU OBbLTH TMPOAaHATU3UPOBAHBI
MOHOMUHEpAIbHBIC (DPAKIIUN MUPUTA, XAIBKOMPHUTA U chanepuTa. Pe3ynpTaTel aHamm3a mokasa-
JIM, 4TO B CyIb(HIaX OTMEUACTCs MIMPOKOE KOoeOaHue CoJepKaHui 30J10Ta U cepedpa. A 3To OT-
pakaeT xapakTep Ipolecca HaKOIUIeHHUs 0J1aropoaHbIX MeTaioB (Au, Ag) U KOCBEHHO MOKa3bIBa-
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€T, YTO 30JI0TO U cepedpo MpeICcTaBIeHbl MUKPOBKIIOUEHUSIMH COOCTBEHHBIX MUHepasioB [2]. Ilo-
BBIIICHHE UX B CYJIb(pHUAAaX TECHO CBSI3aHO C MPUHAMJICHKHOCTHIO MOCIEAHUX K OMpPENIEICHHON MU-
HEpaJIbHOM accoUualyy M TPSMO COTJIACYeTCsl C TOBBIIICHHEM COAEP)KAaHUS COOTBETCTBYIOIIUX
3JIEMEHTOB B pyAax. [loaToMy HauboibIINEe COAepKAHUS 30J10Ta CBOMCTBEHHBI XaJbKOMUPUTaM, a
cepebpa - chaepuram.

Ha ocHoBanum pe3ynbTaToB MPOAHAIM3MPOBAHHBIX MOHOMHHEPAIBHBIX (Ppakiuii OCHOB-

HBIX CYJTb(UIHBIX MUHEPAJIOB IOCTPOCHBI THCTOTPaMMBI (pHc.3).
ITuput XaTbKOMHUPHT
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Puc.3. I'ucmozpamma pacnpeodenenus co0epicanuii 3010ma u cepedpa 6 0CHOBHHIX CYTbPHUOHBIX
Mmunepanax I'vi3v110y1a2cK020 MeCmopodicoeHus.
ITo nanHBIM aTOMHO-abcepOLHOHHO-CIIeKTpoMeTpHH. [1o ocu abIKce - KIacchl COAep)KaHuil B I/T, [0 OCH OPJHHAT — YaCTOTa

BCTPEIACMOCTHU Hp06 OIIPEACIICHHOTO KJlacCa COACPIKAHU B % OTH.

Kak BunmHO u3 puc.4., TMKK HA TUCTOTPaMMe OTMEYAloTCs MpH cojaepkanusix 3omota 0,1-1
r/T B upute U 1-5 r/T B Xanekonupure u cdanepure, 9To cooTBeTcTBYIOT 60%, 38% 1 43%. OT-
ME4YaeTcsl OJJHOMOJIAILHOE PacIpeAeeHre 30J0Ta B XaJIbKOIUPUTE, YTO yKa3blBaeT Ha INPHHA-
JIEKHOCTH 30JI0Ta U3 XaNbKOMUPUTA K OJHOM CTaTUCTUYECKOW COBOKYITHOCTH, XapaKTEPU3YIOIICH-
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cs enuHOM cTaauel MuHepanooOpasoBanusa. Kinacc conepxkanusi cepedbpa 0,1-1 r/T (B mupute u
XaJIbKOMTUPUTE) HA THCTOIPAMME COOTBETCTBYET MAaKCUMYMY YaCTOThI BCTPEYAEMOCTH U COCTABIISA-
eT cooTBeTcTBEHHO 42 1 38%), a B chanepure 43%.

A DN EE T
LIm.Ne3 (copuzonm 755m) HIm.Ne3 (copusonm 755m)

Puc.4. Pacnpeoenenue 3onoma (A) u cepedpa (b) na zopuzonme 755 m (mum.Ne3) I'vizvinoynazckozo
mecmopoycoenus. Ilo 3onomy (2/m): 1. 20-40; 2. 10-20; 3. 5-10; 4. 1-5; 5. 0.1-1.0; 6. cneowt.
Ilo cepebpy (/m): 40-60; 20-40; 10-20; 5-10; 0,5-5,0; 0,1-01;

XapakTep pacrpeieneHuH 3070Ta U cepedpa B I'bI3pU10yIarckoM MeCTOPOKICHHH H3ydall-
Csl MYTYM TOCTPOCHUI KOLUEHTPHUPOBAHHBIX KpUBBIX [1]. s 3TOr0 MCHOJIB30BAaHBI PE3YIBTATHI
MPOOMPHBIX aHATM30B MIPOO HA 30JI0TO U cepedpo M3 OCHOBHOM 3AJICKU U PYTOBMEIIAIONTNX METa-
COMAaTHUTOB IO JABYM IITOJIbHIM Ha TOpu30HTaxX 725 u 755 M.

Opeonbl 30510Ta U cepeOpa Ha ropu3oHTe 755M. (IIT.3) UMEIOT BHITSIHYTYIO B 3aI1a/1-CEBEPO-
3armagHoM HampasieHud Gopmy (puc.4 ). borbImast 9acTe pyaHOH 3alIe)KH M BMEIIAIOIINX €€ CEPH-
[UT-KBAPIEBBIX M XJIOPUT-CEPHLIUT-KBAPIICBBIX METACAMATHUTOB XapaKTCPU3YIOTCS HU3KHUM CO-
nepxanuem 3osota. Haubonee Bricokoe conepskanue 30i0t1a (0T 5 10 4011) TATOTEET K IeHTpallb-
HOU "acth opeona (puc.4 "A”) W COBIAIAOT C OPEOJIOM TOBBIIICHHBIX cojepxaHuid mean (0,6-
2,2%). (3nech pacmosiararoTcsi MaCCUBHBIE METHOKOIUEIaHHbIE PYbl, KOTOPhIE pacCce€YeHbl MHO-
TOYHCIIEHHBIMU KBapIL-IMHPHUT-XaJbKOMUPUTOBEIMHE Tpokwikamu). OT 3TOro opeoia B 3amaji-
CeBEpO-3amaIHOM HAMpaBICHUHA OTXOJIUT y3Kas moiioca (5-8M) ¢ comepxkanueM 3oiota 310 1/T,
COBIIAIAIOMIAs C JOPYAHBIMU pPa3pbIBHBIMH HapyIICHUsSMHU. PynHast 3aiexb Ha TOPHU30HTE 755 M
XapaKTepU3yeTcs B IEJIOM OpeojlaMu ¢ HU3KHM cojepkanuem cepebpa (0,5-5,0r/T), BHYyTpH KOTO-
PBIX BBIIEISIFOTCS Y3KHe 00OTaleHHbIE YYacTKH Ha ceBepo-3anagaHoMm ¢uranre (5-10 1/1.), TATOTE-
IOLIUE TAKXKE K JJOPYIHBIM paznomam (puc. 4"B").

B nenTpanbHOM yacTW pyIHOrO Tela, Ha CTBIKE OCHOBHOTO CTBONA mTONbHE Ne 3 ¢
kBepuutaramu Ne [ u 2, cepebpo 1o xapakTepy pacrnpeiesieHus MaKCUMaJIbHbIX cojiepkanuil (40-
60 1/T) aHaJTIOTUYHO MEJU U 30JI0TY.

Ha ropuzonte 725 (puc.5”A”) 3010TO WMEET HECKOJIBKO MHOM XapakTep pacrpeieiieHus.
Taxk, opeoJibl MOBBIIEHHBIX coaepkaHuil 30510Ta (10 30 r/T) KOHUEHTPUPYIOTCS B OCHOBHOM Ha
CEeBEpHOM U I0)KHOM (prraHrax pyaHOM 3aJeku, IMesl CyOMepuInOHaIbHOE HAIIPaBIeHNE, COBIIAaIas
MPOCTPAHCTBEHHO C YYaCTKaMH Pa3BUTHS XaJbKOIMPUTOBOIN MuHepanu3anuu. CieayeT OTMETUTD,
YTO PYJOKOHTPOIHPYIOIINE pa3oMbl [ bI3bUIOYIarckKoro MeCTOPOKICHHS TaKXKe UMEIOT CyOMepu-
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IuanbHOe HampaBieHue. OTHOCUTEIBHO BBICOKHE KOHIEHTpauuu 3o0j0t1a (5-10 r/T) Ha ceBepHOM
¢dnanre pynHoro tena oOpa3yroT 0oJjiee MIMPOKHE OPEOJIbl CyOMEpUIMOHATBHOIO (CEBEPHOM - Ce-
Bepo-3amagHoM) HamnpasieHun. OtHocutenbHO Oosee Huzkue (1,5 m 0.1-1.0 1/T) comepxkanus 30-
JI0Ta XapakTepHU3yloT B OCHOBHOM KOHTAaKThl pyJaHOU 3anexxu. Huzkue conepxanus 3onota (0,01-
0,1 r/T), CBOCTBEHHBIE [T EHTPAILHON YaCTH PYIHON 3aJI€XKH, IPOTATUBAIOTCS B CYOIIMPOTHOM
HaTpaBJICHUH, COBMAAsl C pa3BUTHEM MUPUTOBBIX PY/I.

Opeosbl MOBBIIEHHBIX KOHIEHTpaluil cepedpa (20-30 /T u Gosiee) UMEIOT OrpaHUYEHHOE
pacnpenerienue Ha Topu3oHTe 725M (prc.5”’h”) Ha ceBEpHOM M ceBepo-3armagHoM (rraHTax pyaHO-
ro Teyna. Y4YacTKU C MHTEpBaJoM cojepxaHuii cepedpa (1-10 r/T) mpuypodeHsl K LEHTpalbHON
YacTU PYAHOM 3aJIeKu, OOBIYHO TATOTes K ee KoHTakTaM. Hanbosee pacnpocTpaHEeHHBIMU COZEp-
XKaHusIMH cepebpa Ha ropuzoHTe 725 M. sBistores 0,1-1,0 r/T. OHU OTHOCHUTEIEHO PaBHOMEPHO
pacnpe/iesieHsl 1o iolaay pyanoro Tena. Eme 6onee Huskue conepkanus cepedpa (0,01-0,1 /1)
XapaKTepu3yloT Oe3pyIHbIE METACOMATHTHI KBAPI-KAOJIMHUTOBON (aruu.

='-/;:7/ a s
S {7777/ N
“;‘-7

s U
==

B - 227 (I 5

LIm.Ne4 (zopuzonm 725m) LImNe4 (copusonm 725m)

Puc.5. Pacnpeoenenue 3onoma (A) u cepeopa (b) na zopuzonme 725 m (mum.Ned.)

Takum 06pa3zom, Ha (OHE HU3KUX COJAEPKAHUM BBIIEISIETCS MUPOKUA OPeos MPOMBIIICH-
HBIX KOHIICHTpAIMi B LIEHTPAJbHOM YacTH PYJHOU 3aJeKH, CIOKEHHOM MAacCHUBHBIMU MEIHOKOJI-
YeaHHBIMH PYyAaMH, Ha KOTOpBIE HAJIOKEHBI KBapI-IMHPHUT-XaJbKOIMUPUTOBBIE M KBapIll-XaJIbKO-
MUPUTOBBIE TMPOKWIKH, MPEUMYILIECTBEHHO CYOMEpHIMOHAILHOTO HAaIpaBlIeHUs, O0pa3yrolue
IITOKBEPKOBYIO 30HY. Opeosl MpOMBINUIEHHBIX KOHIEHTpAaIMil 30510Ta U cepebpa COBMAIAEeT MO
HaIIpaBJIEHUIO C KPyTOMajamie KOpHEBOM 30HOM OCHOBHOM 3anexu [5]. Ot 3Toro opeona B 3amnaj-
CeBEPO-3aaIHOM HAIPABICHUH OTXOJIAT 30HBI IPOMBILIUIEHHOW KOHIIEHTPAIMU METAJUIOB, MapKu-
pyIoIIHe JOpYAHbIE Pa3phIBHBIC HAPYIICHHUS.

Kak ormeueHO BbIlIe, Cpey BBIJICICHHBIX MHHEPAIbHBIX aCCOIMAIMA KBApPI-XaIb-KOIH-
pUTOBAas CUUTAETCS MPOAYKTUBHOM Ha 30J0Ty. [Ipu MUHEpaTOrMHUYECKOM UCCIIEJOBAHUU Ha PYII-
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HoMm mukpockone “JENA VERTSL-100” yctaHoBI€HO, 4TO 30JI0TO PacmlojiaraeTcsi BHyTPU Xallb-
KOTHMPHTA U B CPOCTKAX XAIBKOIMHPHUTA C IIUPUTOM, C(PATIEPUTOM H KBAPIIEM.

30110TO, HAXOAIIEECs] B XAIIbKOMHPUTE, BOZMOXKHO, BBIIEISIIOCH OJTHOBPEMEHHO C Ha3BaH-
HBIM MHHEPAJIOM, a 30JI0TO, HAXO0L 9 11eeCs] B CPOCTKAX, JaeT OCHOBAHLE TPeAroaaraTs 0Oonee mo3a-
Hee ero oOpa3oBanue. [Ipy MUHEPATOTHYECKHUX MCCIIEIOBAHUSIX YCTAHOBJICHO, YTO HA ATOM CTaaUU
MUHEPaAIU3AIIH 30JI0TO PACIIOIOTACTCS BHYTPH XAIBKOITUPUTA, @ TAKXKE B CPOCTKAX C OCHOBHBIMH
Cyb(pUIHBIMI MUHEPATaMHU-TIHPUTOM, XATbKOIMUPUTOM H CHAICPUTOM.

[TomryuenHbIe qaHHBIE TIOATBEPKIAOTCS pe3yabTaTamu (pa3zoBoro aHanmsa (Tadai. 2).

Tabnuya 2
Pe3yabTaThl pazoBoro anaausa pya I'si3bLi0yarckoro
MecTopoxaeHus (mo nanubiM A.3.AxmenoBa u U.U.PeiukoBa, 1988)
Ne Pacnpenenenne Hctunnoe
101 @opMa HaXO0XkKAEHHsI 30J10Ta H B % OTH. coaep:KaHue, r/'T
cepedpa
Au Ag Au Ag
1 30510TO CBOOOHOE ¢ YUCTON TTOBEPXHOCTHIO 17,2 1,8 0,78 0,12
2 30710TO B CpOCTKAX, CYIb(OUILI cepedpa 67,2 28,6 3,05 1,87
3 30710TO ¥ cepedpo B THAPOOKHUCIIAX JKelle3a 7,0 43 0,32 0,28
30510TO ¥ cepedpo, 3aKIIOUYEHHBIE B CYJIb-
4| prmeix b pgﬂax y 5,1 62,1 0,23 4,07
5 30710TO 1 cepedpo B CHIIMKATAX M KBapIIe 3,5 3,2 0,16 0,21
Hroro: 100,0 100,0 4,54 6,55

Kax BugHO M3 Tabmuiel, Mo JaHHBIM (Da30BOro aHanusa, B Cylb(uaax HaXOAUTCS OKOJIO
67% 3010T1a, 17,2% coctaBiseT cBOOOHOE 30JI0TO, U3BJICKaeMoe amanbramaruei 7,0% B ruapo-
OKHCJIax xkene3a, 5,1% 3akioueHo B Cylb(pHUIHBIX MUHEpAIax, TOIbKO 3,5% 30510Ta 3aKII0YEHO B
CWJIMKAaTax W B KBapIle U HE BCKphIBaeTCA Npu u3MenbueHuu pyasl 10 0,074 mm. Tlo pesynbraTtam
¢azoBOrO aHANM3a HA JAHHOM MECTOPOXKJICHUN YCTaHOBJIEHA MMPOOHOCTH 30510Ta 867 %o.

Kpome Toro, A.I'.'MHUpPOHOBBIM U JIp. SKCIIEPUMEHTAIBHO JI0Ka3aHa BO3MOYKHOCTh BXOXK/IE-
HUS 30JI0Ta B XUMHAYECKHU CBSI3aHHOM COCTOSIHUH B CYJb(MHUIBI MEIH, B TOM YHCJIE B XaJbKOTTHPUT U
ocobenHo B OopHuUT. [Ipeanonoxenne 0 HaXOXKACHUN YaCTU 30JI0Ta B TOHKOJUCIIEPCHOM COCTOSI-
HUM B MHUPUTE, T.€. CYIIECTBOBAaHNE paHHEH reHepaluu caMOpOIHOro 30i10Ta B ['bI3bLIOYNare co-
TJIaCyeTCs C pe3ysIbTaTaMy OTNpeeNICHUS 30JI0Ta B MOHOMUHEPATBHBIX dpakmusx mupura (1,6 /1.,
tabs.1). OnHako, B 1I00OM ciy4ae JI0Jis TaKOTO 30JI0Ta, KaK y)Ke OTMEUEHO, HeBEJIMKa U He Tpe-
BhbITIaeT 5% (Tadin.2).

Ota MaJas 94acTh 30J10Ta, BO3MOXHO, HAXOJIUTCS B TOHKOJUCIIEPCHON (hOopMe WITH YaCTHIHO
BXOJUT B XUMUYECKH CBS3aHHOM COCTOSIHUU B CTPYKTYpY nupuTa. Kak u3BecTHO, B KOJTYETaHHBIX
MECTOPOXKACHHUAX IOCTOSHHO MPHUCYTCTBYET paHHsIS TeHEepallus CaMOpPOJHOTO 30JI0Ta, MPEICTaB-
JICHHAsI TOHKOIMCTIEPCHBIMH YaCTHIIAMH, PACCETHHBIMU B TTUPUTE M apCCHOITUPHUTE.

B pesynbrare MUKpO30HIOBBIX aHAIM30B YCTAHOBIIEHO, YTO MPOOHOCTH 30JI0Ta U3MEHYMBA
u xosebnercs ot 652 10 953%o, coctaBisist B cpenHeM 819%o. MonanbHOEe 3HAYCHHE TOMAAeT B
muana3on 800-900%, cOOTBETCTBYIOUINI yMEPEHHO-BBICOKOIIPOOHOMY 30JI0TY IO KJIacCU(pUKALUU
H.B. IletpoBckoii.
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QIZILBULAQ YATAGININ GEOLOJi QURULUSUNUN B9ZIi XUSUSIYYOTLORI VO
FILIiZININ QIZILILIGI

M.I. BLIYEV, Y.R. SIRINOV, Q.S. HUSEYNOV

Maqalads qeyd edilen yatagin geoloji qurulusu va filizin qizilligina baxilmigdir. Osas filizli struktur olan biklinal tip

subvulkanik qalximinda bizim ve avvallar aparilmis tadqiqat islerinin naticaleri tshlil edilmisdir. Eyni zamanda Qizilbulaq
yataginin qizillilig1 da Syranilmisdir. Miiayyan edilmisdir ki, qizilin yiiksak konsentrasiyasi kvars-xalkopirit filizi ii¢iin
xarakterikdir. Bu goriiniir yataqda asas qizil dasiyan mineral olan xalkopiritls slagoadardir.

Acgar sozlor: subvulkanik qalxim, filizli struktur, qizillilig, paylanmanin xiisusiyyati.

SOME FEATURES OF THE GEOLOGICAL STRUCTURE AND GOLD COMPOSITION OF
GYZYLBULAG DEPOSIT (LESSER CAUCASUS)

M.I. ALIYEV, Y.R. SHIRINOV, G.S. GUSEYNOV

The article examines the geological structure and gold contets of Gyzylbulag deposit. By analyzing the data of previous

studies, the authors established the subvolcanic uplift of byclinal type, which is the main ore bearing formation. The gold-
bearing of Gyzylbulag deposit was also studied. It is established that the highest concentration of gold is characteristic of
quartz-chalcopyrite ores. It is supposed that this is due to the fact that the main ore mineral containing gold is chalcopyrite.

Key words: subvolcanic uplift, ore-bearing structure, gold content, nature of the distribution.
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DONIZ YATAQLARINDA MULTIFAZALI QUYU MOHSULLARININ
YIGILMASI VO NOQLINIiN OPTiIiMAL TEXNOLOGIYALARI

E.X. ISKONDOROV *

Moqalodo multifazali sistemlorin boru komorlori ilo noqgli zamani yaranan miirokkoblogmolora baxilmis,
deniz yataqlarinda madendaxili y1gim-noql sisteminin qaz kemarlarinds korroziya-eroziya proseslarinin bas verma
sobablori va onlarin aradan qaldirilmasi masalaleri aragdirtlmigdir. Tohlil gostermisdir ki, multifazali qazlar1 naql
edon boru komorlorinds aktiv dagilmalar daha ¢ox boru kemarlorinin trasinin qalxan hissslorinin baslangicinda bas
verir. Mohz bu hissolordo maye (su, kondensat) vo bork fazanin (mexaniki hissociklor) yigilmasi vo onlarin
qarisigin axint boyu dovrii olaraq asagi-yuxart horokot etmosi noticosindo homin hissolorin daha ¢ox eroziyaya
ugramasi bas verir. Bu sobabdon moqalodo multifazali axinlarda hidrodinamik amili nozers almagqla noql olunan
gazlarin torkibindoki mexaniki garisiglarin fraksiya torkibinin modondaxili texnoloji qaz kemoarlarindo korroziya-
eroziya proseslorino tosiri todqiq edilmisdir. Aparilan tadqgiqatlar naticosinde mono vo multifazali axinlar iigiin
boru kemarinin hidravlik (sorf) xarakteristikalar1 dyronilmis, naql masafasinin komerin diametrindan asili olaraq
doyismosi vo miixtolif diametrli texnoloji qaz komorlori {iglin mexaniki hissociklorin axinda daginma siirati
miloyyan edilmisdir. Naticads, mexaniki qarisiqlarin mévcud oldugu multifazali madendaxili boru kemaorlarinda
korroziya-eroziya proseslorinin siirotinin agagt salinmasi iigiin konkret variantlar toklif edilmisdir.

Agar sozlar:  qaz komari, qazin naqli, korroziya, eroziya, mexaniki qarisiq, fraksiya torkibi, siirtiinmo
giicii, korroziya siirati, hidrodinamik rejim.

Molumdur ki, Xazor donizinin Azarbaycan sektorunda neft vo qaz yataglarinin islonilmasi
osason deniz oziillorindon gazilan quyular vo mahsulun yigimini va naqlini hayata kegiron sualti
boru komorlori vasitosi ilo hoyata kegirilir. Neft vo qazin nagli {igiin tikilon madon texnoloji boru
komaorlarinin uzunlugu bir ne¢o kilometrdon onlarla kilometro ¢atir. Oksor hallarda bu komarlorlo
coxfazali vo coxkomponentli qarisiglarin (neft-qaz, neft-qaz-su, qaz-kondensat, qaz-kondensat-su,
o ciimlodon mexaniki qarisiqlarla) naqli hayata kegirilir vo ¢otinliklor bas verir.

Coxfazali sistemlorin noqli zamani yaranan problemlorin bir hissaesi boru komaorlorinin
trasinin relyefinin miixtolifliyi ilo bagli olur. Miixtalif relyef omsalina  (R,) malik olan boru
komoarlari {igiin trasin mévcud olan asas profillori sokil 1-do gostorilmisdir. Sokildon goriindiiyii
kimi, doniz yataglarn liciin xarakterik olan profillor miirokkob olmaqla relyef omsali vahido
yaxindir. Sualti neft-qaz komorlorinin torkib hissasinds dik borular mévcud oldugundan homin
komorlords vertikal yuxaridan asagi vo vertikal asagidan yuxari horokst formalarinin hesabina
komarin relyefi miirokkab hesab edilir.

*
Azarbaycan Dovlat Neft va Sanaye Universiteti
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problemlorin bir gismi do quyu mohsul- J

Tocriiba gostorir ki, yaranan ciddi
—‘ E R>0.5

larinin yigimi vo noaqli zamani axinlarin
multifazaliligi ilo yanast termodinamiki
soraitin doyismosilo baglidir. Doniz mii- qaz -

hitindo noql olunan mohsulun intensiv g /maye E‘ E R>0,5
soyumasi, drossellonmosi, fazalara ayril-
masi, o ciimlodon axinin istiqgamatindon
asili olaraq  harokotin miixtolif struktur Sokil 1. Miixtolif relyef amsallt (R,=h q/L) boru
formalarmin omolo golmasi boru komor- kamarlori iigiin trasin profillari

lorinin isinin somoraliliyina ohomiyyatli

doracods tosir edir. Hal-hazirda toplanmis tocriiba gostorir ki, qeyd olunan ¢atinliklori xeyli
azaltmaq, quyu mohsullarini az itki ilo toplamaq vo noql etmayin on olverisli variantt onlarin
fazalara ayrilmasi vo ayri-ayr fazalar soklindo, yoni hazirliq morholasini tam kegdikdon sonra noaql
olunmasidir.

Buna baxmayaraq, bir ¢ox hallarda obyektiv soboblordon quyu mohsullar1 noglo hazirliq
morholosi kegmadon sualt1 y1igim xatlori ilo quyuagzi tozyiq altinda oziillor arasi vo ya sahilo nogl
olunur. Bu zaman asas ¢atinlik vo enerji (tozyiq) itkilori maye-qaz qarisiginin (neft-qaz, qaz-
kondensat vo s.) tobogolora (fazalara) ayrilmis horokot formasina uygun axinlarda, asason trasin
reylefinin horizontal va gqalxan hissalorindo mévcud olur ki, bu da homin zonalarda maye fazasinin
toplanmas1 vo tozyiq doyiintiilori ilo miisahido edilir. Miioyyon vaxtdan sonra yigilan maye
kiitlosinin qaz fazasi ilo aparilmasi da bas verir. Digor torofdon donizdos neftin vo qazin ¢ixarilmasi
zamant Oziillords istehsalat sahalorinin mohdud 06l¢iilii olmas1 totbiq olunan yigim sistemlarinin
isinin somarsliliyini artirmaq ii¢lin iri hocmli texnoloji amoliyyatlarin, konstruktiv hallorin hoyata
kecirilmosini bir qayda olaraq miimkiinsiiz edir. Bu baximdan prinsipial olaraq doniz neft-qaz
yataglarinin monimsanilmasinin vacib vo aktual elmi-texniki problemi kimi multifazali miihitlorin
axmasli zamani deyri-stasionar proseslorin analitik vo tocriibi todqiqatlari osasinda quyu
mohsullarinin yigilmasinin enerji vo resurslara qonast edon iisul vo texnologiyalarinin islonilmasini
vo realizasiyasini da gostormak olar.

Mohz, termoqazohidrodinamiki vo relyef soraitinin doyismasi hazirliqg marhalasini kegmoyon
multifazali quyu mohsullarinin yi1gim-nogl kollektoru boyunca axin rejimi vo tozyiq itkilorinin
hesablanmasii xeyli ¢atinlogdirir. Quyu-y18im sistemino daxil olan boru xatlori sobokasindo
multifazali axinlarin geyri-somorali, optimal olmayan paylanmasi bas verir. Bu iso 6z novbasindo
enerji xarclarinin artmasina sabab olur.

Coxsaylt istiinliikkloro rogmon, neft-qaz komorlori sisteminin faaliyyotindo bozi
catismamazliglar vo miirokkoblogmo hallar1 da meydana ¢ixir. Bu hallarin yaranmasina ilk 6nco
borularda multifazali qarisiqlarin horokati prosesinin qeyri-stasionarligt vo axinin miixtalif
strukturlu, homginin geyri-bircins formaya malik olmasi sabab olur.

Ikifazali gaz-maye axinlar1 gazin mayeda neca paylanmasindan asili olaraq, miixtolif struktur
formalar1 ilo sociyyslonir. Qaz-maye axininin struktur formalari ¢ox miixtalif olmaqgla asason

qarigigin siiroti, maye vo qazin sorfi vo reofiziki xilisusiyyatlori, axinin istiqgamati vo komorin
Ol¢iilorindon asilidir. Qeyd etmok lazimdir ki, gaz-maye axinlarinin miixtslif struktur formalar: bir-
biri ilo alagelidir vo axin soraiti doyisdikdo homin formalarin biri digorine kega do bilir. Bir fazali
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homogen axinlarla miiqayisods fazalara ayrilmaqla miisahidoe olunan axinlar zamani faktiki tozyiq
itkilori ¢ox olur. Odur ki, iki fazali axinlar ii¢iin siirtlinmoya sorf olunan basqi itkisinin nisboton ¢ox
olmasi lay enerjisi hesabina qaz-neft qarisigin1 ancaq bir ne¢o on kilometrloro godor nogl etmoyo
imkan verir.

Multifazali  axindan
forqli olaraq birfazali axin
iiclin boru komorinin hid-
ravlik (sorf) xarakteristika-
sinda iso9 minimal tozyiq
sarfin sifir giymatina uygun
golmoklo boru komaorinin
sonundaki tozyiqo borabor
olur (sokil 2) [1, 2].

Ikifazal1 axin {giin
boru komaorinin sorf xarak-
teristikasinda tozyiqin mini-

Multifazal
axin

Monofazah
axin

Tazyiq

|
|
|
|
|
Qarisi1gin sorfi

1-tobagolosmis (ayri-ayr1 fazalar) axin
2-disperqlonmis va ya emulsiyali axin

mal giymoti axmm struktur Sakil 2. Mono va multifazali axinlar iiciin boru kamarinin
qurulusunu asagidaki hisso- hidravlik (sarf) xarakteristikalar

lora ayirir: minimum noqte-

don saga axin homogen (disperqlonmis), sola iso tobogologmis (fazalara ayrilmis) hesab olunur.
Qaz-maye aximinin emulsiya (disperqlonmis) axin formasini homogen axin da gobul etmok olar.
Ikifazali axinin tobogolosmis strukturu onunla xarakterizo olunur ki, boru komorindo mayenin
toplanmasi bas verir ki, bu da kamards garisigin naql tozyiqinin ¢oxalmasina sabab olur.

Sixliglara goro fazalar1 qaz, neft, suya tobogologsmis qaz-maye qarisiginin kigik stiratlorindo
vo osason yuxaridan asagiya istigamotli axinlar olduqda, komorin (dik borunun) asagi hissalorini
aqressiv lay sular1 vo mexaniki qarisiqlar daha ¢ox intensiv elekrokimyovi korroziyaya maoruz
qoyur. Mohz, geyd olunan bu xiisusiyyotlor neft vo qazin boru komori ilo ikifazali garisiq
soklinda nogl olunmasinin totbiq sahoasini mohdudlasdirir. Bu zaman hidravlik miigavimat omsali,
ayri-ayri fazalar iizra sorfin qiymatlori, borunun hondasi dl¢iilori vo mayenin, eloco do qazin fiziki-
kimyavi xassolorindon bilavasita asili olan tozyiq itkisinin bir fazali axinla miiqayisado ¢ox olmasi
lay enerjisi (quyuagzi tozyiq) hesabina qaz-maye qarisigini hotta istismarin baslangicinda bels,
ancaq bir ne¢d on kilometrlora godor masafoya nogl etmayas imkan verir (sokil 3). Baxilan halda iso
hidravlik hesablamalara osason qaz-kondensat qarisiglarinin noql mosafasi, basqa sozlo boru
komorinin uzunlugunun toyini masolosi osas mogsad olmusdur. Hor dofo boru komorinin ilkin
secilmosindon sonra horokot rejimlori vo qaz-kondensat qarisiglar: {igiin axinin struktur formalari
toyin edilmigdir.

Komarin sonundaki tozyiqin sabit qiymotinds (Ps=3,2 MPa ), baslangicindaki tozyiqin, qaz
vo kondensatin sorfinin asagidaki qiymotlorindo qazin noql mosafasinin boru komorinin
diametrindon asililiglar1 todqiq edilmisdir. Qaz-kondensat qarisiginin asagidaki variantlari ti¢lin
qaz komorinin hidravlik hesablanmasi hoyata kegirilmisdir:

Q,=5-10° m*/giin; Q=80 m’/giin; P,=4,0 MPa ; P=3,2 MPa.
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Aparilan  hidravlik

il hesablamalarin naticolorine
£ 70 1 osason miioyyon edilmisdir
3 00 7 ki, birfazali axindan forqli
= 50 - olaraq qaz-kondensat
< 40 | qarigigmin  naql olunma
z 30 . mosafosi boru komorinin
g diametrindon asili olaraq
% 20 A sonsuz arta bilmoz.
= 10 - flkin verilonlora uy-

0 : : . gun aparilan hesablama-

0,1 0,2 0,3 0,4 0,5 lara osason miioyyon edil-
Diamet r, m
Sakil 3. Qaz-kondensat qarisiginin naql masafasinin kamarin
diametrindan asili olaraq dayismasi

migdir ki, komorin diamet-
rinin D =0,3m qiymo-
tindo artiq qaz-kondensat
qarigigmin horokot formasi fazalarin toboqgologmis formasina g¢evrilir. Bu zaman maksimal naql
mosafasi 57,5 km toskil edir (Sokil 3). Beloliklo, doniz yataglarindan gaz-kondensat qarisiglarinin
somarali y1gilmasi li¢iin optimal y1gim mosafasi diizgiin toyin olunmalidir.

Qazlarin multifazaliligr ilo bagli yaranan madon problemlarine onlarin yigilmasi, hazirlan-
mast vo noqli zamani ayr1 - ayr1 qurgularin, texnoloji boru komorlorinin siradan ¢ixmasi, giymatli
xammal itkisi, otraf miihitin ¢irklonmasi vo bag vermis qozalarin naticalorini aradan qaldirmaq iigiin
olavo maliyys resurslarinin sorfi kimi hallar1 daxil etmok olar. Tohlil gostorir ki, multifazali qazlar
naql edon boru komorlorinin dagilmasinin bdyiik oksoriyyesti eroziya vo ya eroziya-korroziya
xarakterli dagilmalaridir. Bels ki, komorin dagilmasi onun asag: sathi boyu bas verir va qisa zaman
arzinds korroziya - eroziya proseslori borunun divarini dagidan yariq omalo gatirir [3, 4].

Umumiyyatlo, korroziya faalligmin giymotlondirilmosi iizro aparilan todqigatlarm natice-
lorina gbra agor gazin torkibindo hidrogen-sulfid qaz1 yoxdursa, o asagi korroziya foalligi olan
miihit hesab edilir. Bels ki, bu zaman polad borular ii¢lin korroziya siiroti cox da bdyiik olmur vo
0,1 mm/il togkil edir. Yiiksok minerallagsma dorocosine malik olan lay sular1 belo statik soraitdo orta
korroziya foaalligina malik olur. Adaton, belo miihitde polad konstruksiyalarin korroziyaya ugrama
stiroti 0,3 mm/il-don ¢ox olmur. Nisboton boyilik korroziya siiroti hazirliq morhoslosini tam
ke¢mayan kondensloson qazlarin naqlini hayata kegiron boru komarlorinde miisahide olunur. Belo
ki, bu zaman korroziya siiroti 3-5 mm/il-o ¢atir vo tosadiifi deyil ki, homin komarlor 1-2 il orzindo
siradan ¢ixa bilor. Bu proses qazin torkibindo mexaniki garisiglar olduqda daha da siiratlonir.

Madan tacriibasi onu da tasdigloyir ki, qarisigin boyiik siiratlorinds polad boru komarlori
korroziyaya gars1 daha dayaniqli olur. Mdvcud faktlara osason demok olar ki, korroziya siirati ilo
qarigigin boru xatlorinds horokot rejimlori arasinda korrelyasiya alaqosi xeyli giicliidiir.

Aktiv dagilmalar daha cox qaz komarlorinin trasinin qalxan hissalorinin baslangicinda bas
verir. Bu hissolorin daha ¢ox eroziyaya moruz qalmasi onunla baglidir ki, mahz bu hissolordo maye
fazanin (su, kondensat), bark mexaniki hissaciklorin toplanmasi vo onlarin garigi§in axini boyu
dovrii olaraq asagi-yuxari yerdoyismosi bas verir. Umumiyyatlo, neft-qaz yigimi sobokasinin vo
homin sobokoys daxil olan ayri-ayr1 boru xotlorinin dagilmasinin statistikasi otraf miihito neft
dagilmalar1 vo tomir-izolyasiya islorinin hacminin shomiyyatli doracads ¢ox oldugunu gostorir. On
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baslica rolu oynayan amil iso bu ciir axinlar {igiin hidrodinamik rejimin neco doyismosidir. Boru
komorlorindo eroziyali (yariq) korroziyalarin bas vermosinin digor asas soboblorindon timumi
korroziya foalligini vo nagl olunan qazlarin tomizlonmomasini gostormak olar.

Cox da aktiv olmayan korroziya miihitindo miioyyon uzunluqda yariqlarin, 6zii do mohz
boru xatlorinin alt hissasindo yaranmasinin tam izahi halolik mévcud deyil. Umumiyyatla, dinamiki
korroziya problemlori genis todqiq olunmayib vo istismarda olan madon texnoloji borularin alt
hissoalorinds miisahido olunan lokal korroziya dagilmalar bir ¢ox hallarda miiommali goriintir.

Boru komarlarinin asagi hissesindo bas veran korroziya-eroziya proseslorinin garsisinin
almmas1 probleminin halli genis todgiqatlar tolob edir. Ilk névbodo daxili amillor hesabima bas
veron bu proseslor multifazali axinlarin, o ciimlodon torkibindo mexaniki qarisiglar olan qaz
axinlariin strukturu vo hidravlik xiisusiyyetlorinin nazors alinmasini tolob edir. Har seydon 6nco,
yataqlarin abadlasdirilmast morholosindo (vo ya onlarin istismarit prosesinds) qaz yigim-naql
xotlorinin  kigildilmis diametrinin hesablanmis qiymotlori nozors almmalidir ki, borularda
multifazali qarisiqlarin harakat siiratlorinin optimal saviyyasi tomin edils bilsin.

Boru komarinds horokot zamani mexaniki hissacik {igiin daxili sothds siirtiinmo qiivvasinin
giicli agagidaki asililiga asason miiayyan edilir [5,6]

N =Fv=5,144(pmn. — pq) ¢u (2- d/D)d*/D (1)

Burada, d - mexaniki hissaciyin diametri; pp, . V@ pg - uy8un olaraq mexaniki hissaciyin vo
gazin sixlig1; ¢ - hissaciyin metalla siirtiinmo omsali; u - gaz axininin orta siirati; » - axinin oxu ilo
mexaniki hissaciyin oxu arasindaki mosafodir » = (D-d) / 2

(1) ifadesindon goriiniir ki, boru komaorins eroziya tosirinin giicii daha ¢ox mexaniki hisso-
ciklorin diametrindon asilidir.

Asagida multifazali garisiglarin dinamikast nozoro alinmagla Azorbaycan yataglarinin
timsalinda neft-modon texnoloji qaz boru komarlorinin hidrodinamiki korroziyasi proseslorino
baxilmis vo tohlil edilmisdir.

Laylardan daxil olan mexaniki garisiglarin asason qumlardan ibarat oldugunu nozors alsaq
va ayri-ayr1 fraksiyalarin orta dl¢iilori va onlarin borulara olan tasirine gore nisbi paylanmasini sorti
olaraq cadval 1-do gostorildiyi kimi gobul etsok boru komorino olan eroziya tosirinin giiciinii (1)
ifadoasing asason hesablamaq olar. Hesablamalar asagidaki ilkin molumatlara asason aparilmisdir:

D =200mm = 0,2 m; p,,, , = 1500 kg/m’; pq = 30 kq/m’; v=75; 10; 15; 20 m/s .

Hesablamalarin noticalori codval 1-do vo sokil 4-do verilmisdir. Cadval vo sokildon
goriindiiyli kimi, demak olar ki, 100% siirtlinmo giiciiniin pay1 osason Olgiisii d> 0,5 mm olan
fraksiyalarin - mexaniki hissaciklorin payma diigiir. Maraqlis1 odur ki, eroziya effektinin bdyiik
oksariyyatini (95%) on bdyiik diametrli (1-2 mm) fraksiyalar yaradir. Digor miihiim notico ondan
ibaratdir ki, 0,1-0,3 mm 6lgiilii fraksiyalarin mexaniki qarisiglarin imumi hacminin yaridan ¢oxunu
(56%) toskil etmasina baxmayaraq onlarin timumi siirtiinmo giiclinde pay1 yox deracasindadir
(cadval va sokil 4).

Demali, korroziya - eroziya siirati mexaniki hissociklorin qaz komorinin daxili ssthindo
sirtiinma giicii ilo miitonasib olaraq artir vo bu arttm mexaniki hissaciklorin miqdarindan ¢ox
onlarin dlgiistindon asilidir. Onu da qeyd etmok lazimdir ki, multifazali gaz axininin siirotindon
asili olmayaraq siirtinma giiclinlin pay nisbati ancaq fraksiyalarin diametrindon asili olaraq
doyisacakdir.
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Cadval
Madoan qaz-yi1gim xatlorinds axinin miixtalf siiratlorinds mexaniki hissaciklardan
yaranan siirtiinma giiciiniin hissaciklarin oél¢iisiindon asilihigi

Mexaniki Siirtinmanin giicii (miixtslif axin siiratlorinds), N, 101Vt
hissacik-
lorin orta | Hocmda 5,0 m/san. 10,0 m/san. 15,0 m/san. 20,0 m/san.
diametri, hissa .. pay .. pay .. pay .. pay
mm pay1 gue nisbati gue nisboti gue nisbati gue nisbati
2,00 0,01 294100,00, 0,72 588141,00| 0,72 882120,00| 0,72 1176280,00{ 0,72
1,50 0,02 93160,00| 0,23 186325,00 0,23 279488,00f 0,23 372651,00 0,23
1,00 0,03 18430,00| 0,05 36851,20[ 0,05 55276,80| 0,05 73702,40| 0,05
0,50 0,05 1153,00| 0,00 2306,09| 0,00 3459,13| 0,00 4612,17| 0,00
0,30 0,25 149,50/ 0,00 299.,01| 0,00 448,52 0,00 598,04/ 0,00
0,20 0,16 29,54 0,00 59,08| 0,00 88,62| 0,00 118,16] 0,00
0,10 0,15 1,85 0,00 3,69| 0,00 5,54 0,00 7,39 0,00
0,08 0,05 0,76/ 0,00 1,51] 0,00 2,26/ 0,00 3,03 0,00
0,06 0,03 0,24| 0,00 0,48| 0,00 0,72| 0,00 0,96/ 0,00
0,04 0,06 0,05| 0,00 0,09| 0,00 0,14 0,00 0,19] 0,00
0,02 0,08 0,00{ 0,00 0,01| 0,00 0,01 0,00 0,01 0,00
0,01 0,11 0,00| 0,00 0,00{ 0,00 0,00/ 0,00 0,00/ 0,00
1,00 1,00 1,00 1,00
140 -
4
‘_;120 -
>
= 100 -
S)
™ 80 -
=)
Q
S
5 60 -
1)
g i
< 40
S
S 20 A
(%)
0 1 N T T 1
0 0,5 1 1,5 2 2,5
Hissaciklarin diametri, mm
=@=1-u=5m|s =f=2-u=10 m|s

Sakil 4. Madon qaz-yigum xatlorinds axinin miixtalif siirotlorinds mexaniki hissaciklordan
yaranan siirtiinma giiciiniin hissaciklorin olciisiindan asthiligi

Gortindiiyl kimi, gaz komorini baork mexaniki hissaciklorin tosirindon (eroziyadan) qorumaq
maoqgsadilo hamin hissaciklorin borunun alt divarindan qoparaq axinin niivesine diismasi vo orada
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harakat etmasi vacibdir. Bunun ii¢lin axinda statik tozyiq qradiyenti (dP/dr) mexaniki hissociyin vo
gazin xiisusi ¢okilorinin tozyiqindon ¢ox olmalidir.

dP/dr> (. = Pq) € @)

Yuxaridaki hesablamalardan goriindiiyti kimi, mexaniki hissaciklorin diametrinin d< 0,5
mm qiymatlarinda eroziya tosirinin nazare alinmamast miimkiin oldugundan axinin siiratinin hansi
qiymatinds (2) sortinin ddonilmasini miioyyon etmak olar. Bels ki, qobul etmok olar ki, @ = 0,995
giymatinda boru kamarinin agagi sothinds galan qatin qalinlig1 0,005D taskil edacakdir.Yerds qalan
mexaniki hissociklor qaz axi ilo horokot edocokdir. Beloliklo, dibdo olan harokatsiz qat boru
divarinin eroziyaya ugramasina sabab olmayacaqdir. Qeyd olunanlari nozors alaraq boru komarinin
eroziya - korroziyaya ugramasi iigiin axin siliratinin qiymatini agsagidaki ifadoys osason miioyyon
etmok olar:

v=4 (1—i)-D 3)
Pm.h.

Burada, A = 7,86 amsaldir, @

Sonuncu ifadedon goriindiiyli
kimi, hissaciklorin qaz axin1 ilo daginma 6
stiroti  fazalarin sixhiglart nisbati  vo
komorin  diametrindon asili  olaraq >
miixtolif olacaqdir. Alinmis ifadoya <,
osason miixtalif diametrli qaz komaorlori %
ticin a= 0,995 qiymotindo mexaniki <3
hissaciklorin hans1 axin siirotlorindo =
aparilmast miioyyon edilmisdir. : 2

Qaz komorlarindo mexaniki his- E
sociklorin qaz axini ilo dagimmma siire- 5‘1
tinin hesablanmig qiymatlorinin komarin ] 0 . . .
diametrindon asili olaraq doyismosini 0 0,2 0,4 0,6
oks etdiron qrafik sokil 5-do gostoril- Komorin diametri, m

misdir. Sokil 5. Qaz kamarinda mexaniki hissaciklorin qaz axint ila
Sokildon goriindiiyli kimi, boru dasinma siiratinin kamarin diametrindon asihiligu.
komoarinin diametri artdigca Olgiilari 1,0

mm-don bdyiik olan mexaniki hissaciklorin qaz axini ilo daginmasi tigiin lazim olan siiratin qiymati
do coxalir.

Notica. Tabii qazlarin yigilmast vo nogli zamani1 boru xotlorinds lokal sokilds eroziya-
korroziya hadisslorindon bag veron dagilmalarin qarsisini1 almaq ti¢iin on ¢ox eroziyaya sobob olan
mexaniki hissaciklorin (diametri 1,0 mm-don boylik olan fraksiyalarin) boru komarlarinin
baslangicinda siizgocdon kegirilorak yigilmasi korroziya siiratinin xeyli azalmasina sabab olar.

Qaz komorlorinin dagilmadan miihafizo {sullarindan biri elo hidrodinamik rejimin
secilmasidir ki, bu zaman qazin horakot siiroti mexaniki hissociklorin qaz axini ilo daginmasini
tomin etsin.
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THE OPTIMAL TECHNOLOGIES OF COLLECTION AND TRANSPORTATION MULTIPHASE
PRODUCTS OF OFFSHORE WELLS

E.K. ISKANDAROV

The article examines complications of the multiphase-system transportation, the reasons of corrosion-erosion
processes in the gas pipeline of the collection-transportation system in the offshore fields, and proposes possible solutions. The
analysis shows that, the active disintegration of pipelines that transport multiphase gases occurs at the beginning of the
shielding part of the pipeline. Just in these parts erosion processes more because of collecting liquid (water, condensate) and
solid phase (mechanical particles) there. That is why, in the article it was investigated the effects of the fractional composition
of the mechanical mixtures of the gases on corrosion-erosion processes in the field technological gas pipelines, taking into
account the hydrodynamic factor of the multiphase flow. As a result of the investigations, it was studied the hydraulic
characteristics of the pipeline for mono and multiphase flow, it was determined dependence of the transport distance from the
diameter of the pipeline and the speed of transport of mechanical particles for different diameter of the technological gas
pipelines. As a result, concrete options were proposed to reduce the speed of corrosion-erosion processes in multiphase in field
pipelines where mechanical combinations exist.

Key words: gas pipeline, gas transport, erosion, corrosion, mechanical mixture, friction force, fractions, corrosion
rate, hydrodynamic regime.

ONTUMAJIBHBIE TEXHOJIOT'MA CEOPA Y TPAHCIIOPTA MYJIbTU®A3ZHOM MPOAYKIIAA
CKBAKHH HA MOPCKHUX MECTOPOXKJIEHUAX

5.X. UICKEHJEPOB

B craTbe paccMOTpEHBI BOIPOCHI OCIOXHEHUS HPH TPAHCIOPTHUPOBKE MYNbTU(A3ZHBIX CHCTEM IO TPyOOIpoBOIaM,
MPUYUHBl BO3HHKHOBEHHUSI KOPPO3HOHHO-3PO3HOHHBIX NPOLECCOB B ra3oMpoBOJAaX BHYTPUIPOMBICIOBON CHUCTEMBI cOopa H
TpaHCHOpPTa MPOAYKIUH C MOPCKUX MECTOPOXKIECHHH, a Takke MyTH MPEJOTBPAIIEHHs 3THX MPOLECCOB. AHANU3BI MOKA3aNy,
YTO aKTHBHBIE PA3pYIICHUS B MyIbTH()A3HBIX ra30MPOBOJAX B OCHOBHOM IIPOUCXOAT B HAadalle MOJbEMHBIX YJaCTKOB TPACCHI
TpybonpoBoaa. FIMeHHO B 3THX MeCTax B CHIIy HAaKOIUICHHUS XUKOCTHU (BOJIbI, KOHJICHCATa) ¥ TBEPABIX MEXaHHIECKUX YaCTHII,
a TaKKe HUX I[EPUOJUYCCKMX JBI)KCHMH BBEpX-BHHM3 II0 HANPABICHUIO IOTOKA HPOMCXOAUT JPO3UOHHO-KOPPO3HOHHBIC
paspyleHne TpyoonpoBoaa. B crarbe ¢ yueroMm ruipoIrHaMUUEcKoro (akTa B MyJbTH(A3HBIX T'a30IIPOBOJAX HCCIECIOBAHO
BIMSHHE pa3MepoB (PAaKIHOHHOIO COCTaBa MEXAHMYECKUX YACTHUI Ha HMHTEHCHBHOCTh KOPPO3HOHHBIX MpoIeccoB. B
pe3ynabTaTe NPOBENCHHBIX MHCCIEOBAHUM INPOAHANM3MPOBAHA PACXOIHAs XapaKTepUCTHKa TPyOOmpoBoga AN MOHO- H
MynbTH(a3HBIX TOTOKOB, U3MEHEHHUS JATbHOCTH cOopa MPOIYKIMU B 3aBUCHMOCTH OT JHameTpa Tpybomnposoaa. IIpeanoxeHs
BapHUAHTBHI I CHUJKEHUS] CKOPOCTH 3PO3HOHHO-KOPPO3HOHHBIX MPOIIECCOB B MyJIbTU(A3HBIX TPYOOIIPOBOAAX.

Kniouesvie cnosa: 2azonpoeod, mpancnopm 2asd, KOppo3sus, dpO3usl, MEXAHUYECKds cMecdb, QpakyuoHHblil cocmas,
MOWHOCMb MPenUsl, CKOPOCHb KOPPO3UU, SUOPOOUHAMULECKUL PEHCUM.
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PA3PYIIEHUE SMYJbCHUI B MIOCTOSAHHOM
QJIEKTPUYECKOM ITIOJIE

I.P. MYCTA®AEBA"

B crarbe paccMmaTpuBaeTcsl Ipoliecc paszieneHus] He(TSIHBIX 3MYJNBCHH C HCHONB30BAaHUEM IOCTOSHHOTO
JJIEKTPUYECKOro nois. Jlaercs cpaBHEHHE MOBEJICHUS JUCIIEPCHBIX CHUCTEM B IIOCTOSIHHOM U IEPEMEHHOM JJIEKTPU-
YecKoM Hosie. B ananmmszax HeTSHBIX HIMYIIBCHI OTpa)kaloTcs BaXKHBIE CBOMCTBA MPOIECCOB KOANECUEHIMH | JPO0-
JeHus Kaneinb. IIokazaHo, 4TO B peaslbHBIX YCIOBUSX BO3MOXKHO CYIIECTBOBAHHE HEKOTOPOrO KBAa3UPABHOBECHOI'O
COCTOSIHUSI MEXIY IIPOIECCaMH KOAJIECIEHIINU 1 ApOOIICHNS, IPUBOSIIET0 K CTAIMOHAPHBIM (DYHKIMHSIM pacrpese-
JICHUS.

Knroueevie cnosa: HeghmAnble IMYTbCUU, INEKMPULecKoe noe, OUCHEPCHble CUCIEMbl, OpOOIeHIe Kanelb, OUC-
nepeuposaHue, azpecamuenas HeyCmouyusoCcs.

B HacTosimee BpeMsi CyIIECTBYeT MHOXKECTBO METOAOB IUIi WHTEHCHU(HKAIUU MPOIECCOB
paszzeneHust HeTAHBIX SMYJIbCUI, CpeU KOTOPBIX BAaXKHO BBIACIUTH UCIOIb30BaHUE TTOCTOSIHHOTO
anektpudeckoro nois [1]. [loa aelicTBUEM 3JEKTPUYECKOTO MOJIS B KAIUISAX MPOUCXOAUT mepepac-
IpeJeeHne 3apsaa, T.€. UHAULUPYIOTCA AUMONH [2], KOTOPBIE pACTATMBAIOT WU CKUMAIOT KaIlllo.
[Ipu npubnmxeHNN TaKUX AUMOJIEH, B pe3y/bTaTe MOBBIILICHUS HAMPSHKEHHOCTH JJIEKTPUYECKOTo
noJisi, HaOmrogaeTcs mpoOol Hecyliell cpeabl W paspyuieHue MexdasHoir odonouku. [Ipu 3Tom
BO3HUKAET TOHKUI KaHaJ, B KOTOPBII yCTpEMIISIETCS BHYTPEHHSAS Cpella Kanellb U MPOUCXOJUT UX
ciusiHue. Ecnu Kamimm He HEecyT OJIHOMMEHHBIX 3aps/loB, TO B pe3yJibTaTe MX B3aUMOJCHCTBUS
HaOr0TaeTCs MX IpoOIeHNe U KoanecteHIus [3-6]. B ycioBusx MHOXKeCTBa Kareiab U dJIEKTpHYe-
CKOro ToJst cepuueckast opma Kareslb HapyIlaeTcs B pe3yibTaTe ASUCTBUS AIEKTPUIECKUX CHIT
U CWJI TMOBEPXHOCTHOTO HATSDKEHHUS. B 3aBUCMMOCTH OT JUAJIEKTPUYECKOM MPOHUIIAEMOCTH M
YAEIBHOTO 3JEKTPUUECKOr0 CONMPOTUBIICHHS MaTepraa Karuly, MOCIEAHsIs, Tonanas B JIEKTpuIe-
CKO€ T10JIe, MOKET HECTH OJHOBPEMEHHO JIBa 3apsja, paclpeieieHHbIE M0 MOBEPXHOCTH 10 HKBa-
TOpUATBbHON JTUHUU. B 3aBUCUMOCTH OT PACIOIOKEHHUS 3TUX 3apSA0B IO OTHOILEHUIO K 3JIEKTPU-
YEeCKOMY TOJIIO Karuisi MOXeT aAe(hopMupoBaThCs — BHITSHYTHCS BIOJIb WK nonepek. Kak ciemyet
U3 pe3yJIbTaTOB UCCIIEAOBaHUS [2], O/1HA MMOJIOBUHA KAILIH, OOpaleHHAs! K MOJIOKUTEIBHOMY 3JICK-
TPOLY, 3apsiKaeTCsl MOJOKHUTENBHO, Apyras, OOpalleHHas K OTPULATEIbHOMY 3JIEKTPOY, 3apshKa-
€TCsl OTPULIATENBHO. Y CTOMYHUBOCTD 3apsHKEHHOM KAIUTH MCCIeNoBanach PanelieM, KOTOPBIN MOKa-
3al1, 4To (hopMa Karuld SBJISIETCS YCTOMYMBOM, €ClIM OTHOLICHHUE 3JIEKTPOCTATUYECKON PHEPTUu K
MOBEPXHOCTHOUN MeHbIIIE 4:

2(q2 / 50a)

Ny=—-7F—"=<4 (1
wa o

*
AzepOaiimxanckuii 'ocy1apcTBEeHHBIH YHUBEPCUTET HE()TH U MPOMBIIITICHHOCTH
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rne ¢ — 3apsaja Kam, Ey—IudJIeKTpUYecKasl MPOHUIIAeMOCTh BaKyyMa, a — AWaMeTp Kameib, T —
KOA(POUITMECHT MTOBEPXHOCTHOTO HATSKCHHUS.

Kputndeckas HanpsHKEHHOCTH OIS, COOTBETCTBYIONIAS YCTOWYUBOCTH Karlellb, OTpeieNnseT-
cs Kak E=].625(20'/a)1/ ?. TIponecc ApoGIeHUs Kamelb B SIEKTPHYECKOM MOJNEe XapaKTepH3yeTcs
CJIEIYIOIIMMH dTarmaMu: a) AeopMarusi Kameib MoJ JeHCTBHEM CHJI AJIEKTPUYEeCKON MpUPObI,
Korga (opmMa Karuid OIpeenseTcs CTPEeMJIEHHEM IMOBEPXHOCTH K MHHHUMYMY IMOBEPXHOCTHON
SHEPI'HH 3a CYET CUJI MOBEPXHOCTHOTO HATSHKEHUS; 0) pa3phIB Karuid U A1udPy3uoHHBIN epeHoc 0T
NOBEpPXHOCTH B 00beM. KoasecueHnys Kanenpb OnpeensieTcs YUCIOM CTOJIKHOBEHHH Meay HUMH,
OCYIIECTBIISIEMBIX 3a cueT nup(y3nOHHOTO MEepeHoca W CWII DJICKTPUISCKOW mpupoabl. OOmuit
MOTOK Karejib Ha MOBEPXHOCTh HEKOTOPOH BBIJICIICHHOM KAl OMPeIeInTCs KaKk

J =D6—N+[LJNE (2)
or \mF
rae D — koa¢pdunueHT monekynsapHoi nuddys3un, F— nocTossHHas BpeMeHH, oOpaTHas BpEMEHU
penakcamyu, m —macca Karii, N — 9UCIo Karesb B eIMHAUIE 00beMa. Y YUTHIBas 3TO BRIPAKECHHUE U
ypasuenue ITyaccona OE/0r = &,' Nq pactpe/iesieHue Karelb MONy4UM B BUJIE
a_NZBZE rza_N +LN2 (3)
ot r-or or ) mFe,
/1€ 7 — paJnyC Karulu.
OTO ypaBHEHHE SIBISIETCS CIOKHBIM JJIsi aHAJTUTUYECKOTO PEUIeHHs], OHAKO, €CJIM MpeHe-

ON q 2
Opeub a1 Gy3UOHHBIM IEPEHOCOM, TO OHO YIPOILAETCS K BUAY = = TN U pelIeHue pu
1 mreg,
HAYaJIbHOM YCIIOBUH N (t)t:O = N, npeacTaBuTCcs Kak
N,
N=—-—"— 4)
1+k,. Nt

e k, =q° / ( mFeg, )— KO3 UITUESHT AIEKTPOKOAIICCIICHITNH, ¢ — BPEMSI.

[IpumMeHeHne TOCTOSIHHOTO AJIEKTPUYECKOTO IO JIApa3fesieHus] HE(QTSIHBIX SMYJIbCHHA
OTPaHUYUBAETCS TE€M, UYTO MPU BO3JACHCTBUM NEPEMEHHOTO JIEKTPUUYECKOTO MOJIs Ha JUCTIEPCHYIO
a3y sMynbcUM MPOUCXOTUT MOJSpU3ALMA Kamelek, ux aedopmanus B HaNpaBiICHUU MOJIA, JUC-
NEPrupoOBaHUE U HAJM4YMEe KPUTUYECKOW HAINpPSHKEHHOCTH. B pesynbraTe, pacCTOSAHUSA MEXIY OT-
JIEIbHBIMU B3BEILICHHBIMU KaleJIbKaMU CTAHOBSITCS COM3MEPUMBIMU C pa3MepaMu KaresieK BOJbI,
YTO NMPUBOJUT K YBEJIMYEHUIO HAMPSHKEHHOCTH MECTHBIX AJIEKTPUUECKUX MOJeH MeXIy KameiabKa-
MH U OHH, N1e(hOPMHPYSACH, BBITATUBAIOTCS M BHICTPAMBAIOTCS B TOKOIPOBOJIINE IICTIOUYKH B
HaIpaBJICHUN BEKTOpa HAIPSHKEHHOCTH TOJIS M BEJET K KOPOTKOMY 3aMbIKaHUIO 351eKTpo1oB. Ko-
HEYHO, 00pa30BaHKUE TOKOMPOBOALINX LIETIOUEK U3 BOJSHBIX KaleJeK He UCKIII0OUEHO U Mpu oOpa-
00TKEe SMYJIbCHUN B TIEPEMEHHOM DJIEKTPUYECKOM Iojie. B MOCTOSIHHOM ke 3JeKTPHUYECKOM T0JIe
TaKOW CMEHBI MOJSIPHOCTH HET, MO3TOMY I pa3pyLIeHHUs TOKOMPOBOSAIIMNX 1IETIOYEK HEOOXO0AUMO
NPUHAMATh KaKHe-TO CHeluaibHble Mepbl. i paszneneHus He(TAHBIX SMYJIbCUNH MOCTOSIHHOE
NEKTPUYECKOE T0JI€ UCHONB3YeTCs I pa30aBIeHHBIX CHCTEMC 00beMHOI 1oJeit Bobl MeHee 1-2
%, T.e. s MpoIecCOB NepepaboTKU He(PTH, KOTJa PACCTOSHUS MEXY OTIEIbHBIMU KarelbKaMHu
paBHBI HECKOJIBKUM UX JUaMETpaM U BIMSHHE MECTHBIX AJIEKTPUUYECKHX MOJIEH HACTONBKO Majo,
YTO BEPOATHOCTH 00pa30BaHUs TOKOIPOBOIAIINX HEMOYEK MEXIY dJIEKTPOJAMH CTPEMHUTCS K HY-
710. XapakTepHOl 0COOEHHOCTHIO MOBEACHUS TUCTIEPCHBIX CHCTEM B MOCTOSHHOM 3JIEKTPHUECKOM
noJie JJaxke MPOCTPAHCTBEHHO-OIHOPOJIHOM (HE FPaJIUEHTHOM) SIBIISIETCS TO, YTO BOSHBIE Kamellb-
KA JUCIIEPCHON (ha3bl MMEIOT TEHACHIMIO K HANpaBICHHOMY JBIKCHHIO B CTOPOHY OJHOTO U3
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AIEKTPOJOB (B OJHOPOJAHOM TMEPEMEHHOM 3JICKTPUYECKOM IOJIe HANpPAaBIICHHOE JBMKCHHE Kare-
JieK, 00pa3yroIMX MaJIOOOBOIHEHHYIO 3MYJILCHIO, BOOOIIE HEBO3MOXKHO). ITO 0OBICHIETCS HaJH-
9HeM 3JICKTPOKMHETHYECKOTO TIOTEHIHANIa (J13eTa-MOTeHIInaNa), 00yCIOBICHHOTO JBOWHBIM 3JICK-
TpudecKuM cioeM. CKOpPOCThb JBMKEHUS BOASHBIX KareleK, B3BEIICHHBIX B YTIIEBOJOPOIHON cpeie
Y TIOMEIICHHBIX B TIOCTOSIHHOE JIEKTPUYECKOE TI0JIe, ONpeesieTcsl ypaBHeHneM [ enpMronbiia:

U = egES/n, ()
rae U — cKOpOCTh JABW)KCHHS YaCTHIl JUCIIEPCHOW (a3bl, € — OTHOCUTEIbHAS AUAJICKTpUUYECKAs
MOCTOSTHHAS JTUCTIEPCHOHHON cpefbl, { — AIeKTPOKMHETHYECKUH MOTeHIINAN, K — HampsHKeHHOCTh
BHEIITHETO 3JICKTPUYECKOTO TOJIs, 1), — KOAPPUIIMECHT JUHAMUYCCKON BS3KOCTH JHUCIICPCHOHHOM
CpeIIbL.

AHanm3 3TOTO YpaBHEHHsI IOKa3bIBAET, YTO CKOPOCTH JBIMIKEHHUS YAaCTHUI[ JUCTIEPCHON (hasbl
KpaiiHe Maja, TO €CTh JUIsl TOTO, YTOOBI BOJSIHBIC KarelIbKU, HaxXOAsIuecs B 00beMe dMYIbCHH
BJIaJIU OT 3JIEKTPOJOB, JOCTUTIIA UX MOBEPXHOCTH, HYXKHO OYEeHb MHOTO BpemeHu. OmHaKo, AJis
KareJeK, HaXOSIIMXCS Y TIOBEPXHOCTH JJIEKTpoa (HanmpuMep, Ha pacCTOSHUM JTUaMeTpa Karelb-
KH), 3Ta CKOPOCTh YK€ OKa3bIBa€TCs JOCTATOYHOM JIJISl TOTO, YTOOBI MTOKPBITH 3TOT MyTh B TCUCHHE
Joyiei cekyHbl. [Ipu KOHTaKTe C MOBEPXHOCTHIO AJIEKTPOJA BOJISHAS Karelibka He YAepKUBaeTCs
OKOJIO HETO, a OTTAIKUBACTCS M C YBEIIMIUBIICHCS BO MHOTO pa3 CKOPOCTBHIO YCTPEMIISIETCS K MPO-
THUBOIIOJIO)KHOMY 3JIeKTpoay. OOBSICHIETCS 3TO TEM, UTO Kalelnbka, B pe3yJbTaTe KOHTAKTa C DJICK-
TPOJIOM, TIOJIY9aeT OT HEro 3JEKTPUUYECKUN 3apsiji, BEIMYMHA KOTOPOTO BO MHOTO pa3 OoJbIle ee
«eCTeCTBEHHOTOY» 3apsAsa (TO eCTh 3apsaa, 00yCIOBICHHOTO HATMYUEM JBOWHOTO JIEKTPHIECKOTO
ciost). Bennunna 3apsijga, mojydaeMoro KamejibKol OT 3JIEKTpoja B pe3yibTaTe KOHTaKTa, Ompee-
JIIETCS BRIPOKCHHUEM:

2
q= 57:3550Er2 (6)

B pe3ynbrare B3aMMOJEHCTBUS BHEIIHETO AJIEKTPUUECKOTO MOJISA C 3TUM 3apsAOMIIPOMCXO-
JUT YBEIWYECHNE CKOPOCTHU JBMO)KEHUS Karenek [7]. [IpuOnmu3uBmIrch K MPOTHBOMOIOKHOMY dJIEK-
TPOAY, KamejbKa KacaeTcsl €ro CBOEH MOBEPXHOCTHIO, B PE3YJIbTATE YETr0, IPOUCXOIUT AIIEKTPHYE-
cKas mepesapsaka (KameibKka IMOJIydaeT paBHBIM MO BEJIWYMHE U MPOTUBOIOJIOXKHBIA MO 3HAKY
ANEKTPUUYECKHUH 3apsif), U YCTPEMIIIETCS K IEPBOMY 3JIEKTPOY, TJ€ OISATh NPOUCXOAUT ee mepe3a-
psAnka, W Tak jganee. B 4acTHOCTH, NMPH TOPHU30HTAIBHOM DPACIIOJIOKEHHUU 3JIEKTPOAOB BEPXHMI
AJIEKTPOJI HAXOAMUTCA MOJI BHICOKMM IMOTEHIIMAJIOM, a HIKHUM 31ekTpon 3azemiéH [1]. Torna, co-
IPUKOCHYBIINCH C HMKHUM 3JIEKTPOJIOM, KalleJIbKa MOJIy4YaeT OTPULATENbHBIN 3apsa] MO OTHOILE-
HUIO K BEPXHEMY JJIEKTPOJY M ABUTAETCS B CTOPOHY yBeIWYeHMs moTeHnuana. [Ipu koHTakTe ¢
BEPXHHUM 3JIEKTPOJIOM OHA MOJIYYAET MOJIOKUTENbHBIN 3aps/l 10 OTHOLIEHUIO K HIDKHEMY 3JIEKTPO-
Ny ¥ JIBUTA€TCs B CTOPOHY YMEHBIICHHS MOTEHIIMANA, TO €CTh K HIDKHEMY 3JIeKTpoay. Takum o0-
pa3oM, BOJSIHbIE KalleJIbKU JTUCTIEPCHOM (ha3bl SMyIIbCHH, TOMEIIEHHON B MOCTOSIHHOE JIEKTpUYe-
CKOE I0JIe, COBEpUIAIOT KoJieOaTeabHbIe IBMKEHHS MEXKIY 3JEKTPOAamMH, 0Opa3yloIIMMH IMOJe.
[Tpuuem, npu cBOEM NMEPEMELIEHUH MEXIY 3JIEKTPOAAMH OHHM CTAJIKUBAIOTCA APYT C IPYroM, Kak
MMEIOLINE POTUBOIIOJIOKHBIE 3apsbl, TAK U C HE3apSHKECHHBIMHU KalleJIbKaMHU, HaXOISAIIUMHUCS B
o0beMe, U YKPYIHSAIOTCA. YKPYIMHUBIINECS KameJdbKH MPU KOHTAKTE C 3JEKTPOAOM IOJIy4aloT OT
Hero ere OOoJbIIuii 3apsi (BeIUYMHA 3apsAia, PH MPOYUX PAaBHBIX YCIOBUSX, MPSIMO MPOMOPIHO-
HaJlbHAa KBaJpaTy pajnyca KalelbKH), a CIEeI0BATEIBbHO, U OOJBIIYI0 CKOPOCTh, YTO, BO-TIEPBHIX,
YBEJIMYHMBAET BEPOSTHOCTH CTOJIKHOBEHUH C JPYTHMMH KalejbKaMd W, BO-BTOPBIX, YBEIHYHUBAET
3(h(HEKTHBHOCTH 3TUX CTOJIKHOBEHUH.

[TpuBeneHHBII BHITIEC aHATH3 HEPTIHBIX SMYIBCHHI TTO3BOJISET pACCMaTPUBATh Ba)KHBIEC CBOM-
CTBa MPOIIECCOB KOAIECUEHIINH U APOOIEHHS Kalellb — arperaTUBHYI0 HEyCTOMYUBOCTh, B KOTOPOM
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OCHOBHYIO POJIb UTPAIOT MIPOCTPAHCTBEHHAS HEOIHOPOIHOCTh, AehOpMAIIHsl U OCAKICHUE Kallelb,
3apOoXACHUE HOBBIX YaCTHI] U MHOTHE JApyrue (axtopbl. OUeBUIHO, B peaIbHBIX YCIOBHIX BO3-
MOHO CYIIECTBOBAaHHUE HEKOTOPOTO KBAa3MPaBHOBECHOI'O COCTOSHUS MEXy MpOIleccaMu Koajlec-
IEHIINN U APOOJICHUS, TPUBOASAIIETO K CTAIMOHAPHBIM (DYHKIIUSIM paCTIPECIICHHUS.
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SABIT ELEKTRIK SAHOSINDO EMULSIYANIN PARCALANMASI
G.R. MUSTAFAYEVA

Maoqalada sabit elektrik sahasinden istifade etmoklo neft emulsiyalarinin parcalanmasi prosesine baxilmisdir. Sabit vo
dayison elektrik sahasinds dispers sistemlorin voziyyastinin miiqayisasi verilmisdir.

Neft emulsiyalarinin analizinin asasinda damcilarin  koalesensiyasi vo pargalanmasi proseslorinin - mithiim
xiisusiyyatlori oks etdirilmisdir. Gostarilmisdir ki, real soraitds stasionar paylanma funksiyalarma gatirib ¢ixaran koalesensiya
va par¢alanma prosesloari arasinda kvazigararlagmis halin olmasi miimkiindiir.

Acar sézlor: neft emulsiyalari, elektrik sahasi, dispers sistemlar, damcinin par¢alanmasi, disperslasdirma, aqreqativ
dayamgsizliq.

THE DESTRUCTION OF THE EMULSION IN A CONSTANT ELECTRIC FIELD
G.R. MUSTAFAYEVA
This article discusses the process of separation of oil emulsions with using constant electric field. Represented a
comparison of the behavior of disperse systems in constant and alternating electric fields. Based on the analysis of oil emul-
sions considered important features of coalescence and crushing drops processes. It is shown that in the real world can exist a
quasi-equilibrium state between the processes of coalescence and fragmentation, which leads to the stationary distribution

functions.

Key words: oil emulsion, electric field, disperse systems, crushing of drops, dispersion, aggregative instability.
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O IMTPUPOJE AKTUBHBIX HEHTPOB BULIEOJIMTHOI'O
KATAJIN3ATOPA B ITPOLUECCE (OKUC/IMTEJIBHOI'O KATAJIM-
TUYECKOI'0) OKCUKPEKUHI'A BAKYYMHOTI'O I'A30M.JISI

D.A. TYCEMHOBA"

IIpoBeneHO WcCneIOBaHUE CKEIETHON M30MepH3aluu OyTeH-1 B MPHCYTCTBUH OOpa3IOB OUIICONHT-
HOTO KaTaJlu3aTopa KPEeKUHIa, KOTOpble MPUHUMANIM yYacTHe B MPOLECCe TPATUIIMOHHOTO U OKUCIUTENb-
HOTO KaTaJHTUYCCKOTO KPEKHHIa. Y CTAHOBJICHO, YTO IOBHIIICHHAS H30MEPHU3YIOIIas aKTHBHOCTh 00pas3-
IIOB KOPPEIHUPYET C aKTUBHOCTBIO B MPOIIECCe KPEKUHTa. BBICKa3aHO MPEIMOI0KEHHUE O TOM, YTO 0COOCH-
HOCTU CTPYKTYPBI 3TOTO THIIa aKTUBHBIX HEHTPOB 3aKJIIOYAETCS B TOM, YTO OHH 3apPOKIAOTCS M IBOJIOLIU-
OHUPYIOT MO/ BO3IEUCTBUEM PEAKIIMOHHOM CPelibl U KUCIOPO/Ia.

Knrwueswvie cnosa: kamanumuueckui KpeKUuHe, OKCUKpPEeKUHe, aKkmueHvle YyeHmpbovl.

BBenenne. B pa3Butnu HehTeXUMHUUECKUX MPOIIECCOB LEOTUTCOICPKAIIUM KaTaIU3aTO-
pam (LICK) npunannexut ocodast posib. OHU NOCTYKHIJIM OCHOBOM U1 co3AaHus 3((HEeKTUBHBIX
KaTaJau3aToOpPOB MepepaboTKU HEPTIHBIX (PpaKLUid, MpeBpallleHusl CUHTE3-Tra3a, pelieHus npooieM
9KOJIOTHYECKOT0 KaTanu3a u T.4. [1-8].

CogsepuenctBoBanue L{CK, HanpaBieHHOe Ha yBEIMYEHHE UX aKTUBHOCTHU, CEJIEKTUBHOCTH
¥ CTaOMIILHOCTH, CTIOCOOCTBYET Pa3BUTHIO U MOBBIMICHUIO AP EKTUBHOCTH TEXHOJIOTHIECKHUX TIPO-
1eccoB. Tak, 3BONIONMS MPOMBIIUIEHHOTO KaTajln3aTopa KaTaJIUTUYeCKOTO KPEKHUHra BBHICOKOKH-
MAMMX HEPTSHBIX (Ppakuuil MO3BOJSET CEroJHS MPOU3BOJIUTH KAaUECTBEHHBIM aBTOMOOMIIBbHBII
OcH3MH, 00ecTieunBaTh HAJC)KHYIO CHIPhEBYIO 0a3y HedTexmummaeckoro komruiekca [7-10].

Cpenu ycnenrHsIx pa3padoTOK MOCIEIHUX JeT HE0OXOIUMO OTMETHTh IPOMBIIIIJICHHBIE Ka-
tanmuzaTopsl cepuun KMLI, JIFOKC, Anamant, a Takxke OUIICOJIUTHBIE KAaTaau3aTOpbhl KPEKUWHTa C
BOBJICUCHUEM HU3KOMOIyIbHOU no0aBku MK-17-1 (Ha 6a3e neonura tuna ZSM-5) u np. [11-13].

Panee namu ObuIM MPOBEJEHBI CPABHUTEIbHBIE UCCIEIOBAHUS TPAJAULIMOHHOTO U OKUCIIH-
TEJIBHOTO KAaTaJIUTHUYECKOT0 KPEKUHra (OKCHUKPEKHHra) BaKyyMHOTO ra3oiliii B MPUCYTCTBUU KHC-
JIopoJia ¢ IPUMEHEHHEM OMIICOIMTHOTO KaTanu3aropa Kpekunra ¢ nodaskoit UK-17-1 [14-16]. Ha
OCHOBE CPaBHMUTEJIBHOIO aHajJHM3a MoKa3aTesiel mpolrecca OblI0 YCTAaHOBJIEHO CYIIECTBEHHOE pas-
JMYNe KaTaJTUTUYECKOH aKTUBHOCTHM KaTaJIM3aTOPOB OJHOTO CTPYKTYPHOTO THUIA U XMMHUYECKOTO
cocTaBa B XOJI€ TPAJAWUIHMOHHOTO OKHCIUTEIHHOTO KAaTAIUTHYECKOTO KPEKHWHTa (OKCHKPEKWHTa).

*
HUMN «I"eoTexnonormueckue npoodaeMsl HeTH, Taza 1 XUMUs», Azepbaiimxanckuii ['ocynapcTBeHHBII YHUBEpCH-
TeT He()TU U MPOMBIIUIEHHOCTH
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[TprunHa Takoro sBICHHSA, HA HAIll B3IJISLJ, 3aKIIOYAETCS BO BIUSHHUU KHCIOPOAA HAa M3MEHEHHE
KHCJIOTHO-OCHOBHBIX cBOMCTB L[CK.

IMocTranoBka 3axaum. /[ onpeneneHus MpUpPoObl, KOJUYECTBA U CUIIBI KUCIOTHBIX 1I€H-
TPOB KaTaIN3aTOPOB MPUMEHSIOTCS PA3JIMYHBIE METOJIBI: METO] TEPMONIPOrpaMMHPyeMOH afcopo-
un-necopouun (TTI/]) razooOpas3HbIX OCHOBaHUM, TUTpoBaHUS amuHamu, meron SAMP, UK-
CHEKTPOCKOMUH a/ICOPOMPOBAHHBIX MOJIEKYI U T.7. Hapsany ¢ 3TuM, psiioM aBTOPOB MOKa3aHa BO3-
MOYKHOCTH CBSI3M KHCIIOTHBIX CBOMCTB aJIOMOCHJIMKATHBIX KAaTalIW3aTOPOB C aKTUBHOCTBHIO B M30-
MepHu3aluu yrieBoopoaos [17-20].

W3yuenne m30MepHu3yIONel aKTUBHOCTH OWIIEOIMTHOTO KaTaau3aTopa W HCIOJIb30BaHHE
HOJYYEHHBIX PE3yJIbTATOB JUIS MIPOBEACHUS CPAaBHUTEIBHBIX HCCIIEJOBAHUI BIMSHUS PEAKIIMOHHON
Cpellbl Ha KUCIOTHO-OCHOBHBIE CBOMCTBA M aKTUBHOCTb JAHHOT'O KaTalu3aTopa B MPOLECCE OKUC-
JUTEIBHOTO KaTAIUTHYECKOTO KPEKUHTa SBIISIIOCH 1EJIbI0 HACTOSIIEH paboTHhI.

JKcnepuMeHTAIbHAs YacThb. [Ipoliecc TpaJuIIMOHHOTO U OKUCIIUTENBHOTO KaTaIUTHYE-
CKOT'0 KpeKMHIa MPOBOIUIIM B IPOTOYHOM PEAKTOPE C HETIOABHKHBIM CJIOEM MPOMBILIUIEHHOTO
[EOJIMTCOIEpIKaIero karanuzaropa katanuruieckoro kpeknara OMNIKAT -340 mpu remnepary-
pe 500°C, atMmocdepHOM 1aBJIeHUH U 00BEMHON CKOPOCTH Mojlauu chipbs 2 4y-1. [logaua Bo3ayxa B
peakuoHHyto 30HY coctanisiia 0,5% Ha cbipbe. B kauecTBe ChIpbsi HCIIOIB30BAIM BaKYyMHBIH
ra3ois (H.k.270°C — x.x.500°C).

Tepmuueckoe noBeaeHre 00pa3LOB EOIUTCOACPKAIIETO KaTaau3aTopa U3ydalid ¢ IOMO-
mpio auddepennnanbHo-Tepmudeckoro (IATA) u tepmorpaBumerpudeckoro anammsa (TI'A), ko-
Tophiii mpoBomw Ha ycraHoBke NETZSCH. [ns ananm3a ObUT BBIOpAaH pPEXUM JIMHEHHO-
MOJUTEPMUYECKOT0 HarpeBa co ckopocThio 10°C/MuH B aTMocdepe Bo3ayXa.

OO0cysxknenue pe3yabTaToB. /[y npoBeieHUs] CPABHUTEIBFHOTO aHAM3a TUHAMUKU H3Me-
HeHus xapaktepa kucinotHocTy LICK 6b11u oToOpanbl oTpaboTanHbie 00pa3iibl, KOTOPbIE OTINYA-
JIUCH JUTTENLHOCTRIO NpedbiBanms (15, 30, 45, 60 MUHYT) U YCIIOBUSIMH TPOBE/ICHHUS MTpoIiecca
KaTaJIMTHYECKOT0 KPeKHHTa: 4 oOpasiia B yCIOBUSAX OKCHKPEKHHTa U 4 00pasiia, yJyacTBYIOIINX B
IpoLecce TPaAULIMOHHOTO HEOKHCIUTENBHOTO KaTATUTHYECKOTO KPEKUHTa.

bouto ycranosneno, uro o6pasusl LICK omnoro u toro ke cocraBa, HO OTIMYAOLIUECS
YCIOBUSIMHU TIpoIlecca KpPeKHHTra, paboTaloT MO CYIIECTBY, KaK Pa3HbIE KaTaJH3aTOpPbI: CTEICHb
npeBpanieHus 0yreH-1 B mpUCyTCTBHM 00pa3LOB, YYaCTBYIOUIMX B YCIOBHUSIX TPAaJUIMOHHOTO Ka-
TINTHYECKOTO KPEKUHTa HUXKE, YeM COOTBETCTBYIOIIMX UM 00pa3IoB, HO MPHHUMAIOIINX Y9acTHe
B YCJIOBUSIX OKCHKpeKuHra. Ho cyiecTBeHHbIe pa3Inyusi CTAHOBATCS SBHBIMU HE Cpasy.

Tak, ctenenb u3oMepu3zalu OyTeH-1 B IpuCyTCTBUU 00pa3LoB, Y4aCTBYIOUINX B MPOLIECCE
obomx TuroB KpekuHra B TedeHue 15 mun (oOpasipl 1KK n 10KK), nmeer odeHns Onm3kue 3Hade-
Husl, HO yxe crycts 30 muH pabotel (o6pasusl 2KK u 20KK), oTrmeuaercst 3ameTHasi pa3Hulia
mexay HuMmu: aktuBHOCTh 20KK ymenbmiaercs Ha 1,1%, Toraa xak B ciyyae 2KK — yxe Ha 5,5%,
U JTaHHAs TeHJCHIWS YCWJIMBACTCS TEM CHIIbHEE, YeM JOJIbIIE JINTeILHOCTh MpeObIBaHms 00pas3-
I[OB B YCJIOBUSIX KpeKHHra (puc.1).

B X0/i¢ CpaBHEHHs AKTHBHOCTH , MPOSBISEMO HCCIEIyeMbIMH 0OpasnaMy B IpOIEcce
nzomepusanuu 0yTeH-1 B yuc-/mpanc-n3omepsl OyTeHa-2, Obliia TIOTYYeHA MOCIEI0BATEIHbHOCTH:

1 OKK>2 OKK> 3 OKK>1KK >2KK>4 OKK

*
aKTUBHOCTb XapaKTePH30BaIach Kak OTHOLIEHHUE CTENIEHH MpeBpanieHus OyTeH-1 K IIomaan MoBepXHOCTH KaTalll3aTopa.
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0,065 > 0,064 > 0,063 > 0,061 > 0,058 > 0,030
Ha pucynke 2 npuBeneHbl 3aBUCUMOCTH KOHBEPCHM BaKyyMHOT'O ra3oiis U pacmpezene-

HUE NPOJYKTOB YIJIOTHEHUS B XOJE MPOLEcca KaTATUTHYECKOIO KPEKHHIa B IPUCYTCTBUH KHCIIO-
pona u 6e3 Hero. BuaHo, 4TO B YCIOBHUAX OKCUKPEKHMHIa CTENEHb MpeBpaleHus HedTsaHoi dpak-

UM yBennuuBaercs Ha 14% 1O CpaBHEHHUIO C TPAJAUIMOHHBIM peKUMOM. OTMeueHHBIH APPeKT
CBHUJICTENILCTBYET O CYIIECTBEHHOM MPOMOTHPYIOIIEM NeHCcTBUU Kuciopona. OTMmedaeTcs CXOA-
CTBO OOIIMX 3aKOHOMepHocTed akTuBHOCTH 00pa3uoB LICK B mpolecce OKCHKpeKHHra U moce-

AyIoIeH n3oMepu3anuu OyTeH-1 B MX Tpu-
CYTCTBHH. DTO TeM Ooliee YIUBUTEIBHO,
€CIIM YYEeCTbh, YTO COTJIACHO JIaHHBIM TEPMH-
YeCKOro aHajm3a, KOJMYECTBO MPOIYKTOB
(dhopmupyomuxcst B
nporecce HACHTHYHBIX YCIIOBHSAX OKHCIH-

ymnotHenust  (I1Y),

TEJIBHOTO KAaTaTUTUYECKOTO KPEKHWHTa BaKy-
YMHOTO Ta30iJisA, OOJbIIe, YeM B TpPaHIIU-
OHHOTO  HEOKHCJIMTEJBHOTO  KPEKHHTra
(puc.5.1, 5.4-5.6), a aktuBHOCcTh LICK B
YCIIOBUSX OKCUKPEKHHTa TAK)KE MPEBBIIIACT
TAKOBYI0O B HEOKHCIUTEIBHBIX YCIOBHSIX
[15,16].

CornacHo IUTEpaTypHBIM JTaHHBIM
[21,22], cooOTHOIIECHHE YuUC-/MpaHc-u30Me-
POB TO3BOJISIET CHAENATh MPEIIOIOKEHUE O
BO3MOXXHOH MHpPUPOJAE KUCIOTHBIX IEHTPOB.
Ha ocHoBanum 3TOTO, HaMH OBLIM IpOAaHA-
JU3UPOBAHBI COOTHOIICHUS BBIXOJA YUC-U
mpanc-0yrena-2 mist oopasmoB LICK B 3a-
BUCHUMOCTH OT PEXHMMa YJ4acTHUs B Ipoliecce
kpekunra (puc.3). IlpuBeneHHbIe 3aBUCH-
MOCTH HMEIOT 3aBHCHMOCTEH MOKa3aj, YTO
Ha COOTHONIIEHUE yuc-/mpanc-0yreHa-2
HauOoJbIlIee BIMSHUE OKa3blBaeT HE JUIH-
TEIBHOCTh MpoIlecca KPEKWHIa, a peaKiy-
oHHas cpena. [Ipuuem 3Ta 3aBHCUMOCTBIJISA
00pa3loB, y4acTBYIOIIMX B TIPOIECCE Tpa-
JUIAOHHOTO KaTAJIUTHYECKOTO KpPEKWHra
(puc.3, kpuBas 1), Oosiee mosiorasi ¥ MpPaKTHU-
YeCKH JIMHEHHas (BeIMYMHA JOCTOBEPHOCTHU
anmpokcumaruun R=0,97). Ilo mepe yBemnu-
YEHUS ITTUTEIBHOCTH NpeObIBaHMs 00pa3IoB
HCK B yci0BHUsIX TPAJUIIMOHHOTO KPEKHHTA,
KOHIICHTpAIUs KaK MPOTOHHBIX, TaK U arpo-
TOHHBIX KHCJIOTHBIX LIEHTPOB PE3KO CHIKA-

Cmenenwv npespawjenus oymen-1, %

15 T T T T T T T T d
15 30 45 60
,ZZ‘IumeﬂbHocmb npoyecca, MuH

Puc.1. 3asucumocmo cmenenu npespawienus oymen-1 ¢
npucymcmeuu o6pasyos, yuacmeyrouux é npovecce
MpPAOUUUOHHO20 (CRIOWIHAA KPUBAA) U OKUCTIUMEIbHO20
(wumpuxoeas Kpueas) KpeKuHnza om OJIUmMeaIbHOCIU
npouecca.

20 A - 100

r 80

F 60

L 40

Ilomeps maccol, %
i
i
Konsepcus, %

r 20

15+ 15 30 45 60
Jlnumenvrocms, Mumn

Puc.2. Brusanue onumenbHocmu npoyecca OKUCIumenb-
HO20 KpeKuHza HA KOHBEPCUI0 8AKYYMHOZ0 2A30U15
(cnnownasa nunus), Oymen-1 (nynkmupnasn aunus),
OUHAMUKY HAKONJIEHUSA U NOMEPU MACCL 07151 IHO0I -
dexmoes:

| - Tmax = 398-407°C;
7] - Tmax = 485-504°C.

[pumeuanue: 15* - o6pasen okcukpekunra, 15 mun, Tmax = 525°C. (Tmax
— TeMIepaTypa MaKCUMyMa 3K30TepMHUYECKOro 3 dexTa)
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0,6 1

(6ymen-1/mpanc-6ymen-2)/
(6ymen-1/yuc-6ymen-2)

0,3 4

Coomuowenue
S

20

25

30

35

40 45

Cmenenv usomepusayuu 6ymen-1, %

Puc.3. 3asucumocmov coomuouienus yuc-/mpamnc-
Oymena-2 ¢ npucymcmeuu oopazuoe Kamaiuzamopa,
yuacmeyruwux 6 npouecce mpaouyuonnozo (1) u
OKUCTUMENbHO20 (2) Kamaaumuuecko2o KpeKunaa,

1,3

0,5

0,3

om OnumenbHoCmu npouecca.

15

Coomnouenue L;uc—/mpch—uwMepoe

30

45

60

Jnumenvrnocms, Mun

Puc.4. 3asucumocmo coomuowenus oymena-1 x
mpanc-oymen-2 ¢ npucymcmeuu 00pazuoé Kamaiu-
3amopa, yuacmeyroumux 6 npoyecce mpaouyloOHHOZ0

(1) u oxkucnumenvHo2o (2) Kamairumuueckozo Kpe-
KuHza, om cmenenu uzomepusauyuu oymen-1.

€TCs, BEPOSITHEE BCETO 3a CYET HAKOIUICHUS
MOBEPXHOCTHBIX MPOJYKTOB PEAKIMHA OJIHUIO-
MEpHU3alUH, TOJMMEPH3aINU U KOHICHCAIINH.

AHanmm3 3aBUCUMOCTH COOTHOIICHUS
yuc-/mpanc-0yTeHa-2 oT JUTUTEIHLHOCTH TIPO-
recca OKCUKpekuHra (puc.3, kpuBas 2) Oonee
CIIO)KEH M MEHSIETCSl MPAKTUUECKU IKCIIOHEH-
nuanpHO. JlaHHAs 3aBHCUMOCTH HMMEET BO
BPEMEHHU [[Ba IEPHO/a TMPOTEKAHUs, CyIIe-
CTBEHHO OTJIHMYAIOIIUXCS JPYT OT Jpyra Io
XapakTepy: B HayaJbHBIA IEPUOJ BPEMEHHU
(15 MuH) COOTHOLIEHHUE YuUC-/MPaAHC- U30Me-
POB XapaKkTepu3yeTcsl ABHBIM IIpeobiaiaHueM
yuc-OyTena-2, panee HaOIFOIAETCS MUHUMYM
(30 muH), TOCIIE KOTOPOTO BHOBb HACTYIMAET
YYaCTOK 3HAYUTENIFHOTO TOBBIIICHUS BBIXO/1A
yuc-0yten-2. Ha Hamnr B3riisij, HETMHEHHOCTD
NPE/JCTaBJICHHOW 3aBUCHUMOCTH CBSi3aHa C
pa3paboTKOil Karanu3aropa OKCHUKPEKHHTIa,
KOTOpasi COMPOBOXKJIACTCS U3MEHEHUEM KHUC-
JIOTHO-OCHOBHBIX CBOWCTB Karaju3aropa B
MPUCYTCTBUH KHUCIOPO/A.

Kpowme toro, Op110 0OTMEUYEHO, UTO JJIs
obeux rpymm obpasznoB LICK, amurenbHOCTD
npeOBIBaHUsT KOTOPHIX B 30HE KPEKHWHTa MH-
HUMaJlbHa, 3aBHCHMOCTH XapaKTePU3YIOTCS
JOCTAaTOYHO BBICOKHM COJICPYKAHUEM MpPaHC-
OyreHa-2. Heckonmbko Oosbias KOHIICHTpa-
IUsI IPOTOHHBIX [IEHTPOB, OTBETCTBEHHBIX 3a
MpaHc-CTepeocTeuPUIHOCTb, OTMEUECHHAS Y
00pa3loB TPaJAUIUOHHOTO KpEKWHra, 00Yy-
CIIOBJIEHa TPEOOBAHUSMU, IMPEIBIBIIEMBIMU
K JJaHHOMY THUILy NPOMBIIIICHHBIX KaTalnu3a-

topoB [12,13,16,21-23], a1 KOTOPBIX MPOTOHHASI KUCJIOTHOCTH SIBISIETCS OCHOBOTIOJIATAIONIEH,

00YCIIOBJICHHON HAaJTHYHEM MOBEPXHOCTHBIX OH-Tpyrii, ¥ OTBETCTBEHHOM 3a IPOTOHHPOBAHUE KaK
aJIKaHOB, TaK u oJieuHOB [2-4]. Habnromaemas ObICTpas Ae3aKTUBAIMS TPYIIIBI 00Pa3IOB TPaIH-

MUOHHOI'O KPpCKHHI'a Ja€T OCHOBAHUEC ITPCAIIOJI0XKUTh, YTO HauOONbIIAs YacTh IMPOTOHHBIX LICHTPOB

[ICK, nokanu3oBaHa Ha BHEIIHEH [MOBEPXHOCTHU LIEOJINTA, IOCKOJIBKY pa3Mep MOJIEKYJI UCXOIHOTO

OyreHa-1 u yuc-/mpanc-n3omMepoB OyTeH-2 OYeHb OJU3KH M 3HAUNTEIIHPHO MEHBIIIEC TUaMeTpa KaHa-

JIOB LICOJIUTA.

ITo cpaBHEHUIO C HUMH, U 00Pa3[0B OKCUKPEKHUHTA, Y KOTOPBIX OTHOCHUTEJIbHAS JI0JIS TO-

BCPXHOCTHBIX IMPOTOHHBIX HCHTPOB MPAKTUYCCKH Cpa3y YMCHBLIIACTCA, OBIIIO HE TOJBKO HE OTME-
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Puc.5. Pesynomamur TI' u /{TA ananusa

obpazya duyeoIumHnoz0

Kamanuzamopa,

APpUHUMABWIE20 YUACHUE 8 YCII08UAX
mpaouyuonno20 (a) u OKUCAUMENbHO20
Kamanumu4eckozo KpeKuHz2a 6 meyeHuu

15 mun (6), 30 mun (s),
MmuH (0).

45 mun (2) u 60

4yeHo najeHue uzomepusytomeil aktusHocTH L[CK, HO 1
HANpOTHB, YCTAHOBJIEH €€ POCT 3a CUeT 00pa3oBaHUS
yuc-0yTen-2.

Emie onHMM BaXkHBIM IMOKa3aTesieM BKJaja Mpo-
TOHHBIX KHCJIOTHBIX IIEHTPOB B OOIIME KHCIOTHO-
OCHOBHBIE CBOMCTBa KaTaJM3aTOPOB, IPOSBISIEMBIX B
MpoIiecce U3o0Mepu3amuu OyTeH-1, sIBISETCS COOTHOIIIE-
Hue OyTteH-1 x mpanc-6yren-2 (puc.4). Cpena, B KOTO-
pOW OCYIIECTBIACTCA KaTAMTUUYECKUA KPEKUHI BHOBb
BHOCHT OCHOBHOM BKJIaJ: 0Opa3lpl, y4yacTBYIOIIUE B
nporecce OKCHKPEKHHTa, XapaKTePH3YIOTCS OOIbIINM
YPOBHEM COZICpKAaHHS HE TOJIBKO ITUC-, HO M TpaHC- Oy-
TEH-2. DKCIEPUMEHTAIBHO MOJYyYEeHHBIE 3aBUCUMOCTH
TaKkXKe O00JIaJaloT BBICOKOW CTENEHBIO JIOCTOBEPHOCTH
(R=0,95-0,98).

OTMeTuMm, 4TO Tak Kak il 00pasloB, y4acTBY-
IOIIMX B TIPOILIECCe TPAJAUIUOHHOTO KpPEKHHIa ObLIO
YCTaHOBJIEHO, YTO B X0JI¢ M30Mepu3anuu 0yreH-1 cooT-
HOIIIEHUE 00pa3yromuxcs yuc-/mpanc-0yTeH-2 u OyTeH-
I/mpanc-6yten-2 6nu3zko K 1, TO B mepBble MHHYTHI
nporecca M30MEpH3alMi aKTUBALMS H-aJIKeHa COIpPO-
BOKIAeTCsl 00pa3oBaHUEM IPOMEKYTOYHOTO COE/IHHe-
HUS — KapOKaTHOHa, KOTOpPbIE, SBJSSCH BBICOKOAKTUB-
HBIMH YaCTHUI[AMH, BCTYHAIOIIUMH C aJIcOPOMpPOBAHHBI-
MH C HCKITIOUUTEIHHO OOJBIION CKOPOCTBIO, BEAYT K
HAKOIUIEHUIO TOBEPXHOCTHBIX BBICOKOMOJIEKYIISIPHBIX
IPOYHO aJCOPOMPOBAHHBIX CTPYKTYp, YBEJINUMBAs CTe-
NEeHb 3ayIJepOKUBAaHHUA IIOBEPXHOCTH, OJIOKHPYIOT
anpOTOHHBIE AKTHUBHBIE LIEHTPbI KaTaau3aTopa, B Teue-
HHE KOPOTKOTO TEpHOa BPEMEHH, yMEHbIas KOHBEp-
culo ojie)uHa ¥ aKTUBHOCTH KaTallu3aTopa.

Takum 00pa3oM, paccCMOTpeHHE 3aBHCHUMOCTEH
COOTHOILICHHSI M30MEPOB OyTEH-2, TMOJYYEHHBIX B XOe
UCCJIEJIOBaHUA Mpollecca u3oMepu3anuun OyTeH-1 B mpu-
cyrctBun obpasmnoB I[CK, ywacTtByromux B mporiecce
OKCHKPEKHHTa, TO3BOJISIOT CHIENaTh MPEANOIOKEHUE O
TOM, YTO KHCIIOTHO-OCHOBHBIE CBOMCTBA JaHHBIX 00pa3-
110B 00YyCJIOBJIEHa HE TOJIbKO HMPOTOHHBIMHU KHCIOTHBI-
MU, HO U OCHOBHBIMH LIEHTpaMH 0Opa3loB KaTalu3aTo-
pa. IlpucyrcTBue HaHHOTO THIA AKTUBHBIX LIEHTPOB
ClIeyeT W3 SBHO BBIPAKEHHOH yuc-cTepeocrery-
¢uuHoOl M30Mepuzanuu 0yreH-1. O6pa3oBaHue JaHHOTO
TUIIAa U30MEpPa CBA3BIBAIOT C HATMYUEM KUCIOTHBIX IICH-
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O npupode AKMUBHbLX YEHMPOB 6”1460./1”11’1H020 Kamajauzamopa 6 npoyecce ...

TpoB JIstonca [24-25], HO B TO k€ BpeMs, BEICOKAs CTETICHb 3ayTJIEpOKUBAHHS 00Pa3I[0B OKCHKPE-
KWHTa, CTaBUT 110JI COMHEHHE MX BKJIaJl KOHKPETHO B paccMaTpuBaeMoM ciydae. 13 storo cnenyer,
YTO B aKTUBAIMHM UCXOJHOTO oJiehrHa MPUHUMAIOT y4acTHE JPYrue aKTUBHBIEC IIEHTPhI, CKIIOHHbBIE
HPOSIBIIATH AIIEKTPOHHO-aKLENTOPHBIE cBOiicTBA. [loCKONMBKY MoNlyueHHas B XOJ€ MPOBEIEHHBIX
UCCJIEIOBAaHUN TOBBIIICHHAs M30MEPU3YIOLIAsi aKTUBHOCTb KOPPEIHPYET C aKTUBHOCTHIO B MpO-
[[eCCe OKCUKPEKUHIa, ObLJIO CIENaHO MPEANOoIOKEHNE O TOM, YTO OCOOCHHOCTH CTPYKTYPBI 3TOTO
TUMA AKTUBHBIX IEHTPOB 3aKJIIOYAETCSI B TOM, YTO OHH 3apOXKAAIOTCS M HBOJIOIMHMOHUPYIOT IO
BO3/ICICTBHEM PEaKIIMOHHOM Cpe/ibl U KHCIOpO/Ia.

PaGora BuinosiHeHa npu punancoBoii noaaepxke @ounxa Pazpurus Hayku npu Ipe-
3uaenTe Asepéaiimkanckoii Pecny6auku — I'pant Ne EIF-KETPL-2-2015-1(25)-56/24/4.
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VAKUUM QAZOYLUNUN OKSIKREKINQ PROSESINDO (OKSIDLOSDIRiICi KREKINQ)
BiSEOLIT KATALIZATORUN AKTiV MORKOZLORININ TOBIiOTi

E.O. HUSEYNOVA

Buten-1 skelet izomerlosdirmasinin biseolit kreking katalizatorunun niimunalori istirakinla, hansilar ki, enonovi vo

oksidlegdirme kataliz krekingi prosesinds islonilib, tadqiq olunmusdur. Tayin edilmisdir ki, niimunslerin yiikssldilmis
izomerizasiya aktivliyi krekinq prosesinds foallig: ils korrelyasiya edir. O, haqda forziyys sdylonmisdir ki, aktiv markazlorin
bu tip strukturunun xiisusiyyatlori ondan ibarotdir ki, onlar oksigen miihitin tasiri altinda yaradilirlar ve tokamiil edirlor.

Acar sozlor: kataliz krekingi, oksikreking, aktiv markazlor.

THE NATURE OF ACTIiVE CENTERS Bi-SEOLIT CATALYSTS iN THE OXY-CRACKING
(OXiDATION CATALYTiC CRACKING) OF VACUUM GAS OiL

E.A. GUSEYNOVA

The study of skeletal isomerization of butene-1 in the presence of the samples biseolit cracking catalyst, which took part

in the process of traditional and pro-oxidative catalytic cracking. It was established that the increased activity of the samples
isomerizing activity correlates with the cracking process. It is hypothesized that the particular structure of this type of active
centers is that they are nucleation-and evolve under the influence of the reaction medium and oxygen.

Key words: catalytic cracking, oxy-cracking, active center.
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MEMARLIQ MUHITININ MUXTOLIF FAKTORLARA GORO
SISTEMLI XUSUSIYYOTLORININ ANALIZI

A.O. ABDULLABOYLI *

Mogqalodo miiasir memarliq layiholondirilmosinds informasiya axinlarinin ¢oxalmasi fonunda memarliq
miihitinin miixtolif faktorlara gora sistemli xiisusiyyatlorinin analizi verilmisdir. Memarliq layihalondirilmesindo
daxili vo xarici faktorlarin tosirini nozors almaq iigiinforqli memarliq miihiti vo memarliq niimunasi anlayislari
daxil edilmis, bu anlayislar esasinda memarliqda sistemli xiisusiyyatlor miioyyan edilmisdir.

Agar sozlar: sistemli analiz, memarhq layihalondirilmasi, memarhq miihiti, memarlq niimunasi.

Giris. Memarliq miiasir standartlar ¢orgivasinda, informasiya vo kompiiter texnologiyalari
(IKT) vasitalorinin vo programlarinin siiratls totbiq edildiyi elm vo texnika saholorinden biridir vo
bu inteqrasiya prosesinin 0zii, todqigat obyekti kimi olduqca 6zol vo spesifik xiisusiyyotlora
malikdir. Bu monada, bir torofdon memarliq vo informasiya texnologiyalarinin miistaqil elm vo
texnika saholori kimi arasdirilmasi, digor torofdon onlari bir vohdot olaraq asas xiisusiyyatlorini
tohlil etmoklo avtomatlasdirilmis memarliq prinsiplori osainda yeni vo miiasir memarliq texnolo-
giyalarinin yaradilmasi aktual masalolorindon biri kimi qalir.

Nozords tutulan todqiqatlarin istigamatini doqiqlosdirmok mogsadi ilo memarliq sahasinin
osaslarini, memarhig-layiholondirmo proseslorinin xiisusiyyatlorini, bu sahays IKT-nin totbiqi
fonunda aragdirmag1, davaminda iso IKT vasitalorinin memarliqda totbiqi mosalolorini analiz etmok
daha mogsodouygun hesab edilir.

Molumdur ki, memarliq comiyyatin formalasmasinda aparici mévqgeys malikdir. Memar-
ligin igtisadiyyatin miixtolif saholorindo osas aparict movqeyi movqeyi danilmazdir. Birbasa insan
hoyatina bagliligi bu elm sahasini homiso aktual etmisdir. Memarliq tarixi boasoriyyatin tarixi ilo
eyni vaxtdan baglamigdir. Arxeoloji qazintilar siibut edir ki, godim insanlar ibtidai icma qurulu-
sunun birgo yasayis qaydalarni toyin edorkon 6z aralarinda yasadiglari magaralarda miioyyon
zonalagma totbiq edirdilor [1]. Zaman keg¢dikca bu talablor asasinda miioyyon qaydalarin forma-
lagmis qrafik tosvirlor novii meydana golmisdir.

Miiasir dovrdo memarliq sahosinin osas informasiya dasiyicisi qrafiki tosvirlor olan
elektron, alyazma va ¢ap mohsullaridir. Tarixi noqteyi nazardon, qrafik tosvirlorin slyazma va ¢ap
mohsullar1 olan informasiya dasiyicilart memarligin, uygun olaraq, godim va orta tarixing, elektron
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informasiya dastyict novii iso on yeni tarixing aiddir. Osrlarls avval gqeyd olunmus cizgilor, planlar,
fasadlar, miixtolif tosvirlor tortibatcinin hoyata baxislar1 vo elmi-intellektual soviyyasino goro dasi-
dig1 informasiyanm1 miixtalif zamanlarda yasayan insanlara c¢atdirir. Qadim Sumer modoniyyatino
aid olan das kitabalor, qodim Misirin mixi yazilari, antik dovriin papirus kagizlari, Cin
Imperiyalarmin yazili hesabatlar1 vo s. dzliiyiindo bir informasiya dasiyicilaridir. Miiasir dévrdo
informasiya texnologiyalarinin inkisafi hor sahado coxsayli elmi todqiqatlarda arasdirildigindan
memarligin da elm sahasi kimi bu axtariglara miiraciot etmosi zorurati yaranmisdir.

Osas hissda. Aparacagimiz sistemli analiz memarliq vo informasiya texnologiyalari asasinda
oldugundan bu monada tohlil zaman1 memarliga dair imumilogmis bir anlayis gobul edok. Bu
anlayis1 sorti olaraq memarlhq niimunasi adlandiraq. Qabul edok ki, memarliq niimunasi dedikdo
zaman forqini nazoro almadan insanin istifado etdiyi, onun torofindon gobul edilmis qaydalar
osasinda tikilmis bina vo qurgulari, insan torofindon yasayis yaxud istifado iiclin formalagdirilmis
tobiot gusolorini nozords tutacagiq. Bu halda memarliq niimunasi dedikds biz bina vo abidolorin
yalniz 6zlari va layihalorini deyil, hom do onlar hagqinda informasiya toplularin1 nozards tutacagiq.
Mohz bu sobabdon mdvcud memarliq abidasinin adina, 6ziing, tislubuna, kompozisiya hallino va
digor memari xiisusiyyatlorino yaxud tikilocok binanin layihasina, texniki-igtisadi gostaricilorine vo
s. istinad etmoyimizdon asili olmayaraq biz apardigimiz tohlillori informasiya texnologiyalarinin
totbiqi ilo sistemli analiz miistovisindo apardigimiza goro xiisusi hal kimi bu termindon istifado
edacayik. Sistem analiz dedikds “Sistem nazoriyys™ asasinda todqiqat obyekting aid olan miixtolif
miirokkob masalo vo problemlorin halli metodologiyalarinin tohlili nozards tutulur. ([5], s.114).

Memarliq niimunasinin holli zaman1 avvalca verilmis memarliq miihitinin sistemli tohlili
aparilir. Bu zaman miihitin sohorsalma sortlorine, niimunonin memarlig-kompozisiya, funksional-
zonalagsma vo hocmi-foza hallino, konstruktiv-texniki holloro vo qlivvodo olan normativ
sonadlordaki toloblors istinad edilir, memarhigin digor elm saholori ilo {insiyyst funksiyasindan
istifado edilir. Alinan yekun notico memarliq niimunasini biitovlosdirir vo onun bir ndv
“canlandirilmasi”na gotirib ¢ixarir [2].

Memarliq niimunasi vo miihitin miixtalif parametrlori arasindaki asililiq xatti xtisusiyyatlora
malik olduguna goro sorti olaraq ilinsiyyat funksiyasini tortib etsok onu asagidaki kimi gostora
bilorik:

F(X) = A, X; + AyA Xo+... +A,X, (1)

burada X- memarliq miimunosinin {imumi bir aspektdo yekun gostoricisi; A;, . A, memarliq
miihitinin elementlorinin miixtalif saholor iizro sabit gostoricilori; X, . X, iso homin sahalor {izro
memarliq miihitinin elementlorinin miivafiqg memarliq gostariciloridir.

Qeyd etdiyimiz kimi hor saho iizro aparilan tohlil iri hocmli informasiya toplusudur vo
riyazi olaraq yuxarida geyd olunan funksiyanin yekun tortibi asagidaki kimi tosvir edils bilor:

F(X,) =X AX; i =1,..Beloliklo, memarliq niimunasini tam hoall etmok ti¢in miihitdon
“A” vo “X” parametrlori iizro informasiyalar toplanilmalidir.

Memarliga aid olan masalolor ilkin olaraq kompozisiya masalolori kimi ifads edilir.
Memarliq kompozisiyasinda yuxarida qeyd etdiyimiz memarliq niimunasinin funksional, badii va
konstruktiv xiisusiyyatlori vo memarliq miihiti arasinda {imumi harmoniya tapilir. Qoadim Roma

112



Memarlig miihitinin miixtalif faktorlara gora sistemli xiisusiyyatlorinin analizi

memar1 Vitruvi memarliq ii¢lin toyin etdiyi ii¢ qanun hal-hazirki dovra qador do aktualligim
saxlamigdir:

e memarliq niimunasi méhkomliyi, somaraliliyi va gozalliyi 6ziinds oks etdirmalidir [3].

Elmi odobiyyatlarda bu ifadolori miiasir memarliq terminlori ilo qarsilasdiraraq funksiya-
konstruksiya-forma kimi toqdim edirlor. Qeyd olunan hor xiisusiyysto goro iso memarliq
nlimunasinin ¢oxsayli analizi, bu analizlorin tohlili vo noticosi vo s. meydana ¢ixir. Kegmis
dovrlordo memarliq niimunalori sadodon miirokkobs dogru qurulusa malik olduglarindan 6zlorindo
bu quruluslara géro do informasiya dastyirdilar.

Misirin Qiza gohorindo yerloson Xeops ehrami misalinda bu fikrimizi qisaca izah edok
(sok.1).

Bu memarliq niimunasindo

Vitruvi sortlori tam 6donilir :

- konstruktiv olaraq kifayot
qador dayanmiqh tikilidir vo dovriimiizo
gadar biitdv sokildo golib ¢atmisdir;

-dovriinliin ~ liderinin  nasinin
saxlanildig1 yer kimi konkret funksiyaya
malik olmusdur, hal-hazirda da tarixi | oo A A A o
muzey kimi foaliyyat gostorir; e P L T K.{_'.“_"'&:

- diizglin hondasi cisim kimi-
piramida kimi ideal formaya malikdir,

insanlara z6vq verir.

Belo memarliq niimunoloerinin Sakil 1. Misirin Qiza saharinda ehramlar kompleksi.
Xeops ehrami

tikilmoasi dovrii quldarliq dovriine aid
oldugundan onlarin tikinti texnologiya-
sin1 arasdirmaga ¢ox cohd edilir, lakin
bu konkret texnologiyalarin miiqayiss olunmasi va hipotezalardan irali getmir. Tabii ki, oagor bu
informasiyanin sistemlagdirilmasindo miiasir texnologiyalar totbiq olunarsa daha cox, atraflt va
sistemli informasiya aldos edilo bilor [4].

Digor niimuna kimi iso Indoneziyada tikilmis Petronas Qiillosi binasini misal gdstora
bilorik. Hiindiirliiyii 451.9m olan, 88 martobali biznes morkaz ii¢lin 40 ha orazids tikinti aparilmis,
binalar daxilindo 213 750 kv.m istifado olunan saho tikilmisdir.(sok.2). Bu saho 48 futbol meydan-
casinin sahasi ilo miiqayise olunur. Binanin tikintisindo hoam domir-beton, ham do metal konstruk-
siyalardan istifado olunmusdur. Tesovviir etmok ¢otin deyil ki, bu kimi iri hacmli géydolonin layi-
hasi zamani kifayoat qodor miirokkob hesabatlar aparmaq lazim golmisdir.

Yuxarida apardigimiz miiqayisali analizdon bels naticoys golmok olar ki, godim vo miiasir
memarliq niimunolorinin layihalondirilmosi, tikintisi vo istifadosi zamani hotta onlarin fiziki
hocmloari ds eyni olarsa belo dasidiglart informasiya hacmlori miixtslifdir. Dasidiglar1 informasiya
hacmlorine uygun olarag memarliq niimunolari {i¢iin miixtolif informasiya dastyicilar tolob oluna-
caqdir. Memarliq layihalondirilmasi zamani layihaogi memarin fordi xiisusiyyatlori osas faktorlardan
biridir.

(https://en.wikipedia.org/wiki/Egyptian_pyramids)
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O hom psixolog, ham urbanist, hom insaat konstruktoru, elektrik, su miithondisi vo s. miito-
xassislor kimi hals bu miihits he¢ kimin girmadiyi halda burada yarana bilocok suallarin cavablarii
oncadon hall etmalidir.

Memarliq miihitin xtisusiyystlorini 6ziinds oks etdiron informasiyalarin emali memarin
toxoyyiilii oldugu ii¢lin, onun hom daqiq elmlors, hom incosonats, ham do digor elm sahalorine dair
kifayot godor dolgun informasiya bazasina malik olmasi vo bu informasiyani hall etmoyo
intellektual hazirliginin olmasi tolob olunur. Daqiq elmlor asasinda o siirotlo hesabatlarini apara
bilocok, miihitin fizikasini tohlil edo bilocok, layiho hissolori arasinda nisbatlori diizgiin toyin edo
bilacok, folsofi biliklori osasinda miihiti siirotlo analiz eds bilocok, psixologiya barado biliklori
osasinda miihitin erqonomikasinda yarana bilocok miixtolif suallar cavab tapa bilocokdir [2]. Bu
halda memar bir subyekt, tohlil edilon miihit iso obyekt statusunda analiz olunur. Memar miihitin
toskil etdiyi coxluga daxil olan hor elementin miixtalif
xiisusiyyotlorino goro yekun noticoya golorok memarliq
niimunosinin  diizglin  funksional vo forma hallini
vermolidir. Verilon forma hallinin 6ziinds hor element
konktret funksiyaya vo bodii mozmuna malik olmalidir.
Demoli, notico etibarilo memarliq miihitini toskil edon
elementlorin x{isusiyyatlorindon togkil edilmis funksional
asililigdan, memarliq niimunssinin forma vo funksiya-
larina bagli yeni funksional asililiq meydana ¢ixir.
Bunlarin birincisi  xlisusiyyotlori toplayir, digori iso
naticoni yeni formada paylayir.

Bu sadalanan xiisusiyyatlor mohz bir sistem
halinda memarliq niimunasinin hallino komok edir. De-
moli hor layihalondirilon memarliq niimunasinin konkret
sistemli xiisusiyyatlori vardir va layihs prosesinda sistemli

o2 tohlil zamani1 onlar agkara ¢ixa bilir (sok.3). Memarliq
P mithiti vo niimunssinin bu xiisusiyyatlorinin vohdoti

Sokil 2. Indoneziyada tikilmis Petronas bilavasito memarliq hallorinds 6ziinti gostorir. Bu zaman
Qiillasi
(https.//en.wikipedia.org/wiki/Petronas_Towers)

-
T

osas xiisusiyyotlor kimi verilmis miihitin fiziki-cografi,
sosial-igtisadi, memarliq xiisusiyyatlori tizorinds va sifaris
xuisusiyyatlorine gora layiho tapsirigi hazirlanir vo bu tapsiriq osasinda konkret memarliq niimuns-
lorini tohlil edib layiho hazirlanir vo bu layiho praktikada hoyata kegirilir.

Yuxarida qeyd olunan memarliq miihitinin  miixtolif faktorlara gore sistemli
xuisusiyyatlorini tosnifatlandirdigda onun daxili vo xarici olmagqla iki osas hissaya boliirlor [6]. Hor
iki miihit elementloro vo onlarin funksiyalarinda goro qruplara ayrilir. Daxili miihit xiisusiyyatlori
struktur, tipoloji, miihitin memarliq lislublarina vo normativ talablora goro, xarici xiisusiyyatlor
soharsalma, fiziki-cografi, sosial-igtisadi vo naqgliyyat vo insan axinlar1 gostoricilori kimi tosnifat-
lagdirila bilar.
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—4] Struktur xisusiyyatlari
—4| Tiploji x@isusiyyatbr
—4| Sahasalma gostaridlori
—.II Fiziki-cografi xisusiyyatlari
—p" Sosiakiqtisadi gdstaricilar

—.II Nagliyyat va insan axinlar: iizra gostoricibri

—4I Normaftiv talablar izra xiisusiyyatlor

Miihitin memarhq @slublarina gora xasusiyyatlori

Memarhq niimunosi

Memarliq miihiti KEH

Mihitda yerlosmasi |

Ufiqi gostoricilori (dlcilor) |

Hacmi gistaridlari (dlg@lari) lh—
Zonalagma (ifdgi va hacmi) |P—
Martabalilik lk—

Ufiiqi va saquli rabitalar Jll—
Xarid naqgliyyat aunlan |k
Xarici va daxiliinsan axinlan |k—
Badii mazmun |k—

Uslub xiisusiyyatlari lki

Sok.3. Memarhqda sistemli xiisusiyyatlor

Qeyd edok ki, bu ciir boliinmo
doqiq sorhadloro malik deyil vo bir xiisu-
siyyotin elementi digor xlisusiyyotdo do
Oziinii gostoro bilor. Struktur xiisusiy-
yotlori kimi memarliq miihitinin togkil
edildiyi elementlorin konstruktiv, tikinti
materiallari, muhitdo olan maddoalorin
fiziki-kimyavi torkibinin nozors alinmasi
ilo yerlogsmasi va qarsiligl alagasi nozardo
tutuldugu halda, tipoloji xiisusiyyaotlor
dedikds memarliq miihitindo  olan
elementlorin memarliq tipologiyast ndq-
teyi-nozordon hansi tip bina vo qurgulara,
yaxud tikililors aid olmasi nozardos tutulur.
fkinci halda xiisusiyyotin elementi ov-
volkinin  elementlorinin  macmusundan
ibarat olaraq formalasir. Eyni ilo sohor-
salma, sosial-iqtisadi gostoricilorlo fiziki-
cografi xiisusiyyatlor do bir-birini tamam-
layaraq memarliq hollorinde kompleks
halda eyni zamanda nozoro alinmasi
lazimdir.

Memarliq miihiti vo niimunasi
arasinda birbasa vo bilavasito slagasi olan
xtisusiyyatlor do movcuddur [2]. Masalon,
daxili xiisusiyyotlorin hamist eyni za-
manda memarliq niimunssindo do movcud
oldugu halda, xarici xiisusiyyotlordon
fiziki-cografi vo noqliyyat vo insan
axinlart gostoricilori memarliq niimuns-
sinda istirak etmir. Bu memarliq niimuns-
sinin yuxarida verilmis toyinindon irali
golir. Eyni qayda ilo memarliq niimunasi
ilo memarliq miihitini miigayiso etsok bu
forqin daha ¢ox oldugunu gororik. Bels ki,
memarllq niimunasinin miihitdo yerlog-
mosi, Ufiiqi vo saquli rabitolor, xarici
naqliyyat axinlari vo iislub xiisusiyyatlori
memarliq miihitinin xtisusiyyatlorine daxil
deyil.

Memarliq niimunosini togkil edon elementlor onun hom memarliq planlagdirma, hom hocmi
foza vo konstruktiv-texniki strukturunu toskil edir. Bu elementlordon togkil edilmis yekun strukturu
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ohato edon xoyali “qilaf”, yaxud maddi xarici soth verilmis memarliq niimunasinin hacmini toyin
edir.

Memarliq miihiti {i¢iin ikinci xiisusiyyat hondosi xiisusiyyatlordir. Hor hansi bir miihiti
hondosi gostaricilori olmadan gavramaq miimkiin deyil. Moasalon verilmis memarliq miihiti
daxilindo olan yollar miihitin asas toskil edicilorindondir. O hom konkret hocmlor arasindaki
sorhadlori gostarir, hom do onlar arasinda rabitoni togkil edir, eyni zamanda memarliq niimunasinin
xarici xususiyyotlorindondir. Amma bu funksiyalar o zaman aktivlosir ki, tam noqliyyat sistemi
kimi baxilsin va insan vo naqliyyat axinlari ils birgs tohlil edilsin.

Beloliklo, yuxarida geyd edilon xiisusiyyaotlorin hor birinin memarliq layihslondirilmasi
zamani nozoro alinmasi zoruridir. Bu halda miixtolif formalarin alinmasi vo onlarin modifika-
siyalar1 informasiya texnologiyalarindan istifado zamani xeyli rahat olde edilir. Miiasir dovrde
informasiya texnologiyalarindan istifado edorok istonilon memarliq niimunosinin 3D modelinin,
onun memarliq miihitini, plan va fasadlarinin vo s. digoar memarliq sistem xiisusiyyatlorinin toyini
miimkiindiir

Naticda. Miiasir memarliq layiholondirilmasindo informasiya texnologiyalarinin tatbiqi ilo
olagodar rast golinon problemlor arasdirilmisdir. Gostorilmisdir ki, informasiya axinlarinin
coxalmasi fonunda layiholondirms ii¢lin zoruri olan informasiyanin sistemlogdirilmosi zoruridir.
Memarliq layihslondirilmosinds daxili vo xarici faktorlarin tasirini nazare almagq ti¢lin memarliq
miihiti vo memarliq niimunasi anlayislar1 daxil edilmis, bu anlayislar osasinda memarliqda sistemli
xtisusiyyotlor miioyyon edilmisdir. Memarliq miihitinin vo memarliq niimunosinin sistemli
xiisusiyyatlorinin va onlarin layihslondirme zaman qarsiligli slagalori miisyyon edilmisdir.
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ANALYSIS OF SYSTEMIC FEATURES OF ARCHITECTURAL ENVIRONMENT
BY VARIOUS FACTORS

A.A. ABDULLABAYLI

In this article, against the backdrop of increasing information flows of modern architectural design, an
analysis of systemic features on various factors is presented.

In order to consider the influence of internal and external factors were introduced the concepts of the
architectural environment and architectural samples, on the basis of these concepts, system features in architecture
were defined.

Key words: system analysis, architectural design, architectural environment, architectural sample.

AHAJIN3 CHCTEMHBIX OCOBEHHOCTEM APXUTEKTYPHOM CPE/IbI
11O PA3JINYHBIM ®AKTOPAM

A.A. ABAYJUIABEUIIN
B cBs3u ¢ yBenmueHHeM HH(POPMANMOHHBIX IOTOKOB COBPEMEHHOTO apXHTEKTYPHOTO MPOEKTHPOBAHH
MPEJICTABJICH aHAJIN3 CUCTEMHBIX 0COOCHHOCTEH ¢ yYETOM BIIHSHUS BHYTPCHHUX U BHEIIHUX (pakTopoB. BBemeHsb
TOHATHUS ApPXUTEKTYPHOW cpelbl W 00pa3lia apXWTEKTYyphl, Ha OCHOBE KOTOPBIX OIPEICICHBl CHCTCMHBIC

OCOOEHHOCTH.

Knrouesvie cnosa: cucmemmvlii ananus, apxumexkmypHoe npOeKmMuposanue, apXumekmypHas cpeod,
0bpaszey apxumexmypboi.
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YPABHEHUE MOJI3YYECTU BETOHA C HUCXO/JSIIENA BETBBIO
N PEHIEHUE PEJIAKCAIIMOHHBIX 3A/IAY HA EI'O OCHOBE

M.A. TAJDKUEB, I'.A. XAJIWJIOB®, C.M. AJIAEBA™

CymecTByIOIHE TEOPHH IMOJI3YYeCTH OEeTOHA B HEIWHEIHOM BapHaHTE BBIPAXKAIOT 3aBHCHMOCTH
nedopMannii OT HaNPsDKEHUH M BPEMEHH, MOATOMY HE CIIOCOOHBI OTpa)kaTh HUCXOJSIIYIO BETBBH JHa-
rpaMMBbl JeOpPMHUPOBAHUS TPU JITUTCIBHOM 3arpykeHur. OOBIYHO HHUCXOASAIIAs BETBb YUHTHIBACTCS
IIpU pacyeTe Ha KPaTKOBPEMEHHYIO CTaTHYECKylo Harpysky. /it omucaHust quarpaMMel ae)opMHpOBa-
HUsI OETOHA ITPU CYKATUH C HUCXOJSIICH BETBBIO MPEUIOKEHBI Pa3IMYHbIE 3aBUCUMOCTH.

B crathe KOHCTPYMpOBAaHO ypaBHEHHE HEJIMHEWHOW IMOJ3ydecTH OETOHA, KOTOpOE YYHTHIBACT
HUCXOJAIYI0 BeTBb. [loka3aHO, 4TO BONPEKU yCTAaHOBUBIIMMCS MHEHHSIM IPU HEJNMHEHHOI nonsydectu
K03(h(pUIMEHT peslakcanuy He 3aBHCUT OT HAa4aJbHOT'O HANPSDKEHMS, U OTOT KO3()(UIMEHT eanHCTBEH-
HBIN I JaHHOTO ypaBHEeHHs. KpoMe Toro, B cTaThe MpHBEICHA MIPOCTask OJHOMIAroBast METOIMKA pelIe-
HUSI CKOHCTPYHPOBAHHOTO HEJIMHEHHOTO YPaBHEHUS ITOI3YYECTH IIpH JTI000# (hopMe MepHI IOI3Y4IeCTH.

Knrwoueeste cnosa: 6emoH, nonzyuecms, mepa noazyuecmu, Kodgguyuenm noasyyecmu, Kod3gpuyuenm
penakcayuul, HUCXo0Audas 6emasb, NOJIHAS Ouazpamma.

Bce ypaBHeHUsT HEMHEHHOW HACIIEICTBEHHON MOJI3Y4eCTH OETOHA MPHU CKATUU YIHUTHIBA-
10T TOJIBKO BOCXOJISIIYIO BETBb JUarpaMmbl J1e(hOpMUpOBaHUS. ITO OOBICHIETCS TEM, YTO BO BCEX
CYIIECTBYIOINX HEJIMHEHHBIX YPAaBHEHUSAX TOJI3YYECTH OETOHA JaeTCsl 3aBUCHMOCTD JedopMaruii
OT HampspkeHu# [1-4], a a1 moiydeHusl 3aBUCUMOCTH C HUCXOJIAIICH BETBBIO HEOOXOIMMA 3aBHU-
CUMOCTb HampspKeHUs ot Aedopmanuid. J[eno B ToM, YTO B JUarpaMMax ¢ HUCXOJSIIEH BETBbIO IS
HEKOTOPBIX 3HAUCHUI HAIPsDKEHWH COOTBETCTBYET NBa 3HadeHHs nedopmarmid. [lostomy B ypas-
HEHUSIX HEeJIMHEHHOMN MOJI3y4ecTH MaTepualoB, B TOM YKciie U O€TOHA, B POJIM apryMeHTa JI0JKHA
BBICTYNUTH JAeQopMaliysi, IOTOMY YTO AMArpaMMbl C HUCXOZSIIEH BETBbIO OJJHO3HAUHO OIpejie-
JSIFOTCS TOJIBKO uepe3 AedopManuy nMpu KpaTKOBPEMEHHOM 3arpy>KeHHH; UMEHHO TaK M MOCTyma-
10T [5-11]. B cBoe Bpems FO.H.PaGotHoB [12] ypaBHEHHE MON3YyYECTH METAJUIOB MPEUIOKHUI KOH-
CTpyHpOBaTh B TaKOM BHJIE, KOTJa B JIEBOM YaCTH YpaBHEHHS BMECTO jAedopmanuu cTosyia Obl
dbyHKIHs oT nedopmari. EcTecTBeHHO, TpH Ha/IeKAIEM 1Moa00pe BUIa 3TOH (PYHKIIMA MOYKHO
MOJyYUTh YPAaBHEHUE MOJ3YUYECTH, YUUTHIBAIOIIEE HUCXOSAIIYIO BETBb. AHAJIOTUYHOE BBICKA3bIBa-
Hue umeercs u y A.B.boposckux [13]. [losToMy ypaBHeHHE HEIMHEWMHO HACIEJACTBEHHOM ION3Y-
yecTu 0eTOHA ¢ HUCXOIAIIEH BETBBIO CIIEIYET 3alMChIBATh CIETYIONMM 00pa3oM:

AsepOaiipkaHckuil YHUBEpCUTET APXUTEKTYpbl U CTpOUTENbCTBA
*%k o o o o
Anraiickuit 'ocynapctBennslii Texundeckuit YHusepcuret um. 1.1 .Ilonsynosa
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1e)=0,0- fo, )2 L e )

3[[60]: o, = f(Sb) YpaBHCHHC MTOJIHOM AuarpamMmmel € HI/ICXO,I[SIH_Ieﬁ BC€TBbIO KPAaTKOBPEMCH-

HOTrOo 1e(OpMUPOBaHUS OETOHA MPH CKATHH.
B nayuHO# nuTepaType NpeuIoKeHbl pa3InyHble aHAIUTUYECKHE 3aBUCUMOCTHU JUISl OIU-
CaHUs MOJHOM KPaTKOBPEMEHHOMN JHarpaMMbl, HallpUMep:

R/

< VYpaBuenue B.H.bailikoBa u ero coTpyaHuKOB [6]

2 3 4 5
€ € € € €
Gy =A —Z+ Ay | | +A |+ |+ A )
€r €r €r R €r
3necy A, 4,, A4,, A,, A; DKCIEPHUMEHTAIbHO YCTAHABIMBAEMBIE B 3aBUCHMOCTH OT
KJjacca 0eToHa Kod(ppuuueHTsl, &, = 0,002 ;

<& 3aBuUCHUMOCTS, TipesioxkenHas Espokogom [3,7,8]:
2
LB (%J
€ €
c, =R, .R—RS (3)
1+ (k-2)-~2
€r
b €
X OxcnoHeHIanbHoe ypasHenue ['.J1. Bumneserkoro [5]
G, =k R, =L exp _i.(g_bj (4)
€p m \ g,
3aech kzm; m=L U T.J.
R, Ink
A K03QPUIHEHT TTON3YIECTH ONPEAEISETCS CIASAYIONIIM 00pa3oM:
x E, (¢
o)=L 1 g o) cl) )
E, (T)

Haubonee pazBepHyToe BhIpa)keHHE MEPbI IPOCTON MOI3y4ecTH OeToHa ObUIO MPEI0KEHO
C.B.AnekcanapoBckuM [4]

C(t, t)=o(t) - F(t)- (ey'T - Az)— Alr)-e” a{t =) . (6)
daecn al0)="0e " AR=Ta, P p)= =20 g
i= i= 5

o9’ (t,7)

Beeng o6osnaueHue K (t, r) == HEPENHUIIEM OCHOBHOE YPABHEHHE IIOJI3y4ECTH
T
OeToHa B CIIEAYIONIEM BH]IC
t

[(es(t)=0,(0)+ Jo,(x)- K(t, ) de (®)

)

OTaHYHUTENFHOI 0COOEHHOCTHIO 3TOW 3aBHCUMOCTH SIBIISICTCS TO, YTO NP ¢ =, YpaBHEHHE
HEJIMHCWHOMW MOJI3YYeCTH aBTOMATUYECKH MEPEXOIUT B OCHOBHYIO 3aBUCHMOCTh KPaTKOBPEMEHHO-
To I[e(bOpMI/IpOBaHI/Iﬂ OcToHA C HI/ICXOI[SIH_Ieﬁ BeTBBIO. Hu B OIHOM IIPEATIOKECHHOM A0 CHUX IIOp
YpaBHCHUH MMOJI3YICCTU OeToHa TaKoM Nepexoa HEBO3MOXKCH.
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[Tocnennee BpeMsi B 3TOM HAampaBJICHWH WHTEHCHUBHO BBICTYIAET W3BECTHHIN yYECHBIH B
nmanHoU obOmactu mpodeccop P.C.CamxapoBckuii [14-16], HO B MpeIOKEHHBIX UM YPaBHEHHSX,
KaK U B TPAJUIMOHHBIX, JA€TCSA 3aBUCUMOCTD eopMaluii OT HANPSIKEHH, YTO 3aTPYAHSIET yUeT
HHUCXOJAIIEH BeTBbIO. UTOOBI MPOCIETUTH pPe3yIbTAThl, JOCTABIEMbIE 3TUM ypaBHEHHEM, pac-
CMOTPHUM HECKOJIBKO YAaCTHBIX CIy4aeB, JOMYCKAIOIUX aHAIUTUYECKoe pemieHue. [lomyctum, 4ro
paccMaTpuBaeTCs JOCTATOYHO 3peliblii 0ETOH, KOT/la U3MEHEHUEM MOJYJISl YIPYTOCTH BO BpEMEHU
MOYKHO TIpeHeOpedb W SIAPO MOJ3YYECTH Pa3HOCTHOTO THIA, T.€. PACCMOTPUM YaCTHBIA CITydai,
Korza KO3 UIMEHT NOJI3y4eCTH OMUCHIBACTCS MTPOCTHIM BbIPAKECHUEM BU/JIA:

¢ (t1)=0(t—1)=0, (1-exp-y-(t-1)) . 9)
HpI/I TOM H,[[pO HOJ'IByLIeCTI/I HpI/IMeT BHU/:
K(t,1)=K(t—1t)=g,-v-exp-y-(t-1)) . (10)
Tor/:[a OCHOBHOC ypaBHeHI/Ie HOJ'I3y‘-ICCTI/I HpI/IHI/IMaeT BHU]JT
t
fley(@))=0,6)+v-0y-e ™ [o,(t)-e 7" dr . (11)

l
[IpomuddepenurpoBas nociueaHee ypaBHEHHE OJUH pa3 MO BPEMEHHU {, CIIOKUM MOYJICH-
HO ¢ ypaBHeHHUeM (10), yMHO)KEHHBIM Ha ) , ¥ TIOJYy4YuM clieayromuii nuddepeHmanbHbi anaaor
UHTErpaibHOro ypaBHenus (11):

/fs(gb(t))' éb(t)"' Y- f(gb(t)) = éb(t) +7v- ((Po + 1)' Gb(t)' (12)
DT0 ypaBHEHHE JOJDKHO YIOBICTBOPATD NPH ¢ = ¢ CIICIYIOLIEMY Ha4albHOMY YCIOBHIO:
c,(t)=f(e,(1)) (13)

B nonyyennom ypaBaennu (12) ymoOHee nepexoauTh K 6e3pasMepHOMY BpeMeHH 0 =17 ¢,

TOraa AaHHOC ,I[I/I(I)(bepeHL[I/IaﬂI:HOC YpaBHCHHUEC U COOTBCTCTBYIOIICC HAYAJIbHOC YCJIOBUC MOKHO
3a1umucaTtb B BUJC

(€, (0))-£,()+ f(€,(0) = 5,(6) + (¢, +1)-5,(6) , (14)
Gb(eo):f(gb(eo)) . (15)
Taxk kak moydeHHoe nuddhepeHnranTb-HOe ypaBHEHUE MTOI3YyYeCTH O€TOHA JIMHEHHO OTHO-

CUTEIIbHO HANPSHKEHUM, OHO JIETKO PEIIaeTCsl OTHOCUTENBHO HaNpshkeHU. PemuB ypaBHeHue,
HanuIéM:

Gul1)=0yltg) - e 1 (e, (0) £, 0) + e (@))] €™ do. (16)

C npumenenueM (16) paccMOTpuUM  HEKOTOpble  3amaud  penakcauuu. [lpu
e,(0)=¢,(0,)=¢,, u3 (15) cnenyer, uro c,(0,)= f(&,(0,))=0,, = const, u noromy uz (16) ms
IPOCTOM peslakcalliyi UIMEeM ypaBHEHHE:

Gb(t)z C’b(to)'e_(q)oﬂ)e + c’b(to)'e_((pO +1)0 '?e(%ﬂ)wd@-
0

Brinmonuus HHTCTIpHUPOBAHUC, Haﬁ)leM

! ~(gp+
Gb(t):cb(0)~[(p0-e o101 1] (17)
¢, +1
Otcroma st koahduIMeHTa petakcauy HailIeM BhIpaKeHHE
~(go+1)0
o\t e +1
py(1)=22t)_ 90 : (18)
o(t6) @, +1

OTnuunTenbHON 0COOCHHOCTHIO TTOTYYEHHOTO BBIPAKEHHS SBISETCS TO, YTO MPU HEITMHEH-
HOH moI3ydyecTd Ko3(p(puimenT penakcanuy He 3aBHCUT OT HadalbHOTO HanpsbkeHus. Kpome toro,
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1

¢, +1
cllyyae CIIOKHOW peJlaKcaluy, T.€. MPH U3MEHEHUH Je(OpPMALMU TI0 33JJaHHOMY 3aKOHY, M3Y4YUM
noBeneHne kodpdumenTa penakcauu. [Iycts gegopmarnmst cxatus OETOHAa U3MEHSETCS 110 3aK0-

B

npu HpOCTOﬁ MOJIBYy4CCTH NPEACIIbHOC 3HAYCHHUC KO3(I)(I)I/IL[I/ICHT3 peiiakcaniuu P, (OO)=

ny &,(0)=¢g,- l+ﬁ . s QyHKIUM KpaTKOBPEMEHHOTO 3arpyKeHHs IpUMeM JIpOoOHO-
—+ .
paIMoHaIbHYIO (dhyHKIHIO, PEKOMEHIOBaHHYIO EBpoxomom 3). [Tpu TOM
2
k—z-gb—(k—z)-[sbj
R, €r €p
Je=—"" > U KO(PPUIHUEHT pelaKcaluu ONpeAesseTcs U3 CIEAYIONIEero
€p e
[1 + (k- 2)-1’}
€r
paBeHCTBA:
0)  _(grnp, e ™ 0 (00 + o
P (9):i=e W S [ D(w) e N dw . (18)
’ Gb(eo) Gb(eo) 0
3nech
(@) ()] () _(e©)
) k_z.ebw_(k_z).[ewa o k.w_[ebwj
. € € -5 € €
R e S e S R B
S A AC) +:0 1+ (6-2)

€
€x R

AHaTUTHYECKOE BBIYHCIICHUE INOJTYUYCHHOI'O BBIPAXKCHUA 3aTPYAHUTCIILHO, ITIO3TOMY K BbI-
YUCJICHUIO B paCcCMaTpuBa€MOM Cliydac KOB(I)(I)I/ILU/ICHTS. peirakCauu NpUMECHHUM YHUCJICHHOC UHTC-
T'pUpOBaHUC, AJIA 4€TO OTPE30K MHTCIPHUPOBAHUA M € [0, 9] pa306BCM Ha MMOABIHTEPBAJIbl TOYKaAMH

®,=0; ©=0,;...; 0,_,=0,_,; ,=0;;...; o,=0. Torma g xko3pdunueHTa penakcanuu

MIOJIyYUM YpaBHEHHE:

Pon (en): e—((p0+l)-9n +e—' Iq)((D)-e(‘Po +1)'wd(0+

Gb(eo) ®9
e U}Z(D() (90 +1)o 4 e e Usz(D() (90 +1}o
— o) e do+ -+ ——- ®)-e® " do + 20
Gb(eo) o) Gb(eo) oy (20)
e (9o +1)8, o,
ot ) (I)(oa)-e(%”)'“’dm

Gy (60) ®y 1
JIsiss BBIYMCTICHUS] 3TUX HWHTETPAJIOB NMPUMEHHUM TPABUIIO TIEPEMHOKECHHS DITIOP, IMHUPOKO
HCTIONIb3YEMOE B CTPOMTEIHHOW MEXaHUKE CTEP)KHEBHIX chucTeM. Ilpm 3ToM B mpemenax BBIOpaH-
HBIX PACYCTHBIX YH4aCTKOB U3MCHCHUC IMOJBIHTCIPAJIbHBIX (I)yHKLII/Iﬁ AIlIMPOKCUMHUPYEM JIMHEUHBIMU
q)YHKI_[I/IHMI/I, TOrAa Ijid BBECACHHBLIX MHTETPAJIOB Ha OCHOBAHHHU IIpaBHJIa NEPEMHOXCHUSA OSITHOP
MOJXEM HaIluCaThb:

J; = ?q)(@)‘e(%ﬂ)wdw:—wi _6®i71 '[2-(13(031‘)‘6((%”)&' + 2'q)(®i—1)'e(¢o+l)mi_l +
o 21

+ q)(mi)’ e(% Yo + (D((Difl)' el +1}“’i]
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Ha ocHoBanumu IMOJIYYCHHBIX 3aBUCUMOCTEH JJI1 TIEPBBIX HECKOJIBKHX 3HAUCHUU KOB(I)(I)I/I-
MUCHTA pellaKCallul NMCEM!

Mo 0,20 py,(0,)= €™ =1

ITpu 6 =0,
(<P0+1)91
R T 9 -0 o ()0,
pb(el) e + Gb(O) 5 [2 (I) +
+2:0(0,)-e @ L (0,)-e @ 1+ (o, ) e (<p0+1)e]
HpI/I 9 = 92
—(‘Po"'l)'e e e
0,)= (o +1)0, 4 € 2. q) (‘Po+1)91
pb( 2) e + Gb(e ) 6 [ +
+2. (D(e ) ~ (o +1)0, +(I)(9 ) ~ (g +1)}8 +(D(e ) — (o +1) 91]+
o (00 1)0; 6, -6, [2 (0 o (0010 | o ®(0,)-¢ ~(o0+1)9;
Gb(e )
+(D(e ) ~ (o +1)8; +(D(9 ) — (o +1)0, ]
HpI/I €:€3
o (90 +1)6s
— ¢ (0010 9 — 0, o~ (90 +1)0)
pb(e3) e +Z Gb(e) p [2 q) +

+2. CD(O ) (‘Po*l)eo + CD(O ) (‘Po*l)eo + CD(O ) (‘P0+1 91 ]+

N e (9o +1)6; 62 G

[2 (D(e ) —(go +1)6, +2. CD(O) ~ (9o +1)6, +

Gb(e ) . 6

+CD(9 ) — (g +1)0, +CD(9 ) (‘Po+1)92]+

. e — (@ +1)85 ‘ 9 [2 (I) ((p0+1)93 +2. (D(e ) — (g +1)0, +
Gb(eo) 6

+ @(93 ) e (% +1)0, + (D(ez ) e (% + 1)93 ]

U T.0. JlaHHBINA aNropuUTM BbIYKCIIEHUS K03 duimenrta penakcanuu jgerko nporpammupyercs. Ha
anroputmMudeckoM s3bike Turbopascal ABC cocTaBiieH mporpaMMHBIA MOJYJb, PEATH3YIONIUI
BBIUMCIIUTENIBHBIN Iponiecc. B Takoil (oopme MeTox sABISETCS MHOTOLIATOBBIM, T.€. JUIS BbIUMCIIE-
HUSI 3HAUCHUS KO3 PULIMEHTa peslakcaluy TpedyeTcs 3allOMUHaHNE 3HaYeHUsI HCKOMOTO IapaMeT-
pa BO BcexX IMpPEeAbIIYyIIMX MOMEHTaX BPEMEHU. Y0OHEee NMPUMEHEHHE PEeKyppEeHTHON (OpMyIIbl
BBIUHUCIICHUS KO3(ULMeHTa penakcaluy. 3aruileM BbIpakeHUs Kod(p@UIMeHTa perakcaluu s
JBYX CMEXHBIX Oe3pa3MepHbIX MOMEHTOB 0 =0, , u 0=0,:

Gh(e ) ~(po+1)6,_, e_(("“Jrl)e"’l 0

P =p(0, )=

_ (‘Po"’l)‘”
—e + - | Dlw)-e do
Gh(eo) Gb(eo) 0 ()
9) (o +1)8; e_(%H)G 81 +1}o
P =p,(6,)= ol e Ll () do +
’ (9 ) Gb(eo) 0
kil [(0)- e do
cb(eo) 0,
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4 k] CpPpaBHCHUSA OTUX BI:Ip&)KCHI/IfI nmojrydacm, 4To

~(¢o +1)8; 0. -0,
*(¢o+1)(ei*9i-1)+e i i-1 -[2-(13(91-)'6(%”)'61 +

Op (90) 6 (22)
+2. q)(e,»,l)' e(‘Po +1)0,_, + q)(el) e(‘Po +1)0,_, + q)(eifl)' e(%Jrl)el ]

Borunicnenne mno (22) sBasercs

P;i=pPi-1-€

OJHOIIArOBbIM, T.K. I IPOAOJIKEHUS 12
penieHus TpeOyeTcs 3allOMUHAHHUE pellle-

-

HUA TOJBKO B npe,um,uymnﬁ MOMCHT Bp¢C-

o o
o [

MEHH, YTO YAOOHO IpH OpTaHU3aIUU BbI-

KO3 pUUMEHT penaKcaumm

YUCIIATEIBHOTO TIPOLIECCa. 0a \\
[IpoBeaeHHBIE BBIYUCIIEHHS MTOKa- 0 \
3aJId, YTO NPU KOHCTPYMPOBAHHUE ypaBHE- : !
HUs noyzydectd B opme (8), Koapdu- %o 02 04 0§ 08 1 12 14 16
LUEHT peJaKkcallid HapsLKeHUH U B TIPO- Bespasmeptioe spema
CTOH, U B CJIOKHOM peJlaKCalnsIX HE 3aBU- Puc.l. H3menenue kod3ppuyuenma penaxcauuu 60 epemenu

CUT OT HAYaJIbHOTO HAMpPSKEHUs, YTO
ABJIIETCS HOBBIM pesyinbraToM. Hampumep, Ha puc.l npu €, =0002; R, =17 Mlla;
E, =32500MIla n & =20 npencrasieH rpaduk u3MeHEeHUs Kod(pPHUIMEeHTa pelaKcaluyi BO Bpe-
MEHH.

Paccmotpum Gomee CIIOKHBIN Citydaid, KOT/ia Mepa MPOCTOW TOJI3ydecTH OeToOHa amnmpoK-
cumupyetcs no C.B.Anexkcanapockomy [4] (6), Torna Ko3QPHUIMEHT MON3YyYECTH, BXOASAIMUNA B
OCHOBHO€ MHTETPAIbHOE YPaBHCHHE HEIMHEHHOW TMoy3ydecTH (8), 3amuimeTcs CIeayonM oopa-
30M:

o0 7)= i((?) 14 B Clo )= 58 14 By (0)-00)= B0 FO)- e — ) B,0)-ale)- e

Ha ocuoBanuu storo miss K (t, 1:) uMeeM

_09'(6,1) _ E,(0)-E,(7) oC(t,7) _
Kle, o) = -1 o - B(0)- =

E (t)E , . , colior
B 0 g0 e B0 FO)+ B E s
JIJsl 9MCIIEHHOTO pEelIEHUsI MHTETPAIBbHOIO0 YPAaBHEHMsSI 3alMIlIeM OCHOBHOE HEIMHEHHOE

YPaBHCHHUC MOJ3YUCCTHU IJIA IBYX CMCKHBIX MOMCHTOB BPEMCHHU ti -1 Hu ti .

t

f(sb(ti—l))zcb(ti—l)+ iIIGb(T)'K(t» T)dT

ty

I
f(gb(ti)): Gb(ti)+ [ Gb(T)'K(t’ T) du+ IGb(T)‘K(f, T) dt
ly tiy
U3 cpaBHEHHS TUX JBYX PABEHCTB HMEEM

f(gb(ti)):f(gb(ti—l))+6b(ti)_Gb(ti—l) + }Gb(T)'K(t’ T)dT

i1
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0,000045
0,00004
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0,000025 \\

0,00002 N
0,000015 AN
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0,00001

0,000005 e

0
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Puc. 2. I'pagpuku uzmenenus gynxyuii
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Puc.3. I'paduk usmenenus modyna depopmavuii 6emona £ (l‘ ), (MPa) 60 epemenu t, (cymlcu).

Brrunciaus ).'[aHHLIﬁ HUHTETpaAJI IO MpaBUIly ICPEMHOKCHUA IITIOP, UMCEM

f(gb(ti)):f(gb(ti—l))+cb(ti)_ Gb(ti—l) +
/B ~[Gb(ti)-(2K(ti,ti)+K(ti,ti_l))+ ot 1)kl )+ K(ti,ti))]

6
PemmB naHHOE ypaBHEHHE OTHOCHUTENIBHO HAIPSKEHUN, HAWIEM

{1_ (e '[ZK(t,-,l,-—1)+ K(ti’ti)]}.cb(ti—l)-i-f(gb(ti))_f(sb(ti—l))
Gb(ti):

L=l

i

(23)

1+ k(e 6)+ k()]
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[TpOMSIFOCTPUPYEM PELIEHNE PENTAKCAIIMOHHBIX 33714 MIPY CIEAYIOIINX JaHHbIX [4]:
Ar)=[112+340-e 2 |10 (Miza) ",
o(t)=[245+100-¢ 0 + 4326975 _360.¢ % | 10° (MiTa) "
y=002; 4,=085; a=5; E()=E-(1-ge™); £=0575; p=0072
A(), (MPa)™; o(t), (MPa) " w F(t), (MPa)":1- At): 2- olt); 3- F(z).

Z[J'ISI HarjsiAHOCTH Ha pHC. 3 JaHbl rpa(bnquKI/Ie HWIUIIOCTpAal U3MCHCHHUS BO BPECMCHU I1a-

PaMETpOB NOJNI3y4ECTH A(t), (D(X) ul’ (t) u Moy nedopmanun Ly (t) BO BPEMEHH.

1,2
1 ‘

0,8 \

0,6 \

o \

0,2 —

0 10 20 30 40 50 60 70

1 2

Puc.4. H3menenue kodyppuyuenma penaxcayuu 6o epemenu: 1 — npu uzmenenuu mMooyna oegpopmayuu u
npounocmu 6emona 60 epemenu; 2 — npu ROCMOAHHOM MOOyJie dehopmayuii u npouHocmu demona.

C npuMeHeHueM NpeI0KeHHON METOIUKH MTPOBEICHBI COOTBETCTBYIOLIUE BBIYUCICHUS 1
Ha puc.4 moctpoeHsl rpadpukn ko3 ¢uimenTa penakcanuu. [IpoBereHHBIE BBIYHCICHHS 37€Ch
TaK)Ke MOKa3ajiu, 4T0 KOA(PUIIMEHT pejaKcalii He 3aBUCUT OT HAYaJIbHOTO HAMpPSKEHHs U Mpell-
JIOKEHHBIN YUCIIEHHBINA aJTOPUTM UMEET BBICOKYIO TOUHOCTD, JJaXKe MPHU KPYIHBIX LIarax UHTErpu-
pOBaHMsL.
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ASAGI ENON QOLU OLAN SURUNGONLIK TONLiYi VO ONUN OSASINDA
RELAKSASIYA MOSOLOLORININ HOLLI

M.O. HACIYEV, H.A. XOLILOV, S.M. ALAYEVA

Betonun sixilmada movcud sriinganlik nazariyyslarinds qeyri xatti variantda deformasiyanin gorginlik va
zamandan asili olaraq doyigmasi verildiyi {i¢lin uzunmiiddatli yiiklomods deformasiya diaqraminin asagi enon
golunu aks etdira bilmirlar. Adaton asagi enan qol qisamiiddatli statik yiiklomalards nozars alinir va asagi enan
golu da 6ziindo 10ks etdiran diaqramlarin tosviri tigiin miixtalif analitik ifadslor toklif olunmusdur.

Bu moqalodo deformasiya diaqraminin asagt enan qolunu da nazors alan betonun geyri xatti siirtingonlik
tonliyi konstruksiyalandirilmig vo gostorilmisdir ki, miioyyon olunmus fikirloro zidd olaraq qeyri xotti
stirlingonlikds relaksasiya omsali baslangic gorginlikdon asilt deyildir vo her bir siiriingenlik tonliyi ticlin sado vo
miirokkob relaksasiyalarda bu omsal yeganadir. Bundan bagsqa moqalods toklif olunmus siiriingonlik tonliyinin
halli iiciin siiriingonlik meyarinin ixtiyari formasinda sads biraddimli metodika toklif olunmusdur.

Acar sozlor: beton, siiriinganlik, siiriinganlik meyari, siiriinganlik amsali, relaksasiya amsali, asagi enan
qol, tam diagram.

EQUATION OF CONCRETE CREEP WITH THE DESCENDING BRANCH
AND SOLVING RELAXATION PROBLEMS BASED ON IT

M.A. HAJIYEV, H.A. KHALILOV, SM. ALAEVA

The existing concrete creep theory in the nonlinear version expresses the relation between stress-strain
and time, therefore it is not able to reflect the descending branch of the stress-strain diagram for prolonged load
cases. Typically, the descending branch is taken into account when calculating on a short-term static load, and to
describe the stress-strain diagram of concrete in compression with the descending branch offered various
dependencies.

This article is designed an equation of a nonlinear creep of concrete, which takes into account the
descending branch and shows that, contrary to established opinion in nonlinear creep relaxation factor does not
depend on initial stress and the only factor to this equation. Also the article shows a simple one-step procedure for
solving a nonlinear creep equation constructed in any form of creep measures.

Key words: concrete, creep, creep measure, creep factor, relaxation factor, descending branch, complete
diagram.
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AZORBAYCANDA SAHIBKARLIGIN MALIYYOLOSDIRILMOSININ
YENI MONBOLORI

Q.S. SULEYMANOV", R.H. QARAYEV", S.A. MOMMODOVA"

Olkomizdo sahibkarliq foaliyyatinin somoroli toskili vo idaro edilmosi onun maliyys tominatinin
yaxsiladiriimasini taleb edir. Bu isa dlkomizds sahibkarliq faaliyystinin maliyys tominati problemlarini
vo onun inkisaf perspektivlorinin miioyyonlosdirilmasini aktual edir.

Bu magsadls, maqalads 6lkomizds sahibkarliq fealiyystinin maliyys tominatinin yeni menbalari
todqiq edilir vo elmi cohatdon asaslandirilir. Eyni zamanda bu istigamotds diinya tacriibasi dyranilir.

Mogqalonin sonunda 6lkomizdo sahibkarliq fealiyyotinin maliyys tominatinin yeni monbalori toklif
edilir vo onun iqtisadi naticalori verilir.

Acar sozlar: sahibkarliq, maliyya, miiassisa, manfaat, rogabat, bazar.

Giris. Miiasir sahibkarligin davamli inkisafinin tomin edilmasi Azarbaycanin sosial-iqtisadi
inkisaf strategiyasinin reallasmasinin osasidir. Ciinki bu proses, innovasiyali vo somorali igtisadiy-
yatin xarakterinin osasidir. Professor A.S. Pelix diizgiin qeyd edirdi ki, tosorriifat subyektlorinin 6z
togobbiisiinii vo yaradiciliq gabiliyyatlorini gostormok iiclin daha ¢ox imkani var, belo inkisafda
potensial vo faktiki noticolor arasinda forq azdir. Iqtisadi artimin tomin edilmasi iigiin innovativ
yeniliklorin tosorriifat sahasino daxil edilmosinds siini mohdudiyyastlor verimliliyin azaldilmasina
gotirib ¢ixarda bilor [2,3,4,12,13,14,15,16,18,19].

Sahibkarliq bazar vo rogabot elementlori vasitosi ilo tosorriifat subyektlori arasinda inkisaf
strategiyasinin hazirlanmasi, olagolondirilmosi mexanizmini yaradir, yeni perspektiv istehsalin
monimsanilmasini tomin edir, idxal vo ixrac kapitalinin inkisafina, milli igtisadiyyatda agiqligin
artirlmasina, marketing foaliyyotinin inkisafina komok edir. Sahibkarligin sorbostliyi va
miistaqilliyi tasorriifat subyektlorinin miihiim slamatlorindon biridir [8,9,17].

Respublikanin iqtisadiyyatinda istehsal sahibkarligi sahasindo do emal sonayesinin rolu vo
ohomiyyati ilbail artir. 2011-ci ilin yekunlarina gors, sonaye miiossisalorinin timumi sayimnin 72%-i;
isloyanlorin 52,4%-1 vo osas istehsal fondlarinin 1,3% -i emaledici sonayeds comlogib. Amma
istehsal olunan hasilat mohsullarinin hacminin pay1 ilo miigayisads, timumilikdo sonayenin bu
sahoasinin azalmaga meyil géstormasi miisahids olunur [1].

Sahibkarhgin inkisafi iizra tadbirlor layihasi. Azorbaycan Respublikas1t hokumati 6lkads
sahibkarligin inkisafi ti¢iin ardicil todbirlor hoyata kegirir. Bu zaman biznes miihitinin daha da
yaxsilasdirilmasina xiisusi 6nom verilir, sahibkarliga dovlot dostoyinin giliclondirilmosi, maarif-

* Azorbaycan Dévlet Neft vo Senaye Universiteti
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londirmo foaliyysti, qanunvericilik bazasinin tokmillosdirilmosi prosedurlarin sadslosdirilmosi,
saglam rogabatin tomin edilmasi, bizneso baglamaga yardim kimi todbirlor hoyata kegirilir. ©On
vacib addimlarin vergi mexanizminin tokmillosdirilmasi, 6doma prosedurlarinin asanlagdirilmasi,
vergi yiikiinliin azaldilmasi, vahid molumat reyestrinin yaradilmasi, ixrac-idxal omoliyyatlarinin
rosmilogdirilmasi prosedurlarinin sadslosdirilmasi, sahibkarliq subyektlorino giizostli kreditlorin
verilmasi {izra atilmasi nozords tutulur. Olka rohbarliyi garsisina - Azarbaycanin UDM istehsalinda
0zal sektorun payini artirmaq, kicik vo orta sahibkarligin ixrac potensialinin artirtlmasinda rolunu
artirmaq, milli iqtisadiyyatin yenidon strukturlasdirilmasi vazifolorini qoyub. Eyni zamanda, yeni is
yerlorinin yaradilmasi probleminin holl olunmasi dévlat {igiin ¢ox aktual masalolordondir. Kigik vo
orta sahibkarliq sektoruna dévlot dostoyi Azorbaycan Respublikasi Igtisadiyyat Nazirliyinin
dostayi ilo hoyata kegirilir. Onun yaninda informasiya morkozi yaradilib. O, sistemli qaydada
sahibkarligin inkisafina dovlot dostoyinin hoyata kecirilmosi {izro foaliyyotin stimullagdirilmasi
liclin yaradilib vo somaraliliyinin artirilmast maqgsadi ils kigik vo orta sahibkarligin dostoklonmasi
liciin todbirlor hoyata kecirir. Istehlakgilarin hiiquqlarmin miidafissi, giizostli kreditlosdirilmosi
sahasindo vo digor istiqgamatlords sahibkarlara informasiya dostoyi gostorilir [5,6,7].

Ixracin stimullagdirilmas: iiciin iso ixracin vo investisiyalarin (Azerbaijan Export and
Investment Promotion Foundation, AZPROMO) dostoklonmaosi iizro ddévlet fondu movcuddur.
Fond 2003-ci ildo Azarbaycan Sonaye vo Iqtisadiyyat Nazirliyi torofinden dlkenin iqgtisadi inkisafi
liclin xarici investisiyalarin calb olunmasi hesabina iqtisadiyyatin geyri-xammal sektorlarina vo
ixracin stimullagdirilmasia calb olunmasi mogsadi ilo yaradilib. Fond Azorbaycan mohsullarinin
keyfiyyat soviyyasinin yiiksoldilmasi tigiin sahibkarlarla omokdasliq edir, xarici investorlarin miix-
tolif saholors investisiya qoyuluslarini hoyata kegirmolori iicin  birliklor, beynalxalq ticarot
agentliklori ilo omokdasliq edir vo todbirlorin, goriislorin toskili ilo masgul olur .

Azerbaijan Investment Company bir qurum deyil. Bu sirkot Azorbaycan prezidentinin
forman ilo yaradilib. Osas moagsad yerli vo xarici investorlar torofindon investisiya qoyuluslari
vasitasilo igtisadiyyatin geyri-xammal sektorunun inkisafinin dostoklonmasidir. Investisiya qoyu-
lusunun prioritet istiqgamotlori: kond tosorriifati; alternativ enerji monbalori; yeyinti sonayesi; sonaye
istehsal; IT va telekommunikasiya; logistika va naqliyyat; turizm.

Fondun osas prinsiplori sirasina bir ¢ox miihiim amillor daxildir. Bu prinsiplor iqtisadi
inkisafin artiminin tomin edilmasi yolunda dovlstin maraqlarini miidafio etmakls yanasi sahibkarliq
foaliyyatinin do inkisafina 0z tosirini gostorir.

Bakida todris-tolim morkozi (Baki Biznes Tadris Morkozi, BBTM) do foaliyyot gostorir. Bu
morkoz sahibkarlarin tadrisi lizro morkazlorin faaliyyatinin tokmillagdirilmasi magsadi ila 2007-ci
ildo yaradilmigdir. Moarkoz tolim kegirir vo Bak1 vo regionlarda yeni is yerlorinin agilmasi sahasindo
innovasiyalar sahasindo maslohat xidmatlori gostorir, movcud miiassisalorin foaliyyatinin dostok-
lonmosini hoyata kegirir.

Sahibkarliga Kémok Milli Fondu sahibkarligin dostoklonmasi (ANFES) sahosinds on mii-
hiim qurumdur. 1992-ci ilds yaradilmis Sahibkarliga Kémok Milli Fondu 6lkads sahibkarliq foaliy-
yotini ilk dofo maliyyalosdiron qurumlardan biri olub. Fond 2002-ci ildon Iqtisadiyyat vo Senaye
Nazirliyinin himayasi altinda foaliyyot gdstorir, osas maliyyo giicli miixtalif aqrar layiholorin hoyata
kecirilmasi, 6lkods regionlarinin sosial-igtisadi inkisafi proqrami ¢orgivasing cevrilib. Xiisuson,
fondun ayirdigr biitiin vosaitin dorddo iic hissosi regionlara payina diisiir, bu halda fermer
tosarriifatlarina vo kond tosorriifatt mohsullari emalgilarina toxminon 80% giizostli borc verilmisdir.
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2011-cu ilde fondun xotti ilo Gimumi doyori § 168 mln. moblogindo 1643 investisiya layihasi
maliyyalosdirilib. Sahibkarligin dostoklonmasi istiqgamatlori:

1. Kond tosarriifati mohsullarinin istehsali: Yenidon qusculuq tesarriifatlarinin yaradilmasi
vo ya; Iri bitkicilik tosorriifatlarinin yaradilmasi; Uziimgiiliiyiin inkisafi; Istixana komplekslorinin
yaradilmasi; Baggiliq; Sitrus meyvalarinin yetigdirilmasi ¢ay plantasiyalarinin inkisafi.

2. Miiasir texnologiyalarin totbiqi ilo rogabat gabiliyyatli vo ixrac liclin nozords tutulan
mohsul istehsali: Meyva va torovoz istehsali; Corok miiassisalori; Ot vo ot mohsullart sexlori,

3. Miiasir soyuducu komplekslarin yaradilmasi.

4. Kigik sahibkarligin inkisafi. Ohalinin qadinlarin, gonclorin calb edilmasi yolu ilo sahib-
karligin inkisafi.

Fond maliyyslogmasini proqramlari iizra ii¢ kreditlogsmo formasim toklif edir: Kigik kredit,
50 min manata godor 36 ay miiddotas; Orta kredit, 500 min manata qoder 60 ay miiddoto; Iri kredit,
10 mIn. manata qodar 120 ay miiddata.

Dostok ¢orgivasindo xiisusi iqtisadi zonalarin vo sonaye parklar sistemi do foaliyyat gos-
torir. Miiossisolor arasinda ticarat {igiin elektron portal yaradilib, portal ii¢ dili dostokloyir:
Azarbaycan, ingilis, rus.

Digor torofdon kapitallasma saviyyasi Azorbaycanin geyri-neft sektorunda 13 faiz toskil
edir, halbuki bu gostorici diinya iizro orta hesabla 40-50 faizo catir. 1995-96-ci illor dovriindo
iqtisadi partlayisa sobab olan, 6lkads neft sektorunun kapitallasmasi 400 faiz idi, amma bu, xarici
investorlarin hesabina tomin edilmisdi. Real diversifikasiyasini tomin etmok {i¢iin bagqga maliyya
monbolori axtarmaq lazim golirdi. Bank sektoru belo alternativ monbalorindon biri ola bilordi.
Igtisadi partlayis dévriindo bank sektoru har il iqtisadiyyatda olan kapital qoyuluslarnin 50-70
faizinin kreditlogdirilmasini tomin edorak iqtisadi artimin tomin olunmasinda miihiim rol oynayir.

Sahibkarhgin maliyys tominati. Beynolxalq kapital bazarlarinda Azorbaycan banklar
torafindon sahibkarliq foaliyyatina boyiik kredit resurslar1 calb edilib. Bu maliyyslosdirms manbas-
lorinin sabitlogmasi diinyovi proseslor ilo olagodar olaraq hor giin miisahido olunur, ¢iinki xarici
maliyya institutlar1 6z problemlarinin halli ilo mosguldurlar. Bunun fonunda, Azarbaycan banklari
ehtiyatlarinin shomiyyatli hissasini ddayiblor, amma bu giin daxili ehtiyatlarinin artmasi miisahido
olunur. Umumiyyatla, iqtisadiyyatin saxolondirilmasi siyasoti aktiv maliyyslosma olmadan miim-
kiin deyil [12].

Igtisadiyyatin qgeyri-neft sektorunun inkisafi {iciin sahibkarliga komok Milli fondunun
kifayot qodor resurslari yoxdur vo buna gors do banklar bu proseso daha foal qosulmalidirlar. 2010-
cu ildon Milli Fondun biidco maliyyslosdirilmasinin azaldilmas: miisahide olunur. Buna gors do,
yeni maliyyo monbolori axtarmaq lazim golir. Bununla yanasi, SKMF-nin illik portfeli 280-300
milyon manata gatir. Kreditlorin bdyiik hissasi avvallor verilmis vosaitlorin qaytarilmasi hesabina
verilir. Bundan basqa, yeni qaydalara asason SKMF homginin digor monbalordon vasait calb eda
bilor. Digor torofdon, hazirda sahibkarligin 6zlintimaliyyslosdirma prinsipine kegmosi {igiin fondun
foaliyyati gliclondirilir.

Qeyd etmok lazimdir ki, bu giin 6lkads digor maliyys institutlarinin kapitallagma soviyyasi
demok olar ki, yox soviyyasindadir. Bu giin Azarbaycan investisiya sirkoti 90 milyon manat mab-
laginds kapitala malikdir. Qeyri-neft sektorunun payinin artirilmasi ticiin hokumat sahibkarliga,
aqrar sektora dostoyini verir ki, ASK-nin subsidiyalasdirilmasi hesabina kond tosorriifati texnika-
sinin alinmasi, giizostli kreditlorin alinmasi istiqgamotinda 6z siyasatini davam etdirir. Umumilikda
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geyri-neft sektoru sahibkarligin hazirki inkisafi vo golocok iqtisadi inkisafinin prioritet istiqa-
motidir.

Iqtisadi qeyri-sabitlik soraitindo hékumot iqtisadi dayanigsizlign horokoto gotiron yeni
foaliyyato baglamis sahibkar vo sahibkarliga tez-tez nozarlorini yonsldir. Comiyyastin asas problemi
igsizlik olduqda, dovlat ilo sahibkarliq saylarini birlosdirarak sahibkarliq keyfiyystlorinin inkisafina
komok etmolidirlor. S6hbat elo modaniyyat gedir ki, gonclor risk etmayo, yeni miiassisalori tasis
etmayo, yeni ig yerlorin yaradilmasina vo masuliyyati 6z {izorina gotiirmaya stimullasdirsin.

Cadcal
Azarbaycanda miiassisalorin maliyya monbalari (mln manatla) [1]

Istigamot 2013 2014 2015
Investisiya 5370 6040 7500
Emal sonayesi 847.9 861.2 888.,9
Xarici olanlar 0.2 0,1 0,2
SKMF-in xatti ilo kreditlor 138 218 275
Lizinq 270 200 200

Kigik vo orta sahibkarliq is yerlorinin orta hesabla {li¢do ikisini togkil edir. Bu iso béhranla
miibarizo aparmaqda vacib rol oynayir. Sahibkarliq vo innovasiya iqtisadi rogabatin, osas iqtisadi
artimin vo yeni 1§ yerlorinin artmasinda rolu bdyiikdiir. Hokumot sahibkarin qarsisinda duran
problemin xiisusiyyatlorini basa diismasi ¢ox vacibdir.

Sahibkarligin dostoklonmosi sahoasindo bes asas masalo durur. Onlardan on vacibi maliyyo
imkanlarinin geniglonmosdir. Yeni mohsul vo ya xidmot sahosindo foaliyyot gostoron miiossisalor
ticlin maliyyoalosmo ¢otinlik yaradir. Digor torofdon iso ononovi metodlardan olan biznes — pari,
birbasa investisiya vo ya kapital sahibkarlar {i¢iin mohdud olaraq qgalir. Digor torafdon iso qgeyri -
ononovi metodlar olan kraundfanding vo mikromaliyyalogsmo istifadesi artmisdir, xilisuson do
gadinlar arasinda genis yayilmigdir. Sahibkarlar somarali kapitalin istifadesini tomin edacok bilik
vo bacariglar ligiin daha aktiv vo genis dostoyo ehtiyaclart vardir. Basqa so6zlo, sahibkarliq
ekosistemlorini mohkomlondirmasi lazimdir. Dovlet moktob vo universitetlordo miivaffoqiyyatlo
bas vermis tarixi niimunalor gostorarok tolobalors diizgiin karyera se¢imini etmok komok etmolidir.
Miiasir dovrdo dovlet gabaqcil tocriiboys osaslanaraq kigik vo orta sahibkarligin inkisafinm
stimullagdirmagq ti¢ilin bir sira togobbiis addimlar atilir [10,11].

Ogor Azorbaycanin iqtisadi durumu haqda miizakiro etsok demok olar ki, qonastboxsdir.
Diinya bankinin verdiyi molumata gors, sahibkarliq foaliyystino osason 189 istirak edon 6lko
siyahisinda 70-ci yeri tutur. 2013-ci ildo oldo edilon gostaricilors asason sahibkarliq foaliyyati li¢iin
sorait hiss edilocok godor inkisaf etmisdir. Baxmayaraq ki, reytinqds 71-ci yerdon 70-ci yers sadoco
bir addim qalxmisdir, bunun arxasinda dovlstin iqtisadi durumun yaxsilanmasi durur. 2013 - ci il
ilo miigayisado 6 addim yuxari qalxaraq sahibkarliq foaliyyatinin gqeydo alinmasina gors ilk onluga
diisiir. Bu irolilayis elektron geydiyyat sistemi ilo baglidir. Bu sistem naticosinds inzibati proseslori
2 dofs godor azaldaraq vaxta genast etmoyo imkan verdi. Homg¢inin nizamnams kapitalin artiq
lazim olmamasi vo geydiyyat riisumun iki dofo godor ucuzlagmasi olverisli soraito aid etmok olar.
Hiiquqi soxs vo tosisgilor hagda biitiin malumatlar dévlat hiiquqi reyestrds yerlosir vo o hiiquqi
soxslorin dovlet geydiyyat orqanidir. Reyestrds olan molumat hor kas {i¢iin al¢atandir vo hor kas
istodiyi molumati ala bilor. 2013-cii ildo Azorbaycan Respublikasinin Macallasino osason tikinti
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foaliyyatin doyisikliklor edilorok icazoni vo geydiyyat prosesino sorf edilon vaxti kaskin sokildo
azaltmigdir. Osas problem ondan ibaratdir ki, geydiyyat prosesi halo do ¢ox vaxt vo proseslordon
kegmayi talob edir. Bunun {i¢lin 212 giin tolob olunur. Bun baxmayaraq, dovlotimiz Fransa, Cin,
Tayvan vo Estoniya kimi dovlotlorin siyahisina daxildir. Osas diqqet daxili prosedurlarin
optimallagdirilmas1 vasitasilo gdmriik nozarstinin sadslogdirilmasi vo xarici ticarat foaliyystinin
aparilmasit yetirmok lazimdir. Azarbaycan, beynolxalq ticaratds "bir pancora" prinsipinin totbiqi
naticosindo, Singapur kimi dovlotlorin siyahisina daxil olaraq digor dovlotloro niimuns kimi
gostarilir. Qeyd etmok lazimdir ki, "bir pancara" prinsipi oan yaxs1 beynoalxalq tocriibadon istifado
etmoklo Azorbaycanin gomriik sisteminds totbiq edilib. Nozarat-buraxilis montogolorindo geydiy-
yat prosesi 2 — 3 saatdan 15 — 20 doqigoys godar azalmisdir. Olkonin orazisindos tosorriifat ilo mos-
gul olmagq l¢iin xiisusi icazo olan lisenziya almaq lazimdir. Azarbaycan Respublikasinin Qanun-
vericiliyino goro 57 tosarriifat foaliyyati mévcuddur. Bank, sigorta, turizm, tibb vo aczagiliq, audit,
nogliyyat, etil spirti vo spirtli ickilorin idxali, istehsali, satis1 vo xidmatlori lisenziya tolob olunan
foaliyyatlors aid edilir.

Notica. Sahibkarligin inkisaf perspektivlori iizro toklif edilmis yeni maliyyos monbalori
6lkadas bir sira nailiyyatlorin osasin1 qoyacaq:

[k névbada, bu 6lkenin infrastruktur vo iqtisadiyyatin modernlosdirilmasi. Mohz kigik vo
orta sahibkarlara dostoyin gostorilmasi naticasindo az xarc tolob edon yeni texnologiya vo innovativ
vosaitlorin istifadosinin inkisafina tokan veracok.

Igtisadiyyatin innovasiyalasma saviyyasini artiracaq.

Qeyri-neft sektorunda iqtisadi artima sobob olur vo iqtisadiyyatini 6zollogdirmasine imkan
verocok.

Kigik vo orta sahibkarligin inkisafi naticasinda issizlik ikinci plana kegocok.

Sahibkarliq faaliyyotin uguru osason elm vo tohsil sahoasinin dovlat qurumlar ilo inteqra-
siyast olmasindan asihidir. Innovasiyali inkisaf tocriibasi Azorbaycanda sahibkarliq foaliyyatinin
inkisaf mogsadi ilo biznes todris morkozlorinin yaradilmasini tovsiys edir.
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NEW SOURCES OF BUSINESS FINANCING IN AZERBAIJAN
Q.S. SULEYMANOV, R.H. QARAYEV, S.A. MAMEDOVA

The article develops the sources of business financing in Azerbaijan taking into account the international expe-

rience. The authors propose alternative sources of financing the business and entrepreneurial activities.
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OHALI iSTEHLAKININ STATISTIK VO ARTIM MODELI
V.S. OLIYEVA®

Mogqalads ohali istehlakinin tomin olunmasinin statistik vo artim modeli vasitasilo halli masalasine
baxilir. Ohali istehlakina tosir edon meyarlar iqtisadi-riyazi metodlar vasitasilo Oyranilir. Eyni zamanda
idxalin, ixracin y181m vo istehlaka tosiri tohlil edilir.

Acar sozlar: istehlak, istehsal, yigim, ahali, model.

Ohali istehlakinin formalagmasi vo dinamik inkisafi ¢ox meyarli proses olmagla, bir sira
parametrlor vo sosial-igtisadi naticalor ilo ifade olunur. Bunlar parametrik meyllor olmagla UDM,
onun bolgiisii vo yaxud istehlakin mocmu gdstoricisini oks etdirmoklo tolobat ii¢lin zoruri olan
mocmu tolob vo toklif qiymatlondirilir. Tobii ki, bu istehlaka tosir edon timumilogsmis amillorin
statistik gostoricisi kimi giymotlondirilmasi, onun dinamik doyismosi vo minimum-maksimum
haddinin verilmosi ilo miimkiin olur. ©hali istehlakinin statistik tohlili istehlak olunan mocmu
omtoo vo xidmatlori vo onlarin adambasina diison soviyyasi ilo miioyyan olunur. Hor bir orazi vo
ohali qruplari iizrs ayri-ayr1 amtos vo xidmatlori istehlak saviyyasi uygun olaraq zamandan va digor
amillordon asili olaraq formalasir. Orzaq vo qeyri-orzaq omtoslor liglin statistik tohlil forqli
amillorin nozors alinmasi ilo hoyata kecirilir. Orzaq istehlaki hor bir ailodo, ailo lizvlorinin say1 v
homin ailonin macmu goliri, hamginin arzaqin yigimai tigiin ayrilan vosaitlorlo olgiiliir

Ogor ohalinin artim1 vo orzaq artimi arasinda reqressiya miioyyon dovr ligiin dayisirso,
miioyyon dévrdon sonra bu doyigsmo {istlii funksiya ilo doyisir. Golirlorin 2-3 dofo artmasi orzaq
istehlakina sabit vo yaxud azalma istigamatindo tosir edir. Bu zaman orta ayliq artim tempi
golirlorin orta ayliq tempindon geri galir.

Ohali istehlakinin tohlili vo prognozu formal vo konstruktiv ohomiyyot kosb etmoklo
yanasma mogsading, informasiya bazarina gora aparilir. Olkoads olan istehlak potensiali istehsal va
ehtiyatlarin istifadosi baximidan qiymotlondirilir. Umum Daxili Mohsulun istehsal strukturu
istehsal istehlakini vo son mohsulun hacmini potensial imkanlarini miioyyon edir. Istehlak hocmi
homg¢inin 6lkoys gotirilmis avans edilmis kapital vo resurslarm tohlili istehsal yanasmasi va

gotirilon mohsullarin xarclori ilo deyil bir basa istehlak ti¢iin istifadosi noticasindo formalasir.

* Azorbaycan Milli Aviasiya Akademiyasi
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Ohalinin istehlakinin manbalari vo onlarin rolu baximindan ayri-ayr1 sahalorin mohsullarini

gotiirmok olar. Asagidaki codvalda istehlaki formalagdiran gostoricilorin dinamikasi verilmisdir:

Istehlak formalasdiran gostaricilarin dinamikasi. (mln.manat)

sira Gostaricilar 2009 2010 2011 2012 2013

No-si

1 Umum daxili mehsul 35601,5 42465,0 | 52082,0 | 54743,7 | 57708,2

2 Faktiki son istehlak 191102,1 | 21336,1 | 24679,7 | 27370,2 | 30838,2

3 Umumi y1gim 6746,0 7669,0 10555,9 | 12217,0 | 142584

4 Sonaye mohsulu 22563,6 279782 | 35026,9 | 34565,0 | 33898,1

5 Kond, mesa va balig¢iliq tasarriifatt | 3895,2 3968,1 4685,0 5037,1 5446,2
mohsullari

6 Ohaliys gostorilon pullu xidmatlor 40882 4724,5 5332,4 5828,1 6527,3

7 Dovlot biiddcasinin galirlori 10325.,9 11403,0 | 15700,7 | 172815 19496,3

8 Umumi daxili mohsulda %-lo 29,5 27,7 29,6 31,8 33,2

9 Igtisadiyyatda monfaot 13933,9 19112,1 | 263642 | 26462,6 | 25636,5

10 Genis monada pul kiitlosi 8469,2 10527,5 | 13903,2 | 16775,3 | 192894

Manba: Azorbaycanin statistik gostaricilori 2014.

Cadvalin tohlili gostorir ki, statistik doyismolor uygun olaraq idaroetmo todbirlorinin vo
gorar gobulunun noticolorini vo tosirini oks etdirir. 2009-2014-cii illordo UDM- 1,62, son milli
mohsul 1,60 dofa, dovlot blidcosinin golirlori 1,89 dofo artmisdir. Dovlat biidcasinin artimi uygun
olaraq xorc strukturunu artirir. Dévriyyado olan pulun miqdar aliciliq gabiliyystini vo nogd haqqg-
hesablar1 artirmaqla, istehlak dovriyyesindo omtos vo xidmot toklifini yiiksoldir. Belo ki,
dovriyyado nogd pul 2,28 dofo artmisdir. Pul kiitlosinin artiminin asas sobablori ohalinin pul
golirlori onlarin xarclori vo hamginin macmu pul kiitlesinin artiminda xarici valyutanin artimi asas
rol oynayir. ©halinin istehlakinda, onun seroncamina diison pul kiitlasi vo homg¢inin omtos vo
xidmatlar ilo tominat soviyyasi asas rol oynayir.

Igtisadi artimin amillor {izra tohlili homin amillori prioritetliyini miioyyonlosdirir. Istehlakin
artirllmasi tolobat sistemi vo liberal iqtisadiyyat soraitindo bir sira omtos vo xidmatlorin istehlak
xarakteristikasinin doyismo meyllori ilo Olgiiliir. O climlodon, bazar tolobatina uygun olaraq
kommersiya monfaati, homin mohsullarin hocminin artirilmasini miioyyon edir.

Ohalinin istehlakinda bas veron istehsal faktorunu qiymatlondirmak {i¢iin istehsal daxili
istehsal funksiyasini totbiq etmoklo yigimla istehlak arasinda nisbotlori tonzimlomok olar. Yoni

timumdaxili mohsulu yi1gimla istehlakin comi kimi ifade etmok olar:

UDM(t) = Yylglm (t) + iistfehlak(t)

AUDM(t) _ . listentak(®) _ .
— Y = (t), Astentak)/ — TR
AYnglm YngLm(t)
AUDM(t)

= B(t) olarsa,

listentak(t)
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Onda UDM(t) = a UDM(t) — BUDM (¢) + ePUDM ().

Diisturu ilo istehlak vo yigim arasinda nisbotlorin doyismosinin UDM-un qiymaotinin
doyismasina tosirini qiymatlondirmak olar.

Statistikada « (t).(t) > 100% olmasi istehlak vo yigimin formalagmasinda homginin
idxal va ixracin rolunun olmasim gdstorir. Istehlakin statistik tohlili ohali artimi, onun istehlak
tiplori kimi formalasmasi, perspektivdo ohalinin qiitblosmo doracalori ilo miioyyonlogir. Statistik
giymatlondirms yolu ils istehlakin dinamikasini vo ona tosir edon amillorin doyismo meylini xatti
funksiya ilo qiymotlondirmok olar. Real hoyatda hor bir respublika iiclin doyismo dinamikasi
miixtalif intensivlikls ifads olunur. Hipotez olaraq gabul etsok ki, 2015-ci ilo godar neft galirlorinin
hesabina istehlak fondu zamandan asili olaraq kvadratik funksiya ilo ifado olunursa, onda y(t) =
axb + 2 daha ¢ox real artima uygun golor.

Ohali istehlakinin arttim modellori ancaq formal doyismo dinamikasini perspektivdo
tokrarlanmas1 meyllori kimi deyil, bir sira toskilati-igtisadi amillorin vo kompleks todbirlorin
naticasi kimi giymatlondirilmasine goro daha adekvat model ti¢lin onun formalagsmasina tosir edon
amillorin hor birini ayrica prognozlasdirmaq, sonradan ise onlarin tosirinin nazoro alinmasini
planlasdirir. Indekslosmo miiasir dévrds {imumi dinamikanin gotirilmis dlgiilordo bir sira amillarin
tosirini neytrallagdirmaqla, timumi multiplikasiya  somorasi kimi harmonik inkisaf tempini
miioyyanlosdirmisdir. Istehlakin indekslosdirilmosi golirlor vo sosial-demoqrafik torkibdo ohalinin
struktur doyismosi ilo qiymotlondirilir. Ona goro do ohalinin istehsal¢1 kimi istehsal vo istehlake1
kimi istehlak funksiyasinda istirak etmosi onun omok foallig1 ilo istehlak foalligi, konkret olaraq
omok Olctisti ilo istehlak Olgiisii arasinda tarazligin olago vo oks olago amillorinin se¢ilmasino
gotirib ¢ixarir.

Ohali istehlakinin arttm modeli onun keyfiyyatli marketing strukturu ilo miioyyanlasir. Ona
goro do istehlakgilar istehlakin qurulusunda stiinlikklorin qurulusuna goro tiploro boliiniirlor:
Aztominatli, orta tominath vo yuxari hoyat soviyyasi olan ailolorin istehlak bazarinda tolobati eyni
olmayan omtoo vo xidmot ¢oxlugu vo onlarin giymaotlori ilo 6donilir. Daha ¢ox orzaq tolobati
prioritet istiqamat kimi fizioloji tolobat iyerarxiyasinda asas yer tutur. ©halinin hayat soviyyasinin
doyismo dinamikasi, onun sosial statusu, masgulluq saviyyasi vo hamginin konkret maddi vaziyyati
ilo olgiiliir.

Istehlakin 6zii artim modeli olaraq dovlot biidcasinin golir vo xorclorinin boladiyyo
biidcasinin ayri-ayri sahibkarlar vo saholorin resurslarinin artimi ilo baglidir. Ona gora do istehlak
hocminin maksimumlagdirilmas1 meyar1 daha ¢ox daxili imkanlar hesabina bag verdikdas, bu artim
multiplikasiya somaorasi oaldo edir, daha ¢ox is yerlorinin agilmasina xidmaot edir. Omok haqqi vo
golirlorin artimi1 homginin biidcodon maliyalosdirilon togkilatlarin sosial tominati yaxsilasir. Bunun
da noticosindo ohalinin qiitblogsmosi azalir, sosial miidafio vo dovlotin sosial tominat sistemi
genislosmis olur.
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MODELS OF DEVELOPMENT AND STATISTICS IN CONSUMER DEMANDS
V.S. ALIYEVA

This article deals with the problems of consumer demands using the growthe model and statics. In this ar-
ticle, the factor affecting the consumer demands and the application of economics, i.e. mathematical methods, are
investigated. The effect of import and exports on formation of accumulation and consumption are also studied.

Key words: consumption, production, collection, population, model.

MOJEJN POCTA U CTATUCTUKU TIOTPEBJIEHUSA HACEJIEHUSA
B.C. AJIMEBA
B cratbe paccMaTpHuBalOTCS BOMPOCH! MOTPEOUTEIECKON ACSITETHHOCTH HACEICHUS ¢ TIOMOIIBI0 MOJE-
JIel pocTa M CTaTUCTHKH. M3y4aroTcs ¢GakTopsl, BAMAIONNE Ha MOTPEOUTEIHCKUHA CIIPOC C MPUMEHEHHEM 3KOHO-
MHKO-MaTeMaTHYECKUX METOMOB. PaccMarpuBaeTcst BIMAHHE WMIOPTA M AKCIOpTa Ha (GOpMHpOBaHUE cOopa H

HOTpeOICHUS.

Knroueswte cnosa: nompebaerue, npouzgo0cmeo, coop, Hacenenue, Mooeu.
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EKOLOJIi SISTEMLORDO BIOMUXTOLIFLIiK DOROCOSININ
QIYMOTLONDIRILMOSININ OPTIMAL USULU

Y N. OLIYEVA *

Biomiixtolifliyin daha ¢ox todqiq olunan indekslori kritik analiz edilmis vo onlarin ¢atismamaz-
liglar gostorilmisdir.

Ekoloji sistemin biomiixtolifliyinin yeni giymoatlondirmo konsepsiyasi toklif edilmis, harada ki,
Simpsonun modifikasiya olunmus indeksinin qiymoti vo Sennon-Viner indeksinin minimum gqiymati
miioyyan olunmusdur. indekslorlo idara etmonin miimkiinliiyii gostorilmisdir.

Toklif edilmis biomiixtolifliyin qiymetlondirilmasinin yeni konsepsiyasinin duallig1 gostorilmisdir.

Agar sdzlar: lansafi, biomiixtaliflik , Simpson indeksi, Sennon-Viner indeksi.

Hal-hazirda insanin faaliyyati bu vo ya digar doracads yer lansaftinin 30-50%-ni shato edir
[1]. Bu soraitds biomiixtaliflik vo onun elementlorinin yadda saxlanmasi masalasi xiisuson vacibdir.
Ancaq quraqliq, boyiik hacmli yanginlar, geyri-adi istehsalat faaliyyastlori vo s. kimi ¢oxlu sayda
tobii vo antropogen faktorlar, lansaftda (mumi, xosagolmoz biomiixtalifliyin azalmasi
tendensiyasina gotirib ¢ixarir. Bu tendensiyani nozoro almaqla biitiin diinya ekologlar1 qarsisinda
duran asas mosalo, tobiotdo biomiixtalifliyin qorunub saxlanilmasidir. Bu masalonin halli birinci
novbado biomiixtalifliyin sayinin giymetlondirilmasi li¢iin diizgiin amillorin islonilmasi vacibdir.

Tobii sahalorin giymatlondirilmasi iigiin, adoton iki miixtolif sahonin giymatlondirilmasini
0ziindos birlosdiron indekslordon istifado olunur. 1. Sorvot, ndvlorin miixtalifliyi; 2. Novlorin eyni
borabar paylanilmasi.

Bu zaman miixtalifliyin sayinin qiymatlondirilmasi ii¢iin adoton agsagidak: diisturdan istifado
olunur:

1. Sennon-Viner indeksi

H:_apllnpl 5 (1)

Burada p;- ndoviina nisbaton individlorin yaranma ehtimali; m-ndvlorin imumi sayidir.
2. Simpson indeksi

d=5p; @)

Yuxarida gostorilon biomiixtolifliklorin indekslori landsaftda bioloji novlerin  hom
miixtolifliyini, hom do stabil inkisafim1 birgo qiymotlondirmays imkan verir. Biomiixtolifliyin

* Azorbaycan Dévlot Neft vo Senaye Universiteti
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sarvati gostarir ki, landsaftda miixtalif nov torpaq ortiiklori movcuddur. Ona goéra do no qodor ¢ox
nov olarsa, bir o godor do ¢ox biomiixtoliflik olar. O biri toraofdon baxdiqda landsaftda miixtolif
novlorin eyni barabordo paylanmasi bu novlorin faiz miitonasibliyino goro miioyyan edilir.

Bununla yanasi yuxarida sadalanan indekslor biodoyismonin iki sahosindo eyni
qiymatlondirilmani tomin edir. Masolon [1]: A landsaftinin iki n6vii var, onlarin har biri 50%-dir.
Basga B landsaftin on novii var, harada ki, birinci biitiin comin 91%-ni togkil edir, galan doqquz
nov comi bir faiz toskil edir. Malumdur ki, miixtaliflik baximindan B landsafti daha miixtalif
sayllacaq. Ancaq (1) diisturuna goéro A landsaft B-yo nisboton daha miixtalif gostorilocak,
baxmayaraq ki, orada comi bir n6v mévcuddur.

Movcud klassik miixtoliflik indekslorindo daima yuxaridaki ¢atismazliglar1 aradan
qaldirmaga caligiblar. Mas: [2,3] — do miqyaslasdirilan indeks toklif olunub

m(e,r.t) e
In ) [P,. (s,r,t)]
D(e,r1)=——L 3

3)

Ineg

Burada P,(¢,r,t) — novlii individlorin (fordlerin) yaranma ehtimali; m (g,r,t)-baxilan novlorin
imumi say1 ; t-zaman; &=(e+A)’, A- baxilan rayonun sahosi ; r-fozadan buraxma qabiliyyati;
e=2,718.

Lagran;j iisuluna uygun uygun olaraq D(e,t)-nin qiymatinin maksimuma ¢atmasi agagidaki
diistur ilo hesablanir [2].

aD(g’r’t) N ok [p1 (s,r,t),...,pm (s,r,t)]

+ =0 4
6pi(s,r,t) 6pj(8,r,t) @
Burada j=1,2,..,m;
m(e,r,t)
k[p1 (s,r,t),...,pm (8, r,t)] =1- X p; (S,r,t); A =const.
i=1
(4) differensial baraborliyin holli [4] sokilindo alinib:
P (e r1)=—r (5)
/ mle,r,t)
Bu onu gostarir ki, agor novlor borabar paylanibsa, onda —m olduqda D(e,r,t) 6z
ne

maksimum qiymatina ¢atir

dD(g,r1)
oP, (e,r,1)
nin artan funksiyasidir. Demoli D(e,r,¢)indeksi biomiixtolifliyin “boraborlik™ olamatini gostors
bilar.

Pj(s,t)>0 (j=1,2,...,m) oldugunda >0, olur. Yoni D(e,r,¢) funksiyas Pj(a,r,t)-
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[2,3] bizo toklif olunmus diisturun halli ciddi konseptual ¢atismazliglara malikdir. Bu, daha
genis yayillmis indekslorin komoyi ilo alinmis qiymotlorin siyahiya alinmamasidir. Bu da
biomiixtolifliyin miixtolif indekslorindon istifado zamami miixtolif tobii sahoalorin bdyiikk giymot
itkisina gotirib ¢ixara bilor.

Bu gostarilon ¢atismazligi aradan qaldirmaq lciin biomiixtaliflik indeksinin kompleks
sokilindo formalasma qaydasi toklif edilmisdir:

1. Sennon — Viner indeksinin sokilinin doyismolori hoyata kegirilir. Sonra Sennon —
Vinerin biomiixtalifliyinin sakilinin doyismasina baxilir, bu asagidaki kimi olacaq

H, ==%P-In[P +0¢(P)] (6)
i=l

burada (o(Pl )f stabillosmanin yenidon daxil edilon funksiyasidir.
2. Simpson indeksinin sokilinin doyismosi hoyata kegirilir. Simpson biomiixtoliflik
indeksinin sokilinin doyismosine agsagidaki kimi baxilir
S =3[R +o(B)] ()
3. (o(Pl )stabillesme funksiyasinin miiayyan edilmasi li¢iin ndvbati sortlor qobul edilir.
S, =[P +(R ) =const. (8)
i=1
4. (8) sortino uygun olaraq elo (D(R) funksiyasi tapilir ki, bu zaman Hy, indeksi minimum
giymata gatir.

Beloliklo, toklifin osas mogzi ondan ibarotdir ki, stabillosmonin xiisusi seg¢ilmis
funksiyasina modernlogmis indekslorin daxil edilmasidir. Bu da Simpson indeksinin stabil verilmig
giymatini vo Sennon —Viner indeksinin minimum qiymatini tomin edir.

(o(Pl )stabillesme funksiyasinin axtaris qaydasina baxagq.
go(Pl )funksiyasmln optimal vidinin se¢ilmosi iiclin sorti olaraq P doyisoninin fasilosiz

olmasim gotiiriiriik, ondan (6) vo (7) boraborliklori asagidak: sokili alir

H, :—ij” P-In[P +¢(P)|dP, 9)
S = Pjo [P+o(p)faP. (10)

(9) vo (10) boraborliklorini nozoro alaraq variasiyali  optimallagma mosolosi Tligiin
asagidakini aling:

F :me” Mmlp, (p(P)]dpz—E']“ P-1n[P+o(P)|dP+ xp"}” [P+ o(P)[aP (11)
0 0 0

P

j [P+ (P)fdP =C =const . (12)

0

Eyler qaydasina asason ¢(E) optimal funksiyasinin tapilmasi goraitinda

oM|[P.o(P)]

~0 13
o0(P) ()
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(12) va (13) borabarliklorindon aliriq:

- +2X|P+@(P)|=0 14
P ‘HP( P) [ (P( )] (14)
(14)-ifadossindon
P
P[P+o(P)f =— 15
[P [P+o(P)f = (15)
alinir.
(12) va (15)-i1fadslorini hesabladiqda asagidakini aliriq
j{ }dP C (16)
0
(16)-don asagidakini tapiriq.
P2
A=—" 17
4C a7

(14) va (17) borabarliklorindon aliriq

P _Py[P+o(P)]

P+o(P)  4C (18)
(18) barabarliyini asagidak: sokilds yazaq

B2 [ProlP=-5 (19)
(19)-don son olaraq agagidakini aliriq. '

o(P)=—-CP -P. (20)

Beloaliklo, (20) boraborliyi, S, = sabit-verilmis komiyyoti vo /{, minimum komiyyati tomin
edon, tokrar daxil edilmis stabillogsmo funksiyasinin néviinii miioyyon edir.

(11) funksiyasinin Oziiniin minimum qiymatino ¢atmasi igiin, ¢(P ) -yo goro (11)-in
toromosini gotlirmak kifayatdir ki, o, homiso miisbat olsun.

(9) vo (20) borabarliklorindon asagidakini aliriq:

BH(IX
H =] Pln[Pi«/CP}dP Q1)
P=0 "

(21) barabarliyindon aliriq:

H, =—’;'3- [2;/_}— [ PinvPdP (22)

(12) vo (22) barabarliklorindon goriindiiyii kimi tosadiifi verilmis C sabit komiyyati, tokrar
daxil edilmis S, vo H, indekslorino miixtolif ciir tosir gdstarir.
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Qeyd etmok lazimdir ki, toklif olunan biomiixtalifliyi qiymatlondirmo konsepsiyasi dualdir.
Bu o demokdir ki, H,, stabil komiyyatini vo §,, minimum qiymatini tomin edo bilon stabillosdirici

funksiyani tapan dual masoaloni formalasdirmaq olar.

Notica. Noticads kecirilon todqigatin asas naticalorini va vaziyystlorini formalagdiraq.
Biomiixtalifliyin daha ¢ox todqiq olunan indekslori kritik analiz edilib vo onlarin ¢atismazliglari
gostorilib. Ekoloji sistemin biomiixtalifliyinin yeni qiymatlondirmo konsepsiyasi toklif edilib,
harada ki, Simpsonun modifikasiya olunmus indeksinin qiymati vo Sennon-Viner indeksinin
minimum qiymoti miioyyen olunur. Indekslorlo idaro etmonin miimkiinliiyii gostorilib. Toklif
edilmis biomiixtslifliyin qiymatlondirilmasinin yeni konsepsiyasinin dualligi gostarilib.
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METHOD FOR OPTIMAL ASSESSMENT OF BIODIVERSITY IN ECOLOGICAL SYSTEMS
Y.N. ALIEVA

The most used indices of biodiversity are analyzed and their shortages are stressed out.

The new concept for assessment the biodiversity is suggested. The concept provides for inclusion of stabilization
function with given stable value of the modified Simpson index and determines the minimal value of the Shannon index. The
capability to control indices in direction of their equalizing is shown.

The dual feature of the suggested new concept for estimation of biodiversity is shown.

Key words: Landscape, Shannon index, Simpson index, biodiversity.
METO/] ONITUMAJIbHOM OIIEHK!A CTENTEHN BUOPA3HOOBPA3HA
B OKOJIOTHYECKHUX CUCTEMAX
E.H. AJIUEBA

Kpurndeckn npoanann3upoBansl Hanbosee ynorpediaseMble HHACKCH OHOpa3sHO00pasusl, yKa3aHbl HX HEJOCTaTKH.

Ipemnoskena HOBast KOHIENIUS OIEHKH OMOpa3HOOOpa3ys, 3aKII0YAIOMAsiCs BO BBEACHUHN (YHKIIUH CTaOMIN3alUH,
olpeeNsIoONel 3aJaHHOEe 3HAYeHWe MOIM(GUIMPOBAHHOTO wnHJAekca CHMIICOHA M MHWHHMMAJbHYIO BEIMYHMHY HHJEKCA
lllennona-Bunepa. [Tokazana BO3MOXXHOCTB YIIPaBIICHNS! HHIEKCAMH B CTOPOHY MX BBIPaBHUBAHUSL.

VYka3aHa AyaJbHOCTb IPEAT0KEHHOI HOBOI KOHIENIINU OLIEHKH Onopa3sHooOpasusl.

Knrwoueswie cnosa: nanowagpm, unoexc [llennona-Bunepa, unoexc Cumncona, buopasnoobpasue.
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