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O KOPPEKTHOM PA3BPEHLINMOCTHU KPAEBOW 3A/JIAYH B
HEKJACCHYECKOM TPAKTOBKE, 3AJJAHHOHN HA
TEOMETPUYECKOM CEPEIWHE OBJACTH 1JI51 OJJHOI'O
UHTETPO-IN®PDPEPEHIIUAJIBHOT O YPABHEHMUS 3D BUAHKHU

1MAMEI[OB NJIBI'AP I'YPBAT oray
2A]S,Z[YJ'[.J'[AEBA AMHYPA JAXKABBAP roizsl
1- Uncmumym cucmem ynpasnenus HAH Azepbaiioscana, npogeccop
2- Cymeaumckutl 20Cy0apCcmeenHblll YyHusepcumem, OOKmopanm
ilgar-mamedov-1971@mail.ru; aynure_13@mai.ru

Knrouesvie cnosa: ypasnenue 3D Buanxu, ypasnenus ¢ paspvléHbIMU KOd(duyuenmamu,
2omeomophusm, Kpaesas 3a0aud.

B oannoii cmamve sviagnen comeomopghuzm medxicdy onpedenreHHbIMU HApAMU OAHAXOBLIX
NPOCMPAHCME NPU UCCLEO08AHUU MPEXMEePHOl Kpaegol 3a0aiu, 3a0aHHOU HA 2eoMempuyeckou
cepedurne obnacmu 0131 00HO020 uHmeepo-ouggepenyuanvnozo 3D Buaunku mpemwveco nopsaoka c
L,- xoogpduyuenmamu na ocnose ceedenus 5mou 3a0a4u K IKEUSALCHMHOMY UHMESPANLHOMY

ypasHenuio Boremeppa.

[IpencraBnenHas paboTa NOCBsIIEHA KOPPEKTHOW pa3pelIMMOCTH KpaeBOHl 3ajaduu Ha
reoMeTpu4ecKoi cepennne obaactu g uHTerpo-auddepeHunanbubx ypasuenuit 3D buanku
C JOMHMHHUPYIOLIEH CMEIIAHHOM TNPOM3BOJHOM TPETHEr0 TMOpAAKa C  HETJIaJKUMU
kodpduuuentamu. Ilpu 3TOM BaXKHBIM NPUHLUIIUAIBHBIM MOMEHTOM SBISETCS TO, 4YTO
paccMaTpuBaeMoe  ypaBHEHHE  oOjamaer, HerjJagkuMu  KoddduumeHTamMm  KOTOpBIE
YIAOBIETBOPSIOT TOJBKO HEKOTOPHIM YCIOBHSAM TUMA P -HHTErpHpyeMOCTH M OTpaHUYCHHOCTH
T.€. PAcCMOTPEHHbI HHTerpo-audQepeHranbHblii  onepaTop HE HMEET TPaJUuLMOHHOTO
conpspkeHHoro omneparopa. [losromy Qynkius Pumana s Takux ypaBHEHHM HE MOXKET OBITh
UCCIIEI0BAHA KIIACCUYECKUM METOJOM XapaKTEPUCTHK.

TpexmepHble KpaeBble 3aJadyd B  HACTOSLIEE BPEMS  SBISIIOTCS  MHTEHCHUBHO
pa3BUBAIOIIKMMCS pa3zieioM Teopuu auddepeHnnanbHbIX ypaBHeHuH. Teopust KpaeBbIX 3ajad
BO3HUKJIA U3-3a NMOTPEeOHOCTEH COBPEMEHHOM HayKu W TeXHHMKHU. [IpoOiembl coOBpeMEHHOI
HAYK{ U TEXHUKHU BBIIBUHYJIM Ha MEPBbII MJIaH perieHue 0osee peaqbHbIX MPaKTHUYECKUX 3a/1ad,
CBA3aHHBIX C HCCIEJOBAaHHEM pPa3HOOOpA3HbIX KJIACCOB MAaTeMaTHYECKHMX  MOJEIIEH.
MaremaTnueckoe MOJENUPOBAaHHME MHOTMX OHOJOTMYECKHMX U TEXHOJIOTMYECKHUX IPOLECCOB
INPUBOAUT K M3YYECHHIO HEKOTOPBIX CIEHHAJIBHBIX KPAaeBbIX 3a7ad JJIs Pa3IMYHBIX KJIACCOB
TuddepeHIaIbHbIX YpaBHEHUH.

K uuncny HeNOKaNbHBIX 3ala4  OTHOCATCA TakKKe 3aJa4M, CBA3AHHBIE C YPAaBHEHMSIMU
«HEJOKaJIbHOTO XapaKTepay, HalpuMep, ¢ HHTErpo-1uddepeHIuanIbHbIMU, €CIIH JaKe KpaeBble
YCIIOBHS ISl HUX SIBIISIFOTCS JIOKAJIBHBIMU.

3a nocyeHUE NECATUIIETHS CYIIECTBEHHO MOBBICHIICS NHTEPEC K TPEXMEPHBIM JIOKAJIbHBIM
U HeJIOKaJIbHBIM KpaeBbIM 3a/1adaM JuIsl ypaBHeHuM buanku [1-3]. OTo cBs3aHO ¢ UX MOSIBICHUEM
B Pa3IMYHBIX 3a/1a4ax NpUKIaaHOro xapakrepa. B paborax B.M.)Keramnosa [4-5] uccnenoBano
ypaBHEHHE C JOMUHHUPYIOIMICH CMEUIAHHOW MPOM3BOJHOU U, (X,Y,z). Takoro tuma ypaBHCHHE

HaxoJuT MPUMCHCHHWEC B MOJICIIAAX IIPOLECCOB BI/I6paI_II/II/I, a TaKXE HCEMAJIOBA)KHOC 3HAYCHUC
HMECT B TCOPUHN alllIPOKCUMAIIUU. AKTyaJ'IBHOCTB HCCHeﬂOBaHHﬁ, IMpOBOAHUMBIX B 3TOM 06HaCTI/I,
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OOBSCHSICTCS TIOSBIICHUEM MHOTOMEPHBIX JIOKATbHBIX M HEJIOKAIbHBIX 3a7ad JJis ypaBHEHUH
buanku c¢ Hermaakumu Kod(UIMEHTaMU, CBS3aHHBIMH C Pa3JIMYHBIMU PUKIATHBIMU
3amadamMu. 3aJa4d TaKOro THUIA BO3HHUKAIOT MPU HCCICIOBAHUU BOMPOCOB (DHUIBTpAIIUU
JKUJKOCTH B TPEIIMHOBATBHIX CpEeAax, BJIAroNepeHOCOM B TPYHTAX, pPACIPOCTPAaHEHHEM
UMITYJIBCHBIX JTyYEBBIX BOJH, B PA3IMYHBIX OMOJOTHMYECKHX IPOIECCaX U B TCOPUU OOpPATHBIX
3agau. [loaTomy Temaruka naHHOM pabOThI BecbMa aKkTyajdbHa /JIsS pPEIIEHUS MHOTUX
TEOPETUYECKHUX U MPAKTHUYCCKUX 3a/1a4.

B coBpemenHoii Teopun nuddepeHuanbHbIX ypaBHEHHE 0c000€e 3HaU€HUE UMEET BOMPOC
O BBISBJICHHHM KJIAcCOB 3ajad, ONEPAaTOPbl KOTOPHIX OCYIIECTBISIIOT TOMEOMOP(HU3M MEKIY
ONpe/ieIiecHHBIMU TapaMHu OaHAaXOBBIX IPOCTPAHCTB. Takue roMeoMop(u3Mbl BBHISBICHBI B
paborax HO.M.bepesanckoro u S.A.PoiitGepra[6], XK.-JI. Jluonca m D.Mamkeneca [7],
C.C.Axuena [8-9], H.B.2Kurtapamy [10], B..Kop3toka [11], U.I'. Mamenosa [12-13] u ap. mis
HEKOTOPBIX KJaccoB U depeHIMalbHbIX YpaBHEHUN C YaCTHBIMU MPOW3BOAHBIMH. C 3TOM
TOUYKH 3pEHHs, 3Ta paboTa MOCBSIICHA aKTyaJIbHBIM MPOoOIeMaM MaTeMaTUYeCKON (PU3UKH.

1.IloctanoBka 3agauu. B s1oif paboTe paccmaTpuBaercs TpexMmMepHas Kpaesas
3aja4ya  3aJaHHOM HA  TeOMETPUYECKOW  cepeauHe  o0jmacTd  JJIsl  UHTETpo-
nudpdepenunanbaoro ypasuenus 3D (Tpexmepnoro) buankm ¢ L, - xodpduuuenramu u

JOMHUHUPYIOIIEH CMEIIAHHON TIPOU3BOJHOM Uy, (X,Y,2) .

Paccmorpum unTerpo-auddepenunaibioe ypapuenne 3D Buanku
(V122U)(X, Y, 2) = U, (XY, 2) + Ay g U(X Y, Z) + A g U, (X, Y, 2) +

+ A\),l,ouy(xl Y, 2)+ AU, (X, Y, 2) + Ai,l,Ouxy (X, y,2)+ Ao,l,luyz (X, Y,2) +
X y z

ALY D)+ [ [ [[Kooo@ &%y, U, &) + Koo (7. £ %,¥,2) %

xu,(z,&,m)+ K0,1,0 (z.&mX Y, Z)uy(z',f,r]) + K0,0,1(T’§a77; X, Y,2) % (1)
xu,(z,&,m)+ Kl,l,o (7, &M %Y, Z)uxy (r.&m+ Ko,1,1(715’77; X, Y,2) %

XUy, (7,6,1) + Kyoy (7.6, %, Y, DU, (7.6 dd&dy = 0y, (%, ¥,2), (x,Y,2) €6,
3mece U=U(X,Y,zZ) wuckomas (yHKUUs, ompeneneHHas Ha G;A;, =A;(XY,2)
3aflaHHble M3MepuMble QYHKIMH Ha G=G xG,xG;, rae G =(X,X), G,=(Yo Y
G; =(20:%); @1:(X,Y,2) 3anannas uamepumas pynkuus Ha G .

VYpaBHenue (1) sBusercs runepOOIMYECKUM YpaBHEHHMEM, KOTOpOoe 001ajgaeT Tpems
JEeCTBUTENBLHBIMUE POCTHIME XapakTepuctukamu X = CONSt, y =const, z =const.

VYpaBHEeHUs TOJOOHOrO BHUAA BO3HUKAIOT NPU ONHUCAHMM MHOTUX peajibHBbIX IPOLECCOB,
IPOUCXOAIIUX B HpHUpose U TexHuKe. [logoOHbIE CHUTyalluu MMEIT MECTO IpU HU3YYEHHH
IPOILIECCOB PaclpoOCTpaHEHHs TEIUIa, BIAronepeHoca B MOUYBOTPYHTAX , (GPUIBTPALIMU )KUKOCTH B
MOPUCTBIX CpelaxX, B 3aJayax MaTeMaTH4eCKOH OMOJIOTHH, a TAaKK€ B TEOPUM ONTHUMAJIbHBIX
IIPOLIECCOB.

Kpome Toro, B nureparype no cux nop ¢pyHkuuto Pumana ypaBHenus (1) ymanocs

IIOCTPOUTH TOJIBKO [UIA Cliydyas Korza Ki]j'k(r,g,n;x, y,z2)=0, a ¢dyHKIUHA A.,J.k(X’ Y, Z)
SBJISIFOTCS TOCTATOYHO TIaAKUMH (T.€., Koraa QyHKIUU A J-,k(x,y,z) HEMPEPBIBHBI BMECTE C
npoussoansiMu DyDJDYA |, (x,y,z) B o6nactn G ).

B nanHoii crathe ypaBHeHue (1) BmepBble HCCIEAOBAHO B 00IIEeM cllydae, Korjaa
K03 PUITMEHTHI Ai(xy,z) u o K (7,8,7,%Y,2) ABIAIOTCA HETIAJAKUMU byHKIIUAMU,

YAOBJICTBOPAOINIUMHA JIWIIb CICAYIOHNIUM YCIIOBUAM!
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O KoppeKkmHoll pa3peuumocmu Kpaeso 3a0a4u 8 HeKIACCUYeckoll mpakmosKke, 3a0aHHOU Ha
2eomempu4eckoll cepeoure obracmu 0 00H020 unmezpo-ouppepenyuanvrozo ypasuenus 3d buanku

AO,O,O(XI y’ Z) € Lp (G)1 Al,O,O(X’ y! Z) € L;,y[fp (G)' AO,:I_,O(XI yv Z) € L);,);,Zp (G)!
Pooa(%Y,2) € Ly (G), Ao (XY, 2) € L7 (G), Agaa (X, Y, 2) € L2, (G),

Aoi(%y,2) € L (G). Ky (7.8 y,2) e L (GxG).
[Tpu >TUX ycloBUsAX pemnieHue Uu(x,y,z) ypaBaeHus (1) Oymem uckaTh B MPOCTPAHCTBE
C.JI.CoboneBa
WD (G) = {uel,(G)/DiDiDfu e, (G); i j k=01,

rae 1< p<o. Hopmy B mpocTpaHcTBe Wél'“) (G) 6ynem ompenensiTb paBEHCTBOM

1
Jul =2
W(l,l,l)G
o (©) i,jk=0

Hnst  ypaBHenus (1) yciaoBus Ha TEOMETPHYECKOM cepeauHe  00JacTH
KJIaCCUYECKOT'0 BUJa MOKHO 3a1aBaTh B BUJIE

u/ _ = d(y, 2),
u/ =(x,2), (2)

Y=vYo¥1
u /\/ﬁ =9(x,Y),
rae d(y,z),¥(x,z) u g(x,y) 3amanHeie usmepumbie (pyHkuuu Ha G. OUeBHUIHO, YTO B
ciaydae ycinoBuit (2) pyaknuun @, ¥, g KpoMe yCIOBUM

DeWM (G, xG;), YeW (G, xG,), geW (G xG,),

JOJDKHBI YAOBJICTBOPATH TAKKE CICAYIOIIUM YCIIOBUAM:

CD(\/ YoYis Z) = \P(\/ Xo X s Z),
D(Y 11/262,) = 9 (%X, Y), (3)
P(X 11/262,) = G(X 14/ YoY2)s

KOTOpBIE ABJISAIOTCSA YCIOBUSMH COTJIACOBAHMS.

Hanuuue ycrnoBuii cornacoBanusi B mocTaHoBke 3a1aud (1), (2) o3HavaeT, 4To yCIOBUAMU
(2) 3amaHa Tak)ke HEKOTOpas W3JIMILHAS HHPOpManus o pemeHuu 3Tod 3amaun. [lostomy
BO3HHUKAET BOIPOC O HAXOXIECHUU KpPAEBBIX YCIOBHUM, KOTOpBIE HE COJEP)KAaT W3JIMILHEH
MH(OpPMaLUK O PEIIEHUH U HEe TPeOYIOT BBINOJIHEHHS] HEKOTOPBIX JOMOJHUTENIbHBIX YCIOBHM
THUIIA COIVIACOBaHMs. B CBSA3M ¢ 3TUM pacCMOTPUM CJENYIOIINE KPAEBbIE YCIOBHUS

Vi 00U = UG XX, sy Yo ¥a sy Z021) = @000

(Va00U)(X) = U, (%Yo Y14/ Z021 ) = @10, (X),

VoroU)(Y) = U, (VXX Vin/Zo2) = 251 (Y),

(Vo0,U)(2) = U, (XX, 14/ Yo Y1 2) = 900, (2), (4)
Vos o)X Y) =y (%, Yin[202,) = @115 (X, Y),

(Vora)(Y, 2) = Uy, (%X, Y. 2) = 04,1, (¥, 2),

(Voo )(X 2) = Uy, (X, YoYs . 2) = @10, (X, 2),

rac ¢000 S R ABIACTCA 3adJaHHBIM 4YHCJIOM, a OCTAJbHBLIC @i ik ABJIAIOTCA 3aJaHHBIMU

D;D/Dfu

‘LP(G)

GYHKIMSAMU, YAOBICTBOPSIOMUMHA YCIOBUSIM:
?r00(X) €Ly (G1),0010(Y) €L, (G) 001(2) € L (Gg) 110 (X, Y) €L, (G X Gy),
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©011(Y,2) €L, (G, xG3), 01 (X,2) € L, (G, x Gy).
Ecmu  ¢dyuxmus ueW'P(G) sBusercs peuenueM 3ajaud C  yCIOBHAMH Ha
reOMEeTPUYECKON cepeauHe obyiactu kiaaccuueckoro Buna (1), (2), To oHa sBIsSETCS TakkKe
pemenuem 3anauu (1), (4) nus @; jx ONPEIeIACMbIX CIICAYIOIMMU PABEHCTBAMH

P00 = PGYo¥: \22) = Pl XX 22 )= G (% YoYs),

010000 =X V202, )= 9,0 YoY2),

Po10(Y) =9, (XX, Y ) =D, (Yi/2,2,),

00012 =@, (Yoy1 2 ) =¥, (Y%7 ) (5)
Prio(X,Y) =0, (XY ),

Po11(Y,2) =P, (y ,2),

P 0.(%,2) =Y, (x ,Z )

Jlerko moka3atb, 4YTO BepHO u oOpaTHoe. MHaue roBops, eciau (QYHKIUS
UEWp(l’l’l)(G) aBisierca pemeHueM 3amgadu (1), (4), TO oHa SABISIETCA TaKXKe pPEIICHUEM

3agauu (1), (2), ang caenyromux QyHkuui ®,\W,q :

(/70,1,1(,B| y)dpdy,

—

D(Y,2) =@y + i‘ﬂo,l,o (B)dB + j¢o,o,1(7)d7+ j’

VYoyr e NI ET

V(6 2)=Poo0+ [Proo(@)da+ [0 (Ndr+ [ [proi(@r)dedy,  (6)
m \/ﬁ XoX1 /202y
X y X y

9 Y) =000+ [Proo(@da+ [010(BAB+ [ [ piio(a, B)dadp

A XoX A YoY1 A XoX1 / YoY1
OtrmetruM, 4to, Tipu 3ToM, ¢GyHKuuU (6) oOJamgar0T OJHUM BAXHBIM CBOWCTBOM,
CBSI3aHHBIM C TE€M, YTO JJIsl HUX YCJIOBHUS coriacoBaHus (3) BBHIMOTHAIOTCS aBTOMAaTUUYECKUM

obpazom mpu BCeEX ko oOylafaromUX BbIIIEYKa3aHHBIMU cBoMcTBaMu. IloaTomy

paBeHcTBa (6) MOXKHO pacCMaTPUBATh TAKXKE Kak OOMINI BUJ BCeX (QYHKIUT
D(y,2)eWS (G, xG;), P(x,2)eWS (G, xG;), g(x,y)eW (G, xG,),

YIOBJIETBOPSIONINX YCIOBUSM corjiacoBaHus (3).

Wrak, 3aaun ¢ yCIOBUSMHU Ha T€OMETPUUYECKOHW cepelrHe 00JacTH KJIAaCCHYECKOIO
Buaa (1), (2) u Buna (1), (4) B o0mem cinyuyae skBuBasieHTHbI. OnHako 3amada (1.1), (1.4)
0 IOCTaHOBKe Oojee ecTecTBeHHa, yeM 3ajnayda (1), (2). D10 cBsA3aHO C TeMm, 4YTO B
noctaHoBke 3anauu (1), (4) Ha IpaBbie YACTH KPAEBBIX YCIOBUN HUKAKUX JOTOTHUTEIbHBIX
yciaoBui TuUma corinacoBaHus He TpeOyercsa. I[lostomy 3amauy (1) , (4) MoxHO
paccMaTpuBaTh Kak 3ajadyy C yCJIOBUSMHU Ha F€OMETPHUYECKON cepeauHe 00JacTh HOBOTO
THUIA.

2.0nepaTopHbIii BHJ KpaeBOHM 3a/1auM 3aJaHHOH HA reoMeTpPHYeCKOW cepeanHe
00,1aCcTH U HEKOTOpbIe CTPYKTYpHBbIe cBolicTBa npocrpancTBa C.JI1.CoboJsieBa. 3anauy
(1), (4) Mb1 OyageM uccienoBaTh METOJOM OIEPATOPHBIX YPAaBHEHHMH U HpH 3TOM Oynem
cnenoBath cxembl pabotel [13]. IlpenBaputenpHo 3agauy (1) 3amummem B BuUIe
OIEpPaTOPHOI0 ypaBHEHUS
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Vu=¢, (7)
rae V' ecTh BekTOpHBI onepatop, onpeaenseMblii I0OCPEACTBOM PaBEHCTBA
V =M000:V100:Vo10:Vo.01:Vi10:Vor1: Vo1 Viit) :Wél'l'l) G)— E(pl'l'l) a ( ecTh 3aJaHHBIA
BEKTOPHBIH JNIEMEHT BHA ¢ = (00 P00 P01.0' %001 P10 Po11rPrors Pa1) U3 NPOCTPAHCTBA
ESH =R L (X0, %)% Ly (Yo, Y1) ¥ Ly (29, 2) X Ly (G x G, ) x Ly (G, x Gg)
XL, (G, xGy)x L, (G).

) HOpMYy OyJeM oOmpenensiTh €CTECTBEHHBIM

a1l
3amernm, uto B npocrpanctse E
00pa3om, IpH IOMOIIM PABEHCTBA

b g =lvooli +lesool
p

*luoll ) *l00d]

Lp(Xo.%) Lp(Yo.¥1) Lp(20.21)

+ ||(p1v1v°|||_p(elxez) + ||¢O’l'l||Lp(Gz><Ga) + ||¢)l’0’l||Lp(Glea) + "(plvli”Lp(G)'

[Ipexxnpe Bcero OTMETUM, UTO HWHTETrpalibHble TMpEACTaBieHUS (QYHKIUNA U3
npocrpancts tuma WY(G) (M3 cOGONEBCKHX IPOCTPAHCTB C JOMHHHPYOLIHMH
CMEIIaHHBIMU TTPOU3BOJAHBIMU 00IIEro BU1a) n3ydeHsl B padorax T.U. Amanosa [14], C.M.
Huxkonbckoro [15], I[1.1. JIuzopkuna u C.M. Hukonbckoro [16], O.B. becosa, B.Il. Unbuna

u C.M. Huxkonbsckoro [17], A.Jl. Oxa6paunosa [18], C.C.AxueBa [19], A.M.Hamxkadona
[20], U.T'.'MamenoBa [21] u ap. Ho u3 HuX MBI OyaeM UCNOIb30BaTh MOJIU(PULIHPOBAHHOE

WHTErpabHOe mpejcTaienne u3 [19], mo koropomy nobas byskums u(x,y,z) € WY (G)

CANHCTBCHHBIM 06pa30M npeacraBuMa B BUAC

u(%,¥,2) = (Qb)(X, ¥, 2) =byg0+ [bigo(@)da+ [by,o(B)dB+ [by,i(r)dy +

X y y z X z
+ [ [byglaBdadB+ [ [byy(By)dpdy+ [ [big(@ y)dady+
m YoY1 m\/ﬁ m o0
X y z
+ [ [ ] busla.By)dedpdy ®)

v XoX1 / YoY1 +/ZoZy

[MOCPEACTBOM €IMHCTBEHHOTO DJIEMEHTA
111
b= (b0,0,0’b.I.,0,0’bO,l,O’b0,0,l’b.l.,l,O’bO,l,lib.I.,O,lib.I.,l,l) < E(p ).
IIpu 5TOM CylmIECTBYIOT HOJI0KUTEIBHBIE IOCTOSSHHbIE Ml0 u Mg TaKHeE, 4TO
0 0 .
MEblgo0 <IQO)(X Y,y < Ml 213 0G0l b B ©

OueBnzHo, uro omeparop Q:E(™Y »WMD(G) sBusieTcs IMHEHHBIM OrpaHHYCHHBIM
omneparopoM. HepasencTBo (9) moka3siBaeT, 4To oneparop Q HMeEET TakKe OrpaHUYCHHBIN
0GpaTHBIN OmepaTop onpeeeHHyo Ha npoctpancTee WY (G) . CrejoBarensHo omeparop
Q ecTh roMmeoMopdu3M MexkLy GanaxoBbiMu mpoctparcTBamu EY u WHY(G) . Tloaromy

peurenne ypaBHeHUs (7) SKBUBAJIEHTHO PEIICHUIO YpaBHEHUS
VQb =¢ (10)
Vpasuenue (10) Oyznem Ha3bIBaTh KAHOHUYECKUM BUJOM ypaBHEHUS (7).
Kpome Toro, gopmyna (8) mokassiBaeT, uTo Jirobas GyHKUHS U eWFfl'l’l) (G) umeer

clenbl:
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U(\/X0X1:\/VOY1’\/2021)’Ux(x ,\/yo)’1’\/zoz1)’uy(\/xox1’y 1\/2021)!
uz(\jxoxli‘\l yOyliz )’uxy(x 7y ’\/ﬂ)’uyz(\jxoxi'y ' Z )’uxz(x Y, yOyllz )

U OIlepaluM B3ATHUS 3TUX CII€J0B HEIIPEPHLIBHBI U3 W[fl*l’l) (G) B R,
Ly (%), Lp(Yo Yo Ly (20,22), Ly (G X Gy), L,y (G, xG), L, (Gy x Gy)
COOTBCTCTBCHHO. Z[anee IJIA 9TUX CJICO0B CHpaBeI[J'II/IBBI TAKXCEC paBeHCTBai
Uy X%/ VoY Z0Z) = Do 00,
Uy (X Yo ¥ 14/Z02,) = By o (%),
Uy (VXoX00 ¥ o 4[Z02) =Dy (¥),
U, (%X, YoYs 2 ) =Dy, (2),
Uy (XY 14292,) =by55 (X, Y),
Uy, (XX, Y 12 ) =by,, (Y, 2),
uxz(x,m, z)=b,,(x2).

3.DKBHBaJICHTHOE MHTerpajibHOe ypaBHeHHe JJfA KpaeBoil 3agaum. 3amauy (1),
(4) mbl Oynmem wu3y4yaTh NpH IOMOIIM HHTErpajbHOro mnpenactaBieHus (8) QyHKuui
u eWFfl'l’l) (G). ®opmyna (8) mokaszsiBaeT, 4To QyHKIUS U eWél’l'l) (G), ymoBneTBopsromas

yciaoBUsM (4), UMeeT BUJ:

X Y1 I
Uy, 2)=go(x, ¥, 2)+ [ [ [uy (@B 7)Ro(a.B.yix Y 2)dadpdy,
Vrox Yoy V201
rac
X y z
0o Y:2) =0+ [Prop(@)da+ [ 0y o(BAAB+ [0, (r)dy +
VX% VYo¥s Vzou
X y y z X z
+ [ Jouo@pdadp+ [ [ @uu(B.7)dBdy+ [ [o1(a@ r)dady
m Yo1 Wﬂ mm
U
RO(a’ﬂJ/;Xfy!Z):0(X_a)0(y_ﬂ)9(z_7/)!
npuueM 6(z) saBnsercs QyHkuued XosBucaiiia Ha R, T.e. 9(2):{;’22%. Torma mocie

Xy Y1

3aMEHBI u=g, -+, rae G(x,y,z) = .[ I jRO (a, B, 7% ¥, 2)U,, (a, B, y)dad fdy,

VX% Yoy {701
ypaBHeHue (1) MOXHO 3amucaTh B BUJIE
(\/1,1,10)()(’ yl Z) = Z(X! y1 Z)! (11)

rne Z=¢y;;—Vi119-
OuyeBUIHO, YTO MPOU3BOAHBIE (GYHKIHH U MOXHO BBIYHCIHTH IOCPEICTBOM
paBeHCTB
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z

0,(xy,2) = f [u (% B.7)dBdy,

<
o
;

0, (Y, 2) = [Ug, (%Y, 7)d7,

V24

0,(x,y,2)= [y, (@ y.2)der,
Jox

y
u,(x,y,z)= quyz (x,8,2)dg,
VYo¥s
Uy, (X, Y5 2) = Uy, (%, Y, 2).
Teneps HTOMHUHHPYIOIIYIO MPOM3BOIHYIO PACCMOTPHM KaK HEHM3BECTHYIO ()YHKIIHIO,
MHA4€e rOoBOps, MpousBeneM 3ameny U, (X,Y,z)=Db(X,y,z). Torna ypaBnenue (11) mMoxkHO

3alucarb B BUJC:

X y z

(ND)(x,y,2)=b(x Y, 2)+ [ [ [Aeo(x Y, 2R(@ B yix Y, 2b(a, B,7)dadBdy +

y z X z
+ [ [Asoy. 2 B )dpdy+ [ [ Auo(xy, 2, y, y)dady +

VYo¥s 20z VXX V2o

X y z X
+ [ [ Ay, 2)b(e, B.2)dadB+ [ ALY, 20Xy, 1)y + [ Ai(x Y, 2)b(e, Y, 2)da +

XoX1 / YoY1 \/ﬁ m

y X y z T 5 n
[ Ay b BB+ [ [ [ [ | [Koool&mx 2Ry (@ Birix, ¥, 2)x
N VX% YoYs V2o | X% /Yo¥s Vzom

¢ n
x<bla, B, 7)dadBdy + [ [Kyoo(r,&mix, Y, 2)b(z, B y)dBdy +
VYo¥s 2oz

T n T ¢
[ [Koo@Emxy, b, & p)dady+ [ [Koou(@.&mix, v, 2)b(e, B1)
NI X% Yo
xdodf + jKl,l,o(Tif’ﬂJX,y,Z)b(Tlﬁf,?/)dJ/ﬁL jKo,l,l(f,f,ﬂix,y'Z)b(alﬁ.ﬂ)daJr
+ [Kops (&%, Y, 2)b(r, B)dB [dededn = Z(X,Y,2),(X, Y, 2) €G,

NBA
(12)

Omnepatop N ypaBHenus (12) nunaeen. Hcmons3ys yclOBUs, HaJIOKEHHBIE Ha
K0dpuuueHtsr A ;,, MOKHO JIOKa3aTh, YTO ITOT ONEPATOP ABJIACTCS OTPAHMYEHHBIM

10
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omeparopom u3 L,(G) B L,(G), 1< p<oo.
Onpenesienne. Ecnu 3ajada (D), 4) TS m060ro
®= (00,001 P00 Po1,0 P00t Pr1.0'Por1r Prots Pri1) € E(pl'l’l) HUMCCT CAUHCTBCHHOC peuicHue

u ewél,l,l) (G) rtakoe, uyTo ”u”ng*l*“(G) < M1||(p|

puan s TO OylneM TOBOpUTH, 4YTO omeparop V

sagaun (1), (4) (nnu ypasuenus (7)) susercs romeomopdusmonm uz W (G) ma ESH mmn

3agada (1), (4) Besge KoppekTHO paspemnma. 3aeck M| mocTosiHHAs He 3aBHCALICE OT (.
OuesuaHO, 4To0, ecau oneparop V' 3amaunm (1), (4) sBusgerca roMmeoMoppU3MOM M3
W& (G) ma ESHY, To cymecTByeT orpaHndeHHbII 06paTHEIA omepaTop
-1. 7011 111
vV ESH 5w (G)
Omepatop N  sABIsieTCSs BOJBTEPPOBBIM  ONEPATOPOM  OTHOCUTEIBHO  TOYKH
(\/xoxl,\/yoyl,\/zozl). Oro o3Hauaer, 4ro ecnu QyHkuuu b,b, el (G) B obmactu

Guyy = (XX X) < (Yo Yi: Y)*(Zo2Z1, 2) YAOBICTBOPSIOT YCIIOBUIO

b(a,B,7)=b,(a,B,7), TO BeIMONHAETCI Takxke ycnosue (Nb)(«,p,7)=(Nb,)(e,f,7) noutu
JUISL BCEX (a,ﬁ,y)e Gixy.z)» THC (X,Y,2) € G IpOU3BOJIbHAS TOYKA.

Hcnonb3ys BOILTEPPOBOCTh omepaTopa [N, mpu HOMOLIM, HAMpUMEp, METOAa
MOCIEN0BATEIbHBIX NPUOJIMKEHUN MOXHO J0Ka3aTh, 4TO ypaBHeHue (12) mns mroGoit

npaBod vactu Zel,(G) mmeer emuHCTBeHHOE pemieHne bel,(G), rae 1< p<o, u 310

peleHue yIoBneTBopser ycnosuio |, . MZ“ZH o T M, HOCTOSHHOE He 3aBMCSIIEE
b L, (G

ot 7. Jlanee, OYEBH/IHO, YTO CCIIH ¢111€L,(G), TO Ze L,(G) . Kpome toro, eciu bel,(G)

ecThb pemieHue ypaBHeHus (12), to pemenne 3amaun (1), (4) MOXHO HAWTHU MPU MOMOIIU
paBeHCTBA

Xy Y1 4

u(x,y,2)=go(x, .20+ | | [bler, B.7)Ro(@ B, 7:%.y, 2)dedpdy .
Vrox Yoys V201

IToaTomy cnpaBeanuBa

Teopema. Oneparop 3anaun (1), (4) ects romeomopduzmom uz W (G) na EGHY.
4.3akarouenne. [locraHoBka kpaeBod 3amauu (1), (4) 3amaHHOW HA TEOMETPUYECKON

ceperHe 06acTH, 06IaIaeT PSAOM MPEUMYIIIECTB:

1) B 3TOI OCTaHOBKE HE TPeOYEeTCs] HUKAKUX JIONOJHUTENbHBIX YCIOBHM COTJIaCOBAHMUS;

2) WMEHHO, Takas MOCTAHOBKA MOPOKAAET TOMEOMOP(DHU3M MEXIY IBYMs OaHaXOBBIMH

MPOCTPAHCTBAMU Wp(l'l’l) (G) m E(pl’l‘l);
3) oTy 3amady MOXHO paccMaTpuBaTh Kak 3amady CHOPMYIUPOBAHHYIO MO ClielaM B
npoctpanctse C.JI.Cobonena W[fl’l'l) G).
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XULASO
BiR INTEQRO-DIFERENSIAL 3D BIANKI TONLiYI UCUN OBLASTIN HONDOSI
ORTASINDA VERILMIS QEYRI-KLASSIK QOYULUSDA SORHOD MOSOLOSININ
KORREKT HOLL OLUNMASI HAQQINDA
1.0.Mammadov, A.C. Abdullayeva

Acar sozlar: 3D Bianki tanliyi, kasilon amsalli tanliklor, homeomorfizm, sarhad masalasi.
Bu moqalads bir inteqro-diferensial tigtortibli, L, amsalli 3D Bianki tonliyi ti¢iin oblastin

hondosi ortasinda verilmis ti¢ol¢iilii sorhod masoalasinin todqiqindoe toyin olunan banax fozalarinin
ciitlori arasinda homeomorfizm ekvivalent Volter inteqral tonliyo gotirilmo osasinda askar
edilmisdir.

SUMMARY
ON THE CORRECT SOLVABILITY OF THE BOUNDARY-VALUE PROBLEM
IN NON-CLASSICAL TREATMENT ON THE GEOMETRIC CENTER OF THE
DOMAIN FOR A INTEGRO-DIFFERENTIAL EQUATION OF 3D BIANCHI
Mammadov 1.G., Abdullayeva A.J.

Key words: 3D Bianchi equation, equations with discontinuous coefficients,
homeomorphism, boundary-value problem.
In this paper, we find a homeomorphism between definite pairs of Banach spaces in the
study of the three-dimensional boundary value problem given on the geometric center of the
domain for one integro-differential third-order 3D Bianchi equation with L -coefficients on

the basis of the reduction of this problem to the equivalent VVolterra integral equation.

Daxilolma tarixi: [lkin variant 11.07.2018
Son variant 28.09.2018
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B cmamve uccnedyemcsa zaoaua 06 useube  AUHEUHO-0eOPMUPYEMO20 CMEPICHA C YHemom
NONZYyHeCmu MAmepuana Cmepi’CHsA ¢ NOMOWbBIO UHMeZPalbHO20 npeobpazosanus Jlanaaca.

3anaya 0 AMHAMUYECKON YCTOWYMBOCTHU BSI3KOYIIPYTUX CUCTEM SIBJISIETCS] OJHON U3 OCHOBHBIX
3a/1a4 TEOPHUH BSI3KOYNPYTOCTH. 3aladyl yCTOMYMBOCTH YIPYIMX CHCTEM B IIpesenax 3akoHa ['yka
paccMoTpeHsl B padorax [1,2,3].

AHaJNOrMYHbIE 3aJa4d C YYETOM PEOJIOTMYECKHX CBOWCTB MaTepuala HMCCIEIOBAaHbI IS
KOHKPETHBIX sI/Iep HACIEICTBEHHOCTH B paboTax [3,4] niM perieHbl YUCIEHHbBIMU MeToiaMu [4,6].

B nanHOlf pabGoTe pemraercs 3agada O JUHAMUYECKOH YCTOMUMBOCTU BSI3KOYHPYTHX
CTEp>KHEH JUTsl TPOU3BOJIBHBIX (DYHKITUH MTOJI3Y9ECTH.

[Ipenmnonoxum, 4To CTEPKEHb LIAPHUPHO ONEPT MO KOHLIAM M HArpykKeH IpOJOJbHOU
cxumaromeit cutoit P = P(t).

B srom crmyuae ypaBHeHHME HM3rMOa CTEp)KHS MPH HATPY)KEHUH IPOJOJILHOW CKUMAFOIICH
CUJION Pl(t) H ronepedHoit Harpyskoit P, (X,t) umeer Bun:

o°u(x,t) 0’ u(x t)
OX’

E@)) Z2\%Y

=M (X, t)+_[I\/I(X )K(t,7)dr+ p——= (1)

e U(X,t) nporu6 crepxusa, K(t)- sapo nmomsyuecrm marepmana crepxus, M (X,t)
M3ruOaroMi MOMEHT, KOTOPBIH omnpenensercs Gopmyoit
M (x,t) = P.(t)u(x,t) + M°(x,t) (2)
3necs M° (X,1) - u3rubaronuii MOMEHT OT TEHCTBHS OJJHON TOJILKO MONEPEYHOM HATPY3KH.
VYuursiBas (2) B (1) nomyqaem:

E(t)J azg)((x Y 4 pu) +jP(r)u(x DK (6, 7)dz + M°(x,t) +

2 )
0 u(x,t)
ot?
[Ipeanonokum, 4YTO CBOWCTBA MarepHaa CTEPXKHsS HE MOTYT 3aMETHO W3MEHUThCS |
3aBHCHMOCTb  HANpskeHWs  OT  nedopManuu  WHBAPMAHTHA BO  BpeMeHH.  [lodTOMYy
E(t)=E=const, K(t,7)=K(t—7) u mpu t<0 crepxenr Haxoaurcs B ecTeCTBEHHOM

+j.M °(x,7)K(t,7)dr=p

cocrostanu. Torma pu P, (X,t) =0, P,(x,t) =const = P,. U3 ypasuenus (3) nony4aem:
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ou(x,t)
ox’
rne E - momyns ynpyroctn, J - MOMeHT MHepIMH CEUEHUS CTEPIKHSL.

Ecmu KOHIIbI CTEPXKHSA 3aKPCIICHBI IIAPHUPHO, TOI'Ia 'PAHUYHEBIC YCIIOBHA 6yz[eM HCKAaTb B
BUJC:

2
EJ Ut ‘;)j’t)

+PU(K D)+ P [K(t - u(x,)dz = @

2

u(x,t)=0, M:O mpu X =0. (5)

2
u(x,t)=0, M:O mpu X=/.
Hauanbueie YCJIOBUS HYJICBBIC!
u(x,t)=0, mpu t=0 (6)
M =0 npu t=0.
ot

[Ipu sToM pemieHue Ajis TporuOOB, YIOBIETBOPAIOIIEE TpPaHUYHBIM ycioBUsAM (5) Oyaem
HCKaTh B BUJIE

u(x,t) =T (t)sin % 7)
Tocie moactanoBky (7) B ypaHerue (4) moydaem:
T"(t) + £°T(t) —lz_t[K(t —)T(r)dz=0 (8)
rae ) 0
- o; P, /12:%.

[Ipumensst uHTEerpanbHOE TmpeoOpazoBanue Jlammaca mo BpeMeHH K ypaBHeHHUIO (8),
MoJTy4aeM:

— pT° +T'
T(p): 2 2 21/ (9)
p*+u” —AK(p)

rie P - mapamerp mpeoOpasoBaHus Jlarmuiaca, 4epTroil cBepxy 00O3Ha4deHbI IPeoOpa3OBaHUS

Jlartaca oTHOMMEHHBIX (QYHKITUH

f(p)=[e™f ().

OTMCTI/IM, qTO HpI/I MaAJIbIX 3HAYCHUAX BpeMeHI/I napaMeTp p ABIISICTCA AOCTATOYHO
6OJ'IBI_I_II/IM, a HOCKOJ’ILKy paCCManI/IBaIOTCSI MaTepI/IaJ'IBI C MI‘HOBCHHOf/i yr[perCTLIO, I/1306pa)KCHI/Ie
A7pa NON3Yy4ECTU IZ( p) C YBEIWYEHHEM IIapaMeTrpa [) CTpeMHUTCS K KOHEYHOMY IIpeeny,
HOBTOMy JJIA HpOI/I3BOJ'IBH01"O l 6YIICT CHpaBe,Z[.III/IBO HepaBCHCTBO
AK(p)
pz 4 qu

[Tpu »Tux ycnousx ¢popmyiy (9) MoKeM MPeCTaBUTh B CIEAYIOIIEM BUIE:

<1.
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— pT® +T' 1
T (p) —T 2 2 va :
S AK(p)
p*+u’
I[IpaByIo 4aCTh TOrO PABEHCTBA Pa3NIOKUM B PSI:
_ T°+T' & 2K(p))
T(p):pz 2 Z 2 (pz (10)
p + y2) n=0 p + y2)
OTcrofa BUIHO, YTO PENICHHE IOCTABICHHON 3aJa4d CBOAUTCS K BBIYMCICHUIO OPUTHHAIA

Gynxuan T ().
C aroit nenpro ipenctasum psn (10) B cienyromeM Bue:
— T + T’ T, + T’ K
P+ u* p +ut Pt
LR +T [ AK (p) j

p+ﬂ p*+u’

BeeneMm crnenyromue 0003HaYCHHUS:

— pT, +T'
T (p) =
2(P) 0t
T(p)=T,(p) ”Kfp)
HORAOK *K(p)
T (p) =T, () 2P
p +

BbruucinuM  opurnHansl otux  GyHkumi. OpuruHan ¢ynkiun T,(P) Bbrumcisercs 1o

tabmunaM. OpUTrHHAIBl OCTAJBHBIX (YHKUUN BBIYMCISIOTCS C MOMOILBIO CBEPTKM (QYyHKIMH U
UMEIOT BUJ:

T,(t)= jTO (t—7)z(r)dr

T,(t) = jTl (t—7)z(r)dr
T (@)= an (t—7)z(r)dr

rac

(1)~ iK(p)
p + U

Torna pemenne MocTaBIeHHOMN 3a1a4 B 00IIIEM BUJI€ BRIpaKaeTCst POpMyIIon
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T@E)=T,(t)+ _t[TO (t—7)z(r)dz + _t[Tl (t—-7)z(r)d7r +
t 0 0 (11)
- an (t—7)z(r)dr

Orciona BumHO, 4T0 (yHkumus 1,(t) sBusercs pemeHMeM COOTBETCTBYIOLIEH yNpyroii
3aJjauu, a ocTajibHble WieHb! B (11) NposBIAIOTCS 3a CYET Pe0JOTHYECKUX CBOMCTB MaTepHaia.

Jliig uccnenoBaHus MOJTYYEHHOIO PELLIEHUS] paCCMOTPUM IEpBbIe /1Ba wieHa psaa (11).

JU1s1 3TOr0 BBIYMCIIMM OPUTHMHAI KaxJoro wieHa psjaa (11) u Haxoauwm:

T +T’ T -
To(p):pz—zzTO' 2 p 2+ 2 2
p-+u p-+u ptu
;TO cosut + T—sin 7
. 7
NN
7Y
T,(t) = T02+( OZJ sin(ut + @) (12)
y7i
. T,
rae @ =arcsin

' 2
T + (T]
Y7

Jlns gynxuuu Z (P) onpenensem:

= AK A — .
Z(p =KL M R(p)2
PPyt p pPtu

. 92t 2
:/I—J.Sin,u(t—r)K(r)drzi(KcSin ut) — K, cospt — g(t)).
T HD H

31ech BBEJIEHBI CIIEeIYIOIINEe 0003HAUEHUS:

K, :]EK(T)Sin,uzdr; K. =TK(T)COS,de.

o(t) = [sin(t - £)K (z)d .

OtmeTuM uToO, ecnu  nepeMenHas t Gyner jgocratouno Bemuka, To dynkius ((t) Oymer

maina IMostromy npu g(t) =0, nua Z(t) nonyuaem

Z(t)=4KZ+K?Zsin(ut—a) (13)

: K.
o =arcsin: ————.
JKE + K

AHaJIOTUYHBIM 00pa30M MOKEM BBIUMCIUTE OCTAJIbHBIE ciiaraeMbie psia (10).

rIe
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N3 ypaBuenus (12) u (13) BumHO, 4TO TPHOIMIKEHHBIC PEIICHUS MOCTABICHHOW 3aJaqu
omnpeaenstores Gopmynon

2

-Sin(,ut+g0)+/1—1/kf +kZsin(ut — a) (13)
y7i

CpaBHuBas NIOJyUEHHOE PEIIECHUE C PELICHUEM aHAJOTMYHOM YIPYroW 3aJauM ONpPEIEIIsIeM,
YTO B CWJIy HaJIM4Ms BSI3KOYIPYTrOro CONPOTUBJICHUS pacIIUpsieTcss 00JacTb yCTOMYMBOCTH
Kosie0aHui M CABUT (azbl.
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XULASO
SURUSKONLIiYi NOZoR© ALMAQLA DEFORMASIYAYA UGRAYAN CUBUGUN
OYILMOSININ TODQIQI
Qurbanov N.T., Oliyeva U.S.

Acar sozlor: ozliielastik, cubugq, reologiya, modul, niiva, siiriiskanlik, moment, tasvir, miiqavimat.
Moqalads Laplasin inteqral ¢evirmasinin komayi ilo ¢ubugun materialinin siiriinmasini nozars alaraq,
xatti-deformasiyali gubugun ayilmasi hagqinda masalaya baxilir.

SUMMARY
INVESTIGATION OF THE BEND OF THE DEFORMABLE ROD CONSIDERING
CREEP PROPERTY
Gurbanov N.T., Aliyeva U.S.

Key words: viscoelastic, rod, rheology, module, core, creep, moment, image, stability.

The problem of the bending of a linearly deformable rod is considered in the article, taking into
account the creep of the rod material with the help of the Laplace integral transformation.

Daxilolma tarixi: [lkin variant 05.07.2018
Son variant 28.09.2018
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MODIFIKASIYA OLUNMUS Zr, H-MORDENITIN ISTIRAKI ILO
ANIZOLUN VO 1-METOKSINAFTALININ ALINMASI

'AGAYEV OKBOR OLI oglu
SSULEYMANOVA PORVANO VAQIF quz1
NOZOROVA MUSKUNAZ KiCMIRZO quz1

’RUSTOMOV KAMAL MURTUZA oglu
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Agar sozlor: fenol, 1-naftol, metanol, modifikasiya, sirkonium, H-mordenit, alkillogmoa, anizol, I-
metoksinaftalin.

H-mordenitlor vo onlarin nikello modifikasiya olunmus niimunslari fenol, krezol, ksilenol vo
naftollarin C1-C; spirtlorlo alkillogsmo reaksiyasinda todqiq edilmis (1-4) vo alkil (C31-C, ) fenollar vo
alkil (C;-C,) naftollarin alinmasinda 6nomli naticolor alds olunmusdur. Sirkonium ilo modifikasiya
olunmug mordenitlorin do bu reaksiyalarda kifayot qodor aktivliys vo selektivliyo malik olduglari
digor tadqiqatlar (5-6) naticasindo do miioyyon edilmisdir.

Mogalods modifikasiya olunmus sirkonium H-mordenitin istiraki ilo fenol va I1-naftolun
metanolla garsiligh tosirindoen anizol vo 1-metoksinaftalinin sintezinin miiqayisali naticalori 6z
oksini tapmugdir. Tocriibalorin aparilma gaydasi ve analizlorin metodikasit avvalki iglorde (4,7)
gostorilmisdir.

Zr, H-mordenit katalizatorunun istismar vo katalitik xassalorini yaxsilagdirmaq ii¢iin onun bir sira
maddolorlo modifikasiyas1 aparilmisdir. Modifikator kimi sulfat tursusunun bazi duzlarindan (Co,Cr,Ni)
istifado olunmusdur. Ilkin todqgiqatlar noticesinde miioyyan edilmisdir ki, hor ii¢ sulfatla sokil
doyisdirilmis katalitik sistemlar istismar xassolarini xeyli artirir vo 200-300 saat arzindo fasilosiz rejimda
islomak igtidarinda olur. Digar torafdon 0.1-0.3% Cr, (SO4)3 duz mahlulu ilo modifikasiya olunmus
sirkonium torkibli mordenitlor moduldan (x=SiO,/Al,03) asili olaraq, miixtalif tabiotli vo quruluslu
efirlorin alinmasinda miioyyon qodar universal xassalor gostorir.

Modifikasiya olunmus Zr, H-mordenit katalizatorunun istiraki ilo fenolun metanolla
alkillosmo reaksiyasina temperatur (280-3200C), xiisisi ylikloma (0,3-0,9st?) vo xammal
komponentlorinin mol nisbatinin (2-1:1-2) tosiri otrafli dyronilmis vo alinan naticalor 1-ci codvaldo
verilmigdir. Gorlindiiyli kimi, giris parametrlorinin alinan alkilatlarin kimyovi torkibinoe vo osas
reaksiya gostariciloring tosiri boylikdiir. Reaksiya naticosinds alinan alkilatlar katalizatlarin 85.5 —
93.5 %-ni togkil edir. Osas reaksiya mohsulu anizoldur. Reaksiyanin tadqiq edilmis soraitinde onun
selektivliyi 71.2 — 94.5% toskil edir. Digor mohsullara az miqdarda aliman 2-metilfenol, 2.6 —
dimetilfenol vo 2.4.6 — trimetilfenol aiddir. Mono-, di- va trimetilfenollarin alkilatlardaki qatilig
asagidaki sira iizra azalir. 2.6-dimetilfenol>2-metilfenol>2.4.6-trimetilfenol. Cox giiman ki, fenolun
metanolla alkillosmo reaksiyasinda iki paralel ¢evrilmo bas verir: 1) oksigena goro alkillosmo;
2) karbona gors alkillosma. Bu g¢evrilmalardan ikincisi, yoni karbona gora alkillosma ardicilligr ilo
forqglonir, lakin oksigena gors alkillogsmo ilo miiqayisads ¢ox asagl paya malikdir.

Oksigena goro alkillosma todqiq edilmis reaksiya soraitindo tistiinliik toskil etmoklo yanasi,
onun mahsulu olan anizol digar ¢evrilmalors, xiisusan do izomerlogsmo reaksiyasina praktiki olaraq
moruz qalmir. Bu da Zr,H-mordenit katalizatorunun torkibi vo katalitik xassalori ilo izah olunur.

Orta tursu xassali seolit katalizatorunun izomerlosmo, disproporsionlasma vo dealkillogsmo
kimi reaksiyalari sliratlondirmodiyi molum olsa da, onun fenolun efirlosmasini daha selektiv hoyata
kecirdiyi maraql katalitik xasso kimi miiayyon edilmisdir. Onu da geyd etmak lazimdir ki, silisium
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Modifikasiya olunmus Zr, H-mordenitin istiraki ilo anizolun va 1-metoksinaftalinin alinmasi

oksidinin aliiminium oksidina olan mol nisbatinin muxtalif niimunalorinin katalitik xassaloari da

muxtalif olur.
— O
@ OH+CHyOH —5

> OH CHs0OH
— >
-H,0
CH3
CHs CHs
—_— OH M CHj OH
-H,0
CHj CH3

Fenolun metil efiri, asasen, asagi temperaturda (280-300°C) omols golir vo bu hal H-
mordenitin biitlin modullarina xasdir. Temperaturun artmasi ilo onun alinma selektivliyi azalir vo
karbona gors reaksiya mohsullarinin qatiliglari artir. Maraqlist odur ki, modifikasiya olunmus Zr,H-
mordenitdo bu doyisiklik 6ziinii ¢ox da biiruzo vermir. Belo ki, temperaturun 40°C artirilmasi
anizola goro reaksiyanm selektivliyini comi 8,8% asag1 salir (v=0,5st™, v=1:1 mol/mol). Xiisusi
yiiklomonin 0,3st™ giymstindo bu azalma 11.1% olur.

Xiisusi yliklomonin artirilmasi anizola gors selektivliyi oksina olaraq artirir. Masalon: xiisusi
yiiklomonin 300°C-ds 0,3-don 0,9st™ qodor galdirlmasi bu gdstoricini 80.2%-don 92.3%-o arturir.
Xammaldaki komponentlorin mol nisbatinin anizolun selektivliyino tosiri daha coxdur. Belo ki,
320°C temperaturda vo xiisusi yiiklomonin 0,5st” qiymotinde alkillosmoys moruz edilmis
xammaldaki fenolun parsial tozyiqi ekvimolyar nisbatlo miiqayisods iki dofs artdiqda anizolun
selektivliyi 91.2%, iki dofo azaltdiqda iso 71.2% toskil edir. Temperaturun 320°C —don yuxar
qaldirilimas1 vo xammaldaki metanolun parsial tozyiqinin artirilmasi (>2) bu qanunauygunluqlarin
pozulmasma vo aliman katalizatorlarin torkibinin miirokkoblogmosino sabob olur. Naticads,
alkilatlarda alinan anizolun qatilig1 xeyli azalir vo 2-metilfenol ilo 2.6-dimetilfenol osas reaksiya
mohsullarina ¢evrilir.

Demoli, modifikasiya olunmus Zr, H-mordenit katalizatoru anizolun fenol vo metanol
osasinda alunmasi iigiin optimal tursu-osasi xasselori miioyyen edilmis temperaturda (280-300°C)
xiisusi yiiklomonin (0,5= 0,7st') vo xammal komponentlorinin (fenol/metanol) mol nisbatinin
(v=2-1:1) qiymatindo alds edir.

Daha sonra modifikasiya olunmus Zr, H-mordenit katalizatorunun katalitik xassolori
1-naftolun metanolla alkillogsmo reaksiyasinda todqiq edilmisdir.

Todqiqgatlar1 aparmaqda osas moaqsad 1-metaoksinaftalinin sintezini hoyata ke¢irmok vo alinan
naticalorin anizolun alinmasinda oldo olunan naticalorlo miiqayiso edilmosi olmusdur. Fenolun
metanolla alkillosmo reaksiyasinda istifado olunan reaksiya soraiti, az doyisikliklo 1-naftolun
metanolla alkillosma reaksiyasinda da totbiq edilorss, onda qoyulan masalo, asason, 6z hallini
tapa bilor. Belo ki, 270-310°C temperaturda xiisusi yiiklomonin 0,4-1,6 st* vo 1-naftolun
metanola olan mol nisbatinin 1:6-8 qiymatlorinde aparilmis tocriibalorin naticolori ( codval 2
dediklorimizi siibut edir.
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Modifikasiya olunmus Zr, H-mordenitin istirak: ila anizolun va 1-metoksinaftalinin alinmasi

Alinan naticolorin tohlili gostorir ki, 1-naftolun metanolla garsiligh tesirindon, asason, 1-met-
oksinaftalin vo 2-metil-1-naftol alinir. Bu mohsullara gors reaksiyanin timumi selektivliyi 78.0-
90% hiidudlarinda dsyisir. Daha yiiksak selektivlik slds olunan reaksiya soraiti: T-290°C, v=1,6
st?, v=1:6 mol/mol asag sclektivliklo (78.0%) alinan 1-metoksinaftalin vo 2-metil -1-naftol
qarisigi iso asagidaki rejimdo : T-310°C, v=0,8 st™,v =1:6 mol/mol olds olunur.

1-naftolun bu iki metil homoloqunun mol nisbati do genis hiidudda doyisir vo reaksiya
soraitindon asili olaraq, bu va ya digor homoloqun daha ¢ox amolo galmasi ilo naticalonir. Bu
qarisiglarda 1-metoksinaftalinin qatiligina goldikds, 0, 23.0-81,4% hiidudlarinda olur. Daha ¢ox
qatiligla (81,4%) alinan 1-metoksinaftalinin sintezi soraiti T=270°C, v=1,6st, v =1:6 mol /mol
olsa da, bu zaman naftolun birdafalik konversiyasi on asagi qiymati (11.5%) alir. 1-Naftolun
gostorilmis mono metil homologlar1 garisiginda 1- metoksinaftalinin on asagi qatiligi (23.0) iso
daha sort soraitdo (T=3100C, v=0,8 stt, v=1:6 mol/mol) aldo olunur. Bu zaman 1-naftolun
konversiyast on  yiikksok qiymot (36.0%) alir. 1-metoksinaftalinin 2-metil-1 naftola goro
ekvimolyar gatiligi( 49.0%) iso 290°C temperaturda vo xiisusi yiiklomanin 0,8 st giymatindo oldo
olunur. Bu zaman 1-naftolun konversiyasi 30.0% toskil edir.

Anizolun fenol vo metanol osasinda alinmasi ilo bagl aparilmis todqiqatlarda fenolun metil
efirinin  2-metil fenolla miigayisado bir godor yiiksok ¢ixim va selektivliklo alindigi birmonali
tosdiq olunur. Demoli, Zr, H-mordenit Katalizatorun daha iri molekullu birlosmo sayilan 1-
naftolun katalitik alkillogmosini fenolla miiqayisodo asagi surstlo vo selektivliklo aparmagqla, soth
iizorinds kimyovi ¢evrilmonin bas vermasims daha meyilli olur. Bu da katalizatorun xiisusi sathi,
mosamoalorinin Ol¢iilori vo masamalik doracasi ilo izah edils bilor. Sirkoniumla vo sulfat duzlari
ilo modifikasiya olunmus mordenit katalizatoru forqli tursu-osasi xassoalor gdstormakls, fenolu vo
1-naftolu miixtalif doracodo oksigen atomuna gors alkillosdirir.

2-Ci cadvalds verilon naticalarin tohlilindon goriiniir ki, 1-naftolun metanolla alkillogsmasinda
fenoldan forgli olaraq dimetil naftollar praktiki olaraq alinmir. Bu da 1-naftolun metanolla
qarsiligli tosirinin bagsga mexanizm {izro bas verdiyini gostorir. Alinmis katalizatlarda 1-0kso-2,2-
dimetil-1,2-dimetilnaftalinin,1,2-dimetilnaftalinin vo naftalinin diger metil homologlarinin olmasi
dediklorinizi siibut edir. Ona goro ki, bu katalizatorun istirak: ilo fenolun metanolla qarsiligh
tosirindon alinan alkilatlarda xinonlara vo metilbenzollara rast golinmir.

Giiman olunur ki, 1-naftol metanol katalitik sistemindo omolo golon oksobirlosmo (2,0-9,5%)

asagidaki sxem tizro 1.2-dimetil naftalino ¢evrilir.

=
P

CH3 O -Hzo
H-CH, OH

CHa
CHs
@ CHa
—> - .

1.2- dimetilnaftalinin alinmasinda toklif olunan digor yol da maraq dogurur. Bu mexanizm
Marbel vo Maqun torafindon sulfat tursusu —sirks anhidridinin istiraki ilo dienon-fenol {igiin irali
stirlilmiis yenidon qruplasma ilo analoji sayila bilor. Goriindiiyli kimi, prosesdo alian 1.2-dimetil
naftalino goro reaksiyanin selektivliyi kifayot godordir (3.0-12.5%).

Alkilatlarda ciizi miqdarda tri- metil naftalinloro goldikds, 1-0kso-2.2-dimetil-1.2-dihidro-
naftalin molekulunun iki metanol molekulu ilo eyni vaxtda qarsiligli tosirdo olmasi vo sonradan
suyun ayrilmast ilo bag veron marhalslorin gercoklogsmasi gliman edilir.

22



Agayev O.0., Siileymanova P.V., Nazarova M.K., Riistamov K.M.

CHz O

55— e

Beloliklo, Zr,H-mordenit istiraki ilo 1-naftolun metanolla garsiligli tosirindon 1-met-
oksinaftalinin kifayst qodor selektivliklo (60,5-70,0%)sintezino nail olunmus vo asagi
temperaturda alinan 1-metoksinaftalinin 2-metil-1naftolla qarisiginda efirin qatiliginin 23,0-
81,4% toskil etdiylt miioyyon edilmisdir.

ODOBIYYAT:

1. UnmroxoB H.M., JlanameB B.A., Maiictep D.U., AraeB A.A. u ap. AnkunupoBanue (eHosa
metuaoBbiM crimpToM Ha Ni, H-mopaenure // Jloka. AH AsepGaiimkana, Ne 6, Baky: Eam,
1986, c.42-46.

2. AraeB A.A., Tarues JI.b., MyrammumoBa K.M. AnkunupoBanue Kpe3osioB MeranosioM Ha Ni,
H-mopnennte / Te3. goxin. IV Bcecoros. koHd. IIpumenenne mneonuToB B Kataiuze M.:
Hayxka, 1989, ¢.125-127.

3. Tagiyev D.B., Agayev A.A. Methanol and ethanol alkylation phenol and cresols over zeolites
/ Abstr.Inter.Conf.Zeocat-90, part 2. Leipzing: 1990, pp.102-103.

4. AraeB A.A., Hazapoa M.K. Karamutnueckoe amkuimupoBaHue |-HadTona meTtaHojom //
XKIIX, 2003, 76, Ne 4, c. 579-581.

5. AraeB A.A., MypanoB M.M., [IxxaBagoBa ®.A. IlonyueHrne MOHOITUIIBHBIX TOMOJIOTOB |-
HadToma / Te3. moxi. MexnayH. Hayd. mpakT. kKoH$. [IpakThueckue acmekTsl HeTemnpo-
MBICTIOBOM XHMMHUH, MOCBSAMIL. 25-neTuio Akaaemuu Hayk PecnyOmuku bamkoprocran, 25-26
Mmas 2016, Ya: 2016, ¢.37-38.

6. Suleymanova P.V. Naftolun metanolla alkillosmasi / Funksional monomerlor vo xiisusi
xassali polimer materiallar: problemlor, perspektivlor vo praktiki baxiglar. Beynolxalq elmi
konfransin materiallar1, 15-16 noyabr, 2017. Sumgayit: SDU, 2017, s.98.

7. Agayev A.A., Muradov M.M., Shirinova X.M., Huseynova 1.Q., Mustafayev N.M. Alkylation
of 2methylphenol and 2.6-dimethylphenol by methanol in presence of ferrite catalyst //
European Journal of Analytical and Applied Chemistry, Vienna, 2016, Ne 2, p.33-37.

PE3IOME
MHNOJYUYEHUE AHU30JIA U 1-METOKCUHA®TAJIMHA B IIPUCYTCTBUU
MOINOUIIUPOBAHHOI'O Zr, H-MOPJAEHUTA
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Knrouesvle cnosa: Genon, 1-nagpmon, memarnon, moouguxayus, yupkouui, H-mopoenum,
AIKUAUPOBAHUE, AHU30], ]-MemoKcuHapmanu.

[TpuBOATCS CpaBHUTENbHBIC JAHHBIC AHH30Ja AJKWIUpOBaHHWEM (peHona MeTaHoIoOM W |-
MeTOKCHHa(TaIMHAa B3auMOJCHCTBHEM 1-HadTONa METaHOJOM B MPUCYTCTBHH MOIU(PHUIIMPOBAHHOTO
UPKOHUKCOIEPIKAIIIETO MODPJCHUTA, W BBISBICHBI OJM3KHE MPOSBICHHBIC CBOWCTBA KaTajiu3aTtopa B
00enx peaxIusx.

SUMMARY
OBTAINING OF ANISOLE AND 1-METHOXYNAPHTHALENE WITH THE
PARTICIPATION OF MODIFIED Zr, H-MORDENITE
Aghayev A.A., Suleymanova P.V., Nazarova M.K., Rustamov K.M.

Key words: phenol, 1-naphthol, methanol, modification, zirconium H-mordenite, alkylation,
anisole, 1-methoxynaphthalene.
Comparative results of anisole are given by alkylation of phenol with methanol and 1-methoxy-
naphthalene interaction of naphtol with methanol in the presence of a modified zirconium-containing
mordenite and a similar manifestation of the catalytic properties in both reactions is revealed.

Daxilolma tarixi: [lkin variant 22.01.2018
Son variant 28.09.2018
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Hidrotamizloma prosesi 320-350 °C, xammalin verilmasi siirati 0.5-1 S™, hidrogen tazyigi 3,5 MPa
soraitinda ilkin emal dizel fraksiyasimin 10 % (kiitla) pambiq yagi alava edilmis qarisigr, AI'K/]-
400,Seokar-600 va Ni,Co,Mo oksidlori ilo birga modifikasiya olunmus halloizit niimunasi qarisigindan
hazwrlanmuis yeni katalizator noviindan istifada etmakla aparilmigdir.

Askar edilmisdiv ki, bu katalizator néviiniin istirakt ilo aparilan hidrotomizlonma prosesindon
alinan dizel yanacaginda iimumi kiikiirdiin migdari  0,0090 va 0,0065 % (kiit.)-dok azalir vo
kiikiirdsiizlogdirilma dorinliyi 84-88 % (kiit.) toskil edir. Bu zaman aromatik karbohidrogenlarin migdart
14,4 va 10, 8% (kiit.) taskil edir.

Diinya miqyash neft emali sonayesinin inkisaf dovriindo zamanla tosdiglonmis ononovi
ganunauygunluqlar vardir. Yiingiill mohsullarin ¢iximinmi artirmaq moqsadi ilo neft emalinin
darinlogdirilmasi, reaktiv vo motor yanacaqlar keyfiyystinin yaxsilagdirilmas: miiasir neft emal
sonayesinin inkisafinda osas istigamat olaraq qalir. Bu axin neft emalinin hidrogenlosma
proseslarinin giiciiniin artmasini vo inkisafini stimullagdirir, xiisusilo yaxin goalocokds halo do 6z
aktualligin1 saxlayan hidrotomizlonma, hidroriforming vo hidrokreking proseslori.

Neft bohraninin baglamas1 vo halo do davam etmasi sababi ilo neft emali sonayesinin
yenidon qurulmasi neftin ilkin emal proseslorinin giiciiniin azaldilmasi, dorin emal proseslorinin
1s9 artmasi istigamotine yonaldilib. Bu da movcud hidrogenlogsmo proseslorinin inkisafi vo
miasirlosdirilmasi ilo naticalonmisdir. Belo ki, hidrogenlogsmo proseslari bir-birilo miiqayisada
miitloq istiinliiklore malik deyildir. Prosesin se¢ilmosi xammalin emal xiisusiyyotlorindon, neft
mohsullariin struktur tolablori vo digor amillordon asilidir. Bundan basqa, prosesin se¢ilmasi
qlobal bazar goraitinds istonilon naticonin alinmasi asasinda miioyyen edilir.

Son dovrde diinyanin bir ¢ox Olkolorindo yanacaqlara qoyulan ekoloji tolablor
ciddilogsmisdir. Bu problemin holli neft hasilatinin, eyni zamanda yanacaqda kiikiirdli vo
parafinli birlogsmoalorin artmasini nazors alaraq, yiiksokkeyfiyystli yanacaq almagq tigiin neft emali
prosesi texnologiyasinin yaxsilagdirilmast vo ilk ndvbado, hidrogenlosdirma, hidrokreking,
hidrotomizloms proseslorinin inkisafidir. Avro-4 va Avro-5 standartlarina cavab veron
yanacaqlara olan tolobati nozoro alaraq, hidrotomizlomoe prosesinde miixtalif modifikasiyali
katalizatorlardan istifado edilir. Hal-hazirda yeni effektiv katalizatorlarin hazirlanmasi
istiqgamatinds aparilan todqiqatlar olduqca aktualdir vo shomiyyatli elmi-texniki problemdir [1-6].

Son zamanlar digar neft-kimya proseslorindo oldugu kimi, hidrotomizlonmos prosesindo do
nanodl¢iilii katalizatorlarin istifadesino tistiinliik verilir. Nanodlgiilii hissociklor lazim olmayan
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diffuzion hallar1 vo sterik effektlori aradan qaldirir vo adi katalizatorlarla miiqayisados eyni
xammal ndvlorindon forgli torkibli mogsadli mohsullarin alinmasina sabab olur. Bunlari nozoro
alaraq, tobii nanoborular olan halloizitlorin miixtalif proseslors totbiqi diggat morkazindadir [7-15].

Halloizitlor (Al,;Si,Os(OH)4x2H,0), digor aliimosilikatlarla miigayisado yiiksok Al/Si
nisbatli kaolinit minerallar ailosino aiddir vo xaricdan silisium oksid, daxildon iso aliiminium
oksid gatlarindan ibarat tobii strukturlu nanoborulardir. Kimyoavi torkibino goéro halloizit vo
kaolinit (Al,03x2Si02xnH,0, n=4 vo 2<n<4 uygun olaraq) bir-birino yaxindir, forqi iso
birlosdiyi suyun miqdarindadir. Halloizitds kaolinito gors bir qodar ¢ox su (dord molekul) vardir.
Halloizitds suyun yaris1 hidrooksil soklinda, qalani iss su molekulu (H2O) soklindadir. Bu halda
qatlar arasinda su fiksasiya olunmus voziyyatdodir vo gatlarda hidrooksillor vasitasilo slagodadir.
Hidratlasmis mineralda qatlarm qalmhigi toxminon 10A toskil edir, dehidratlasmis mineralda iso
7,2A qoder azalir. Halloizit borularinin uzunluglar1 0,5-2,0 pm civarindadir [16-20].

Halloizit nanoborucuq bosluqlart kimyavi reaksiyalarin siiratini va selektivliyini artirir [20-25].

Hal-hazirda halloizit nanoborucuglari1 ABS, Cin, Fransa vo basqa dovlotlorin bir sira
firmalar1 torafindon istehsal edilir.

Tacriibi hissa. Niimuno kimi, Tiirkiyadon alinmis halloizit siixuru niimunasi vo homin
stixurun Ni, Co vo Mo oksidlari ilo modifikasiya olunmus niimunasi vo AT'’K/1-400, Seokar-600
sonaye katalizatorlarinin rentgen difraktometriya (XRD) iisulu ilo faza vo element torkiblori
totqiq edilmisdir. Termoqravimetriya (diferensial termiki analiz (TQ/DTA/DTQ) iisullar1 bu
nliimunalorin termiki xassalorini toyin etmok iiciin istifado edilmisdir.
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Sakil 1.7lkin halloizit niimunasinin difraktogrami

Sok.1-do togdim edilmis ilkin halloizit siixurunun diftoqrami verilmisdir. Togdim edilmis
niimunanin diftograminda 9,8(100 %), 14,43 (100 %), 16,69 (40 %), 14,75 (100 %), 20,55
(100%), 27,8 (100%), 36,2 (100%), 56,5 (100%) konarlasma bucaqglarinda miisahido olunan
xarakterik zolaglar1 niimunoni halloizit kimi identifikasiya edir (sok. 1). Sokil 2 vo 3-do iso
sonaye katalizatorlar1 olan AI'K/I-400 vo Seokar-600 katalizatorlariin diftoqramlart verilmisdir.
Difraktometrin naticalorine goro, toqdim olunmus niimunalorin kristalliligr 52,2%-don ¢ox togkil
edir. RF mikroskopik va termiki analizo gors tadqiq olunmus halloizitin kimyavi torkibi (% kiit.)
beladir: SiO, (560), Al,O3 (423), P,0O3 (1,3)
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AI'K/]-400, Seokar-600 va Ni,Co,Mo oksidlori ilo modifikasiya olunmug halloizit

Niimunasi ilo hazirlanmig yeni katalizator néviiniin hidrotomizloanmoa prosesinda tatbiqi

AT'KJI-400, Seokar-600 vo Ni,Co,Mo oksidlari ilo birgs modifikasiya olunmus halloizit
nlimunasi qarisigina olagslondirici kimi AlyO3z olave etmoklo hazirlanmis yeni katalizator
niimunslarinin tadqiqi onlarda yeni mineral fazalarin amalo golmasini, lakin biitdvliikds rentgen
difraktometrlorinin doyigsmadiyini gostorir (sok.4).
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Sakil 2. ATI'K/]-400 katalizatorunun diftogrami
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Sakil 4. AQKD-400, Seokar-600 va Ni,Co,Mo oksidlarinin birga modifikasiya olunmusg
halloizit niimunasi qarisigi il hazirlanmis yeni katalizator niimunalarinin difraktogrami
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AT'K1-400, Seokar-600 va Ni, Co, Mo oksidlari ilo birge modifikasiya olunmus halloizit
niimunosi garisigina olagolondirici kimi Al,Os; olavo etmoklo hazirlanmis yeni katalizator
niimunosindo 20-kenarlagma bucagi 25°-do 3.56 intensivliyi ilo miisahido olunan xarakterik zolaq
modifikasiya naticasinds halloizit niimunasinin borularnin gisman agilmasi ils izah oluna bilar.

Digor bir tisul iso ondan ibaratdir ki, yuxarida qeyd olunan duzlarin mohlullar1 halloizit
nlimunasinin {izoring alavo olundugda alinan qarisiq 20 kH tezliyindo olan iiltrases kavitasiyasi
vasitosilo 10 doq miiddatindo qarisdirilir vo sonradan qurudulub, haob soklino salinir. ©nonovi
tisul ilo hazirlanmis niimunanin, eyni zamanda AT'KJ[-400, Seokar-600 va Ni, Co, Mo oksidlori
ilo modifikasiya olunmus halloizit nlimunasinin ayri-ayriliqgda vo ultrasosli kavitasiya tisulu ilo
hazirlanmis yeni katalizator ndviiniin termoqramlari sokil 4-do verilir.

Toqdim edilmis niimunanin difraktograminda goriinon Konarlagsma bucaqlarinda miisahido
olunan xarakterik zolaglar niimunoani halloizit kimi identifikasiya edir vo kristallik halda
oldugunu siibut edir.

Tadqiqatlar iicilin ilkin emal dizel fraksiyasinin 10%-1i bitki yag1 qarisigi gotliriilmiisdiir.
Hidrotsmizloms prosesi 320-350 °C, xammalin verilmosi siirati 0.5-1 s, hidrogen tozyiqi 3,5
MPa soraitinds ilkin emal dizel fraksiyasinin 10 % (kiitlo) pambiq yag1 olave edilmis qarisigi
AT'KJI-400, Seokar-600 vo Ni, Co, Mo oksidlori ilo birgo modifikasiya olunmus halloizit
niimunosi qarisigina olagalondirici kimi AlyO3z olavo etmoklo hazirlanmis yeni katalizator
noviindan istifado etmoklo aparilmisdir. Bu proseslorin material balansi codval 1-ds verilmisdir.

Cadval 1.
Dizel distillatinin 10 % kiitlo pambiq yagi alava edilmis qarisigin AI'K/]-400, Seokar-600 va Ni, Co, Mo
oksidlori ilo birga modifikasiya olunmug halloizit niimunasi qarisigina alaqalandirici kimi Al,03alava

etmakla hazirlanmuig yeni katalizator néviindan istifads etmakla hidrotomizloma proseslarinin material
balansi (P=3,5 MPa, T=320-350°C)

Katalizator
AQKD- AQKD-400+ | AQKD-400+ AQKD-400+
Géstoricilor N 40Q+_ I—_|a||oizit+ Seokarj6_00+ Seokar_—6_00+
Halloizit | Halloizit+ NiO+CoO+ Halloizit+ Halloizit+
NiO+CoO+ MoO; NiO+CoO+Mo | NiO+CoO+Mo
MoO; (ultrasasli) O3 O3 (ultrasosli)

Gotiiriiliib, % Kiit.
[lkin emal dizel fraksiyas1 88.8 88.8 88.8 88.8 88.8
Pambiq yag1 8.8 8.8 8.8 8.8 8.8
Hidrogen 2.4 2.4 2.4 2.4 2.4
Almmb, % Kkiit.
dizel fraksiyasi
180-350 ocy 91,7 92,6 93,1 90,8 89,9
Benzin fraksiyasi g.b.-
180 °C yastq 2.4 2,2 2,0 3,0 4,9
Qazlar C;-C, 3,5 2,3 2,6 2,7 2,7
Koks 0,9 0,8 0,6 0,7 0,8
Su 0,5 0,8 0,6 0,6 0,6
Itki 1,0 1,3 1,1 1,2 1,1

Cadval 1-don goriindiiyli kimi, halloizit siixurundan katalizator kimi istifado etdikdo ilkin
emal dizel fraksiyasinin 10% (kiit) pambiq yag: ils qarisiglarinin hidrotomizlonmasi naticasinda
alman dizel fraksiyasinin c¢iximi 91,7% toskil edir. Hazirlanmis yeni katalizator ndviindon
istifado etdikdo prosesdon alinan dizel fraksiyasiin ¢iximi 90,0-93,1% kiit. toskil edir vo bu da
katalizatorun torkibino ke¢id metallarin daxil edilmasindon onun hidrogenlosdirms funksiyasinin
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AI'KJ]-400, Seokar-600 va Ni,Co,Mo oksidlari ilo modifikasiya olunmus halloizit
niimunasi ilo hazirlanmis yeni katalizator néviiniin hidrotomizlonmoa prosesinda totbiqi

artmast vo eyni zamanda Seokar-600 katalizatorunun totbiqi ilo bitki yaglarimin kreking
reaksiyalariin artmasi sobabindon ola bilar.

Ilkin emal dizel fraksiyasmin 10% pambiq yag ilo gansiginin yuxarida sadalanan
katalizator nlimunalori ilo hidrotomizlonmo prosesindon alinan dizel fraksiyalarinin keyfiyyot
gostoricilori cad.2-do verilmisdir.

Cadval 2.
Ilkin emal dizel fraksiyasinin 10% pambiq yag il qarisigimin ATKJT-400, Seokar-600 va Ni, Co,Mo
oksidlari ilo birgs modifikasiya olunmus halloizit niimunasi garisigina alagalondirici kimi Al,032lava
etmakla hazirlanmig yeni katalizator néviindan istifads etdikda alinan dizel fraksiyalarinin keyfiyyat

gostoricilori
Katalizator
AQKD- AQKD-400+ | AQKD-400+ AQKD-400+
Géstoricilor N 4OQ+_ Halloizit+ Seokar_—6_00+ Seokar76.00+
Halloizit Halloizit+ | NiO+CoO+ Halloizit+ Halloizit+
NiO+CoO+ MoO; NiO+CoO+Mo | NiO+CoO+Mo

MoO; (ultrasasli) O3 O;3 (ultrasosli)
Sixliq 15 °C, kg/m® 838,7 841,9 844,1 8429 836,8
Fraksiya torkibi, °C
Qaynama baslangici 182 186 194 197 190
10% qaynayir 216 217 221 223 233
50 % qaynayir 278 280 286 289 291
Qaynama sonu 362 365 368 370 350
Alisma temperaturu,
bagl putada, °C 70 72 71 71 70
Kinematik 6zlIiiliik, 20°C-
do, mm?%/s 2,94 3,11 3,23 3,25 2,89
Bulanma temperaturu,
°C, yuxar1 olmamali -28 -28 -27 -30 -10
Donma temperaturu, °C,
yuxari olmamali -36 -38 -39 -40 -40
Tursuluq, mq KOH/100
sm? yanacaq 1,53 0,95 0,85 0,85 0,51
Yod adadi, qJ,/100q yan,
¢ox olmamal1 2,36 14 19 1.6 1,50
Umumi kiikiirdiin
miqdar1, % Kkiit. 0,0538 0,0090 0,0070 0,0075 0.0065
10 % li galigin
kokslasmasi, % kiitla, ¢ox
olmamal 0,0018 0,0021 0,0020 0,0018 0,0019
Karbohidrogen torkibi,
kiit. %
Aromatik 16,2 14,4 14,6 11,0 10.8
Doymamig 2,4 0 0 0 0
parafin -naften 86,2 85,6 85,4 85,0 85,2

Cadvol 2-don goriindilyii  kimi, hidrogen tozyiqgi 3,5 MPa, temperatur 350 °C vo XVKS
0.5-1 s™ olduqda ilkin halloizit siixurundan katalizator kimi istifade etdikdo ilkin emal dizel
fraksiyasinin 10%-li bitki yagi qarisiginin hidrotomizlonmasi noticosindo timumi kiikiirdiin
miqdart 0,0855% kiit—don 0,0538%-dok azalir. Bu zaman kiikiirdsiizlosdirilma dorinliyi 37,07 (
kiit) toskil edir.
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flkin halloizit siixuru istifadesinds hidrogen qazinin tozyiqini 5,0 MPa-dok qaldirdiqda
kiikiirdstizlosdirilma dorinliyi artir vo 41,87 % kiit. toskil edir.

Hidrogen tozyigi 3,5 MPa, temperatur 350 °C vo XVKS 0.5-1 s* oldugda ATKJI-400,
Seokar-600 va Ni, Co, Mo oksidlari ila birgs modifikasiya olunmus halloizit niimunasi qarigigina
olagolondirici kimi Al,O3 olavo etmoklo hazirlanmis yeni katalizator ndvlorinin istirakinda
hidrotomizlonms prosesi aparildigda iso timumi kiikiirdiin migdar1 0,0090-0.0065 % (kiit.) toskil
edir. Bu zaman kiikiirdsiizlagdirilms dorinliyi miivafiq olaraq 84-88 % (kiit) toskil edir.

Notica. Alinan notico sonaye hidrotomizlonmo katalizatorlarinda alinan noticolor ilo
miiqayisalidir va bir sira gostaricilora gors onlardan stiindiir.

Eyni zamanda bu katalizator ii¢lin sadalanan goraitdo alinan dizel fraksiyasinda aromatik
karbohidrogenlorinin migdarinin asagi olmasi nazari calb edir. Bels ki, aromatik karbohidrogen-
larinin miqdar1 3,5 MPa tozyiqindo 10,8 vo 14,4 % kiit arasinda doyisilir.

Qeyd etmok lazimdir ki, pambiq yag1 olavo olunmasina baxmayaraq, bu zaman alinan dizel
fraksiyalarinin asagi1 temperatur xassalori pislogsmir vo qis novii dizel yanacaqlarina uygun golir.
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PE3IOME
NPUMEHEHHUE HOBOI'O KATAJIM3ATOPA, IIOJYUYEHHOI'O OBPA3IIOM
T'AJVIYASUTA, MOIUDPUIITUPOBAHHOI'O OKCUJAMM Ni, Co, Mo U
AT'K-400, Seokar-600 B ITPOIIECCE THIPOOUYNUCTKHN
Ab6acoe B.M., A6bacoe M.M., Mameoosa T.A., I'acanoea A.P.

Knrouesvie cnosa: cuopoouucmka, ousenvhas ppaxyus, 2anryasum, ATK/-400, Seokar-600 |,
VIbMPA38YKOBAs KAGUMAYUS

UcnenoBan mporiecc ruipoounctku mpu temmepatype 320-350°C, naBnenue Bogopoaa 3,5MP ¢
UCTIOJIb30BAaHUEM B KaueCTBE CHIPbsS MPSIMOTOHHOW JU3eNbHOW (Gpakuud W CMECH NPSMOTOHHOHN
mu3enbHOW  (pakumum ¢ 10% XJIOMKOBOrOo Macia ¢ HCHOJb30BaHUEM B KadecTBE KaTauu3aropa
ramwion3nToB, oborameHusx okcugamu Ni, Co, Mo u AT KJI-400, Seokar-600.

BbIABI€HO, YTO TPH HCIIONB30BAHWM KAaTaM3aTOPOB, IOJMYYEHHBIX OOpa3loOM TaJuTya3uTa
mMoaudunmposanHoro okcuaamu Ni, Co, Mo u AI'K/I-400, Seokar-600 ¢ ucrionb30BaHHEM yIIbTPa3ByKa,
o01iee copepkaHue cepbl B COCTaBe AM3EIbHBIX (Qpaknuii ymensmaercs ot 0,0090 no 0,0065 % macc.,
npu 3ToM  IiyOmHa obeccepuBanus cocraBisieT 84-88 % macc., a KOIMYECTBO apOMATHYECKHX
yriesopoponos 14,4 u 10,8% macc.

SUMMARY
THE APPLICATION OF THE NEW CATALYST TYPE PREPARED BY THE HALLOYSITE
SAMPLE MODIFIED WITH AT'KJI-400, Seokar-600 AND THE OXIDES OF Ni, Co, Mo IN THE
HYDROTREATING PROCESS
Abbasov V.M., Abbasov M.M., Mammadova T.A., Hasanova A.R.

Key words: hydrotreating, diesel fraction, halloysite, AT K/[-400, Seokar-600, ultrasound cavitation.

The hydrotreating process of the pure initial refining diesel fraction and the mixture of it with
cottonseed oil of 10% (by mass) have been operated at 320-350°C with hydrogen pressure of 3.5 MPa by
using halloysite that enriched with transition metal oxides Ni, Co, Mo and AI'KJI-400, Seokar-600 as
catalyst.

It has been observed that, the new catalyst prepared by the halloysite sample modified with AT'KJI-
400, Seokar-600 and the oxides of Ni, Co, Mo by ultrasound cavitation is used, the total sulphur content
decreases from 0.0090 to 0.0065 (by mass) and the desulphurization depth is 84.0-88,0 %. Meantime, the
amount of aromatic hydrocarbons was 14,4 and 10,8% (by mass).

Daxilolma tarixi: [lkin variant 02.05.2018
Son variant 28.09.2018
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CBoOOAHOpAAMKAIBHBIM IPUCOEIUHEHUEM THO(QEHONAa K HEeNpeAeIbHbIM IHKINYECKUM
areTasiM ObUIM CHHTE3UPOBAHBI U OXAPAKTEPU30BAHBI MOHOAIIYKTBI, KOTOpPHIE 3aTeM OBLIH
UCIOJIb30BaHbl B KadecTBE 3aMEUIMTENs IPEeKIACBPEMEHHOM ByJIKaHU3alMu OyTaaueH-
CTHPOJILHOTO Kay4yka. [loka3aHo, 4To BBEICHNE B COCTaB Pe3MHOBOM cMecu Ha ocHoBe CKC-30-
APKM-15 cuHTE3UpOBaHHBIX THO(EHOJBHBIX aJAYKTOB HPUBOJUT K IOBBIIICHUIO (U3UKO-
MEXaHUYECKUX CBOMCTB BYJIKAHU3ATOB.

Byraguen-ctuponbHbIl  Kayuyk, Onarojapst AOCTYHHOCTH M JACLIEBH3HE HCXOJHBIX
KOMITOHEHTOB ISl €ro IPOHM3BOJICTBA, a TAKXKE XOPOIIUM pabO4YMM CBOMCTBaM, W CETOMHS
ocTaeTcs IIeHHEHIIUM MPOIYKTOM Cpeau CUHTETHYECKHX 3jacToMmepoB. HecmoTpst Ha To, 4TO
yIEIbHBIA BeC €ro B OOIIEM BBIIYCKE CHHTETUYECKMX KaydyKOB I1aJJaeT, TEM HE MEHEE,
abCOJIIOTHOE KOJMYECTBO €ro MpoJo/DKAaeT yBelnuuBaTbes. Hapsay ¢ 3THUM pe3uHBI Ke,
U3TOTOBJICHHBIE HA  OCHOBE  OYTaJIMEH-CTUPOJBHOIO  Kaydyyka, HMMEIT  XOpOoIlue
DKCIUTyaTallMOHHbIE CBOMCTBAa. (CHOBHBIM HAa3HAUYEHHEM €r0 SABISAETCS IPOU3BOJCTBO
ABTOMOOWJIbHBIX LINH, Pa3JIMYHbIX PE3UHOTEXHUYECKUX U KaOeIbHbIX U3enuil [1].

ByragueH-cTUpONIbHBI  KaydyyK, XOTs U 00JaJaeT COOTBETCTBYIOIIUMHU (U3UKO-
MEXaHUYECKUMHU CBOICTBaMH, TE€M HE MEHee, OH HE€ YJOBJIETBOPSET CETOJHSALIHUM
TpeOOBaHUAM, NPEABABISEMBIM K pEe3MHaM, H3rOTOBJIEHHBIM Ha ero 6asze. CienoBaTenbHO,
TpeOyeTcs MoaudUKaIMs €ro C pa3IMuYHbIMH HU3KO- U BHICOKOMOJIEKYJISIPHBIMU COEIMHEHUSIMU
WIA JK€ OJIMTOMEPaMH, COJIEpXKAallMMH B CBOEM COCTaBe (YHKIIMOHAJIbHO-aKTUBHBIE, T.C.
PEeaKLMOHHO-CIIOCOOHBIE TPYIIIBI.

Crnenyer Takxe MOAYEPKHYTb, YTO OyTaJMEH-CTUPOJIbHBIM KaydyK B OTJIIMYHE OT APYrHX
HaTypaJIbHBIX M CHHTETHYECKHX KaydyyKOB XapaKTepu3yeTcs OOJbIIed CKIOHHOCTbIO K
IIPEKIEBPEMEHHON ByJIKaHU3aluH [2].

[TprueMm, Kak U3BECTHO, MPOLIECC MOJABYJIKAHU3AIMN PE3UHOBBIX CMeECeil SBJISETCS OJHUM
U3 OCHOBHBIX SIBJICHHMH, NPEMATCTBYIOIIMX HOPMAJIBHOMY IPOM3BOJICTBY PE3MHOTEXHHUYECKUX
uzzienuii. OOBIYHO JUISI TOJABIICHUS CKOPOCTU MPEXAEBPEMEHHOM BYJIKAaHU3ALUU B PE3UHOBYIO
KOMITO3UIIUIO JT00aBIISIOT CIIeIMalbHbIE BEIIECTBAa U3 KJIacCa OPraHMYEeCKUX COCIMHEHMH — TaK
Ha3bIBa€Mble 3aMEJIMTENM TOJABYJIKaHM3alMU. Vimes B cBoeM cocTaBe pa3jU4HbIE
(GyHKIMOHATIBHBIE TPYIIBI U aTOMBI CEPBI, U YUYUTHIBAS MPOTEKAHUE MpOIlecca ByJIKaHU3AIMHU 10
pajuKalbHOMY MEXaHU3My, B KauecTBE 3aMEUIMTENS Mbl HCHOJIb30BAIM MOHOAITYKThI
HenpeIebHbIX UKINYECKHUX aleTalieil ¢ THO()EHOIOM.

Hcnbrtanutio moaBepraivuch coeAMHEHUs 00men GopmyIs:
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A00yKmbl HenpeoenbHbIX YUKIUYECKUX ayemaiell ¢ muogpheHoiom
6 Kauecmee 000aBOK K OYmMaoueH-cCmupoibHOM) KAYYyKy

PhSCHg—ﬁ— CH,— O—RH

O

OTU coenvHEHUsl ObLIU MOJYYEHBI 10 PEaKIUU HEeMpeIelbHbIX [UKIMYECKUX areTaieii ¢
THO(EHOTIOM.

IKcnepuMenTajbHas yactb. MK-criekppl cHuManuce Ha mpubope UR-20 B obnactu
npusm KBr, NaCl, LiF B Buzne Tonkux mieHok. [IMP-criekTpbl cHUManuch Ha ciekrpomerpe BS
487 B  dupmer  “Tesla” (UCCP) B pactBope CCly, BHyTpeHHHI-CTaHAAPT-
TeKCAMETHIITUCIIIOKCaH, O-IKana. UYHCTOTy CHHTE3MPOBAHHBIX COCIMHEHUHN OIpenessuiv
MerogoM [KX-anammza nHa xpomatorpade JIXM-8 MJI, momens-3. Hemonswxknas ¢aza
kapboakc 1 XE-60 ma xpomarone N-AW-DMCS. Temmeparypa 110-200°C, ras-mocuress-
reauit, V g =50-60 Mi1/MuH.

HenpenenbHble UUKIMYECKHE aleTaqd ObUIM  IOJYYEHBl U3  COOTBETCTBYIOLIUX
XJIOPMETHUIITUKINYECKHUX alleTaleii, KOTOpble B CBOIO OYepeh ObUIM CHHTE3WPOBAHBI peaKinei
HUKJIMYECKUX KeTOHOB ¢ DXI' cormacHo METOMKH, OTMCAaHHOM B [3].

IHony4yenne HenpeaebHbIX HUKIMYCCKUX aneTesel
CICH,—CH—O CH-ONa CH~=C—O0
2 N 3 > R

R >
CHz—O/ DMFA CH—O

K pactBopy 0.2 Monb cooTBeTcTBYIOMIEro XjaopMmeruiauokconana B 200 man IM®DA npu
MepeMEIIMBaHUH 0 KarwisaM 00aBisiiu pactBop 0.5 mosnp merminara Hatpus B 100 mur [IMOA
npu KOMHATHOM TemriepaType. Cmech mnepememuBanu 4 yaca MpU TOM Ke Temmeparype u
BiuBaiu B 150 M1 BOJIbI, TOCTIE YETrO SKCTparupoBaiu 3¢upom. OpraHuueckuid CIoi OTASISIIN U
cymi Hag MgSO,. DdupHbIe BBITSHKKHA BRIIAPUBAIIH, 2 OCTATOK NIEPETOHSITN B BAKyyMe.

IIpucoenunenue TnopeHona

CHp=C— O h
| DR+ PhSH —> PhSCH;—C— CH,~ O—RH
CH,—O I
0
R = X o X >, >i;< any, >?<:> (IV)

CH3 CHS

[Ipucoenunenue T Kk HEMPEAETBbHBIM HUKINYECKUM alleTAISIM TPOBOANIIOCH CIEAYIOIIUM
oOpa3om: B ammyny emkocTbio 20 mMia momectunu 0.02 monp 2-3amerieHHOro 4-metuieH-1,3-
nuokconana, 2.32 r (0.021 mone) T® u 0.5 Bec.% JAK. Amnyny 3anauBanu ¥ HarpeBaiu B
tepmocTate 1pu 80°C B TeueHue 4-x yacos. [1o okoHUaHMM peakMM cMech OXJIaKaanu, 3-4 pasa
npoMbiBasin  10%-HeIM pacTBOpoM coabl (IIsl yaaneHuss u30biTka T®) U dKCTparupoBain
spupom. Ilocne cymku Han NapSOs 3¢up OTroHsUIM, a NMPOAYKT pPEaKLUUU IEPETOHSIM B
BaKyyMe.

Pe3nHOBYI0 cMech TOTOBMIIM Ha J1a0OPaTOPHBIX BalbliaX MOCIEIOBATEIbHBIM BBEICHUEM
uHrpenueHToB. CocTaB pe3MHOBOM cMecH MacC.4: OyTajreH CTHpOIbHBIM Kaydyk Mapkun CKC-
30-APKM-15 — 100; creapuHoBast kuciora — 2.0; okuch muHka — 5.0; kantakc — 2.0;
mudernnryanuans — 0.3; caxa /II'-100 — 50.0; cepa — 2.0; mogudukaropsr-anaykrsl — 1.0-6.0.

Bynkanuzanuio kaydyk-mMoAn(UKATOPHBIX KOMIIO3ULUHM, MOJYYEHHBIX IMyTEM CMELICHHS
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Ha BajbllaXx OyTaauEH-CTUPOJIHLHOTO KAaydyKa, COOTBETCTBYIOIIUX HWHTPEAMEHTOB W B3STHIX
annyktoB ocymiectsisuid npu 143°C B teuenue 40,60 u 80 MUHYT IpU AaBICHUM Mpecca HE
menee 12.0 MITa.

Tabnuuya 1.
Cocmas pe3unogwvix cmeceltl ¢ 0obaskoi addykmos 1-1V

Pe3unoBas cmech, Mmacc..

MurpennenTs
1 2 3 4 5 6 7 8 9 10 | 11 12 13
CKC 100 |100 (100 (100 |100 (100 {100 (100 {100 |100 |100 |100 |100
CreapuHoBas
KHUCJI0Ta 20 {20 |20 |20 |20 (20 |20 |20 |20 |20 (20 |20 |20
Oxuch IUHKA 50 [5.0 |5.0 50 | 5.0 |5.0 50 |50 |50 |50 |50 |50 2.0
Kamnkakc 20 |20 (20 |20 |20 (20 |20 (20 (20 (20 (20 |20 |20

HJudennnryanmogmua | 0.3 |03 |03 |03 |03 |03 |03 |03 |03 |03 |03 |03 |03

Caska /15-100 50 [50 |50 |50 |50 |50 |50 |50 |50 [50 |50 |50 |50

Cepa 20 {20 |20 |20 |20 |20 |20 |20 |20 |20 |20 |20 |20
Annykr- | - 10| 30 | 60| - - - - - - - - -
Annykr- 1l - - - - 10| 3,0 | 6,0 - - - - - -
Annykr- 111 - - - - - - - 10| 30| 6,0 |- - -
Annykr- 1V - |- - - - - - - - - 10| 3,0 | 60

OO0cyxaenne pe3yJbTaToB. B TeXHOJIOTMM TPOU3BOACTBA PE3WH B HACTOSIIEE BpEMs
UCIIOJIB3YIOTCS. MHOTOUMCIICHHBIE COSAMHEHHS — JOOABKH KaK 3aMeUIMTENH MPexaeBpEeMEHHON
ByJlKaHu3auu. Ilpuuem npuMEHseMble COEIUHEHUS HE YIOBJIETBOPSIOT TPEOOBaHUSM,
npensBisieMbiM K pesune. CrenoBaTenbHO, TpeOYIOTCS HOBBIE aJAYKThl C OPUTHHAIBHBIMU
CTPYKTYpPHBIMH €JUHUIIAMH U MIPUIAOIIME PE3UHAM YJIydllIEHHbIE CBOCTBA.

YuuThiBas BBIIEU3I0KEHHOE, BHOBb CHHTE3UPOBAHHBIE HAMU THO(GEHOIbHBIC aIyKTHI (|-
IV) HenmpenenbHbIX IUKIMYECKUX aleTaneldl ObUIM MCIONb30BaHbl B KayeCTBE 3aMEUIMTENS
NPEeX/1eBPEMEHHON BYJIKaHU3AIMH KOMIIO3ULIMI Ha OCHOBE OyTa/lu€H-CTUPOIBHOTO KayqyKa.

O(PGheKTUBHOCTh  UCMONB3yeMbIX coenuHenuid |-V B kadecTBe  3aMeuIUTeNs
MOABYJKAHU3ALIUM OLEHUBAIIM KAK IO M3MEHEHUSM BSI3KOCTH 1O MyHM pPE3MHOBBIX CMECEil B
npotiecce nporpesa rmpu 130°C, Tak ¥ Mo JaHHBIM (PU3UKO-MEXAaHUUECKHUX MMOKa3aTele pe3uH.

OKCIEPUMEHTHI TMOKa3aJld, YTO MPU BBEACHUM B COCTAB PE3UHOBBIX KoMmo3unui 3.0
Macc.d. aJiTyKTa, Bpemsi MOABYJIKaHU3alUK Bo3pacTaer ¢ 25 1o 46 muH. [Ipu s3ToM ontumanbHoe
BpeMs ByJKaHU3alMM yMmeHbmiaercss ¢ 60 mpo 15-20 MuH, ynydmawoTes Takke (QU3UKO-
MeXaHUYECKHE MOKa3aTeNu BYJIKaHU3aTOB. ONTUMAaNIbHOE KOJUYECTBO 3aMEIIUTENISI COCTABIISET
3.0 wmacc.u. Ha 100 macc.u. BCK. [lanbHeililee yBeludyeHHE KOJIUYECTBA 3aMEUIMTENS He
NPUBOAUT K  CYHIECTBEHHOMY  HM3MEHEHHIO IPOYHOCTHBIX  Iokaszartenei. IIpomecc
COIIPOBOXKIAETCS JIMOO WHIHOMpoBaHHEM, (IPEXKIAEBPEMEHHOW MOJBYJIKAaHU3aIMel), Iudo
CIIMBKOM MOJ A€HCTBUEM aITyKTOB.

W3 nannbix Tabmuibl 1 BUAHO, 4TO (DU3MKO-MEXaHUYECKHE TOKa3aTelld PEe3UH MpHU
ONTUMAIBPHOM KOJUYECTBE MOAUMUIMPYIONINX COSAMHEHUH Bo3pacTtaloT 10 35-40%, a
OTHOCHUTEJIbHOE yAJIMHEHHE yBenuuuBaerca B 1.16-1.25 pasza, mo cpaBHEHHIO CO CBOMCTBaMuU
PE3UH, U3TOTOBJIEHHBIX 0€3 y4yacTus mMoaudukaropoB. K ToMy ke M3roTOBIEHHAs pe3UHOBAs
CMeCh MMEET BBICOKYIO CTOMKOCTh K TEIUIOBOMY CTapeHHI0. Tak, K03(h(HUIIMEHT CONMPOTUBIICHHUS
TEIIOBOMY CTapeHHUIO Bo3pacTaeT no npeaeny npouynoctu ot 0.61 mo 0.98, mo oTHOCUTETBHOMY
yanuHeHuto ot 0.73 mo 0.93 mo cpaBHEHHIO ¢ KOMIIO3HMIIMENW Ha OCHOBE TOJBKO OyTaJHeH-
CTHUPOJIBHOTO Kay4yKa.
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B tabnuue 2 mpeacTraBiieHbl HEKOTOPBIE CBOWCTBA MOJYUYEHHBIX KOMIO3UIIMN U PE3UH Ha
OCHOBE CHHTE3UPOBAHHBIX THO(HEHOIBHBIX aaayKToB |-1V.

Tabauua 2.
Csoticmea 8yIKanu3amos Ha 0CHO8e OYMAOUEH-CIMUPOTILHO20 KAYUYKA
0e3
100a- | Pe3srHOBBIE CMECH ¢ JOOABKAMH
Ne ITokazarenu BOK
2-4 5-7 8-10 11-13

1 | Baskocts 1o Mynu npu 130°C 25 21* 22 225 20
2 | Bpewms 5o Havana BYJIKaHW3AIMU TPU

130°C, muH 25 46 40 36 45
3 | CompotuBnenue pazpoiBy, MIla

10 cTapeHus™** 25.6 | 34.7 33.6 33.1 37.0

Hocie crapeHus™* 15.6 29.4 25.3 26.6 37.5
4 | OTHOCHTENbHOE YATUHEeHHE, Y0

JI0 CTapeHUs 650 738 720 710 790

MocJie CTaApCHHUS 475 592 552 686 718
5 | Ocrarounoe yamnenue, %

710 CTapeHust 16 31 29 24 20

MocJie CTaApCHHUS 17 14 17
6 | Monyns npu 300% ynnuaennu, MIla 8.9 7.1 7.2 5.4 4.9
7 | Teépmocth mo TM-2 60 54 56 57 59
8 | Koaddumment conporusieHus

TEIUIOBOMY CTAPECHHUIO:

10 COIIPOTHUBJICHUIO PA3PBIBY 0.61 0.98 0.94 0.93 0.95

10 OTHOCUTEIIBHOMY YIUTMHCHHTO 0.73 0.92 0.93 0.90 0.92

*3HayeHue MPHU COoJlepKaHNK aiayKToB KonnuecTse 3.0 macc.y.
** Yemosus craperns — 100°C B TeueHne 72 gacos.

3amMeIUTeNbHOE IEUCTBUE aJITyKTOB CBSI3aHO, BEPOSTHO, MPUCYTCTBUEM B UX MOJIEKYJAaxX
ATOMOB CEpBbI U JIydllled COBMECTUMOCTBIO UX C PE3UHOBOM CMECHIO.

bnaronapst cBoei CTpyKTYpHOM OJIM30CTH, MOHOAIYKTHI OBUTH MCIIOJIB30BAHbBI B KAYECTBE
monudunupyromeit 1o6aBku k BCK. Pe3ynbTaThl sKkcriepuMeHTa MOKa3aiH, YTO BBEJICHUE B
COCTaB pPE3MHOBOM cMmecH, NpuroroBieHHol Ha ocHoBe BCK, aanykToB HempeneiabHbIX
UKIUYECKHUX areTaneil ¢ THO(EHOIOM MOBBIIMIAET MPOYHOCTHHIE MOKA3aTeIH, OTHOCUTEIBHOE
YAJIUHCHHUEC U YMCHBIIACT CKIIOHHOCTH KOMIIO3HWIWH K HpC)KI[CBpGMCHHOfI BYJIKaHU3alluH. HpI/I
ATOM TaK)X€ HECKOJbKO yiyumiaercss Moayib mpu 300 %-nom ynnuHenun. [loBbiieHne Moayms
BYJIKAHU3aTOB IIpU )106aBJ'I€HI/II/I AOIAYKTOB CBHIACTCIIBCTBYCT 00 Y4aCThU HCIHOJb3YyEMbBIX
aJIyKTOB B mpoiiecce 00pa3oBaHUs MPOCTPAHCTBEHHO CETYATHIX CTPYKTYP.

I[J'IS[ BBIICHCHHA BJIMAHUA COACPIKAHUA 3aMCIJIMTCIIA Ha IMPOYHOCTHBIC CBOMCTBA
PE3NHOBOM KOMMO3UIIMHM HCCIEIOBAIN 3aBHCUMOCTh TMpefesia MPOYHOCTH MPH PACTSHKEHUU OT
KOJIMYECTBA a/IyKTOB-3ameyiuteneit (puc.1).

W3 pucynka 1 BUAHO, YTO 3Ta 3aBHUCHMOCTh HMEET HKCTpeMalbHBIM Xapakrtep. [lpu
BBEICHHNH B OyTaJMCH-CTUPOJBHBIA Kaydyk n0 3.0 MacC.4. ajayKTa-3aMeIUTeNs
MPEeKICBPEMEHHON BYJIKaHU3allMd TPOYHOCTHBIE CBOWCTBA pe3uH Bo3pactaror. OnHaKo,
«30BITOKY» MoaupukaTopa-3amemuTens (coaepkanue Oonpire 3.0 MacC.4.) B KOMIO3WIIUU
NPUBOAUT K HEKOTOPOMY YXYIIIEHHIO €€ CBONCTB IO CPAaBHEHHUIO CO CBOWCTBAaMHU pE3MH,
H3TOTOBJICHHBIX B COIMOCTaBUMOM PCKUME. Ot PE3YIBTATEI CBUACTCIBCTBYIOT O TOM, YTO IIPU
COOJNIOACHUH ONTHUMAIBHBIX COOTHOIIEHWH WHTPEAUEHTOB W MOJIU(PUKATOpA-3aMEeTUTENs
AOCTUTacTCA MaKCUMaJlbHas IPOYHOCTD.
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o FPNw

COI[Cp)KaHI/IC 3aMCJIUTECIIA,MaCC. 4.

Puc.1. 3asucumocmsv conpomuenenus paspuvlgy gyakanuzamos na ochoge bCK om codeporcanus
3ameonumenst npeicoespemMenHoll gyaKanuzayuu (kpugvle 1—4)

TakuM o0O0pa3oM, KOMIUIEKC IPOBEIEHHBIX KCCIEAOBAaHUN TOKa3aJl, YTO YCIEIIHOEe
IPUMEHEHUE aJIyKTOB, COJEpP’KAIllUX B CBOEM COCTaBE AaTOMOB B KayeCTBE 3aMeJIMTeNei
NPEeKICBPEMEHHON  BYJNKaHW3aluu JUisl  OyTaJAHEeH-CTUPOJIBHOTO KaydyKa CBSI3aHO C
00pa30BaHMEM BYJIKAHM3aTOB C BBICOKOM CTENEHbIO CIIMBKU. IIpu 3TOM aayKThl, XUMHUYECKU
CBS3aHHBIE C MAaKPOMOJIEKYJaMHU Kay4yyKa, BBIIOJHSIOT POJIb YCHJIMBAIOLIETO HamoidHuTens. B
pe3yabTaTe MOBBIMACTCS KOHIICHTPALUS TIONEPEYHBIX CBSA3€H, YTO M CITIOCOOCTBYET BO3PACTAHUIO
MPOYHOCTHBIX CBOMCTB [4].

W3 maHHBIX TaOmUIBl 2 TakXKe CIEeAyeT, 4yTo (M3MKO-MEXaHMUYECKHE IMOKa3aTelN pPEe3uH,
IIOJIyYEHHBIX BBEJEHHUEM B COCTaB PE3NHOBOW KOMIIO3MIUM MOHOAIIYKTOB, IPEBOCXOIAT
COOTBETCTBYIOIIME TIOKA3aTEJIN PE3UH, U3TOTOBJIEHHBIX 0€3 MOAUPHUIMPYIOIMIHNX J00aBOK.

CrnenoBarenbHO, MCIONIb3yEMbIE aIJyKThl MOTYT OBITh HCIOJB30BaHbl B KauecTBe
3aMeNINTENIeH TMPEeXICBPEMEHHON BYJIKAHU3AIMU PE3MHOBBIX CMeceld Ha OCHOBE OyTajueH-
CTUPOJIBHOTO KaydyyKa C OJJHOBPEMEHHBIM YJIyUIIEHUEM UX 3KCIUIyaTallHOHHBIX CBOWCTB.
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XULASO
DOYMAMIS TSIiKLiK ASETALLARIN TIOFENOL ADDUKTLARI BUTADIEN-STIROL
KAUCUKUNA 9LAVO KiMi
Yusifli F.X., Ramazanov Q.9., Quliyev A.M.

Acar sozlor: tsiklik asetal, tiofenol, addukt, butadien-stirol kaucuku, vaxtindan avval vulkanlasma

Tiofenolun doymamis tsiklik asetallara sorbost radikal birlesdirilmosi ilo monoadduktlar sintez
edilorok xarakterizo olunmus va butadien-stirol kaugukunun vaxtindan ovval vulkanlasmasina garsi
yavasidict kimi istifads edilmisdir.

Gostorilmisdir ki, BSK-30-APKM-15 osash rezin qarigigimin torkibino sintez edilmis tiofenol
adduktlariin olavs edilmosi vulkanizatlarin fiziki-mexaniki xassalorini yiiksaldir.

SUMMARY
THIOPHENOL ADDUCTS OF UNSATURATED CYCLIC ACETALS
AS THE ADDITIVE TO BUTADIENE-STYRENE RUBBER
Yusifli F.Kh., Ramazanov G.A., Guliyev A.M.

Key words: cyclic acetal, thiophenol, adduct, butadiene-styrene rubber, premature vulcanization

By free-radical addition of thiphenol to unsaturated cyclic acetals there have been synthesized and
characterized the monoadducts, which then have been used as the decelerator of premature vulcanization
of butadiene-styrene rubber.

It has been shown that an introduction of the synthesized thiophenol adducts into composition of
rubber mixture on the basis of SRS-30-ARKM-15 leads to the increase of the physical-mechanical
properties of vulcanizates.

Daxilolma tarixi: [lkin variant 27.02.2018
Son variant 28.09.2018
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1.DIALKIL(ARIL)SILANLARIN 1-FENiL-4-QLiSIDILOKSIBUTIN-1-0
KATALITiK BIRLOSDIRILMOSI

'TARVERDIYEV SOMSODDIN 9BIL oglu
’NOSIROVA IRADO MOMMOD qiz1
Sumqayit Doviat Universiteti, 1-dosent, 2-bas miiallim
nesirova264@gmail.com

Agar sozlar: epoksibirlogma, epoksisilan, hidrosililasma, dialkil (aril) silanlar, platinohidrogenxlorid
tursusu, oksiran halqas, dietilsilan, spektr, valentlik ragsi.

Dialkil-(aril)-silanlarin  platinohidrogenxlorid tursusunun istiraki ilo 1-fenil-4-glisidil-
oksibutin-1 ilo katalitik birlogsma reaksiyasi todqiq edilir. Miioyyon edilmisdir ki, silisium atomu ilo
birlosmis ovazloyicilorin tobiotindon vo quruluslarindan asili olmayaraq, istifado olunan biitiin
dialkil-(aril)-silanlar asetilen sirast doymamis epoksibirlogsmoya selektiv olaraq tigqat karbon-karbon
olaqasi lizro birlogir. Reaksiya noticosindo aktiv Si-H olaqesi saxlayan miivafiq etilen sirasi
epoksisilanlar alinir.

Aromatik radikal torfindon aktivliyi miioyyan qodor mohdudlagdirilmig C=C slaqgesinin

N
hidrosilanlarla reaksiyada CH,; — CH - qrupuna nisbaton aktiv olmasi/1-2/.6ziinii dihirosilanlarla da
biiruzs verir. Bels ki, I-fenil-4— glisidiloksibutin—I-in platinohidrogenxlorid tursusunun istiraki ilo
dihidrosilanlarla garsiligl tosiri reaksiyast Si-H alaqoali epoksidlor alinmasi ilo naticolonir:
@) Q
_ N\ _ /N
CeHsC= CCH,CH,0CH,CH— CH, + H,SiRR —> CgH= C|ICH2CH20CH2CH —CH, (1)

H—SiRR

CHs

|
R:CHg, R’:C(3H5, CH206H5, (CH2)2C6H5, (CH2)3C6H5, CH-CH2C6H5,C7H15, | C7H15; R=R'= C2H5

Tomizliyi QMX ils siibut edilmis epoksisilanin I /R=R'=C,Hs/ IQ- spektrindo 1610sm™

/C=C/, 3065sm™ / C/HEZ) “tH 1, 1245sm™ | Si-Caud, 2120 sm™ /Si-H/, tezlikli udulmalarmn olmast
reaksiyanin C=C olaqosindo getmosino dolalot edir/3-4/. Molekulunda Si-H olagasindon birinin
saxlanilmas1 vo homg¢inin onun hidrosilillogdirmoys aktiv olmasi I maddesinin allilasetatla homin
katalizatorun istiraki ilo reaksiyasinda siibut olunur:

N\
C6H5CH ZCCHchzoCHz(:H - CH2 + CH2: CHCHzOCOCHg ——
Si(C,yH5)oH

2
— >  (CyHs)s = SiCH,-CH,-CH,OCOCH;

|
CGH5CH = CCH2CH200H2Q_|_ CH,
/
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1.dialkil(aril)silanlarin 1-fenil-4-glisidiloksibutin-1-2 katalitik birlasdirilmasi

Epoksiasetatin XI iQ — spektrindo karbonil 1740sm™ ragsinin oks olunmast deyilonlori tosdiq edir.

Beloliklo, spektral molumatlar vo xromatik analiz noticolori gostorir ki, aromatik ovozli
asetilen siras1 epoksidin dialkilsilanlarla reaksiyalar1 sxemino miivafiq olaraq, bir izomer alinmasi
ilo gedir vo silil radikali ¢ox ehtimal ki, C=C rabitosinin aromatik niivodon uzaqda yerloson
karbonuna birlosir. Qeyd etmok lazimdir ki, (2) sxemli reaksiyadan homginin hor iki Si—-H
olagesi istirak edon diepoksid do alinir, lakin qaynama temperaturlarinin yiiksok olmasi, onlari
ayirib todqiq etmoyo imkan vermir.

I-Fenil -2- dietilsilil -4- glisilokcibuten —I

/7 \
CgHsCH = CCH,CH,OCH,CH — CH,

Si(CzHs)H

Birbogazli, yumrudibli 250 ml-lik kolbaya 40, 4 q(0,29-mol) tozo qovulmus I-fenil-4-
glisilokcibutin —I, 16,6q(0,2g-mol) dietilsilan, 70 ml benzol vo 0,05ml Spejera katalizatoru qarisigi
yerlosdirib, lizorino oks soyuducu kegirdorok 18 saat qaynadilir. Gostorilon miiddot qurtardiqdan
sonra miivafiq emal omoliyyatlari ilo asagidak fraksiyalar ayrilir:

1/ 3,69/ - xammal dietilsilan, tosy. 56-58°/ 760mm/, n2° 1, 3929, d3° 0.6817.

11, /8,2q/ - xammal I-fenil -4- glisiloksibutin —I, tosy, 142%/Imm/,n3° 1.5405, d?° 1.0651.

I, /29,29/ - tgy. 157-158° /0,5mm/, n2° 15170, d3° 1.0007, MRy, 87.67, hesab.
87.89.Reagentlora gora ¢cixim 49%.

Tapilmusdir,%, C70:28; HES3; Sid->3.

C17H26Si0,. Hesablanmusdir, %: C 70.20; H 9.01; Si 9.67.

Si-H-1n miqdar1,%: tap. 10.19; hesab. 10.02.

IV, /11,2q/ - di/l-fenil-4-qglisidiloksibutenilen — 1/- dietilsilan, Tgay. 263-265% 0,5mm/, n3°
1.5540, dﬁo 1.0798, MRygp. 146.06, hesab.145.22. Cixim 14%.

Tapilmusdir, %: C7271; H898; Si 293 C39 Hy0Si0,. Hesablanmisdir, %: C73.12; H8.18; Si5.70.

Epoksid adadi, %: tap. 17.1; hesab.17.5. Diepoksidin 1Q spektri / 9, sm’Y/: 705/7.6/, 765/6.0/,
815/8.3/, 910/3,1/, 975/4.0/, 1010/4.3/, 1015/7.0/, 1250/6.9/, 1340/3.2/, 1390/3.3/, 1410/3.4/,
1465/4.8/, 1495/4.1/, 1600/5.3/, 2880/8.6/, 2910/7.6/, 2930/7.9/, 2970/8.6/, 3065/3.1/.

Qaliq, /4,4q/ - qovulmayan, tiind rongli 6zIlii maye.

Itki,/1,2q/.

Analoji soraitdo fiziki-kimyavi xassalori codvaldo gostorilon I-fenil-2-metilfenilsilil-4-
glisidiloksibuteni-1(11), I-fenil-2-metilbenzilsilil- 4-glisidiloksibu-ten-I1(111), I-fenil-2-metil/ -
feniletil/  silil-4-glisidiloksibuten-1(1V),  I-fenil-2-metil/y-fenilpropil/silil-4-glisidiloksibutenilen-
I(V), I-fenil-2-metil/ B-fenilpropil/ silil-4-glisidiloksibuten-1 (IV), I-fenil-2-metilheptilsilil-4-
glisidiloksibuten-I1(V11), I-fenil-2-metilizoheptilsilil-4- glisidiloksibuten-1(\V111) sintez olunur.

I-Fenil-2-dietilsilil -4- (3'-dietilamino-2*- oksipropokcil) buten-1 (1X)
CgHsCH = CCH,CH,OCH,CHCH,N (C,Hs),

HSi(CoHs)2  OH
26,1q(0.09g-mol)I-fenil-2-dietilsilil-4-glisidiloksibuten-1,14,6(0,22g-mol) dietilamin va 0,1
ml su oks soyuducu ils tochiz olunmus yumrudibli kolbada 50 saat qarigdirildigdan sonra dietilefiri
ilo ekstraksiya edilir. Ekstraktdan ovvolco efir qovularaq ayrilir vo qaliq algaq tozyiq altinda
fraksiyalasdirilmaqla 28,3 q aminospirt ayrilir IX.Tgay, 183°/0,5mm/ n3° 1.5140, d2° 0.9703, MRy,
112.83, hesab.112.13. Epoksisilana géra ¢ixim 86%.
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1.dialkil(aril)silanlarin 1-fenil-4-glisidiloksibutin-1-2 katalitik birlasdirilmasi

Tapilmisdir,%: C 839¢; H 1038,

C21H32SiO,N .Hesablanmisdir,%; C 69.36; H10.25; Si 7.75.

Aminospirtin IX 1Q— spektri / 9, sm™*/: 716/7.3/, 740/7.2/, 790/3.1/, 890/8.1/, 1005/3.6/,
1050/3.8/, 1130/8.6/, 1170/5,2/, 1265/5.1/, 1318/4.9/, 1340/4.2/, 1400/1.1/,1445/5.1/, 1600/6.2/,
2120/9.2/, 2800/6.1/, 2880/8.7/, 2940/9.6/, 3445/5.2/.

I-Fenil-2-dietilasetoksipropilsilil-4-glisidiloksibuten-1 (X)

/ N\
CeHsCH :C|JCH2CH20CH2CH — CH,

Si(C,H5),CH,CH,CH,OCOCH;

Oks soyuducu ilo tochiz edilmis kolbada tozo qovulmus 29,1q(0,1g-mol) I-fenil-2-
dietilsilil-4-glisidiloksibuten — 1 (I), 20,0g9-mol allilasetat, 100ml tiofensiz benzol va 0,05ml
platinohidrogenxlorid tursusu qarisig1t 18 saat qaynadildigdan sonra qovulur vo, 23,1q
epoksiasetat alinir (X). Tqay.202-2040(0.5mm), 1.5075, d3° 1.0406, MRyp. 111.72, hesab.112.55.
Epoksisilana gors ¢ixim 59%.

Tapilmisdir, %; C67.07;H8.60;Si 7.34.C12H24SiO,.

Hesablanmisdir,%: C67.64; H 8.77; Si 7.19.

I-Fenil-2-dietilsilil-4- (3'-metoksi-2* - oksipopoksi/buten-I (XI)
Si(CoHs),H  OH
CgHsCH = CCH,CH,OCH,CHCH,0OCHj3

Mexaniki qarigdirici, oks soyuducu, damci qifi vo termometrlo tochiz edilmis reaksiya
kolbasma 26,6q (0.9g-mol) 1-fenil-2-dietilsilil-4-glisidiloksibuten-1(I),20q yenico tomizlonmis
metanol vo 2damer ticfliiorluborefirat: yerlogdirilir. Qarisdirici iso salmnir vo 25°Ctemperaturda 5
saat qarigdirilir.Sonra asagi temperaturda qaynayan qarisiqlar ayrilir vo qaliq vakum altinda
qovularaq 62% ¢iximla metoksispirt (XI) alinir.

Tqay.168-1720/0,5mm/, n2° 1,5150, d2° 0.9985, MRy, 97.49, hesab.96.20.

Tapilmigdir,%; C 8735 Si 3:33 .

C18H30Si03. Hesablanmisdir,%; C67,03; Si8.71.

Efirospirtin(XI) i1Q —spektri 9, sm™/: 725/7.2/, 760/6.3/, 805/8.8/, 955/3.2/, 985/3.4/,
1020/5.2/, 1125/6.4/, 1155/6.6/, 1256/4.2/, 1370/4.2/, 1425/4.3/, 1465/5.0/, 1495/4.7/, 1605/5.2/,
2868/7.8/, 2975/8.4/, 2992/8.6/, 3455/5.6/.
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PE3IOME
KATAJIUTUYECKOE NIPUCOEJUHEHUE TUAJKNWJI (APWUJI) CUJIAHOB K 1- ®EHNUJI -4-
MO INJIOKCUBYTHUHY-1
Tapeepoues I11.A., Hacuposa H.M.

Krrouesvie cnosa. snoxcucoedunenus, 3MOKCUCIAH, 2UOPOCUTUAUPOBAHUE, OUATKUL(APUT)CULAH,
NIAMUHOXIOPUCTIOB000POOHAS KUcioma, oxcupanosoe KONbYO,
OUDMUIICUNIAH, CNEKMp, 8ANEeHMHOe KollebaHue.

HccmenoBana peakmusl B3aUMOJCHCTBHS — THANKIII(apwiI)CIUIAHOB ¢ 1-(heHOM-4-TIuuami-
OKCUOYTHMHOM-1 B TIPUCYTCTBHU IUIATUHOXJIOPHCTO-BOAOPOJIHONM KHCIOTBL. YCTaHOBJICHO, YTO BCE
UCCJICJIOBAHHBIC JTUANKIII(apWII)CHIIaHbl HE3aBHUCHMO OT 3aMECTUTENICH aToMa KPEMHHUS CEJICKTHBHO
MIPUCOCIMHSIOTCSL TONBKO TO AaIleTHICHOBOM CBS3M C COXpAaHEHHEM OJIIOKCHTPYNI W 00pa3yroTcs
COOTBETCTBYIOIINE SMOKCHCHIIAHBI CO CBsI3bIO Si-H.

SUMMARY
CATALYITIC CONNECTION OF DIALKYL(ARIL) SILANES WITH 1- PHENOL-4-
GLYCIDYLOXYBUTINE-1
Tarverdiyev Sh.A., Nasirova I.M.

Key  words:  epoxsubstituents,  epoxysilane,  hydrosililation,  dialkyl(aril)  silane,
platinichydrochloricasid, oxsirane cycle, dietilsilane, spectrum, valence
vibration.

Investigated the reaction between dialkyl(aryl)silanes with 1-phenol-4-glycidyl-oxybutynin-1 in the
presence of platinochloride-hydrogen acid. It is established that all investigated dialkyl(aryl)silanes
regardless of the substituents of the silicon atom selectively join only acetylene conservation apachegroup
and formed corresponding epoxysilane with the bond Si-H.

Daxilolma tarixi: [lkin variant 14.12.2017
Son variant 28.09.2018
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B cmamve npednazaemcsi memoo ynpasienus npoyeccom OearkuIuposaHuus moayoid 800SHbIM
napom, 3aKmOYaWulics 6 000asKkax 6000p00d K PEaKyuoOHHOU cmecu (moayon+eodsnou nap) u
UMEIOWUTL Yelbl0 COXPAHUND 8bIX00 OEH301A HA ONMUMAILHOM YPOSHE.

BBenenne. HaOmromaemplii B HAcTosIee BpeMs BO3PACTAIOIIMKA CHOPOC Ha OEH30I
00yCJIOBJIC€H HHTEHCHBHBIM pa3BUTHEM MOTPEOSAIOMIMX €ro  OTpacieldl  XHUMHUYECKOH
NOPOMBIIUICHHOCTH B NPOM3BOJCTBE  MOJMMEPHBIX,  JIAKOKPACOYHBIX  MaTepHajoB,
CHHTETHYECKOTO KaydyKa M MIPOYHX BHJIOB IMPOTYKIIHH.

Cpenu OCHOBHBIX TIPOLIECCOB MOTYy4EHHs OeH3071a, 0a3UpYIOLIMXCs Ha TiepepaboTKe 1EeIoro
psia CHIPHEBBIX MCTOYHUKOB: HA(THI, TSDKEIOW (pakIMM MHUPOJIK3a MPSIMOTOHHBIX OCH3MHOBBIX
bpakuuii, CcMOIBI KOKCOBAaHUS YIJIs, B IUIaHE CBIPHEBOrO OOECMEUEHHUsl TMPEACTaBISET
NPOMBIIUICHHBI  HMHTEPEC TeTePOreHHO-KATATUTHYECKOTO THAPOACAIKHIINPOBAHHUS MEHEe
Ne(UIUTHOTO YIIeBOAOPOIa — TOMYO0JIa U ICAUTKUIMPOBAHHE TOYO0JIa BOASHBIM ITapOM.

3HAYUTENbHBIN 3HA0TEpMHUECKUN P (EKT peakiuil, a TakkKe 3aTpaThl TelJla Ha HarpeB
HCXOJHBIX KOMIIOHEHTOB XapaKTEPU3YyIOT MPOIECC JEAlKHUINPOBAHUS TOMYO0JIa BOASHBIM MMapoM
KaK BBICOKOOPHEPTOEMKHH, I WHTEHCH(UKAIMH KOTOPOTO IeJIeCO00pa3sHO TPHUBICYCHUE
HOBBIX, OoJiee NEpPCHEeKTHBHBIX, CIOCOO0B 3HeprooOMeHa. Takoil cmoco® HMHTeHCH(UKALUU
reTepPOreHHO-KATAIUTHYECKUX PEaKIUil MpeaioKeH B MIHCTUTYyTe KaTaln3a U HEOPTaHUYeCKO
xuMuM uM. akaja. M.Haruesa. OH 3aKkiro4aeTcs B BO3ICHCTBUU Ha PEAKIHIO SJIEKTPOMAarHUTHOTO
nonst CBY (cBepXBBICOKOYACTOTHOTO) M OTJIMYAETCS OT TPAJAUIIMOHHBIX METOJIOB TEPMUUIECKOMN
aKTUBAllMM 3HAYUTEIbHBIM YCKOPEHHEM INpPEBpallleHUH, OTCYTCTBUEM HEOOXOIUMOCTH
IPeBapUTEIILHOTO Pa30TrpeBa CHIPhS 3a CYET MPAKTHYECKH MTHOBEHHOTO MPOCTPAHCTBEHHOTO
pacripesielieHus] TeMIepaTypbl B 00beMe MPU 3HAYUTEIbHO MEHBIINX YHEPreTHUECKUX 3aTpaTax.
Kpome TOro, Mcrmonb3yeMblii B peakiMu JeaKWIMpoBaHusi Toiyona karanusatop [Ni-Co-
Cr/Al,O5/Al] cuntesupoBan Takxke moj aevictBueM CBY-usnydeHus, Mo3TOMy OH aKTHBHO
noriouiaer CBY-uznyuenue, TpanchopMUpyeT €ro B TEIUIOTY U 00eclieunBaeT HarpeB peakTopa
10 Temmeparypsl 450-475°C, 0CTATOYHOM IS IPOTEKAHMS PEAKIMH C BHICOKOH KOHBEpCHEH
toyoua [1].

MaremaTH4eckasi MOJe/Ib M Pe3yJIbTaThl pacyeTa npouecca

Peaknus mpoBomuiiach B TPOTOYHOM peakTope cmerneHuss Ha karanusatope [Ni-Co-
Cr/Al,O5/Al] non nevicteuem CBY B mHTEpBajax W3MEHEHHS TAPaMETPOB: OOBEMHON CKOPOCTH
— (850-3600 u™), Temmeparyps! — (400-550°C), MOJIBHOTO COOTHOLICHHS TOIYONI:BOSHOI map —
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1:(2-6) [1]. Ilpu mpoBeacHHH SKCHEPUMEHTOB OBLJIO YCTAHOBJICHO, YTO MPU MaKCHUMAJIbHOM
MourHocTh MarHeTpoHa 1000 BT yBenudeHue Harpy3ku Ha peakToOp ChIPhEBOIO MOTOKA BBIIIE
3600 u IPUBOAUT K HEXKEIATEIBHOMY pPOCTY BpPEMEHH JOCTH)KEHMS CTallMOHAPHOU
TEMIEPaTypbl, a YBEJIMYEHHE MOJIbHOTO OTHOIICHHUS BOJbl K TOJYyoNly 3a mpeneiaamu 6:1
OCJIO)KHSAET TNOJJIEpKaHUE TEIUIOBOro OajmaHca B 30HEe peakuuu. Kpome Toro, npu
(bUKCUPOBAaHHBIX 3HAYCHHSIX TeMIepaTypbl peakiuu U MojbHoro cooTHomeHus C7Hg:H20 c
POCTOM CTEINEHU IPEBPALIECHUS TOJIYyOJla CyMMAapHash CKOPOCTh PEAKIMH U CEIEKTUBHOCTH I10
L[EJIEBOMY MPOAYKTY — OEH30]ly MOHOTOHHO CHMKaeTcs. Halmronaemblii mpu 3TOM pocT
CEJIEKTUBHOCTU IO CyMME HM30MEPOB KCHJIOJIA CBSI3aH C YBEIMUYEHUEM CTEIECHU IPEBPALICHUS
TOJIyoJla TI0 PEaKLUHMOHHOMY MapuipyTy aucnponopuuonupoBanust (4). IlogoGHbIN xapakTep
IPEBpAICHHs TOIYO0JIa MPOSBISIETCS. BO BCEH MCCIEyeMOol 00JIacTH TeMIeparyp. 3aBUCUMOCTh
BBIXOJa BOAOpOJA, corjacHo peakiusM (1) m (2), OT yClIOBHOTO BpEMEHU KOHTAaKTa HMeEEeT
OKCTPEMATbHBIA XapakTep C MAKCUMyMOM OOBEMHOro cojepxkanus 60-65%. CHuxeHue
KOHIIEHTPAlMU BOJIOPOa B KOHTAKTHOM Tra3e P BO3pacTaHUU BPEMEHU KOHTaKTa 00YCIOBIEHO
MPOTEKAaHWEM BTOPUYHOW peaKIHMH TUApojeankuaupoBanus Toiayona (3). Hekoropoe
MpHUpalIeHue COJIepPKaHWs B KOHTAaKTHOM ra3e MeTaHa W CHI)KEHHS KOHIEHTPAlUU AMOKCHUIA
yIIepo/ia TaKkKe CBUICTEIIbCTBYET 00 MHTCHCH(DHUKAIIMY TPEBPAICHHSI TOJIYoJIa 0 peakun (3)
B 007acTH OONBIINX BPEMEH KOHTAKTA.

Ha ocHOBaHMM SKCIIEpUMEHTAIBHBIX KHHETUYECKUX MCCIEAOBAHUN IOJIyYE€HO, YTO
JEAKUIIMPOBAHKUE TOIYOJIa C BOJASHBIM I[apOM OIKCHIBACTCS CIEAYIOIIEH CTEXHOMETPUUYECKON
cxemoii [2]:

(N31) C,H.,CH; +2H,0 - C,H,+CO, +3H, (1)

(N2) C¢H.CH, +H,0—>C,H,+CO+2H, (2)

3a cyer 00pa3yromIerocst B peakusx BOAOPO/Ia BO3MOXHBI TAaK)KE BTOPUUHBIE MTPEBPAIICHHS
TOJIyoJa (TUAPOICANIKMINPOBAHKE) C 00pa3oBaHHEM OEH30J1a U METaHA:

(N3) C,H.CH, +H, - C.H, +CH, (3)
a TaKKC TUCHPOIIOPHHUOHUPOBAHUSA TOJIYOJIA C 06pa30BaHI/IeM HU30MCPOB KCUJIOJIA:
(Ny) 2C¢H;CH; —» > CH,C,H,CH, + C;H, (4)

3neck Nj — 6a3ucHble peakMOHHbIE MAPIIPYTHI.

Ha ocHOBaHNU pe3ysIbTaTOB MPOBEAEHHBIX YKCIIEPUMEHTOB U aJITOPUTMA, IPEATIOKEHHOTO
M.U.TemkuabM [3], OCYIIECTBIISUTH BBIBOJ] YPABHEHHI CKOPOCTEH MO Oa3MCHBIM MapIipyTam,
KaK (YHKIM MapiragbHbIX JaBICHUN YYACTHUKOB PEaKIUH.

[Ipu BBIBOAE KMHETMUYECKUX YPAaBHEHMM INpEeANoiaraioch, 4YTO aJcOpOIUs yYaCTHHKOB
peakuuu noguuHsercsa nzorepme Jlenrmropa [4].

C yuerom BeIpaxeHus s 3G (HEKTUBHON KOHCTAHTHI CKOPOCTH IO COOTBETCTBYIOIIEMY
pPEaKLIMOHHOMY MapIpyTy:

kg‘gbq, —>0;-ky, K, )
rae Ky — KOHCTaHTa CKOpOCTH JMMHTHpYyromed craguu B Mmapupyre Ni; K — koncranra

aJICOPOLIMOHHOTO PaBHOBECHS I-T0 KOMIIOHEHTA; 0; — CTEXHOMETpHUYeCcKUe KOI(DGHUIUESHTHI MO
PEaKIMOHHBIM MapUIpyTaM, ypaBHEHUs JUIsi HAOJIOMaeMBIX CKOPOCTEHM pacxoJI0BaHUS,
00pa30BaHUsl M HAKOIUICHHS KJIFOUEBBIX KOMIIOHEHTOB PEAaKIMU JICATKWINPOBAHUS TONyoJa C
BosiHBIM mtapoM B nipucyTcTBun Ni-Co-Cr/Al,O3/Al — karanu3aTopa 3anumryres kak [S]:
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1 2 3 4
T kacbcDPTon + k3<I><I>PTOH + k3<1><I>PT0H PHz + k3<I><I>PTOH
TOJ1 — )
1+ KTOH PTon 1+ KTOH PTOJT 1+ KTOJT PTOH + KH2 PH2 1+ KTOII PTOH

3
klao:)opPTon kgtDtDPTOH deJdJPTOH PHZ
1+ KTOHPTOH 1+ KTOHPTOH 1+ KTOH PTOH + KHZPHZ

BEH3 —

4
k3d>CI>PTOJ'[ .

KCWI — )
1+ KionProx

3
klngPToﬂ + kzzaqaqapTon _ k3<1><I>PT0HPHz . (6)

e 1+ KTOH PTOJ] 1+ KTOH PTOJ] 1+ I(TOH PTOJT + KHZ PHZ ,

1
— k3<D<DPTOJI .

Cco, — !
’ 1+ KTOJ'[ I:)TOJ'[

2
__KseoPron .

Co ™ !
1+ KTOH I:>TOJ1

3
_ ka(D(DPTOJIPHZ
CH, —
1+ KionPron + KHZPHZ

rae WZ=,  — CKOpPOCTh CYMMApHOI'O IMpeBpaineHus Toiyona; W, , W JWo WL,

TOJI 4 BENZ KCHJI CO, co
WCH4 — CKOpocTH o0pa3oBaHMsi O€H30i1a, M30MEPOB KCHIIONA, AMOKCHIA Yriepojaa, OKUCH
yriepojaa, MeTaHa, WHz — CKOPOCTh HaKOTUICHHSI BOJIOPO/IA.

OneHka mapaMeTpoB CHUCTEMbl KHHETHMYECKHMX ypaBHeHU#M (6) mpoBoauiach B
MPEIIOJIOKEHH 00 appeHMYCOBCKOW 3aBUCUMOCTH 3HAueHUH J(PQPEKTUBHBIX KOHCTaHT

CKOpOCTeﬁ N KOHCTaHT a,Z[C0p6I_[I/IOHHOFO paBHOBECHUA OT TEMIICPATYPBI:
i

. i E
kjacp@ = koeXp _% (7)
i Q-]
K. =K exp| — |, 8
~Kiop| & ®

rie ki m K| mnpemdKCcrnoHeHIHAIbHbBIE MHOXHTENIH DPEaKIMOHHBIX KOHCTAHT W KOHCTAHT
ajcopOuoHHOro paBHOBecus; El . py Q, — Kaxymuecs 3HaueHWs OSHEPIHH aKTHBAI[UH

HaOJIOJJaEMBIX TMPEBpALIEHUA M TEIUIOTHI aJCOPOIIMM KOMIIOHEHTOB, OCYIIECTBISUIACh Ha
MEPCOHAIBHOM KOMIIBIOTEPE C MPUMEHEHUEM ONTUMHU3AIMOHHBIX METOJO0B «CKOJIB3SIIErO
nomnycka» u [Taysmnna [6].

Crabunu3anuy CTallMOHAPHOTO 3HAYEHUS TEMIEPATyphl B 30HE PEAKIMH OIMpEAeNseTCs
OaylaHCOM TeIUIOTHI, TeHepUpyeMoi Tipu rnoryomnieHnu sueprun nojst CBY cinoem karanuzatopa
C Y4€TOM JHEepro3arpar Ha MPOTEeKaHWEe SHAOTEepMHUECKUX peakmuii (1) u (2), moTepu Teria B
OKPYKAIOIIYI0 CpPeAy M OTTOKA TEIJIOThl C MPOAYKTaMU PEAKIHUHU HA BBIXOJI€ M3 KOHTAaKTHOM
30HBI.

B kauectBe KpuTepus ONTHUMH3ALUN MPUMEHsUIach (QYHKIUS CpEAHEKBAAPATUUHBIX

OTKJIOHEHUH MCXKAY OSKCICPUMCHTAJIBHO Ha6JIIO,Z[aCMLIMI/I W.

9KC
ij

U pPACCYUTAHHBIMH IO

YPAaBHEHUSM  MPEVIOKEHHON — KMHETHYeCKOM Momenn WP 3Ha4YeHMsIMH  CKOPOCTEH

MMPEBpaAlICHUA U HAKOIVICHU S KIIFOYCBBIX KOMIIOHCHTOB PCAKIIUU:

44



Anues A.M., Ocmanosa U.U., banaes U.B., ['yceiinosa A.M., Cagpapos A.P.

2
n m W.?KC _ WPaC'—I
F= )| P S G i —> min 9)
i

Pesynbrarhl pacuera napaMeTpoB KUHETUYECKOM MOENU IpuBeieHbl B Taduume 1.

Tabnuuya 1.
Peszynomamel pacuema napamempos KUHEMu4eckou MoOeu.
KoncranTsr PasmepHOCTD Lnkg E, xJI>x/Monb Q, x/Ix/moib
MOJIb
K: oo —- 9.878 118.7 -
M -4Y-aTM
MOJIb
Koo —_ 10.213 122.3 -
M -Y-aT™M
MOJIb
K3 oo — 11.435 134.5 -
M -Y-aTM
MOJIb
K2 oo — 12.141 140.0 -
M -9-aT™M
Kion atm™ -0.832 - 182.2
Ky, arm™ -1.233 - 1345

[ToxazaHo, uro pa3paOoTaHHas KHUHETUYECKass MOJENb aJEKBAaTHO  OINMCHIBACT
JKCIIEPUMEHTAIILHBIE JaHHBIE B U3YUYEHHBIX HHTEPBajlaX BapbUPOBAHUS PEKUMHBIX [IapaMETPOB.

Jns  onenku s¢dexTuBHOCTH Bo3aehcTBUs noias CBY Ha mpoTekaHwe peakiuu
COIOCTABJISUIUCh KHHETUYECKHE 3aKOHOMEPHOCTH MPEBPALICHUN TOIYO0JIa B YCIOBHUIX OOBIYHOIO
HarpeBa u HarpeBa B mnosie CBY B NpuCYTCTBUM KaTajiu3aTOPOB C MJIEHTUYHBIM COCTAaBOM
aKTUBHOM MaccChl, IPUIOTOBJIECHHBIX TPAJUIIMOHHON TepMOOOpPabOTKOM U TepMooOpabOTKON B
nosie CBY [5].

YcTaHoBieHO, UTO HanboJiee BEpOATHOW MPUUYMHOM, 00ycIaBIuBaroel MOJ0KHUTEIbHbIN
s ¢ekt BozaelictBuda noist CBY Ha ckopocTh MPOTEKaHUs peaklivy JICANKIINPOBAHUS TOYOJIA C
BOJSIHBIM I1APOM, SIBJISIETCSI POCT BEJIMUUHBI IPEIIKCIIOHEHIINAIBHOTO MHOKUTEINS B ypaBHEHUU
appeHUYCOBCKOM 3aBUCUMOCTH PEAKIIMOHHON KOHCTAHThI OT TEMIIEPATYpBHI.

Haiinensl onTumanbHble ycnoBus peakuuu noxa aerctsuem CBUY: oObemHas CKOpOCTh
TMOJAaYN PEeaKIMOHHOM Macchl — 1800 u™'; MOIBHOE COOTHOMICHHE TOMYOII:BOASHOM Tap — (1:4),
TeMIeparypa — 500°C; cremnenb npeBpaleHus Toiayona — 56.8%; n30MpaTeTbHOCTh O OEH30ITY
— 76.6%; 1o okucH U AMOKCcHY yriepoaa — 12.5%, no merany — 3.4%, mo kcuionam — 7.5% [5].
OnTuManbHble 3HaYeHUs TapaMeTPOB NPECTABICHbI B IEPBOM CTPOKe TaOIMIIbI 3.

Ucnionp3ys ontumanbHbie ycinoBus mpouecca B neun CBY, mpocienum 3a moBeneHueM
npoiiecca B MUIOTHON ycTaHOBKe B TeueHre 1000 yacoB paboThl KaTanusaropa.

C TeueHHEeM BpPEMEHU aKTMBHOCTb HEMOJBHYKHOTO KaTajln3aTopa MEIJIEHHO CHUXKAeTcs B
pe3yibTaTe peakiMM H3-3a HAKOIUIEHHs MO peaklu JUCTIPONOPIHOHUPOBaHUSA Toidyona (4)
HE)KENaTeJIbHbIX MOJUAIKWIOEH30JI0B, OJOKUPYIOIIMX U OTPABIAIOIIMX AaKTUBHBIE ILIEHTPHI
KaTaiuzaropa. BcnencTBue 3Toro n3duparenbHOCTh O OEH30ITy MajaeT, YTo BUIHO U3 Ta0ul. 2.

Jns ydera BIMSHMS HW3MEHEHHsS AaKTUBHOCTH KaTaju3aTopa CO BpPEMEHEM T Ha
IIPOU3BOAUTENILHOCTD IPOLECCAa HAMU IPEUIOKEHO CIENYIOLIEEe YPaBHEHHE CKOPOCTH JTOrO
U3MEHEHUS

do
——_k,-0-0,
dt A
OTKY/a ITOCJIE UHTETPUPOBAHHUS TIOJIYUUM:
0 =e AT, (10)
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rae 0 — monst cBOOOTHONM MOBEPXHOCTH KaTaimu3aropa; Ka — KOHCTaHTa CKOPOCTH aJacopOIuu
soB, wac™; Ko — e mpempKcroHenTta, yac; Ea — SHEprus aKTHBALMK ajACOPOLMH sI0B
kJX/MOJIb, 0L — MOJIBHAS JIOJIS TIOJIMATIKUIIOCH30JI0B B PEAKTOPE.

Tabnuua 2.
Peszynomamur pabomer kamanuzamopa 6 meuenue 1000 wacos (be3 006asox 6000pooa).
Bpemst paboThI KaTammsaTropa, 4 200 400 600 800 1000
NzbuparenpHOCTH IO OeH30ITY, % 76.6 75.8 75.0 74.4 73.2
N30upareapbHOCTh MO NOIHATKUIOEH301aM, Yo 1.2 2.3 8.4 9.9 11.2

Tak xak mozens (6) oTpakaeT NMPOTEKaHHE Ipollecca B CTALMOHAPHBIX YCIOBHSIX, HE
VUUTHIBAIOIINX M3MEHEHHE aKTUBHOCTH KaTaJiM3aTopa CO BPEMEHEM, TO, BKJIOYAs (YHKITHIO
HECTAIlMOHAPHOCTH 0 B ypaBHEHHE CKOpOCTH 00pa3oBaHus OeH3oa:

3
W L= le(D(DPTOJ] + kéCDCDPTOJ] + k3®‘DPTOH PHz %0 (11)
BEH )
1+ KionPron 14 KionPron 1+ Koo Proy + KH2 PH2

TMOJTy4YHM COBMECTHO C OCTATbHBIMU YPaBHEHHUSIMU CUCTEMBI (6) TMHAMIYECKYIO KMHETUYECKYO MOJIENb
nporiecca. [To cucreme "Tlonck" [6] Hatinenbr: Ky=0.683- 10® wac/xmons, Ex=19679 kJlx/Mons.

YnpasieHue mnpoueccoM B HeCTAIMOHAPHBLIX ycaoBusx. Jlng coxpaHeHus
n30UpaTeabHOCTH MO OEH30Jy Ha ONTUMAaJIbHOM YpoBHE (76.6%) MBI mpejyiaraeM pa30aBisiTh
PEaKIMOHHYI0 CMECh Ha BXOJE B PEAKTOp BOAOPOJOM, 100aBiisii €ro K CMECH TOJIyoJa C
BOJISIHBIM TTapoM. J[Jsl BEISBJICHHS BIHSIHHS JOOABOK BOJOPOJA C MUJIOTHOW YCTAaHOBKH OBLIH
coOpaHbl JaHHBIC MO M3MEHEHHIO H30MparenbHOCTEd MO OEH30J1y M MOJUANKHIOEH30JIaM CO
BpemeHeM. J[iist aToro Bech mHTEpBaN paboThl Katanu3aTopa (1000 u) pazdbuBany Ha BpeMEHHbBIE
yuacTku 110 200 4acoB ¥ Ha Ka)XJJI0M U3 HUX C Y4ETOM J00aBOK BOAOPOJa K PEaKIIMOHHON CMECH
(T+H20) B unatepBaie [0.1-1.75] Ha eqUMHUIY MACCHI TOTYOJIa ONPEILSIISLTA N30UPATETLHOCTH 10
OCH30ITy U MOJIUATKUIOCH30IaM.

B pesynabrare 00paOOTKM MOJIYYEHHBIX JAHHBIX OBUIM IIOJIyYEHBl PErpecCUOHHBIE
3aBHCHUMOCTH HM30HMpaTeNbHOCTEW 10 O€H30dy Sp M MO0 MNOJUAIKWIOEH30JaM Sy,; OT
VIPABISIONUX TapaMeTpoB — M00aBoK Bojopoaa M u BpemeHm paboOTHI Karajw3aTopa T IO
KOTOPBIM B JTIO0OW MOMEHT BPEMEHH M TPH JF000H cTeneHu pa30aBiIeHHs] BOJOPOJIOM CMOXKEM
MPOCIIEIUTH 32 XOJ0M Tpoliecca:

Sp=73.0071+0.5068M+0.003t (12)
Stor=-0.2770-0.1354M+0.00821 (13)

Cucrema ypaBHeHuit (6) ¢ yuerom (10-13) coctaBuT MaTemMaTuyeckoe OlucaHUe mpouecca
B HECTAIIMOHAPHBIX YCIOBHUSX.

Tabauua 3.
Haunyuwue 6b1x00vl 6eH301a npu yKA3aHHbIX 000a8KAX 8000p00a
K PeaKyuoHHOU CMeCU HA 8X00e 8 PeaKkmop

OO0beMHast CKOpOCTh CoorHoumeHns U3buparenbHOCTh W36mp aTeH%HOCTL o
nopaun T+H,O+H,, u™ T H,0 H, o 6enzony, % HOHHaHKHg/; CH30TIAM,
1800 1 4 - 76.6°™ 7.5
1835 1 4 0.1 75.6 7.5
1872 1 4 0.2 76.0 7.4
1980 1 4 0.5 76.2 7.1
2070 1 4 0.75 76.5 6.9
2160 1 4 1 77.0 6.6
2250 1 4 1.25 77.1 6.5
2340 1 4 1.50 77.3 6.3
2430 1 4 1.75 75.5 8.4
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Beruucnsss mo mosiydeHHOM MaTeMaTH4eCKOM Mojenu H30MpaTeabHOCTH MO OeH30d1y,
bukcupoBaiu T€ U3 HHUX, KOTOPbIE OTJIMYAIUCh OT ONTUMAIbHONH He Oonee, yeM Ha 1%.
PesynbTarer pacueroB mocie 1000 gacoB paboOThI KaTtanu3aTopa MPeACTaBICHBI B Tabuuie 3, u3
KOTOpOM BHIHO, YTO 3TOMY YCJIOBHIO COOTBETCTBYIOT cllydau N00OaBOK BOJOpOJa B HMHTEpBaie
[0.2-1.5] — u3OuparebHOCTH 110 OEH30JTy COXPAHSIOTCS OJM3KUMHU K ONTHMAJIBHOMA.

Takxke HE3HAYUTETHHO OTIIMYAIOTCA OT ONTUMAIbHOW U OOBEMHBIE CKOPOCTH MOJa4H
peakimonnoit cmecu  T+H,O+H,. Tlpm cootHomenusix T:Ho=1:1.75 wu T:Hp=1:0.1
n30upaTreabHOCTH MO OEH30Jly HE COOTBETCTBYIOT MPHUHATOMY YycioBuwo. Ilostomy
OTpaHMYMBAEMCSl MHTEPBAJIIOM CTENEHe pa3baBieHust Toiryosia Bogopoaom [0.2-1.5]. lobaBku
BOJIOPOJIa B 3TOM MHTEpPBaJie U3MEHEHHUS CTENEHU pa30aBieHHs] CMECH (TOIYyOJ+BOASHON map)
CIOCOOCTBYIOT CHW)KCHHIO HMHTEHCUBHOCTH PEAaKIUU O0pa30BaHUS MOJUATKUIIOCH30JI0B M,
CJIEIOBATENbHO, YBEIMUEHUIO N30UPATEIHLHOCTH IO OCH30ITY.

N3 Bcex MOJIy4eHHBIX pe3yJabTaTOB B Tabnwie 4 Ui COKpalleHHus oO0beMa CTaThbu
BBIOMpaeM TOJBKO OAWMH — C gobaBkoil Bomopoma T:H,=1:0.75 wu mnpencraBiseMm
IKCIIEPUMEHTAIBHBIC U PACCYMTAHHBIC IO MOJICITH 3aBUCHMOCTH M30MpaTeIbHOCTEH 110 OEH30TY
U MoJUajIKuiIOeH301aM, a Takke (YHKIUH yrpaBieHus O oT BpeMeHH padoThl KaTaau3aTopa.
Kak Buaumm w3 Tabnwmbel 4, MOJEIh aJCKBATHO OMKCHIBAET TpOIECC, a O B TEYCHHE BCETO
BpeMeHH paboThl KaTajan3aTopa HaXOAUTCS B Ipeenax 1.

Tabnuua 4.
Bpemennas 3asucumocmo uzbupamenvrHocmeli no OeH30.y
u noauankurbenzonam npu 0obasxe 600opoda 0,75.
Sion %0
06. ckopocTh = Sg, % S fox -
« 1 (&) Q

mojauu M, E 9 <1E> o S E o
- . b T as 0 £ ax

THHO+H, = | T:H, 2 | Dkerm Io S5 kel Io S5

M MOJIeNH = MOJIENTH =

200 74.0 73.9872 | 0.0173 | 0.97 1.1 1.26145 | -14.68

400 74.8 745872 | 0.2845 | 0.95 2.2 2.90145 | -31.88

2070 0.75 600 75.4 75.1872 | 0.2822 | 0.91 5.6 454145 | 18.90

800 76.0 75.7872 | 0.2800 | 0.90 6.7 6.18145 | 7.739

1000 76.5 76.3872 | 0.1475 | 0.87 6.9 7.82145 | -13.35

3akmouyenue. TakuMm o00pa3oM, MCIONB3Yysl MpPH pacyeTax Ipolecca HECTAMOHAPHYIO
MaTeMaTUYEeCKyl0 MOJIENb C Y4eTOM (YHKIMHM yIpaBiieHus 0, a Takke MpeajaraeMblii MeToj
nobaBok Bogopoaa K peaknuoHHoM cmecu (Tomyon+HO) B HaiiieHHOM HHTepBane HX
U3MEHEHHUS, CMOKEM COXPaHATh MPOU3BOAUTEIHHOCT MO OEH30Jy Ha HYKHOM, ONTUMAJIbHOM,
YPOBHE.
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TOLUOLUN SU BUXARI iLO DEALKILLOSMOSI
PROSESININ IDARDETMO METODU
Oliyev A.M., Osmanova L.1., Balayev LV., Hiiseynova A.M., Safarov A.R.

Agar sézlar: metod, dealkillosmo, hidrogen, idaroetma

Mogalads su buxari ilo dealkillosma prosesinin idarsetmos metodu toklif olunub. Burada osas
maqsad benzolun ¢ixisinin optimal soviyyads saxlanilmasi moqgsadilo reaksiya qarisigina (toluol+su
buxar1) hidrogenin slavs olunmasidir.

THE METHOD FOR CONTROL THE PROCESS OF DEALKYLATION
OF TOLUENE WITH WATER STEAM
Aliyev A.M., Osmanova I.1., Balayev 1.V., Huseynova A.M., Safarov A.R.

Key words: method, dealkylation, hydrogen, control

The paper proposes a method for controlling the process of dealkylation of toluene with water
steam, consisting in the addition of hydrogen to the reaction mixture (toluene + water steam) and aimed at
maintaining the benzene yield at the optimum level.

Daxilolma tarixi: [lkin variant 01.05.2018
Son variant 28.09.2018
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NATRIUM HiPOXLORITIN ALINMASI UCUN
AVTOMATLASDIRILMIS “HIPONAT” ELEKTROLIZ QURGUSU

'HOTOMOV MOTLOB MURTUZ oglu
MONSUROV QADIiR MOMMAD oglu
SBAYRAMOV AYSOF ASLAN oglu
Sumgqayit Doviat Universiteti, 1- Tatbigi kimya ETL rahbari, t.e.n., 2-dosent, 3-k.f.d.
bilalgizi@mail.ru

Acar sozlor: natrium hipoxlorit, elektroliz, Hiponat qurgusu, oksidlagdirici, reduksiyaedici, turs
miihit, neytral vo galovi miihit.

Natrium xlorid mohlulunun elektrolizinin texniki —iqtisadi gostoricisini toyin edon faktorlara
texnoloji prosesds hipoxlorit mohlulunun qatiligl, elektroliz prosesinin davametms miiddati,
elektrolitin elektroliz qurgusunda saxlanma miiddsti, katodda omolo golon c¢dkiintiilorin tosiri,
coroyanin sixlif1 vo prosesin temperatur rejimi aiddir. Avtomatlasdirilmis diafragmasiz elektroliz
qurgusunda, elektroliz prosesindo xlor qaz halinda ayrilmir, elektrolitdo tamamilo holl olaraq,
davamli vo uzun miiddot saxlanila bilon natrium hipoxlorit mshlulunun alinmasini tomin edir.

Hiponat-elektrolizer (bundan sonra qurgu) - elektroliz {isulu ilo miixtalif gatiliga malik
natrium hipoxlorit mahlulunun alinmasi ii¢ilin istifado olunan portativ moigot qurgusudur. Mohlul
moaisatdo istifado olunan dezinfeksiyaedici vo agardici vasito kimi digor analoglarini (xlorlu su,
xlorlu shong, xloramin vo s.) ovoz edir.

Molumdur ki, natrium hipoxlorit mohlulunun dezinfeksiyaedici vo agardici keyfiyyoti
zaman kegdikco azalir. Keyfiyyotin azalmasina ¢oxlu sayda faktorlar tesir gdstorir. Osas
faktorlara mohlulun qatiligini, hidrogen gostoricisini (pH), temperaturu, isigmn tosirini,
mohlulda agir metal ionlarinin olmasini aid etmok olar.

Aparilan aragdirmalar gostorir ki, natrium hipoxloritin daha davamli formasi olan
NaOCIl -5H,0 otaq temperarurunda qirx sutka orzindo toqribon 30%-0 qoder aktiv xlor itirir,
qizdirildiqda iso paralel olaraq disproporsiya reaksiyasi da bag verir [1]:

2NaOCl — 2NaCl +O,;

3NaCl — NaClO, + 2NacCl.
Temperatur artdigca suda hollolma dorocosi artir, yarimpargalanma dovrii iso azalir.
Maosalon: 10°C temperaturda hollolma ~ 27.5% toskil edirss, 30°C -do ~50% toskil edir.
Qatilig1 15% olan mohlul ii¢iin 25°C -do yarimparcalanma dévrii 144 sutka toskil edirso, 35°C

-do 39 sutka toskil edir. Yarimpargalanma dovrii, hom do mohlulun qatihigindan asilidir, 25°C
temperaturda 3%-li mohlul {igiin yarimparg¢alanma dovrii 720 sutka toskil edirsa, 15% -li mohlul
ticlin 144 sutka toskil edir.

Mbohlulda aktiv xlorun formasi (Cl,, HCIO, CIO) mohlulun hidrogen gostaricisinin

qiymatindon asilidir. Tacriibalor gostarir ki, mohlulda pH >11 oldugda natrium hipoxlorit daha
stabil galir vo daha uzun miiddotds saxlanila bilir [1, 2]. Mohlulun isigin tosirindon miihafizo

olunmas1 tovsiya olunur. Mahlul tohliikali sayilmir, ancaq goz otrafina vo ya gozo diisdiikde
qiciglandirict tosir gostorir, homin sahonin su axini vasitasi ilo yuyulmas: maslohat goriiliir.
Osyalar lizorino diisdiikdo asindirict va agardict tosirlorin olmasi nazors alinmalidir.

Qeyd olunan faktorlara miinasib soraitlorin togkil olunmasi vo saxlanilma miiddoatinin
mohdud olmas1 mohlulun konservasiyasinin vo daginmasinin sameroli olmadigint gosterir. Bu
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Natrium hipoxloritin alinmas tigtin avtomatlasdirilmis “Hiponat” elektroliz qurgusu

sobabdon mohlulun deyil, qurgunun 6zliniin moaiget qurgusu tolablorine cavab veran portativ
variantda iglonmosi vo bazara toklif olunmasi daha olverislidir. Belo qurgunun istismari
bilavasits istehlak¢1 torafindon aparilir vo alinan mahlul toyinati tizrs yerinds istifads oluna bilar.

.. .

Sakil 1. Hiponat elektrolizer: a) qurgunun gériiniisii; b) istifadaci interfeysi

Toklif olunan hiponat-elektroliz qurgusu (sokil 1a) elektron blokdan (1), elektrodlar daxil
edilmis ¢ondon (2) va elektrodlar blokundan (3) ibaratdir.

Elektron blok (1) vasitasi ilo elektroliz prosesi {igiin is¢i rejim segilir. Blokun istifadoagi
interfeysinin goriiniisii sokil 1b-do gostarilib. Is¢i rejim ilkin mohlulda natrium xloridin
qatiligindan asili olaraq aktiv xlorun miqdarini tonzim etmok {igiindiir. Aktiv xlorun miqdari
coroyanin sixligindan, elektroliz prosesinin davam miiddstindon vo mohlulun temperaturundan
asilidir. Talab olunan elektroliz prosesini tomin etmok maqsadi ilo qida gorginliyi, mohlulun
hazirlanma miiddoti vo temperatur gostoricisi istifadogi interfeysi vasitosi ilo daxil edilir. Isci
rejim elektron blokla tonzimlonir. Bu mogsodls, ¢ono temperatur sensoru (4) qurasdirilib.
Elektrodlar bloku (3) xiisusi konstruksiyaya malikdir. Elektrodlarin va conin aqressiv miihito
davamli olmag1 tomin olunub. Qaz soklinds ayrilan maddslar (hidrogen, xlor va s.) elektrodlar
blokuna qurasdirilmis ¢ixisla (5) xaric olunur. Hazir moahlul ventil (6) vasitasi ilo bosaldilir.

Qurgunun is prinsipi natrium xlorid diizunun (4+5)%-li mahlulunun elektrolizi vasitasi ilo
natrium hipoxloritli mohlula ¢evrilmasino osaslanir. Elektroliz prosesi zamani elektrodlarda
oksidlogsmo-reduksiya reaksiyalar1 bas verir. Oksidlosma prosesindo anodda ayrilan xlor
mohlulda hall olaraq xlorid vo hipoxlorit tursularini omolo gotirir. Katotda reduksiya prosesindo
hidrogen qaz halinda mohluldan ayrilir, katod otrafinda OH™ ionlar1 Na® ionlar1 ilo golovi
omolo gotirir. Mohlulda anolitin katolitlo garigsmasi noticasinds - hipoxlorit tursusunun goalovi ilo
qarsiligh tesirindon natrium hipoxlorit amalo galir.

Mohlulda natrium hipoxlorit dissosiasiya edorok CIO~ ionu omalo gatirir ki, onun da

sonraki anod oksidlogsmesindon CIO, ionu amolo galir:
6CIO™ +3H,0-6e” — 2CIO, +4Cl™ +6H" +1,50,

Elektroliz prosesindo xlor ionunun (Cl™) yiiksiizlosmasi hipoxloritin amolo golmasino

(qatiligin artmasina), CIO~ ionunun yiiksiizlogmasi iso xloratin amoalo golmosine (qatiligin
azalmasina) sobob olur. Elektroliz prosesi kifayot godor uzun miiddot davam etdikds bu iki
prosesin dinamiki tarazliq hali yaranir vo natrium hipoxloritin qatiliinin artmasi dayanir. Ona
gora do, natrium hipoxloritin alinmasini elektroliz prosesinin tarazliq qatiliginin gec basladigi
soraitdo kecirilmasi vacibdir. Bu soraitdo, Cl™ ionlarin yiiksiizlomasini asanlagdiran vo CIO~
tonunun yiiksiizlosmosini ¢otinlosdiron biitiin faktorlar ochomiyyatlidir [3,4]. Nozoro alinmalidir

ki, CIO™ ionu Cl  ionuna nisbaton daha az anod potensialinda ayrilir ki, bu da natrium
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hipoxlorit mohlulunun az qatiliginda anodda CIO™ vo Cl~ ionlarinin birgs yiiksiizlosmasino vo
xloratin omolo golmasina sabab olur.

Qeyd olunanlara osason, elektroliz sorati vo elektrodlarin konstruksiyasi elo secilir ki,
katodda omolo golon golovinin biitlin miqdar1 anoda daxil olsun, onda elektroliz prosesindo

yalniz natrium hipoxlorit amalo golo bilor. Miinasib sorait, mohlulda 20°C -don ¢ox olmayan
temperatur rejimi, isigin tosiri vo agir metal ionlarinin olmamasi hidrogen gostoricisinin
pH >11 olmasi tomin edilarsa, natrium-hipoxlorit moahlulu kifayat qodor davamli olar vo uzun

miuddat saxlanila bilor.

Hiponat elektroliz qurgusu tolob olunan soraitlo tomin edilmis, is¢i rejimin tonzimlonmasi
avtomatlagdirilmisdir. Qurgu vasitesi ilo aparilan elektroliz prosesinde xaric edilon qazin
torkibindo 10% -0 godor oksigen, 90%-o qodor hidrogen olur, xlorun is9 izi qalir. Alinan mohlul
Oziiniin baktersid effektino goro maye xlor, xlorlu shong vo uygun xloragentlorlo borabor
soviyyada tosir gostarir.

Ononoavi dezinfektlorlo: xlor, dioksid xlor va javel suyu ilo miigayisado hiponat elektroliz
qurgusu ilo alinan mohlulun istehsali ekoloji tohliikesizdir (xlor 100% -o godar udulur) vo otraf
miihiitin qorunmasi sahosinds yiiksok standartlara cavab verir. Moahlulun tohliikoli maddo kimi
saxlanilma tolabati yoxdur va istehsal xorclori maye xlordan toqribon 1,5 dofo azdir. Qurgunun
quragdirilmas1 vo istismart moigot texnikasi toloblorino cavab veron tohliikssizlik gaydalarina
(IEC 60335-2-108-2014) uygundur.

Konstruktiv parametrlari: bos ¢onin bloklarla birlikds kiitlesi ~6kq; maye tutumu ~12I .

Texniki gostaricilori: sobokodon tolob olunan giic ~130Vt; isci temperatur interval

(20-35)°C; ilkin mohlulda natrium xloridin konsentrasiyas (40—50)qI ;  mohlulun

hazirlanma miiddati ~ 160 daq; mohlulda aktiv xlorun miqdar1 (4 —10) g | qurgunun fasilosiz is

rejimi 6 saata qodor.

Hiponat elektroliz qurgusu istifade olunmasi istigamatindan asili olaraq miixtalif qatiligh
natrium hipoxlorit mohlullarinin alinmasi {izro sinaqdan kegirilmis vo alinan niimunslorin analizi
aparilmigdir. Xozor donizi vo Masazir golii sularindan vo tomiz natrium xloridin 6ziindon istifads
edilmaklo, optimal soraito uygun simaqlar aparilmigdir. Alinan mohlullar yodometrik iisulla
analiz edilmigdir [5]. Analiz olunan mohluldan 1,0 ml gétiiriiliib 250ml-lik kolbaya tokiiliir,
tizarina 30-40 ml distilla suyu, 0,59 KJ va 1,0 ml 4N H,SO, slavs edildikdon sonra natrium
tiosulfat vasitosilo titrlonir. Natrium hipoxloritin mohluldaki qatiligi asagidaki formula osason

hesablanir:
T VNaZSZOa' 0y 1000

\Y

Cnaocl=

burada, T — natrium tiosulfat mohlulunun titri;
VNa,s,0, - titirlomaysa sorf olunan tiosulfatin hacmi;
gx — natrium hipoxloritin kimyavi ekvivalenti;
V - analiz ti¢lin gotiiriilon mahlulun hacmi.
Xlorit vo xloratlarin qatiliglar1 da bu metodika ils toyin olunur.

Miiayyan olunmusdur ki, natrium xloridin elektrolizi soraitinds amala golon xlor tamamila
elektrolitds hall olarag natrium hipoxloritin amala galmasina sarf olunur.

Notico. Natrium hipoxloritin alinmasi magsadi ilo yaradilan avtomatlasdirilmig Hiponat
elektroliz qurgusunda natrium xlorid mohlulunun elektrolizinin texniki-igtisadi gostoricilori
coxlu sayda faktorlarla miioyyan olunur. Belo faktorlara texnoloji prosesdo hipoxlorit
mahlulunun qatilig1, elektroliz prosesinin davametma miiddati, elektrolitin elektroliz qurgusunda
saxlama miiddati, katodda omolo golon ¢okiintiilorin tosiri, coroyanin sixligi vo prosesin
temperatur rejimi aiddir. Avtomatlasdirilmis Hiponat elektroliz qurgusu elektroliz prosesindo
xlorun tam olaraq elektrolitds hall olmasini, qaz halinda ayrilmamasini, davamli vo uzun miiddot
saxlanila bilon natrium hipoxlorit mahlulunun alinmasini tomin edir.
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PE3IOME
ABTOMATHU3UPOBAHHOE JJIEKTPOJIM3HOE YCTPOMCTBO
«'HIIOHAT» JJIA TIOJYUYEHUA 'MITOXJIOPUTA HATPUS
Amamoe M.M., Mancypoe I' .M., baiipamos A.A.

Kntouegvle cnosa: cunoxiopum Hampus, 371eKmpoaus, yCmamoexka «l unonamy, OKuciumens,
80CCMAHOBUMENb, KUCTIASA CPedd, HellmpAlbHAs U WeloYHas cpedda

B crarbe mokazaHo, 4To K (pakTOpam, OIPEICISIIOIINM TEXHHUKO-DKOHOMHYECKHE IOKa3aTelu
TEXHOJIOTHYECKOI'0 TpoIlecca MOMYUYCHUSI THUMOXJIOPUTA HATpUs, OTHOCITCS: KOHIEHTpAIHs pacTBOpa
XJIOPUIIOB, TPOAOJDKUTENBHOCTh JIIEKTPOJIN3a, BpeMsl MpPEObIBAHHS DJIEKTPOJIIMTA B DIIEKTPOJIU3EPE,
JeiicTBre 00pa3yIomuXcs 0CaAKOB Ha KaTo/ie, TUIOTHOCTh TOKA U TEMIIEPATYPHBIH PEXKHUM TpoIIecca.

DKCIEPUMEHTAIILHO YCTAHOBJICHO, UTO MPH JIFOOBIX YCIOBHSIX AJIEKTPOJIN3a XJIOPUIAHBIX PACTBOPOB
XJIOp HE BBIIENSACTCS C ra3aMy, a MOJHOCTBIO PacTBOPSETCS B ANIEKTPOJIUTE U YUACTBYET B 00pa3oBaHUH
TUTIOXJIOPUTA HATPHSL.

SUMMARY
AUTOMATED ELECTROLYS DEVICE «<HYPONATE»
FOR OBTAINING SODIUM HYPOCHLORITE
Hatamov M.M., Mansurov G.M., Bayramov A.A.

Key words: sodium hypochlorite, electrolysis, Hyponade device, oxidative, reductive, acidic
medium, neutral and alkaline medium

The article shows that the factors determining the technical and economic indicators of the
technological process for the production of sodium hypochlorite are: the concentration of the chloride
solution; duration of electrolysis; the residence time of the electrolyte in the cell, the effect of the
precipitates forming on the cathode; the current density and the temperature regime of the process.

It has been experimentally established that under all conditions of electrolysis of chloride solutions,
chlorine is not released with gases, but is completely dissolved in the electrolyte and participates in the
formation of sodium hypochlorite.
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Acar sozlor: kiikiirdlii qazlar, hidrogen-sulfid, utilizasiya, xemosorbsiya, fosfat tisulu, arsenli-
galavili tisul (xemosorbsiya), kalium karbonatla udma iisulu.

Molumdur ki, har il atmosfers miixtalif monbolordon miixtalif yanacaq yandirilan zamani
300-350 mlin.ton kiikiird torkibli turs qazlar daxil olaraq ekoloji gorginliya sabab olur. Bu
qazlarin amoalagalmo moanbalori torkibinde kiikiird olan iizvi maddalorin (neftin torkibinds olan
sulfidlor, merkaptanlar, bitkilordoki ksantogenatlar, mellitin ziilali, komiiriin torkibindoki
sulfidlor) vo geyri-lizvi proseslordo metallarin sulfidlorindon metal emali zamani1 amolo galir.
Haloalik bu turs qazlar utilizasiya olunmadan tiistii qazlar1 soklinds otraf miihito atilir. Mdveud
metodlarla kiikiird qaz1 az miqdarda hidrogen sulfid qazi ils birlikds shong dasi ils, ammonium
hidroksidls neytrallasdirilaraq asagidak: reaksiyalarla zorarsizlosdirilir. Hidrogen-sulfid iso asagi
temperaturda kalsium karbonatla reaksiyaya girmodiyindon kiikiird qazindan ayrildigdan sonra
birvalentli metallarin karbonatlar ilo (K2CO3, Na,CO3) xemosorbsiyaya ugradilaraq tutulur:

Me,CO3+H,S — MeHCO3;+MeHS

Bu reaksiyalarda natrium karbonatin, natrium hidrokarbonatin, kalium karbonatin va
kalium hidrokarbonatin suda mohlullar1 miixtolif qatiligda hall oldugundan, analiz {iciin
hazirlanan mohlullarin qatiliglar1 da forgli olur. Potas (K2COs3) suda yaxs1 hall oldugundan qati
mohlulunu hazirlamaq miimkiindiir. Bu iso az mohlul istifado olunmasina va prosesin intensiv
getmasing sorait yaradir. Bu iisulun ¢atismayan cohoti onun bahali olmasidir. Buna goro c¢ox
vaxt soda mohluluna istiinliik verirlor. ©gor hidrogen-sulfid rekuperasiya edilorok faydali
birlosmoya cevrilmirss, onda mohlul- 100°C qizdirilir. Bu zaman mohluldak kiikiirdlii birlosmo
natrium tiosulfata (Na;S;03) ¢evrilir, galan1 iso hidrogen-sulfid soklinde qovulur.

Hidrogen-sulfidi neytrallagdirmaq iticiin miixtalif absorbent vo adsorbent toklif olunmus vo
sinaqdan kecirilmigdir. Bu prosesds istifade olunan maddslarin suda qatiliglart vo udulma faizi
cadvalds verilmisdir (codval).

Cadval 1
H.,S uducularinin xarakteristikasi, udma saraiti vo ¢iximi

Absorbent Uducunun Sulu mohlulda Udma Udma

qatilig,% absorbentin miqdari temperaturu,’C daracasi, %
Arsenli-sodali birlosmo 17,38 - 20-45 92-98
Arsenli-potasli birlosma — 16-18 35-55 94-99
Etanol-amin — 10-15 20-55 96-98
N-metilpirolidon 15-8 — 40 90
Soda 20-25 — 40-50 90-98
Potas — 150-200 30-45 98-99
Kalsium sianid — 150 30-40 95-97
Soda va nikel sulfat 15-20 - 30-45 95-97
mohlulu
Kalium fosfat mohlulu 40-50 — 20-40 92-97
Ammonium hidroksid 10-15 2 20-30 85-90
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Cadvoldon goriindiiyii kimi, on yiiksok udma dorocasine kalium karbonatla (potasla) nail
olmaq miimkiindiir.

Son zamanlar hidrogen-sulfidi tutmagq tciin fosfat tursusunun duzlarindan istifade etmok
genis totbiq olunur. Fosfat metodu ilo udma prosesindo 40-50%-1i kalium fosfat mohlulundan
istifado olunur. Udma prosesi asagidaki reaksiya ilo basa catir.

K3PO4+H5S - KSH+K,HPO,

Mohluldan hidrogen-sulfidi 105-107°C qizdirmagla qovurlar. Bu prosesin ustiinliiyii ondan
ibaratdir ki, qaz miihitindo olan kiikiird qaz1 prosesin selektivliyino mane ola bilmir. Prosesin
catismayan cohoti qaynadict aparati  korroziyaya ugratmasidir.  Hidrogen-sulfidi
zararsizlogdirmok {iciin ikinci genis yayilan metod arsenli-golovili metoddur. Burada iki ciir
mohlul-absorbent hazirlanir: arsen {igoksidin natrium karbonati  vo nasatir spirtinin sulu
mohlullart. Absorbentlori hazirlamaq {iciin arsen ticoksidi natrium karbonatin (Na,COj3) sulu
mohlulunda vo yaxud nasatir spirtinin sulu mohlulunda emal edilir. Reaksiya asagidaki kimidir:

2Na,CO3 + As,0O5+ Hzoﬂ—) 2Na;HAS,05+2C0O,

Sonra bu natriumlu birlogsms sulfid qazin1 udaraq asagidaki birlogsmoayas ¢evrilir.

2Na;HAS,O5+ 5H,S — NayAs,Ss+ 6H,0+20,
daha sonra 2NasAssSs + 50, — 2NayAs;Se0; + 2As,0;

Sonuncu birlosmoni (NasAs;S0,) oksigen miihitinde 50-60°C-do qizdirmagqla kiikiird

alinir.
2NasAs,Se0+ O — 2NasAs,S50,+2S

Mohluldan kiikiird ayrildigdan sonra natriumlu birlosmo yenidon hidrogen-sulfid qazini
udmaga yararhidir. “Stretfod” prosesindo hidrogen-sulfid osas xassoli birlogmolor qarisigi ilo
(pH= 8,5-9,5) udulur.

Arasdirilan odobiyyat icmallarindan goriintir ki, aparilan islorde hidrogen-sulfid qaz1 ya
kiikiirds g¢evrilir, ya da mohluldan davamsiz kiikiirdlii birlosmolor soklinds ayrilir. Sonra homin
birlogsmoalori qizdirmagla hidrogen-sulfido vo gotiirilon adsorbento parcalayirlar vo bu sokilds
otraf miihito atirlar. Turs qazlar1 neytrallasdirmagq iiciin an ¢ox istifado edilon birlosmo kalsium
karbonat vo kalsium hidroksid qarisigidir. Bu neytrallasdiricilarin monfi cohati odur ki, burada
sulfatlardan vo sulfidden ibarst slam alinir. Ohong das1 suda pis hall oldugundan ¢ox miqdarda
tolab olunur. Odur ki, son zamanlar Klaus reaksiyas: kiikiird almaq iiciin daha faydalidir. Bu
prosesdo reaksiya agagidaki kimi gedir:

SO2+2H,S — 2H,0+3S

Bu reaksiya 200-250 °C temperaturda yaxsi gedir, 130°C-don asag1 temteraturda reaksiyani
aparmaq miimkiin deyil. Bu proseslords ¢otinliklor ondan ibarstdir ki, bu qazlardan olavo, tiistii
qazlarinin torkibinde xeyli miqdarda toz, su buxari, azot vo basqa qazlar olur.Turs qazlarin
homin qarisiqlardan ayrilmasi xeyli problem toradir. Bununla borabor, Klaus metodu inkisaf
etmis 6lkalords genis totdiq olunur. Kiikiird gazinin hidrogen sulfidle reaksiyasi 2 qrupa bdliintir:
tizvi holledicilordon vo sudan istifado etmokls; geyri-lizvi duzlarin sulu mohlulundan istifado
etmokla. Hor iki halda mohlul ¢ox tolab olunur, bu da iqtisadi cohatdon ¢ox da alverisli deyildir.

Istilik-elektrik stansiyalarmnin tiistii qazlarmin tomizlomok iiciin yeni iisul 1970-ci illordo
yapon alimlori torofindon yaradilan radiasiya tisuludur. Bu {isulla A.P.Voronin va basqalar tiistii
qazlarint avvalco elekrosilizgaclords mexaniki qarisiqlardan (tozdan) tomizloyarok, sonra turs
gazlari, karbon qazi, su buxari, oksigen qazi qarisigi elektron siia dostosi ilo bombardman edir.
Bu zaman plazma (ion) halina kecon hissaciklor qiiclii oksidlogdirici sistem yaradir, belo miihitdo
kiikiirdqaz1 sulfat anhidridine SOQ+O>X< 503, azot (I) oksid, azot (IV) oksido cevrilir, sonra
NO™+0™ ™ NO, bu yiiksok valentli turs qazlara nasatir spirti vo ya kalsium hidroksid oslava
etmoklo ammonium nitrat, ammonium sulfat, kalsium sulfat vo kalsium nitrat kimi qiymatli
giibralor omals golir.
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Tacriiboaloro osason, geyd etmok olar ki, istilik elektrik stansiyalarinda, metallurgiyada vo
kimya sonayesindo amoalo golon zorarli turs xassali qazlarmi (SO, HyS, NOy) asag1 temperaturda
perhidrolla, natrium hidroxloridls, hava-ozon garisig1 ilo oksidlosmasi proseslori todqiq edilmisdir. Bu
zaman moalum olmusdur ki, gostorilon perhidrolla, natrium hipoxloritlo, ekzotermik oksidlogorok
sulfat tursusuna cevrilir.

Oksidlogsma prosesini dolomit unu kalsium hidroksid, kalsium karbonat, nasatir spirtinin
istirak1 ilo aparilmaqla kond tesarriifat1 iiclin qiymatli giibro qarisiq sintez etmok miimkiindiir
((NH4)st4, NH4NO3, CaS0y, Ca(NO;J,)z, MgSO4, Mg(NO:g)z) Bu komponentlsrin hom gl'ibrs,
hom do soranligi azaltmaq vo yox etmok iiclin kimyovi meliorant kimi totbiq olunmasi
miimkiindiir.
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Knrouesvle cnoea: cepuucmoie 2asvl, cepo8ooopoo, YMUIUZAYUSL, XeMocopoyus, docgopHblil
Memo0, apceHUl-WenouHol Memood (Xxemocopoyus,), Memoo no2ioujeHus
KapboHamom Kanbyus
B craree ObUIO HccenoBaHO NpUMeHeHHe (OCHOPHOTO METOJa, apCEHHO-IICIOYHOTO METOja
(xemocopOIusi), Meroja MOTJOMICHUS! ¢ KapOOHATOM KaNbIUS W T.J. JJIS YTHIM3AIUW KUCIOTHBIX
CEPHUCTHIX Ta30B (CEPOBOAOPON). BBIABICHO, UTO pa3paboTaHbl METOJbI JIJISl OYMCTKU OTXOJAIINX Ta30B
anekTpocTaniuii. [IpoBeneHHbIC Yepe3 AMEKTPOPUILTP JIMOBBIC I'a3bl OUUIIAKOTCS OT IBLIH, & 3aTEM OT
KHACJIIOTHOTO Ta3a, TUOKCHJAA YIJepoja, BOJSHOTO IMapa, KHCIOPOJHOIO Ta3a, pacceHuBaroIerocs
3JICKTPOHHBIM TTydkoM. Takum o0pa3om, o6pasyeTcst OKcuaHast cuctema, okeun azora (I1) mpespammaercs
B okcua asora(lV). Jlo6aBMB K KHCIOTHBIM Ta3aM HANIATBIPHBIA CIHUPT I THAPOKCHI KajbIIWS,
MOJIy4aroT TakXe IICHHbIC YIO0OpeHHs KaK HUTpaT aMMOHHS, Cyib(ar aMMOHHMS, CyJb(aT KajabIUsS U
HUTPAT KaJbIHUS.
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SUMMARY
STUDY OF THE PROCESS OF UTILIZATION OF ACID GASES
Ahmedova R.R., Ashurova N.D., Babayeva T.M.

Key words: sulphirous gases, hidrogen-sulfide, utilization, chemisorption, phosphate method,
arsenic-alkaline method, absorption method with calcium carbonate

In the article the application of the following methods for utilization of acid sulfur gases (hydrogen
sulphide) were researched: the application of the phosphorous method, arsenic-alkaline method
(chemisorption), absorption method with calcium carbonate, etc. The methods have been developed for
the purification of waste gases from power plants. The flue gases passing through an electrostatic
precipitator are cleaned from dust, and then from acid gas, carbon dioxide, water vapor, oxygen gas,
dissipating electron beam. Accordingly, an oxide system is formed, the nitrogen oxide (1) is converted to
nitrogen oxide (IV), then by adding ammonia or calcium hydroxide to the acid gases, such valuable
fertilizers as ammonium nitrate, ammonium sulfate, calcium sulphate and calcium nitrate are formed.
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Agar sozlar: parazit, sahib, orqanizm, tasir mexanizmi va dayisikliklor.

Parazit-sahib miinasibatlori zamani parazitin zororli tasiri naticasinda sahib organizmda
patofizioloji, biokimyavi va funksional doayisikliklor bas verir. Bu isa sahib orqanizmin parazito qarsi
miiayyan cavab reaksiyasi yaratmagina sabab olur.

Invazion xostaliklorin amalo golmosi iiciin miivafiq sorait, hor seydon ovval canlilarin
invaziyaya hossasligi olmalidir. Bizi ohato edon otraf miihitin hor yerindo qurd (helmint)
yumurtasina rast golinir. Bu yumurtalar agizdan hozm sistemine daxil oldugu zaman hozm
sistemindo yasayacaq bir mokan tapmazsa, xarica atilir. Ciinki orqanizm saglam hozm sistemino
malikdirss, parazitlorin inkisaf etmosinin qarsisim1 alir. ©gor metabolik proseslor zamani
bagirsaqlarda vo garaciyordo zororli maddoslor toplanarsa, bu zaman parazitlorin ¢oxalmasi ii¢lin
miihit yaranacaqdir [1,s.72-73].

GMO-lu qida, ¢irkli su vo qida mohsullarindan istifado, xastaliklords islodilon dermanlar
bagirsaglarin vo garaciyarin normal faaliyyatinin garsisini alaraq biokimyasini pozur. Alinan bu
tohliikali kimyovi maddoslor bagirsaq toxumasint qiciglandirir. Parazitlorin hozm sistemindoki
soyahati zamani zadslonmis bagirsaq toxumalar1 olarsa, parazitlor homin yerlordo yerlosorok
yumurtalarini qoyub qana kegirlor vo 6z inkisafim1 davam etdirmok tligiin digor orqanlara bas
cokirlor. Beloliklo, parazitlor 6zlori vo yumurtalart miixtslif orqanlara travmatik tosir gostorir.

Ogor organizm saglam vo immunitet giicli olarsa, bu zaman orqanizm parazit
yumurtalariin otrafinda qoruyucu tobage (kapsula) amalo gotirib yumurtani zorarsizlosdirir vo
organizm mohv olana godor parazit yumurtas: orada qalir. Ancaq otrafinda qoruyucu tobago
yaranmig parazit yumurtalart yigilaraq ciddi problemlors yol agir. Arasdirmalarda sestod
yumurtalar1 sizofrens, depressiyaya vo asmaya, qil qurdlarinin yumurtalar1 iso miqrena sobab
olur [3, s.25-26].

Hozm sistemi ¢Okmiis, toxumasi kimyovi zadslonmolors moruz qalmis orqanizmlor
parazit yumurtalarini kapsula ala bilmir. Noticods, parazit yumurtalari larvaya cevrilorak,
organlarin toxumalarina yayilaraq burada c¢oxalir. Bu tosir amilin patogenlik (zorarlilik)
daracesindon, sahibin ndviindon, yasindan vo orqanizmin voziyyatindan asili olaraq ya gizli olur,
ya da Oziinii xarakterik olamaotlorlo gostorir. Helmintlorin vurdugu zoror miixtalif formada olur.
Mosalon, askarid vo monieziya qurdlari ilo siddatli yoluxma zamani bagirsaq boslugunun tamam
tixanmasina, ke¢mazliyina, hatta onun partlamasina sabab olur. Agciyarin qurd xastaliyi zamant
qurtlaq vo bronxlara kiilli miqdarda qurd tixandig: {igiin sahib orqanizm bogularaq moahv olur.
Exinokokk govluglart agciyorin parenximasini siddotli suratdo zodoloyorok onlarin faaliyyatini
pozur. Onxoserka qurdlar1 boyun bagina dolagaraq onun iltihabina, telyaziya qurdlar1 goéziin
iltihabina vo korluguna sobob olur. Qongilonema qurdlar1 qida borusunun daxili selik pardosini
zadoloyir. Fassiola vo dikroselium sorucu qurdlari qaraciyorin parenximasini, 6d yollarinin
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Parazit-sahib miinasibatlori zamani canli orqanizmda bags veran dayisikliklor

divarini zodoloyarak iltihablasdirir vo kiraclosdirirlor. Triponosomlar cinsindon olan Tryponosoma
brucei torafindon sabab oldugu yuxu xastoliyi vo Trypanosoma cruzi torafindon yaranan Chagas
xostoliyi Olimciil xostoliklor sirasindadir. Sahib orqanizmdo qurdlarla yoluxmaya qarst miioyyon
davamliliq, yoni tobii immunitet olur. Bu immunitet sahib orqanizmlorin qurdlarla yoluxmasinin
qarsisin1 tamamilo almasa da, xastaliyin gedisini bir qodar yiingiillosdirir. Hor hansi bir qurda qars1
olan tobii immunitet homin qurd novii ilo yoluxub sagalmis orqanizmdo daha da moéhkomlonir.
Umumiyyatle, istor birinci (tobii) vo istorso do ikinci (qazamlmis) immunitet sahib orqanizmi
parazitlorlo tokrar yoluxmadan tam qorumur [2.s.10; 4. 5.194-205].

Parazitlor hoyat faaliyyetini davam etdire bilmak, eloco do 6zlorine lazim olan enerji vo
tikinti materiallarina ehtiyacini 6domok ii¢iin sahib orqanizmdon aldiglari maddolori hozm
edirlor. Belo orqanizmlars heterotroflar deyilir. Proteinin biitiin heterotrofik orqanizmlorin asas
vo avazedilmoaz torkib hissalorine aid oldugunu inkar etmok miimkun deyil, bununla oslagadar
olaraq, parazit organizmin sahib orqanizmdo moskunlagmasi vo parazitar orqanizmlarin inkigaf
morholasinds ziilalin rolu boyiikdiir. Sahib orqanizmds olan ziilallarin, amintursularin, yaglarin,
vitaminlorin parazit torofindon monimsonilmosi bas verir ki, bunun naticesindo qan azligi,
inkisafinda vo bdylimasindo gerilomo miisahido olunur. Parazitlorin qan sormasi, hozm olunmus
gidalarin organizmdon absorbsiya yolu ilo vo ya agiz vasitosilo alinmast sahib organizmin
diizgiin qidalanmamasina gotirib c¢ixarir. Masolon, Hemonxus qurdlart qursagin divarini
zadoloyarak ¢ixan qanin bir hissoesini sormagqla, Triponosomlar cinsindon olan Trypanosoma
lewisi iso qan plazmasi ilo qidalanir. Bozi parazit ndvlorinin bagirsaqlarda inkisafi zamani
tutulmalar omalo golir [ 5, 5.253-261].

Parazitin 6ziliniin vo ya ifraz etdiyi maddolorin hiiceyrode vo ya toxumada yerlogmasi
burda qiciqlanmaya sobab olur vo noticads, bozi cavab reaksiyalarina yol acir. Eloco do
parazitlorin orqanizms daxil olmaq, daxil oldugdan sonra toxumalarda iroliys getmok {igiin ifraz
etdiklori kollogenaz, mukopolisaxaridoz vo proteolitik enzimlorin tosiri ilo miimkiin olur.
Parazitlorin endo vo ekzo toksinlori hiiceyra vo toxumalarda tosirini gostorir. Bioloji zoharlor
adlandirdigimiz toksinlorin ortaya ¢ixmasi liglin parazitlor balli bir inkubasiya dovrii kegmalidir.
Bozi toksinlordo bu miiddot cox qisadir, dozami artirmaqla inkubasiya dovriinii qisaltmaq
miimkiindiir, amma aradan qaldirmaq miimkiin deyil. Bazi parazitlor sahib orqanizmdas iltihabi
proseslora sabab olur. Bu proseslor hoyati 6nom dasiyan orqanlara da manfi tosir gdstora bilor.
Masalon, Entamoeba histolytica qaraciyords vo ya beyin toxumasinda abses vo meninqoensefalir
soklinds iltihabi proseslora sabab ola bilor vo hotta 6liimlo naticalonar. Miixtalif parazitlor qan
laxtalanmasinin garsisini alan, eritrositlorin sayini azaldan, eozinofilin va leykositlorin artmasina
sobab olan kimyovi maddalor ifraz edirlor. Bozon sahib orqanizmin toxumalarinda propil alkol,
formaldehid kimi aridici maddslor olur ki, bu zaman orqanizm trematodlarin otrafinda qoruyucu
tobogqo yarada bilmir. Bu maddslorin sahib orqanizmo keg¢mosi iso hazir qida mohsullar
vasitasilo, sokarls, kosmetik mohsullarla bas verir (Cadval 1).

Cadval 1.
Parazitlorin sahib orqanizma tosiri
Ne Parazitlorin sahib Tasir novlari naticasinda sahib orqanizmds yaranan fasadlar
orqanizma tasir novlori

1 Mexaniki tosir Ascaris vo Taenia fordlorinin bir yumaq soklinds bagirsag tutaraq
bagirsaq ke¢mozliyinoe sabab olmasi

2 Toksiki tasir Helmintlorin  ifraz etdiyi toksinlor noticosinde morkozi sinir
sisteminin zoiflomasi, qaraciyar va beyinds iltihabi proseslors sabab
olmasi

3 Qidalanmaya manfi tasiri Strogloides stercoralis fardinin 6ziinde Bj, vitaminini toplamasi vo
avitaminozun yaranmasi
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Cadval 1. (ardi)

4 Qiciglandiricr tosir Schistosoma yumurtalarinin, Trichinella spiralis larvalarinin otrafinda
yaranan kapsula, sidik kisssinds, diiz bagirsaqda sislorin omola
golmosi

5 Oridici tosir Sestod larvasinin doriden daxil olmasi, toxumalarda mukopolisaxa-
ridoz va proteolitik aridici enzimlor sayssinda yayilmasi

6 Allergik tasir Helmintlorin bagirsaglarda yerlogorak sobob oldugu ganaxmalar
zamani bas vermis ziilal itkisi

7 Travmatik tosir Antropodlarin  xortumlari, tikanli yumurtast olan trematodlarin
toxumalarda yirtilma vo qanaxmalara sobab olmasi

Umumiyyatls, parazitlorin hortorafli mexaniki vo toksiki tosirindon sahib organizmin
daxili parenximatoz orqanlarinda, qan—limfa damar sistemindo, modo-bagirsaqlarinda miixtolif
patofizioloji, biokimyovi vo funksional doyisikliklor yaranir. Bunun da naticasindo sahib
organizmin miigavimat qiivvasi azalir, yoluxucu xastoliklorin bag vermosi tiglin alverisli sorait
yaranir. Lakin vaxtinda vo diizgiin aparilan miibarizs todbirlori noticosinds parazitar xastoliklorin
vurdugu zararin qarsisini almaq miimkiindiir [2, s.11].
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PE3IOME
NU3MEHEHMUS, MPOUCXOJAILIUE B Z/KUBOM OPI'"AHU3ME BO B3AUMOOTHOILIEHUSAX
IMAPA3UT-XO3AUH
baxwanvies A.E., Acaesa 3.T., baouposa A.H

Kniroueswie cnosa: napasum, X03:1UuH, opearusm, MexaHusm 6030eliCmBUs, U URMEHEHUS.

Bo BpeM B3aMMOOTHOIIICHUH napasuT-xo34MH B OpraHU3MC XO03dHWHa I10J BJIIMAHUEM BpPECIHOIO
BOBHeﬁCTBHﬂ napasura IMpOUCXOIAT HaTO(i)I/BHOJ'IOFI/I‘ICCKI/IC, OHMOXMMUYECCKHE U (bYHKI_II/IOHaJ'ILHBIe
W3MEHEHHS. ITO NpuBOAUT K TOMY, YTO B OPraHU3MC XO3dMHA BO3HUKACT OIIPCACIICHHAs OTBCTHAs
peaKkuuys IMpoOTUB Imapa3nTa.

SUMMARY
CHANGES IN THE ORGANISM IN HOST-PARASITE RELATIONSHIPS
Bakhshaliyev A.Y., Aghayeva Z.T., Badirova A.l.

Key words: parasite, host, organism, impact mechanism and changes.

Pathophysiological,biochemical and functional changes occur in the organism in parasite-host
relationships as a result of harmful impact of parasite. This leads to certain reaction of the host organism
to the parasite.
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OITPEJAEJIEHUE OIITUMAJIBHOI'O PEXKUMA ITPOIIECCA
AETUIPUPOBAHUA DOTUJIBEH30JIA
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Knrouesvle cnoesa: oecudpuposanue, aduabamuueckutl, 3munOeH30j, MeXHUKO-IKOHOMUYECKUL,
mpaexkmopusi, ouggepenyuanrbHvle ypagHeHusL.

PaCC’MOmpeHO onpedeﬂeﬂue ONMUMAlbHO2O pedtcuma npoyecca Oezu()pupoeaﬂuﬂ 3muﬂ6eH30ﬂa,
HAUOEeHbl ONMUMANIbHbIE 3HAYEHUS. KANCO020 napamempda, ucnojib3yemcs MemooO  OUHAMUYECKO20
npocpammupoearus, paccmampueaemcs OonmumaibHasl 3a0aua I’lpOblCXO()ﬂLL;@ZO 6 peaxkmope npoyecca.

OpnHolt U3 BaKHEHIIMX 33]a4 B YIPABJIECHUU TEXHOJOTMYECKHUX IPOLIECCOB SBISETCS €ro
MPUBEJECHUE C OJHOIO HAYAJIbHOI'O COCTOSIHUSA B JAPYro€ KOHEUHOE COCTOsiHME. Bo MHOrux
CIIy4asiX U3-3a HEM3BECTHOCTHU 3aKOHA, 10 KOTOPOMY U3MEHSETCS TEIUIOBOM areHT, MojaroIuics
B ammapar, B KOHEYHOM HUTOre TeMIlepaTypa Ipoliecca OKa3bIBAeTCsl OOJbIIE WM MEHBIIE
perjJaMeHTHOrO 3HaueHus. A 3TO, B CBOIO OYEPE/b, SBJISETCS NPUYMHON YBEJIWYEHHUS] BPEMEHU
BBEJICHUSI €r0 B HOPMAallbHBIM pabouuii mpomecc ¥ B TO K€ BpeMs YXYIIICHHUS TEXHUKO-
HYKOHOMHYECKHUX TMoKazareneid. Cieayer OTMETHTh YTO, POIecC ACTHAPHUPOBAHUS ITUIOEH30I1a
B IPOU3BOJACTBE CTHpPOJIA B OCHOBHOM IMPOUCXOJUT B JBYXCTYIIEHUYATOM pEaKTOpE
angnabarnyeckoro tuma. [loaTomy, Kak OOBEKT HMCCIIENOBaHUS, BhIOMpaeTcs 3TOT peaktop. C
3TOH LENbI0, UCCAEAYETCsl AMHAMUKA MpoLecca, IpoTekatouero B peakrope. C UCIOIb30BaHUEM
MEeToJa JAMHAMMYECKOTO IPOrpaMMHUpPOBaHHUSA, pacCMaTpPUBACTCSl ONTUMAalbHas — 3ajaya
IPOUCXOJAIIET0 B pPEakTope  Ipoliecca. OOBEeKT  XapakTepusyercs  ClelyIoluM

mubdepeHIMaTbHBIM YPaBHEHUEM,

%—u—OSx—f(xu) 1)

Tpebyercst HaiiTH onTUManbHOE yrpasieHue U (t), Mpu KOTOPOM OOBEKT MEPEXOUT W3
cocrosiuust x(0) =0 B COCTOHHI/Ie x(T) =12 3a BperI T=1,25 cek., npuuém QyHKIHOHAI

] = j(x + k?u 2)dt—f[x + (1.20u)?]dt
0
IPUHUMAET MI/IHI/IMaJ'IBHOC 3HAUYCHHUE.
PasouBaem T u xy = x(T) — x(0) Ha nATh UHTEPBAJIOB,;
t=0; ty =0.25; t, =50; t3=0.75; t, =1.0; t5 =T = 1.25 (2)
Ha KamoM u3 t; BeIMYMHA X' MOMET NPUHUMATh TAKKe MHOKECTBO 3HAUEHHil, Cpeau
KOTOPBIX CJICAYET UCKATh ONTUMAIbHBIC 3HAYCHHUSL.
JIoist ynpoIeHust pa3buBaeM X JIUIIb Ha YEThIPE PABHBIX HHTEPBAJA, TEM CAMBIM CUHTACM,
uTo X' MOKET IPHHUMATH OJHO U3 CIEIYIONMX 3HAUEHHIL:
x?=0; x{ =3.0; x}=6; x{ =9.0; xt =12 = xy
JnbdepennmansHble ypaBHEHHUsI 3aMEHSIEM Pa3HOCTHBIMHU:
Axp = Xpy1 — X = f(xk’uk)Atk} @A)
Ay = F (e, wi) Aty
B paccmarpuBaeMoM ciydae
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At, = 0.25 } 4
Axk = (uk — 0.5xk)Atk ( )

Al = (x2 + 1.44ul) Aty = {x? + 1.44(x, + 0.5x2)}At), =
= {x,% + 1.44(%: + O.Sxk)Z}Atk (5)

HanecéM TOUKH, COOTBETCTBYIOLINE PA3HBIM 3HAYEHUAM X' U t;, Ha TpadHK U MOCTPOUM B
TUX TOYKaxX OKpPYXHOCTH (puc.l), B KoTopble OyneM BIUCHIBaTh 3HAYECHUS IPHPAILCHUS
¢ynkunonana AJ npu nepeMeneHNH U3 3TOW TOYKU K CIeIyromeil Mo mpuOImKEHHON YCIOBHO-
ONTUMAJIbHOW TPAEKTOPHH.

Pemenne 3amaun B MeTOlE AMHAMMYECKOTO IPOrPaMMHUPOBAaHUS MOXXHO HA4MHATH OT
OJIHOM M3 33JaHHBIX TOYCK: HAaYaIbHOM MM KOHeuHoM. HauaéM, Kak 3TO Jallle BCETo JeIacTCs, C
HOCJIEIHEero 3Tamna: HaaéMm npuOinKEHHBIE YCIIOBHO-ONTUMANIbHBIE TPA€KTOPUH, BEAyLIUE B
KOHEYHYIO TOUKY X3 .

Benuuunel npupamienuii 4/ xf JUIS OTUX TPAaCeKTOPHUH, BBIYHCICHHBIE 1O dopmye (5),
IIpUBENIEHBI B Ta0I. 1.

B 37011 Tabnuie K BHIYMCICHUIO IPUPALIEHUIH HA OCIEIHEM JTare OTHOCATCS CTPOKH 1, 3,
6, 10 u 15. IlepexonuMm K creayrouieMy Iary — IHpearocieHeMy 3Tany (4eTBEPTOMY), Ha

KOTOPOM TPACKTOPHHU UCXOOAT U3 TOYCK Xj3 U BXOOAT B TOUKHN X;g (pI/IC 1) Pacuér BGILéM Tak:
AJ*(x}) = min {(xf)3 + 1.44(3—: + 0.5x1)2 + AJ* (x} + Ax)} (6)
B coorBercTBHHE C Tpe60BaHI/I$[MI/I 3ala4i BMCCTO MaKCUMyMa MIICTCA MUHUMYM U BMECTO
abcoroTHOTO 3HaUeHus [ — ero npupamieHue. Pacuér Beném mo takoit cxeme:
AJ(x3) = AJ(x5) = 48,96 + 48,96 = 97,92
. (ki1 + K . (27,54 + 118,26
3\ — 11 12 _ ) ) _
4](x3) = mm{ku + Fn} - m {118,26 + 48,96} = 145,80
X117 + X313 27,54 + 271,44
A (x3) = min {xlz + klzl = mm{ 90 + 118,26 } = 208,26
X13 + Fi1 271,44 + 48,96
(My1 + My, ( 3,06+ 5085 )
M12 + X13 67,86 + 271,44

A](x3) = min< My + ks (= MINY 206 95 4 118,26 > = 339,30
\ M4 + Fi4 \ 508,5 + 48,96 )
(Hiy + His ( 0+829,44
Hip + My, 51,84 + 508,5
AJ(x3) = min{ Hiz + %15 ¢ = min{ 207,36 + 271,44 ¢ = 478,80
Hyy + Koy 466,56 + 118,26
\Hy + Fyy ) ( 829,44 + 48,96 )

IIpuBenéM BBIYMCIICHUS M1 MTOCIEAYIOMUX 1IaroB.
Tperwit 3tram:
A (x3) = F1 + 4] (x3) = 48,96 + 97,92 = 146,88

(k4] (6D) . (27,54 + 145,80
3\ — 11 3 _ ) ) _
A](x3) = min {k12 N A](xf)} = {118,26 + 97’92} = 173,34
x11 + 4] (x3) 12,24 + 208,26
A (x3) = min{x;, + AJ(x3) ¢ = min{ 90 + 145,80 } = 220,50
271,44 + 97,92

x13 + 4] (x3)
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My; + 4] (x7)
My, + 4] (x3)
M3 + A](x§)
My + 24 (x3))

A](x?) = min

(Hn + A](XS)]

Hy, + 4] (x7)

4] (x3) = min<{ Hiz + A](x3)
LH14 + A]@;)J
His + 4] (x3)

Bropoit sran:

A](x4) = Fi; ;" 4=

N e (ki AT (x3)

4J(x3) = min {klz + A](x4)}

x11 + 4] (x3)
A](x3) = min{ x;, + 4] (x2)

x13 + 4] (x3)

(My1 + 4] ()

My, + A (x5)

My3 + 4] (x3)

My, + 4] (x3))

A] (x}) = min<

(Hi; + A (x5))
Hip + 4] (x7)

AJ(x3) = min{ Hiz + 4] (x2) ¢
Hiy + 4] (x3)

\H,< + 4] (x2))

3,06 + 339,80
67,86 + 208,26
326,25 + 145,80

508 + 97,92

= 276,12

0+478,8
51,84 + 339,3

( \
| |
= me 207,36 + 208,26 $ = 391,14

L 466,56 + 145,8 J
829,44 + 97,92

48,96 x 4 = 195,84
i {27,54 + 173,34

118,26 + 25,46} = 220,88

12,24 + 220,5
mm{ 90 + 25,46
271,44 + 146,88

{ 3,06 + 276,12

}z 215,46

67,86 + 220,5
326,25 + 125,46
508,5 + 146,88

= 279,18

( 04391,14

| 51,84 + 276,12 |

{ 207,36 + 220,50 } = 327,96
466,56 + 125,46

\829.44 + 146,88)

HaganpHbIil 3Tan: Tak Kak Ha 3TOM JTare OINTHMAalbHas TPACKTOPUA OOJIKHA UCXOAUTH U3
Ha4YaJbHOM TOYKHU xg, MbI U 3IACCh CYyiKacM o0JacThb BBILII/ICJ'ICHI/II\/'I, OrpaHn4unBasIChb paC‘léTaMI/I
TOJBKO JJIA 3TOH TOYKH:

(H11 + A](Xé)\
Hy, + A](x%)
A](xg) = min{ Hyz + 4] (x3)
LHM + A](”;)J
His + A (x;

( 0+327,96 )
51,84 + 279,18
= min< 207,36 + 215,46
l466,56 + 200,88J
829,44 + 195,84

= 327,96 = 328

I/IIISI OT HavaJabHOM TOYKH IIO OTpE3KaM YCJIOBHO-OIITUMAJIBHBIX TpaeKTOpHﬁ, T.C.II0 JIMHUAM, OTMCUCHHBIM
CTpeNKaMHM, HaXOAUM NPUOIMKEHHYIO ONTHMAJIBHYIO TPACKTOPHIO B BUJIE JIOMaHOH )KUPHOI! JTHHUY, TIOKa3aHHOW Ha
puc.1.
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XULASO
ETIiLBENZOLUN DEHIDROGENLOSMO PROSESININ OPTIMAL REJIMININ TOYINi
Balayev V.A., Mommadov V.G.

Agar sozlor: dehidrogenlosmoa, adiabatik, etilbenzol, texniki-iqtisadi, trayektoriya, diferensial
tonliklor.
Verilmis mogqalado etilbenzolun dehidrogenlosmoasi prosesinin optimal masolosine baxilmisdir.
Dinamik programlagdirma metodundan istifado edorok reaktorda gedon prosesin optimal parametrlori
toyin edilmisdir.

SUMMARY
DETERMINATION OF THE OPTIMAL REGIME OF THE DEHYDROGENATION
PROCESS OF ETHYLBENZENE
Balayev V.A.,Mammadov V.G.

Key words: dehydrogenation, adiabatic, ethylbenzene, technical and economic, trajectory,
differential equations
The optimal issue of process ethylbenzene dehydrogenation is studied in the article. Optimal
parameters of process occurring in the reactor are determined using the dynamic programming method.
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Kniouegvle cnosa: neuemxuil pe2ynamop, 2600y UOHHbIE anzopummyl, cemu llempu, navanvnas
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B cmamve paccmompenvl  nepcnekmusbl  AlCOPUMMUYECKOU — peanu3ayuu  a0anmueHol
9BOIOYUOHHOU HEYEemKOU cucmemuvl peyaupoganus. Onucanvl NPUHYUNLL OPAHU3AYUL U NPEOTONCEHbL
aneopummvl  I60MOYUOHHOU  uacmu  cucmemvl. Paspabomana ommoodenuposannas —cmpykmypa
9B0MIOYUOHHO20 HeuemKo2o peaynsmopa ha cemsix Ilempu (CII). Ha ocnoge pe3yibmamos cumyisiyuu Ha
CPN TOOLS npousseden ananus.

Beenenne. lHTemiekTyanus3anus KOMIIBIOTEPHBIX CHUCTEM JielaeT HEoOXOAUMBIM
pa3paboTKy W pa3BUTHE HOBBIX METOJIOB U CPEACTB 00paboTKH MH(pOpMAIK, 6a3UPYIOIINXCS B
YacTHOCTM Ha ammapate HeueTkod joruku (HJI) wmiam  ucnonbs3yroliux 3BONIOLMOHHBIE
anroputmbl (DA) [1]. Eciu anmapar HJI sBasiercst ocHoBoit skcrnepTHbix cuctem (2C), B
KOTOPBIX MOTYT aKKyMYJHpPOBAaTbCA M MCIIOJIb30BaThCsl c1ab0 (opMain30BaHHBIE, HETOJHBIE,
a1M00 YaCTUYHO HEOCTOBEPHbIE 3KcHepTHhIE 3HaHuA (D3), To DA MO3BOJISAIOT ONTUMU3UPOBATH
MIOBEJICHUE CHCTEM B YCIIOBHUSIX U3MEHSIIOIIEHCS CPEIbL.

Pa3BuTne Teopuum aBTOMATUYECKOTO YIPABICHUS XapaKTepU30BalIOCh pa3padOTKON u
UCCIIEIOBAHMEM HOBBIX CHOCOOOB MPOEKTHPOBAHUS PeryiasTopoB. Kaxablii u3 MeTon0B MMeeT
olpezieNieHHbIe JIOCTOMHCTBA M HENOCTAaTKH, BbIpa)karollMecs B KauyecTBEe O00EecreunBaeMoro
perynupoBaHus. /lis HEKOTOpPBIX W3 HHUX, B OOJIbLICH CTENEHH IJIi HEYETKUX PEryJsTOpOB,
CYILIECTBYET CJIOXHOCTh aJaNnTalliyd MapaMeTpoB K HM3MEHSIOUIMMCS YCIOBHSIM OKpY’KaroLIei
cpeasl [2]. IlpuMeHeHMS TeHETHYECKMX aJIrOpPUTMOB C MapajuleIbHO (DYHKIIMOHUPYIOIIUM
HEYETKUM PETYJISTOPOM TO3BOJISIET B 3HAUUTEIILHON CTENEHHU PeliaTh 3Ty npoodsemy [3].

ConpspkeHne JIOKaJbHO MapajuIebHOIO — ITOPUTMA HEYETKOrO PpETYJIMpPOBaHUS C
HBOJIIOLIMOHHOW  TPOLIEAYpOH  SIBISIETCS  KJIIOYEBBIM ~ MOMEHTOM  IpH  pealu3aluu
(YHKLIMOHUPOBAHUS 3BOJIIOLIMOHHOTO HeyeTKoro perynstopa (HP).

Bapuant BBeneHus aJaNTUBHOCTH — KOMOMHMpPOBaHHE HEYETKHUX CHUCTEM C
ABOJIFOLIMOHHBIM AJITOPUTMOM, KOTOPBIM MOJKIHOYAETCS K KOHTYPY HEUETKOrO YIPABJIECHUS U
Monupuuupyer yHnkuuu npunaiexkHoctu (OII) B nunrsuctuueckux nepemenssix (JIrll) wim
pematomue npasuna (PIT) [4].

MonenupoBanue u uccieaoBaHue (YHKIIMOHUPOBaHUS 3BoJonroHHOro HP cBsizanbl co
CIEIYIOIIMMH JEHUCTBUSMHU: OIMCAHUE DIIEMEHTOB CHUCTEMBI, €€ CTPYKTYpPbl, OCHOBHBIX
nojacucteM, (GyHKIUH, WHOOPMALMOHHBIX MOTOKOB; MOCTPOEHHE MPOCTPAHCTBA COCTOSHUM M
BO3MOXHBIX IE€PEXOJIOB COCTOSIHUN; COCTaBJIEHUE CXeM (PYHKIIMOHAIBbHBIX B3aUMOJCHCTBHUI;
aQHAJIU3 MPUYUHHO — CJIE/ICTBEHHBIX CBS3EH.

Jna moctpoenun mogneneit cucreM B Buae CII Momenupyemsble npouecchl (SIBIECHHSA),
COBEpUIAlOIIMECSd B CHCTEME, OIUCHIBAIOTCS MHOKECTBOM COOBITHMI W YCIOBUH, a Takxke
NPUYMHHO-CJIECTBEHHBIMA OTHOIIEHUSIMH, YCTAHABIMBAEMBIMH Ha MHOXECTBE ‘‘COOBITHS-
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ycnosus” [5,6].

OcoOennyto poib CII urpatot npu MoaeIMpoBaHUH MapaUIeIbHBIX MIPOLIECCOB. 3/1€Ch 3TO
€lBa JM HE CaMblii YHOOHBIM M MHOTOOOemaromuid WHCTpyMeHT wuccienoBanuii. Ha CII
peaiu3yeTcsi TMOJHBIM HAOOp JIOTMUECKUX OMepalui, CleI0BaTeNbHO, MOJEIUPYETCs
CHHXPOHHAs CUCTEMAa Ha YPOBHE JIBOUYHOM JIOTHKHU.

Ha ocHOBe BbllIeyKa3aHHBIX CBOWCTB MOXHO YTBEP)KIaThb YTO, MPUMEHHUTENIBHO K
sBosmolMoHHbIM HP  CII sBusiercss yaoOHBIM anmapaToM MOJEJIHMPOBAHUS U CHCTEMA CO
CTPYKTYpo# 3BositoniioHHbIM HP MoskeT ObITh peanmn3oBana Ha CII.

JlokajabHO-Iapa/ie/bHbIH 3BOJIONMOHHBIA HEYEeTKHHl PeryasiTop. OBOJIIOLMOHHBIN
HCUETKUH PETYJIATOP COCTOUT U3 CIeayromux O070koB [7]: ympasisiomee ycrpoiictBo (VYV),
00bekT ynpasienus (OV), natuuk peructparmu (/[P) npeoOpa3oBaTelib BXOJHOIO CHTHala U3
yetkoii popmel B HeueTkyro (4H) (fuzzifier), 6ok meuerkoii oopadotku (HO) (fuzzy inference
engine), mpeoOpa3oBareib BBIXOJHOTO CHUTHajda W3 He4eTKoi (opmbl B yerkyio (HY)
(defuzzifier), 6mokx omenku kaudectBa (OK) peructpanus pesynbratoB (PP), 010K METOI0B
u3MeHeHus napameTpoB (M11), 6110k nydmux BapuaHToB (JIB).

[Tpouenypsl 610k0B JIB u PP c TOYKM 3peHUsl JOKAJIbHO MapajuleNbHOM peaan3aiuu,
CJIO’)KHOCTEH HE MPEJCTABISIOT, a IPoLeypa, BblnoiHgeMas B 6Joke OK, MOXET CTaHOBUTHCS
JIOKAJIbHO MapajieIbHON TOJBKO Ha ATale MOMeIIeHus 3HadeHust B 010k PP.

PaccmoTpuM  alirOpUTMHYECKYIO peaM3allUi0  CONMPSDKEHHUS IS CIydasi K3MEHEHUS
napaMeTpoB TUIIA C/IBUTA.

Kak ciemyet u3 npeacTaBIeHHOTO BBIIIE OMKUCAHMS, IOCIEA0BATEILHOCT O10KOB JIB-UI11-
PP peanu3yer UK 3BOJIIOIMOHHOTO alropuTMa. McxoaHas nomymsiusi XpoMOCOM CO3JaeTcsl ¢
MOMOIIbI0 TeHepaTopa CiIy4alHbIX uucen. McxomHas momymnsinus XpoMocoM (KOHKaTeHAIUH
3HaueHuil caBuroB mnpoduneit ¢ynkuuun npuHaanexnoctu (PI1)) mopoxmaercs B UIl u
nonaercss Ha oauH u3 OnokoB HP u B PP, kyma mo umenu OV- OK nocTtynaroT Takxke
COOTBETCTBYIOIIME XpoMocoMaM 3HaueHus: pynkuuu coorBerctBus (PC). Janee undopmarms
oOpabarsiBaercs B JIB (BbIOOpKa B COOTBETCTBUU cO 3HadeHUsAMU DC, cKpemyBaHue, MyTaIlus)
Y HOBas NONYJIALMSA, [IOJy4YEeHHAs U3 IpEeXKHEN, rogaercs us JIB uepes H11.

Onucanue Mojesi 3BOJIOLHNOHHOIO HedeTKoro peryJasitropa cerssmu Ilerpu. briokxu
HBOJIIOLIMOHHOTO HEYETKOTO PEryisiTopa B pPOJIE€ COCTOSHUI Cpellbl OMHCAaHbl IMO3HUIHUSIMU
P1, P2, ..., p1o CII [8]. CoObiTHH MEXy COCTOSSHUSIMH 0003Ha4YeHBI nepexonamu iy, to, ..., i
[Ipen ¥ MOCT COCTOSIHUM COOBITHH OMMCHIBAIOTCS COOTBETCTBEHHO MATPHUIIAMHU BXOIHBIX M
BBIXOJHBIX HMHIMACHIMI mepexomoB: F(nxm), H(nxm), n=10,m=14 . Marpuna HHIHICHIHHA
cetu D(nxm) ompenensiercss kak D=H-F. Jlyru omuceBaloT MOTOK 00pabaThIBaeMOit
uH(pOpMaLIUH.

3HavyeHHe JIeMEHTa MaTPUIIbl BXOJHBIX MHIMACHIMH fij paBHO umcy ayr ot i-oif nosuimn
K j-my mepexoxy #(pi, 1(1j)); 3HaueHne 31eMeHTa MATPHIBI BBIXOJHBIX MHIMACHIMHN hjj paBHO
4hclIy JIyr OT j-ro mepexoga K i-oi mosummm #(P;, O(tj)); 3HaueHHe dIEMEHTa MaTpPHIBI
nHImaeHnud dij= hij-fij..

0_,.0 0 0
HauanbHOe COCTOSHHE Cpeibl OMUCHIBACTCS HAYaIbHONW MapKUpOBKOW 4 = (s 1ty 1 117
Hckomoe coctostHuE cpefipl OyIeT OMpeaeIsIThCs MAPKUPOBKON 14 = (14, fy .oy 1U,,) -

[Mozummm CIT: p;- 610k VYV, p,- 6ok OV, p;- 6nok /[P p,— 6ok YH, ps- 6ok HO, pes-
6ok HY p;- 6ok OK ps- 6110k PP, py- 6110k UI1 Pjo- G110K JIB.

ITepexoner CII: t;- perynupoBaHME BXOAHBIX NapaMeTpoB, t,- perucTpanusi BBIXOIHBIX
napameTpoB, {3 mpeoOpa3oBaHue BXOJHOTO CHTHala M3 4YeTKOW (OpMBI B HEUETKYylo, Uy
HeveTkast 00paboTka, ts- nmpeoOpa3oBaHHe BBHIXOJHOTO CUTHAja U3 HEYETKOM (OPMBI B YETKYIO,
ts— hopMHUpOBaHNE COOTBETCTBYIOLIETO YIPABISAIOLIETO BO3IECHCTBUSA I BXOIHOTO MapaMeTpa ,
t;- u3menenue npodpuiu PII Bxoausix TepmoB JIrll, ts- nsmenenune npodpunu OII BeIXOIHBIX
tepmoB JIrIl, ty- u3MeHeHue pemaromux npasui, t;p- He3aBUCHMMOe HabOIIOZeHHE 3a paboToi
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CUCTEeMBI, l;;— ompelnencHue IEJeBhIX XapaKTePUCTHK (YHKIIMOHUPOBAHUS CHCTEMBI, 1;,-
HaKOIUICHHWE OMbITa IS Kakaoro Bapuanta MI1, t;;- orOop Jaydnmumx BapUaHTOB HM3MEHEHUH
[apaMeTpoB, ;4 YyCTAaHOBKA HAMIYUYIIMX U3MEHEHUHN NTapaMETPOB.

AHAJIN3 MO/1€JIH IBOJTIOIUOHHOTO HEYETKOI0 PEryJifiTopa Ha OCHOBE CUMYJISIUU B
cucrteme CPN TOOLS.

New Page Binder O

1'zgy 17|
X
pi » t1

MNone

Puc. 1. I'pag-modens r60m0yuonnoco neuemrxozo peyismopa na CPN Tools.

P={p1, pa...p1o} u mnepexomamu T={t1, tp,...114}. PyHKIUKU BXOTHOW M BBIXOIHOMN
UHIIUACHTHOCTH MPEICTABISAIOTCS COOTBETCTBEHHO MaTpuiiamMu F u H:

10000100000000
01000000010000
00101000000000
00010000000000
00001000000000
00000100000000O
00000000001000
0000000000GOQO10
00000011100100

0000000000COO0O01
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0100000000
0010000000
0001000000
0000100000
0000010000
1000000000
0001000000
0000010000
0000100000
0000001000
0000000100
0000000100
0000000001
0000000010

HauanpHas MapKHpOBKa |lp IPEICTABISIETCS BEKTOPOM:

w=(1100000010).

Pazpaborannass wmomens Ha CII  obOecneumBaer HarJAHOCTh, KOHIENTYaJIbHYIO
MPO3PAYHOCTh M YAOOCTBO OTIAAKH, YTO MEPBOCTETIEHHO BaXKHO MPU MPOBEICHUH UCCIIEI0BAHUI
MPUMECHHUTEIHHO K 3BOJIOIMOHHOMY HEUETKOMY peryisatopy. Bo Bpems cumyisnuu rpada mpu
KaKJIOM CpabaThIBAHUU TIEPEXOOB MPOMCXOAT M3MEHECHHMS MapKUpOBKHU rpada. MapKkupoBka
oTIpesieIIIeT 00IIee COCTOSTHUE CUCTEMBI. JlepeBO JOCTHKUMBIX MAPKUPOBOK JTAET BO3MOKHOCTH
aHaJIu3a CUCTEMEL.

B pesynbraTte cUMyISIIAE MTOCIIEOBATEILHOCTh 3aITyCKOB CpabaThIBACMBIX IEPEXO0JI0B
umeer Bua: 1y, 1o, 13, tio, t1a, iz, tip, tia, ta, U5, t6, t7, 44, 5, &6, 11, 11, 12, 13, t10, 112, T13, tag, U4,
ts,t6,%,t5,t6, 16, t1, 12, t3, tao, t11, t1z, t1a, s, t5, ts, ts, ts, t1 . Il0 KOpTEKY BHIONTHAEMBIX
nepexonioB aaHHas CII He MMeeT TYNMMKOB, TaK Kak BCE MEpexojbl ObUIM 3amylleHbl. 3aaaya
noctxumoctu s ganaoi CIT Toxke pemreHa, mociie 43 mara Bce MepeXoIbl BBITOTHIIOTCS, U
CII nmpuBoauTCS B HauaiabHOE cocTosiHUE. CeTh MePHOUYHA U BCE MAPKUPOBKHU JOCTUKUMBI.

3akarouenue. [lepcniekTuBHOM 06sacThio mpuMmeHnenus JIII anropuTMoB npuMEHUTENBHO
K CHCTEeMaM C HEYETKMM pEryJIUpOBaHMEM M DJBOJIOLMOHHOW ajanTanueid MOTYT CTaTh
pacmlpeelieHHbIE CETEBbIE JKCIIEPTHBIC CUCTEMBI C JICHIEHTPATU30BAHHBIM OOHOBJICHHEM.
Jlnama3zoH WX WHCIOJNB30BAHUS B YCIOBUSX OBICTPO HW3MEHSIOIIETOocs WH(OOPMAIMOHHOTO
MPOCTPAHCTBA MOXET CTaTh 3ajJadedl 0OCIy>KMBAaHHS MAacCOBOTO TOJb30BaTels. llociennue
MOTYT OBITh ONTUMH3UPOBAHBI METO/IaMHU IBOJOLIMOHHON aJanTaluy.
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XULASO
QEYRI-SOLIS TOKAMUL TONZIMLOYICISININ MODELININ
CPN TOOLS-DA iISLONMOSI VO ANALIZI
Hiiseynzad §.S., Qurbanova S.1.

Acgar sozlar:  qeyri-salis tonzimlayici, tokamiil —alqoritmlori, Petri sobakolori, baslangic
markerlogma, modelin analizi, kecidlorin yerino yetirilmasi korteji, mansubluq
Sfunksiyalari, lingvistik dayisanlor.

Mogqalada qeyri-salis tokamiil tonzimloyicinin Petri sobokasinin totbiqi ilo modellogdirilmasi vo
todqiqi masalasing baxilmigdir. Tokamiil alqoritmi asasinda tonzimlayicinin paralel vo asinxron foaliyyati
Petri sobokolorinin totbiqi ilo tosvir edilmis, CPN tools sistemindo geyri-salis adaptiv tokamiil
tonzimloyicisinin  modeli islonmisdir. Modelin imitasiyasinin naticolori asasinda modelin analizi
apartlmigdir.

SUMMARY
DEVELOPMENT AND ANALYSIS OF MODEL OF FUZZY EVOLUTIONARY
REGULATOR BY USE OF CPN TOOLS
Huseynzade Sh.S., Gurbanova S.1.

Key words: fuzzy controller, evolutionary algorithms, Petri nets, initial marking, model analysis,

triggered transitions, membership functions, linguistic variables.

In the article, prospects of algorithmic realization of adaptive evolutionary fuzzy control system are
considered. The principles of organization are described and algorithms of the evolutionary part of the
system are proposed. A modeled structure of the evolutionary fuzzy controller is developed on Petri nets.
Based on the simulation results, a CPN TOOLS analysis is performed.

Daxilolma tarixi: [lkin variant 07.02.2018
Son variant 28.09.2018

70



Sumgqay1t Dévlet Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmosi

Cild 18 Ne 3 2018
UOT 004.7
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Acar sozlor: yeni nasil sabokalori, statistik xarakteristika, puasson axumi, yaradici funksiya,
yaradict  funksiyamin orta qiymati, giris molumat axinlari, tasadiifi zaman
intervallari, riyazi gozloma, dispersiya, hipotez, eksponensial paylanma.

Moasalonin qoyulusu. Yeni nosil sobokolorindo (NGN) miixtolif ndv informasiya
xidmatinin ehtimal proseslorini tadqiq etmak {igiin, onlarin giris molumat axinlarinin xarakterini
bilmok lazimdir. Bu informasiyalarin paylanma qanunlarini vo onlarin diismo anlarini, eloco do
soboko iizro kegmaosi vaxtlarini qiymotlondirmoys imkan verir. Giris kordinatlar tosadiifi olan
NGN sabokalori miirakkob bir sistem oldugu ii¢lin onlarin daxili strukturunu vo onlarda xidmaot
proseslarinin parametrlorinin doyismasini 0yronmaok vacibdir.

Xidmat proseslorinin tadqiq olunmasinin osas masalalorindon biri NGN sobakolorinin
miixtolif abonentlorindon (telefoniya, vidio, verilonlor) diison giris molumat axinlarinin
xarakterini toyin etmokdir. Giris molumat axinlarinin xarakterini bilmok, onlarmn xidmat
proseslarinin ehtimal xarakteristikalarini toyin etmoys imkan verir.

Bunlarla olagadar olaraq, eksperimental 6lgmolor asasinda NGN sabokasine diison giris
molumat axinlarinin xarakteri toyin olunur. Bu mogsadlo Baki gohorinin rabito qovsaqglarinin
birindo NGN saobokasinin bir istiqgamotdo olan iki ATS arasinda on bdyiik yiik saatinda giris
molumat axinlari tizorindo miisahidolor aparilmisdir. Miisahidslorin gedisindo molum olmusdur
ki, informasiyalarin diismasi intensivliyi bir saat orzindo praktiki olaraq doyagmomisdir vo eyni
zamanda asagidaki sortlorin yerino yetirilmasi miisahido olunmusdur:

1. Saobokonin girisine diison molumatlar biri-birindon asili olmayaraq diistir;

2. Istonilon (0,t) zaman intervalinda sobokonin girisino A intensivliyi ilo diison molumatlarin
diisma ehtimal1 yalniz bu intervalin uzunlugundan asilidir vo onun ¢, baslanqic anindan asil
deyil, bu da vahid zamanda sobokonin girisina diison malumatlarin orta sayindan danismaga
imkan verir;

3. Istonilon zaman aninda sobokonin girisine yalniz bir molumat diisiir, eyni zamanda iki vo
daha artiq moalumatlarin diismo ehtimali shomiyyaetsiz doracads kigikdir.

Bu sortlorin yerino yetirilmasi NGN sobokolorinin giris moalumat axinlarimin Puasson
axinina yaxin olmasi haqda hipotez irali slirmays imkan verir. Puasson axmi zamani sobakenin
giriging (0, t) intervalinda R sayda malumatlarin diismasi asagi-daki ifads ils toyin olunur [1]:

Pr(t) = (A7) RY e, (1)
burada A - giris molumatlar axininin orta intensivliyidir, yoni vahid zamanda soboko-nin girisine
diison molumatlarin orta sayidir, e - iki ardicil molumatlarin arasinda tosadiifi zaman intervalinin
eksponensial qanunla paylanmasini gostarir.

Puasson axini {igiin malumatlarin diismo anlar1 arasindaki zaman intervallarinin paylanma
funksiyalarinin sixlig1 asagidaki ifads ils toyin olunur [1]:

a(t) = re (2)
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Yeni nasil sabakalorinds informasiya axinlarimin statistik xarakteristikalar
va onlarin xidmat proseslarinin riyazi modellori

Axirinet (2) ifadesi NGN sobokosinin girisine molumatlarin diismo anlar1 arasin-daki
zaman intervallariin eksponensial qanunla doyismosini gostorir.

Puasson axinimin xarakteristik xiisusiyyatlorindon biri molumatlarin diisme anlar
arasindaki tasadiifi zaman intervallariin 7 riyazi gozlomesinin, onun disper-siyasina borabor
olmasidir [2], yoni:

m, =Dy, =1/ 3)

Qobul olunmus hipotezi yoxlamaq {iglin sobokodo aparilan miisahidolori & say-da
intrvallara boliiniir vo bu bu intervallarin say1 agagidaki ifads ils toyin olunur [2]:

® <5logN, 4)
burada N- sabokods molumat axinlarinin gedisinds aparilan miisahidslorin sayidir.

Ogoar hor hansi bir i intervalinda miisahidolorin saymni m; ilo isara etsok, bu inter-vala
uygun olan tezliyi asagidaki ifads ilo tapmag olar:

p* =m/N ()
Taobiidir ki, biitiin intervallar ii¢iin tezliklorin comi vahids barabar olmalidir, yani:

x *

i=1 pi = L (6)

Indi do NGN sobokesi iigiin giris molumatimin xarakterini toyin edok. Giris molumatinin
statistik Olgmolorinin naticosi codval 1-do gdstorilib. Statistik paylanma sirast ayri-ayri
diizbucaglardan ibarat olan histogram soklindo tosvir edilib. Bu diizbucaqglarin osasi adodco
intervallarin enina, hiindiirlilyii iso onlarin p; tezliyino borabordir. Bu halda har bir intervalin
uzunlugu vahido borabordir, onda diizbucag-larin hiindiirliiyii onlarin uygun tezliklarino
proporsional olur. Buna goro diizbucaqglarin sahasi oadadi olaraq uygun intervallarin tezliyino
borabar olacag.

Cadval 1-o uygun olaraq qurulmus histogram sokill-do géstorilib. Histoqramin tam sahasi
vahida barabardir. NGN sabokalarinin girsine diison malumatlar axminin Puasson axini olmasi
haqqinda olan hipotezi yoxlamaq ligiin tesadiifi n intervalinin riyazi gozlomo vo dispersiya kimi
statistik xarakteristikalarini tayin edok.

Tosadiifi n kamiyyatinin riyazi gézlomasi asagidaki ifada ils toyin olunur [2]:

My = Xiz1 X ;i (7)
statistik dispersiya isa borabardir:
Dy = Xiz,(xi —mi)* p; (8)
Cadval 1.
Malumatlar arasi At; interval Tezlik Nozari ehtimal Nozari paylanmanin
intervalin iiciin tezlik statistik paylanma ilo
uzunlugu uygunlugu
At;(daq) m; pi pi X’
0+1,0 226 0,478 0,451 0,7646
1,020 113 0,239 0,247 0,1230
2,0=3,0 61 0,129 0,137 0,2210
3,0+ 4,0 34 0,072 0,074 0,0256
4,0+5,0 18 0,038 0,041 0,1038
5,0+ 6,0 13 0,028 0,023 0,5141
6,0+~ 7,0 5 0,011 0,012 0,0390
7,0+8,0 3 0,006 0,0068 0,0445
Y. m;=473 2. p;=1,000 2. p;=1,000 ¥ x?=1,8353

Riyazi gézlomonin vo dispersiyanin hesablamalarinin noticolori gostorir ki, tosadiifi n
komiyyatinin gostaricilori biri-birindon ¢ox az farglonir. Bu da NGN sobokalorinin giris molumat
aximlarinin Puassson ganunu ilo paylanmasi haqda hipotezin tasdigini gostorir. Real malumat
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axinlarinin statistik giymatlondirilmasi tiglin tosadiifi n kemiyyatinin eksponensial ganuna tabe
olmasi1 haqqinda gabul olunmus hipotezdon istifads edok.
Olgmolorin ilkin emalindan alinan naticolordon istifads edorok, (2) ifadesi asasinda nozori
ayri qurulub va o sakill-ds verilmis histoqramin iizarina qoyulub.
Pr* 4 a(t)
0,6

0.5 7

0.4 7
0,3 7

0.2 7 \\

0.1 7 \u.

"-...____h.-

o 1 =2 3 4 5 6 T 8
Sakil 1. Yeni nasil sabakalorinda sas xidmoati niimunasinds miixtalif nov mallumatlarin diigma
tezliklarinin paylanmast

Tasadiifi n kamiyyatinin paylanma ganununun eksponensial qanuna tabe olmasi haqqinda
olan hipotezi tosdig etmok figiin nozori Vo statistik paylanmalarin uygunlugunu yoxlayagq.
Yoxlamam y? kriteriyas iizro aparaq:

= NXi (v — P /i ©)
burada p;- tesadiifi kamiyyatin At; intervalina diismasinin nozari ehtimalidir.

Eksponensial paylanma ganunu ti¢iin bu ehtimal asagidaki ifads ilo tayin olunur:

At;
pi = fAti a(t)dt, (10)

burada At; vo At;,4 - uygyun olaraq intervalin agag1 vo yuxari sarhadloridir.

Ogor (2) ifadesini (10)-da nozora alib hall etsok, tesadiifi kemiyystin At; intervalina
diismasinin nozari ehtimalinin hesablanmast {igiin son ifadoni alariq, yoni:

p; = e Mti _ o=AAtiyq (11)

Molumdur ki, %? kamiyyati azad doracalorin r sayindan asilidir [2], hansi ki, asagidaki ifado
ilo tayin olunur:

r=a&—s
burada s- asili olmayan sortlorin sayidir.

Tosadiifi n komiyyatinin eksponensial qanunla paylanma ganunu {igiin yuxarida gostorilon
sort 6danildiyindon intervallardan har birins tosadiifi n komiyyatinin diismo ehtimallarinin comi
vahida barabardir vo onun riyazi gézlomasi dispersiyaya yaxindirsa, onda asili olmayan sortlorin
say1 s=2 olur [2].

Molumatlarin diismo anlar1 arasinda tosadiifi 7 komiyyatinin eksponensial ganuna tabe
olmasi1 hagqinda olan hipotezin yoxlanilmasinin naticalorini 6ziinds aks etdiron 1 cadvali tizra r
=6 giymatinds [2]-don P=0,95 giymatini tapiriq. Alinan naticalorin asasinda demok olar ki, todafi
1 komiyyatinin paylanmasinin eksponensial qanuna tabe olmasi haqqinda hipotez 6z-6ziino
oxsardir, yoni NGN sobokslorinds biitliin ndv giris malumat axinlari1 Puasson axinlaridir.

Indi do yeni nosil sobokolorinin informasiya xidmati proseslorinin riyazi modellorinin
islonmosi mosalosino baxag. Yeni nasil sobokolori NGN miioyyon zaman gdstoriciloring
malikdir, yoni bu vo ya digor informasiya, onlarin girigino miioyyan gecikmalorlo diislir. Bu
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sobokolorin osas xiisusyyatlorindon biri ondan ibarotdir ki, informasiyalar onlarin girisino
tosadiifi zaman anlarinda diistir. NGN sobokolorinin daxili strukurular1 da stoxastik oldugundan,
onlarda informasiya xidmoti zamani yaranan ehtimal proseslorinin todqiq olunmasi vacibliyi
yaranir. Ona go0ro do NGN sobokolorindo informasiyalarin xidmot proseslorinin riyazi
modellorinin iglonmasi vacib masalolordon biridir. Bu sobokalorin girisino diison miixtalif nov
informasiya xidmotino miioyyon tosadiifi uzunluqlu vaxt sorf olunur. Umumi halda NGN
sobokosinin girisino E sayda miixtolif név (nitq, video, verilonlor) informasiyalar diison zaman
onu M/M/1-birkanalli kiitlovi xidmot sistemi kimi tosvir etmok olar [1]. Bu zaman hor bir
informasiyanin xidmot vaxtinin diferensial paylanma qanunu f;, f5, f3,..., fg, onlarin diismo
ehtimali iss P;, P,, P;, ..., Py olacaq. Onda bu xidmot sisteminin yaradic1 funksiyasi asagidaki
ifads ils toyin olunur:

fuven (x) = -1 P fj (%), (12)
burada  f; (x)- j-ci informasiyanin xidmot prosesinin yaradict funksiyasidir, x- Xidmot
cihazidir, P;-ci informasiyanin diismo ehtimalidir ki, onu da eksperiment vasitasilo toyin etmok
olar.

Molumdur ki, xidmat sistemina diigon hor bir informasiya mosgul kanala rast galirss,
novbays dayanmir vo imtina olunaraq uzunlugu a; intervalina borabar olan sistemi tork edir,
agar mosgul olmayan kanala rast golirss, onda uzunlugu a; - barabar olan intervalda xidmot
gostarir. Onda har iki intervali nozars alsaq, j-ci informasiyanin yaradict funksiyasi asagidaki
sokli alar:

£i0) = (S Py x*Y(1-Ei Py x). (13)
Bu (13) ifadssini x daracali sira sokilinds tosvir etsok [ ], onda alariq:
fj(x) = X P X, (14)

Bu ifadads L igarasi onu gostarir ki, comloms P;;, ehtimali ils yaranan a; doévrii tizro
hoyata kegirilir.

Axirinci (14) ifadasinds a; komiyyati tosadiifi olan a;vo a;, komiyyatlori ilo bagh oldugu
liglin, o da tosadiifi komiyyat sayilir. Bu halda informasiyanin paylanma ganununu yaxud onun
odadi xarakteristikalarini toyin etmok ¢atin olur. Ona gora do bu masoaloni hall etmak Gigiin a;vo
a;. komiyyatlorini sabit komiyyst hesab etmaokls va onlarin uygun olaraq m,, Vo mg, riyazi
gozlomoalorino borabor gotiirmoklo toqribi iisuldan istifado edocoyik. Bu miilahizodo (14)
ifadasindoki x -in garsisindaki amsal j-ci informasiya tiglin diferensial paylanma ganunu olacaq,
yoni:

fi(ay) = Py. (15)

Beloliklo, (12) vo (14) ifadolori NGN sobokolorindo molumatlarin xidmat proseslorini
tosvir edir.

(12) vo (14) ifadalorinin digar toqribi halli agagidak: sortlor zamani miimiikiindiir:

1. a; kamiyyati tosadiifi komiyyatdir;

2. a;Vo a;, kamiyyatlori biri-birindan asili deyil;

3. a;Vva a; kamiyyatlori normal qanuna yaxin olan bir ganunla paylanir.

Bu sortlori nozoro almagla, NGN sobokoalorinin yaradici funksiyasinin orta qiymot
anlayisin1  daxil edok, hansi ki, (12) ifadesinoe vo comin orta giymotinin hesablanmasi
xiisusiyyatine uygun olaraq borabar olacaq:

fyon () = X1 B(x) = Xi-1 P fi(x) - (16)

Axiriner (16) ifadssindon goriindiiyii kimi, baxilan sobokolorin yaradici funksiyaklarinin

orta qiymetini tapmaq iiclin a;Vo a; tosadiifi komiyyatlorinin yaradici funksiyalarinin orta

qiymatlorini bilmak vacibdir. Bu ifado NGN sobokosindo informasiyalarin xidmat vaxtinin

paylanma ganununu toqribi olaraq tapmaga imkan verir. Molumdur ki, bu mosslonin hall

olunmas: f,(x) funksiyasini siraya ayirmagla, yoni sobokado bas veran har bir informasiyanin
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xidmat vaxtinin paylanma ganununu toyin etmoklo miimkiindiir. a;ve a; komiyyatlori normal

payla-nan tosadiifi komiyyatlor olduglari tiglin, onlarla xatti olaraq slagsli olan a; komiyyati do

mg, riyazi gozloma vo o, dispersiyast ilo normal ganunla paylanan tesadiifi kemiyyat olacaq.
Indi do (14) ifadasinin orta giymatini hesablayaq. Onda alariq:

;) =M{Z, Py, x%}= 3, Py, M{x%}. (17)
burada M{x?}- asagidaki ifads ilo tayin olunur:
M{xa} = 7 x® f(a,) day, (18)

burada f(a;)- a; tesadiifi kemiyyatinin diferensial paylanma ganunudur.
Axirinci  (18) ifadossinin sag hissasini  a;komiyyoatinin asagidaki normal ganunla
paylanmasini nazars alsag:
o(a,) = (1/m*o.aL)e(—1/2)((aL—maL)/0aL)2 (19)
Onda alanq:

S cﬁL) o (-1/2)((ar=mq,)/0a;)? x%da,= (UN2m *
«od e(“1/2D(ar=ma,)*/oa)+aLlnx gq (20)

Burada x? = e%Inx,

Axirinct ifadenin sag hissasindaki inteqrali hall etmok {iglin asagidaki ¢evirmalari hoyata
kegirak:

-(a,-mg, )220, + ap Inx= - (af- 2a,m,, +mi )20 +a, Inx= —/ 20Z, +
+(2a,(mg, +o4, Inx))20Z, —m5 1207, .
Ogor axirinci ifadays asagidakilar alavo etsok :
(02, Inxmy, )/ og, vo (04, In*x)20Z,
va ondan bu kasrlari ¢ixsaq, onda bir ne¢a ¢evirmolordon sonra asagidaki ifadoni alariq:
-(a,-mg, )220 +a, Inx = — [—(mg, + 05, Inx) + a, |*/205,+
+Inx my, +(og, * In?x)/2.
Alinan giymatlori (20) ifadosinds yerina yazib hall etsok, asagidak: ifadoni alariq:

f_oow (\/%_n* GezlL) x e C1/2D(aL—ma;)? /0, «x%da, =(1N2m *O_C%L)*x(ZmaL+a£21Llnx)/2*

*f"o e—yz/ZGELdy :x(ZmaL+a§L Inx)/2.
Inteqralin hallinden alinan giymotlori vo (18) ifadesini (17) ifadesinde nozeors alib holl
etsok, tosadiifi a; komiyyeatinin normal ganunla paylanmasit N sabokoalorinds j-ci informasiyanin
yaradici funksiyasinin orta qiymatinin hesablanmasi ti¢iin son ifadoni alariq:

ﬁ(x) — Zj PjL " x(zmaL*'UéLlnx)/Z. (21)
Indi do NGN sobokoasinds informasiyalarin xidmot intervallarmin yaranma ehtimallarmin
P; -0, intervallarin 6zlorinin iso tosadiifi ajintervallarmin riyazi gézlomosino borabor olmasini
gostorak. Bu mogsadlos (21) ifadssini sira soklinds yazaq [3]:
fi(x) = X7 P xMerexp{o In?x/2} = X Py, x™ o Y (0d; /41 ) Inlx =
=37 Py x™o No (0 /41 [Sh_o((— DY (x — DU (22)
Axiriner (22) ifadasinds | tizro daxili com vahids boarabor oldugu tigiin NGN sobokasinds
informasiyalarin xidmot intervallarinin yaranma ehtimali o,,-don asili olmayaraq P;0lacag.
P;(x=1) =1 sortindo P;;, NGN sobokolorinds informasiyalarn xidmsot intervallarmin diferensial
paylanma ganunu olacag. Lakin x =1 olan zaman | {izro daxili com (22) ifadssindo vahido
borabar olacaq, buna goro do paylanma ganunu P;, olan xidmat intervallarmin tok giymati
mg, riyazi gdzlomo olacaqg.
Belalikio, (14) ifadasinds a;, kemiyyatinin, 6ziiniin m,, riyazi gézlomasi ilo avoz olunmasi
zamani masalalarin hallinin har iki iisulu eyni bir xidmat modelins gotirib ¢ixarir.
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Indi do tosadiifi a; kemiyyatinin diferensial ganununun normal ganundan forqli olmasi
zamani yaradict funksiyanin daxil edilmis orta qiymatinin alnmis naticoys gotirib ¢ixarmamasi
halina baxaq. Bu mogsadlo (18) ifadasinds olan inteqrali a; komiyyatinin asagidaki normal
ganundan farqli olan gqanunla paylanmasini nazars alib hall edok:

fx (X) = (1/0)%) [o(Xo) — (1/3! ) )’1X‘P(3)(X0) + (1/4!) Y2X¢(4)(X0)]-
9(Xo) = (U V2m)eXs, X, = (x- mi(X))/ o (X)
Onda alariq:

I=[" = [p((a-ma,)/0a,) + (U3')10,0® (- Mg, ), )+ (U4)*

O'aL =

*VZaL(p(4) ((aL'maL)/ GaL)] daL: (1/GaL)[(1/
VZry* [ e 2%k, In x]day [+ (U3, *

*(V ZﬂlznGgL)f_woo(aL - maL)*e_(aL_maL)Z/zo-gL-l-lnxdaL+(l/3!))/1aL(l/O-gL \ Zn)f_oooo(aL - maL)B*
_ 2 2 0 — —
*p ((aL_maL) /20g;)+ay mxdaL—(]-/‘l‘!)VZaL (\/E/ZM(‘}L)I_OOB (ag, maL)Z/za§L+lnx % daL+
+(414)y 20, (V21I2m00)) f_oooo(aL — maL)ze_(aL‘maL)2/205L+l“xdaL-

(U420, (U2108,) * [ (), —mg, ) e @ M) /2o0 0% dg, - (23)
Axirincr ifadoads birinci inteqrali yuxarida gostorilon metodika ilo, yerdo galan digor
integrallart ise y = a; - mg, - 04, sortini nozoro almagla holl edacayik.
Bu sortdon a; komiyyatini tapib onu (23) ifadesinds nozors almagla har bir inteqrali hall
etsok, onda asagidaki sokilda son ifadoni alariq:
I= QaLx(ZmaL+aéL Inx)/2 (24)
Burada
Q. =[2*4"*0; {3'0Z, + Inx[1+0Z (Inx + 3)y,, |}+{ 2*3'02 [1+ 4(cZ,+1) +
02, In*x(6+07 In?x)]+3}]/(2*3'*4"*g§))
Axirinet (24) ifadasini (17) —do nazars alsaq, asagidaki son ifadoni alariq:
ﬁ-(X): Zf PjL " QaLx(ZmaL+o§L Inx)/2 (25)
Axiriner ifadodon goriiniir ki, NGN sobokalorinds informasiyalarin Xidmat intervallarinin
paylanma ganunu normal ganundan forglonan zaman onlarin yaradici funksiyasinin orta qiymati
Q,, komiyyatindon, yoni yiiksok dorocoli paylanma anlarindan asilidir. Beloliklo, NGN
sobokalorindo informasiyalarin xidmot proseslorinin todqiqi zamani sabit uzunluqlu xidmat
intervalli modelloardon istifads olunmasi daha olverislidir.
Notica

1. Yeni nosil sobokesinin giris axinlarinin xarakterinin toyin olunmasi {i¢iin onun {izarinde
eksperimental 6lgmolor aparilmig, bu Slgmolor orzindo Puasson axinina xas olan ordinarhq,
stasionarliq vo horokotdon sonraki kimi ii¢ osas sortlorin yerino yetirilmosi miisahido
olunmusdur. Sabokonin giriging diison molumat axinlarinin paylanma funksiyasi toyin olunmus,
onun osasinda diizbucaglar soklindo histoqgram qurularaq, baxilan sobokonin girigino diison
molumat axinlarinin Puasson axin1 olmasi haqqinda hipotez qobul olunmusdur.

2. NGN sabokalorinin girsina diison malumat axinlariin Puasson axini olmasi haqqinda olan
hipotezi yoxlamaq {igiin tosadiifi diismo intervallarinin riyazi gézlomesi vo dispersiyasinin
hesablanmasi aparilmisdir. Riyazi gdzlomonin vo dispersiyanin giymatlorinin biri-birindon gox
az farglonmosi sayasindo NGN sobokalorinin giris moalumat axinlarinin Puassson ganunu ila
paylanmas1 haqda gobul olunmus hipotezin tosdiq olunmasi gostarilmisdir.

3. Molumatlarin yeni nosil sobokosinin girisino diismo anlar1 arasindaki tosadiifi zaman
intervallarinin eksponensial ganunla paylanmasi haqqinda hipotez qobul olunmusdur. Bu
hipotezin tosdiq olunmasi ticin Slgmalorin ilkin emalindan alinan naticalordon istifado edoarak
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nazari ayri qurularaq histogramin tizarine qoyulmusdur. Xi kvadratindan istifads etmokla nazori
Vo statistik paylanmalarin uygunluq ehtimalinin P=0,95-0 borabor olmasi gostorilmisdir.

4. Yeni nosil gobokosinin girisino diison molumat axinlarinin Puasson axini olmasi vo
molumatlararasi tosadiifi zaman intervallarinin eksponensial qanuna tabe olmasi haqqinda gobul
olunmus hipotezlorin 6z-6ziino oxsar olmasi, yoni NGN sobokosinin girigino diisgon molumat
axinlarinin Puasson ganununa tabe olmasi gostorilmisdir.

5. Yeni nosil sobokolorinds informasiyalarin xidmat proseslorinin riyazi modellorinin
1slonmoasi masoalosing baxilmisdir. Bu mogsadls yeni nasil sobokasi birkanalli xidmat sistemi kimi
tosvir edilorok onun yaradici funksiyasi toyin edilmisdir. Bununla borabor, sobokonin giriging
diison molumatlarin imtina vo xidmot intervallariin uzunluglarint vo onlarin normal ganuna
yaxin bir qanunla, eloco do onlarin normal vo normal ganundan forqli bir qanunla paylanmasini
nozara almagla, NGN sobokslorinin uygun olaraq yaradici funksiyalarmin orta qiymotlori
tapilmisdir.
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PE3IOME
CTATUCTUYECKHUE XAPAKTEPUCTHUKHU TIOTOKOB UH®OPMAILIUU B CETAX
HOBOI'O ITIOKOJIEHUA U MATEMATUYECKHUE MOJAEJIA TPOLUECCOB UX
OBCJIYKUBAHUSA
Mameooe @.I'., I'apaee H. Y.

Kniouesvie cnosa: cemu Ho68020 NOKONIEHUs, CIMAMUCMUYECKAs XAPAKMEPUCIMUKA, NYACCOHOBCKULL
NOMOK, Npou3800awas Qyukyus, cpeoHee 3HAUEHUe NPOU3BOOAUel
GyHKYUU, 6X00AUWUTI NOMOK COOOUEHUS, CTYYAUHbLI UHMEPBAT 6peMeHU,
Mamemamuieckoe oxcuoanue, OUCnepcus, 2unome3d, IKCHOHeHYUATbHOe
pacnpedenetue.

PacMmaTpuBaOTCS BEpOSTHOCTHBIE IPOIECCH OOCIYKMBAaHHSA PA3IMYHBIX BHIOB HH(pOPMAIMU
(peub, BHIeO, mepenada AaHHBIX). C 3TOM UENbIO JUIS ONpPENeNieHHsT CTAaTHUECKHX XapaKTEePUCTHUK U
XapakTepa BXOMSIIMX TIOTOKOB NPOBEJCHBI JKCIIEPUMEHTAJIbHBIE HCCIIEOBAHNS B CETAX HOBOTO
nokojieHus. Ha OCHOBE OSKCHEPHMEHTAIBHBIX  HCCICJOBAaHMH  ONpPEIE]eHbl  CTAaTUCTUYECKHE
XapaKTepUCTUKU U TOKa3aHa UCTUHHOCTh MH(OpMAIHK, MOCTYMAIOIIas Ha BXOJIbI, 8 TaKXKe TOJYNHECHUS
UX MyacCOHOBCKOMY 3aKoHy. Hapsimy ¢ 3TuM, ylieneHo BHHUMaHHE TakkKe pa3padOTKe MaTeMaTHYECKHX
Mojesell MpoIeccoB OOCIY)KMBaHMS B CETAX HOBOT'O IMOKOJEHHA. JlJIsi 9TOro cetm HOBOTO MOKOJICHUS
HPE/ICTaBICHBl B BHJE OIHOKAHAIBHON CHCTEMBI MAacCOBOTO OOCITY)KMBAHUS, 10 KOTOPOH OIpeaeIeHbI
NpOM3BOsIINE (GYHKIUN JAaHHBIX ceTell. Kpome TOro, y4HThIBas JUIMTENLHOCTH MHTEPBAIOB OTKa3a M
00CITy)KMBaHHMs, a TaKXKE PACHpeNeNICHHsI MX 10 3aKOHaM OJIM3KUM K HOPMaJIbHOMY, HOPMAJIbHOMY U
OTJINYAIOIIEMYCS OT HOPMAJIBHOTO, OTPENENICHbl COOTBETCTBYIOIINE CPETHUE 3HAUCHUS MPOU3BOSIINX
(byHKIUI ceTeil HOBOTO MOKOJICHHUS.
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SUMMARY
STATISTICAL CHARACTERISTICS OF INFORMATION MOVEMENTS IN NEW
GENERATION NETWORKS AND MATHEMATICAL MODELS OF THEIR SERVICE
PROCESSES
Mammadov F.H., Garayev N.Ch.

Key words: new generation networks, statistical characterization, poisson flow, creative function,
average value of creative function, input data streams, random time intervals,
mathematical waiting, dispersion, hypothesis, exponential distribution.

Probable processes for the provision of new types of information (voice, video, data) on new
generation networks (NGN) were considered. For this purpose, experimental studies have been conducted
to determine the nature of the new generation networks and the characteristics of the input streams. Based
on experimental studies, the statistical characteristics of the new generation networks have been identified
and shown the self-similarity of the information falling on them and their compliance with the law of the
poisson. At the same time, attention was paid to the development of mathematical models of information
service processes on new generation networks. For this purpose, new generation networks have been
described as a one-channel public service system and their creative function has been designated. In
addition, the average NGN networks' creative functions have been found to be based on the rejection of
the information entering the network and the length of the service intervals, as they are distributed by a
law other than normal law, normal and close to normal law.

Daxilolma tarixi: [lkin variant 03.04.2018
Son variant 28.09.2018
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Agar sozlar: idaraetmoa sistemi, ¢evik istehsalat, elektromagnit verici,idaraetma algoritmi.

Moaqgalada ¢evik istehsalat sisteminin idaraetma elementlorinin se¢ilmasi alqoritminin islonmasi va
idaraetmoa alqoritminin yaradilmasindan bohs edilir. Cevik istehsalat sisteminin idaroetma elementi kimi
elektromagqnit vericinin secilmasi alqoritmi taklif edilir. CIS-2 daxil olan texnoloji avadanhqlar, sanaye
robotlart va manipulyatorlarin amaliyyatlarindan asili olaraq va secilon idaraetma elementlori asasinda
cevik istehsalat modulunun idaraetma alqoritmi iglonilmisdir.

Inkisaf edon 6lkolorin iqtisadi yiiksolisini tomin edon amillorden biri giiclii sonayenin
olmasi, miiasir informasiya-kommunikasiya texnologiyalarinin vo innovativ layihalondirmo
prinsiplorinin totbiq edilmesidir. Masinqayirma, metallurgiya vo diger sonaye saholorinin
somarali vo mohsuldar islorini hoyata kegiran istehsalat miiossisalori ¢evik istehsalat sistemloridir
(CIS). Bu ndv istehsalat miiossisolorinin  forglondirici cohatlorindon biri onlarin ¢evik
prinsiplarls isloyon idareetmo proqraminin istifads edilmosi, miixtolif keg¢idli mohsullarin bir
miiossisado texnoloji prosesi dayandirmadan istehsal edilmosi, totbiq olunan texnoloji
avadanlglarin, sonaye robotlarinin, ¢ox funksional va istehsal noviine uygun olan idaroetmo
sistemlorinin vo onun elementlorinin olmasidir. CIS-in avtomatlasdirma funksiyalarinm yiiksok
etibarliliginin, mohsuldarligmin tomin edilmosi mogsadi ilo idaroetmo sisteminin osas
elementlorinin diizgiin se¢ilmasi vo idaroetms alqoritminin vo programinin iglonmasi vacib elmi-
tadgigat masololorindon biri hesab olunur [1]. Bununla slagadar olaraq, moqalads baxilan masala
CiS-in idaroetmo elementlorinin se¢ilmosi alqoritminin islonmosi vo idareetmo alqoritminin
yaradilmasina hosr edilir.

CiS-in funksional vozifalorindon vo hall olunan problemlorin xarakterindon asili olaraq,
molumat sistemlori sorti olaraq daxili (vericilor vo sonlu avtomatlar) vo xarici (icra
mexanizmlori) molumat altsistemlorino boliiniir. Vericilor CIS-o daxil olan aktiv elementlorinin
har an horakat edon hissalorinin faktiki veziyyatlorinin geydiyyatini, tolob olunan yerdoyisma
parametrlorinin movqelosdirilmasini, xilisusi modullarda temperatur, riitubatlilik, tozyiq ve digor
istehsal parametrlorinin 6l¢iilmasini tomin edir [2].

CIS-in osas aktiv elelmentlori hesab olunan sonaye robotlarinda, manipulyatorlarda
vericilori segmok tiglin bu elementlorin mdvqgelosdirmo xotast vo sorbostlik dorocasi kimi
parametrlor osas gotiiriiliir. ©gor texnoloji avadanliglara xidmot edon sonaye robotunun
sorbastlik daracasi Sy = 3 olarsa, onda sonaye robotlarinin cadval tipli verilonlor bazasindan
«Brig-10» tipli sonaye robotu segilir (cadval 1). Senaye robotunun qolunun xotti, bucaq
yerdoyismolorinin vo sonaye robotunun tutqacinin baglanilib acilmasi texnoloji omoliyyatlarin
movqgelosdirilmosini tomin edon vericilorin  se¢ilmosi agsagidaki sorts uygun olmalidir [3]:

K<y (1)
D
burada S;={Sjs, Sya, @s}- sarbastlik doracasinin yerdoyismalor; D— diskret ¢evirmada impulslarin
say1; K- 1.5...3- keyfiyyat omsali; U—sonaye robotunun moévqelosdirma xotasidir.

Ogor gobul etsak ki, sanaye robotunun texniki xarakteristikalarina uygun olaraq, irsli vo ya
geri xatti harokati S;¢ =600 mm, yuxar1 va ya asag1 xotti harokoti Sya= 100 mm; z oxu atrafinda
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bucaq yerdoyismasi ¢s= 7 /2, sonaye robotunun movqelosdirma xatast U = 0.3 mm, Keyfiyyat
omsali K=2 iss, onda intellektual molumat-axtaris sistemindon va (1) ifadasindon istifads edorak
sonaye robotunun dX(Sjs), dy(Sis), dz(S va), @(¢s) yerdoyismolorini moévqelosdirmok {iglin
vericilor agsagidaki kimi segilir [6]:

Cadval 1.

SR-in texniki xarakteristikalari Brig-10 Senior-415 PUMA PANTERA
Sarbastlik doracasi (Sq) 3 4 5 5

Irali vo yaxud geri xaotti 600 1000 750 300
yerdayisma (mm) (Sig)

Yuxari vo yaxud asagi Xatti 100 500 200 300
yerdayisma (mm) (Sya)

z oxu atrafinda bucaq 90 180 180 140
yerdayismosi (¢g°)
X oXu atrafinda bucag - 180 180 100
yerdoyismosi (ag”)
y oxu otrafinda bucag 180 - 90 -
yerdoyismosi (Bg’)
Maévgelosdirmo xotast (mm) (U) +0,3 40,3 40,5 +2

Ogoar sonaye robotunun irali vo yaxud geri xatti harokati Sjc = 600 mm vo «BE51M» tip
tigtin diskret ¢evirmads impulslarin say1 D = 5400 impuls/daq olarsa, (cadval 2)

SicK
6% ¢

onda «BE51Mx tip impulslu verici sanaye robotunun qolunun irali vo yaxud geri horokotlorini
movgelosdirmak ti¢iin segilir [7].

Ogoar sonaye robotunun yuxari vo yaxud asagi xotti harokoti Sya= 100 mm vo «BES1M»
tip tgiln diskret cevirmads impulslarin say1 D =5400 impuls/daq,

A% < YU = 004203,
onda «BES1M» tip impulslu verici sonaye robotunun qolunun yuxar1 vo yaxud asagi
horakoatlorini movqgelosdirmok ii¢ilin secilir.
Ogor z oxu otrafinda bucaq yepdoyismoasi ¢g = 7 /2 mm vo «BE51M» tip ligiin diskret

cevirmads impulslarin sayr D = 5400 impuls/doq olarsa
SpK _
Y <U, S~ | s
burada |- sonaye robotunun sarbostlik doracasinin sarnir oxundan sonaye robotunun tutqacina

godor olan mosafadir.
Ogoar qabul etsak ki, | = S;;=600 mm-dir, onda

Cadval 2.
Vericinin Yerdoyismo Siirat Istismar miiddati | Diskret cevirmado
tipi diapazonu (dévr) (doq™) (saat) impulslarin say1
Kodlu verici
AD-15 B 16 900 10* 2°(32768)
FEP-15 16 600 10° 21°(32768)
impulslu verici
BE51M 90 3000 10* 1000...5400
BE106 80 3000 10* 1000;1024;1250

S~ | xpg = 600x3.14/2 = 942 mm , S,xK /D <U = 0.35 > 0.3 olarsa, onda
«BES51M» tipli impulslu verici sanaye robotunun qolunun z oxu atrafinda bucaq yerdoyigsmasinin

movgelogdirilmasini tomin etmir.
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Ogar «FEP-15» tip iiclin diskret cevirmads impulslarin say1 D = 32768 impuls/daq olarsa,
< U= 006< 03

onda «FEP-15» tip kodlu verici  sonaye robotunun qolunun bucaq yerdoyismosinin
movqgelosdirilmasi {igiin segilir.

Molumat-axtaris alqoritmi osasinda segilmis vericilor «BESIM» vo «FEP-15» ¢evik
istehsalat modulunun aktiv elementi olan «Brig-10» sonaye robotunun idarasetmo alqoritminin
qurulmasi Ttg¢ilin istifado olunurlar. «Brig-10» sonaye robotunun idaroetmo alqoritmini
laythalondirmok magsadilo onun texnoloji amaliyyatlarina uygun olaraq, vericilor ¢oxlugu toskil
olunur [4, 5].

Cadval 3.
Vericilor Texnoloji amaliyyatlarin novlori
Modvgelasdirici manipulyatorun (MM) vericilari
Vv MM-da manipulyasiya obyektinin mévqgelosdirilmasi
VZ, MM-in yuxar: vaziyyatds movqgelasdirilmosi
V3, MM-in asag1 vaziyyotdo movqgelosdirilmasi
Sanaye robotunun ( SR) vericilari
Vo AV SR-in  tutqacinin uygun olarag bagli vo yaxud aciq veziyyotdo
movgelosgdirilmasi
V7, SR-in golunun asag1 vaziyyatdo mévqelasdirilmasi
V3, SR-in golunun yuxari vaziyyastdo mévqgelasdirilmasi
V4, SR-in golunun irali harakatinin mévqgelosdirilmasi
V>, SR-in golunun geri harokoatinin mévqelagdirilmasi
Ve, SR-in golunun 90° dénmo haraketinin mévqelasdirilmosi
Texnoloji avadanligin ( TA) vericilori
Vi TA-da manipulyasiya obyektinin movgelosdirilmosi
V7, TA-nin yuxar voziyystdo movqelosdirilmasi
V3, TA-nn asag1 vaziyyatdo movqgelasdirilmosi
VY TA-da texnoloji amaliyyatin baglangicinin mévqelosdirilmasi
V>, TA-da texnoloji amaliyyatin sonunun moévqgelosdirilmasi

CIS-in idaroetmo sistemlorinin layiholondirilmosindo determinasiya tipli produksiya
modellari istifads olunur. Bels ki, idaroetms sisteminin program tominatini tortib etmok {igiin
produksiya modeli osasinda biliklor bazas1 vo idaroetmo  alqoritmi islonmolidir. CIS-in
aktiv elementlorinin horokatlorini, onlarin vericilorini vo icra mexanizmlorini formal tosvir
etmok ticlin produksiya modeli asasinda biliklor bazasi togkil edilir ( cadval 3, cadval 4).

CiS-in aktiv elementlorinin seg¢ilmis vericilori vo icra mexanizmlori osasinda onun
idaroetmo alqoritmi tortib edilir. Produksiya modelinin komayi ilo  qurulmus idarsetmo
alqoritmi produksiya niivasinin totbiq sortlorinin ( P; )-i elementlorindon ibaratdir:

Pi={P1,Pi, ..., Pn },
burada n - sortlorin sayin1 bildirir.
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Cadval 4.
Icra mexanizmlari Texnoloji amaliyyatlarin névlari
Mivgelasdirici manipulyatorun (MM) icra mexanizmlaori
iM%, MM-do movqelosdirilmonin icrasi
iM?, MM-in yuxari v asagi vaziyyatlorinin movqelosdirilmasi
Sanaye robotunun icra mexanizmlari
1 Tin gl SR-in tutqacinin uygun olaraq bagli vo yaxud agiq voziyystdo
MY, TiM? h RS
movgelogdirilmasinin icrasi

M2, M2 SR-in golunun yuxari vo yaxud asagi voziyyatdo

2 2 movqelosdirilmasinin icrasi
M2, TiMe SR-in golunun irali vo yaxud geri horokatinin

2 2 movgelosdirilmasinin icrasi

iMm*, SR-in golunun 90° dénmo horoketinin mévqelosdirilmosinin icrasi

Texnoloji avadanhgin icra mexanizmlari

iM%, TA-da manipulyasiya obyektinin mévqelosdirilmasinin icrasi
Lo S0 TA-nin yuxar: vo yaxud asagi vaziyyatdo movqgelosdirilmasinin
iM%, TiM% :

icrasi

e, i TA-nin texnoloji omaliyyatinin baglangic va yaxud son

3 3 vaziyyatlorinin mévgelosdirilmasinin icrasi

P1l: agor MM-do manipulyasiya obyekti varsa, onda SR-in qolu asagi harokat edir;
P2: ogor SR-in qolu asagi horokot edibsa vo SR-in tutqaci agiqdirsa, onda SR-in tutqaci

manipulyasiya obyektini tutur;

P3: agar SR-in tutqact manipulyasiya obyektini tutubsa, onda SR-in qolu yuxar1 horakat edir;
P4: agor SR-in qolu yuxar1 harokat edibsa, onda SR-in qolu geri harokat edir;
P5: ogor SR-in qolu geri horokot edibss, onda SR-in qolu asagi horokot edir vo SR-in tutqact

acilir;

P6: ogor SR-in qolu asag1 voziyystdadirss vo onun tutqact agiqdirsa, onda manipulyasiya
obyekti TA-1 vo ya TA-2-do movgelasir vo SR-1n qolu yuxari harokat edir.

Yuxarida gostorilmis produksiya sortlorine uygun olaraq, mentiqi isaralorin komayi ilo
1daraetma alqoritmi qurulur (Cadval 5).

Cadval 5.

Predikatlar Montiqi ifadalor

P1 Vi = iM%

P2 V3, & VY, = MY,

P3 Vi, = iM%

P4 V3, = iM%,

P5 Ve, = iM% & |iMY,

P6 V5, & 1V = iML & iM%,

Cadval 5-do gostarilon implikasiyalar asagidaki montiqi simvollardan istifads olunmusdur
= — sekvensiya (montiqi ¢ixaris);

& — montiqi va;
] — montiqi inkar.

82




Mommadova S.T.

ODOBIYYAT

1. Oteniy Y.N., Olshtinsky P.V. Choice and calculation of capture devices of industrial robots:
Train aid. Volgograd State Technical University, 2000, 64 p.

2. Moskvichov A.A., Kvartalov A.R., Ustinov B.V.. Grippers devises of industrial robots and
manipulators. Train aid. M: FORUM, 2015,176 p.

3. Mammadov J.F., Huseynov A.H. Application of the intelligence and mathematical models for
computing design of the flexible manufacturing module. // Applied and computational
mathematics, An International Journal, 2003,Vol. 2, Ne 1.

4. Petrukhin A.V., Uvarova T.V. Design automation of industrial robot grippers. // News of
Volgograd State Technical University. Producing Ne 22 (125)/volume 18/2013.

5. Sabunin A.E. Altium Designer. New solutions in designing of electron equipments. //
Publication: Solon-Press, 2009, pp. 15-35.

6. Kossipes FO.I'. [Ipombinuiennsie  poOoThl. CripaBOYHUK 2-€ M34., mepepad. u gom. M.:
Mammunoctpoenue, 1988, 392 c.

PE3IOME
AJITOPUTM BBIBOPA 1 MOJIEJIMPOBAHUS JTATUNKOB CUCTEMBbI YIIPABJIEHUSA
I'MBKOI'O ITPOU3BOACTBEHHOI'O TIPEAIIPUATHUS
Mameoosa I1I.T.

Knrouesvle cnoea: cucmema ynpagnenus, 2ubOKoe Hpou3800CMB0, 31eKMPOMASHUMHBINL OAMYUK,
anzopumm ynpaeneHusl.

Crarbs TOCBsIIEHA pa3pa0dOTKe aNropuTMa BBIOOpA BIIEMEHTOB T'HOKOW MPOM3BOIACTBEHHOMN
CHCTEMBl M CO3JaHMIO AJITOpUTMa YIpaBieHHs. B KkauecTBe siemMeHTa THOKONW NPOM3BOACTBEHHOM
CHCTEMBI, MPEAIAraeTcsl allTOPUTM BBIOOpPA AIIEKTPOMATHUTHOTO aTYWKa. B 3aBUCHMOCTH OT ornepanuit
TEXHOJIOTHYECKOTO 00O0PYAOBaHMUs, MPOMBIIUICHHBIX POOOTOB M MaHHITYJISITOPOB, & TAKKE OTACITBHBIX
JJIEMEHTOB YMpaBIICHHS, BXOISAIIUX B THOKYIO MPOU3BOJICTBEHHYIO CUCTEMY, ObLI pa3paboTaH ajJropuTM
yHpaBiIeHust THOKOTO TIPOU3BOICTBEHHOT'O MOTYJIS.

SUMMARY
ALGORITHM OF SELECTION AND MODELING OF SENSORS OF
CONTROL SYSTEM OF FLEXIBLE MANUFACTURING ENTERPRISE
Mammadova Sh.T

Key words: control system, flexible manufacture, electromagnetic sensor, management algorithm.

The paper is devoted to development of the algorithm for option of the elements of flexible
manufacture system and creation of its control algorithm. As an element of flexible manufacture systems,
selection algorithm of electromagnetic sensor is offered. Depending on the operations of technological
equipments, industrial robots, manipulators and also control elements which are included in the flexible
manufacture system, algorithm of control of the flexible manufacture module is developed.
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Acar sozlar: orta gorginlik, paylayici sabaka, giic transformatorunun birlasma sxemi, qeyri-
simmetrik rejim, giic itkilori.

Uc fazl 10/0.4 kV transformatorun dolaglarinin Y/Zy va Y/Yy dévra ila birlasmis hallart iiciin
0.4 kV torafinda yiiklorin qeyri-simmetrikliyindon yaranan giic itkilori arasdirilmisdir. Sobakonin
birfazali, ikifazali va ii¢fazali geyri-simmetrik yiiklonmo rejimlori iiciin tadgiqatlar aparimisdr. Alinmig
malumatlara asasan yiiklorin qeyri-simmetrikliyindan transformatorlarda yaranan giic itkilorinin analizi
aparilmigdir. Sabakads itkilorin miiqayisasi transformator dolaqlarmin Y/Yy birlosma sxemindon Y/Z,
sxemina kecidin tistiinliiyii géstorilmisdir.

Ug fazli transformatorlarda qeyri-simmetrik rejimlor giiclii birfazali yiik qosulanda yaranur:
yarimstansiyalarda elektrotermik sobalar, isiglandirma yiiklori va s. eloco do bir va iki fazli qisa
gapanmalar zamani. Bu rejimlordo coroyanlarin qeyri-borabor paylanmasi noticosindo
gorginliklor tohrif olunur vo qosulmus qonsu tolobatgilarin isinin pislomosine gotirib ¢ixarir.
Xiisusilo tohliikeni yaradan gorginliyin artmasidir. Movcud standartlar, nominal gorginliyin
10%-don ¢ox olmamasini tolob edir.

Giic transformatorlariin dolaglarinin birlagilmasinin miixtalif sxemlorinin xtisusiyyatlori
vo osash farqlori haqqinda doqiq molumatlarin nozaore alinmamasi paylayict elektrik sobokenin
(PES) texniki iqtisadi gostaricilorini pislogdirir, elektrik enerjisinin keyfiyystini asagi salir vo
ciddi qozalara gotirs bilar.

Dolaqglarin birlasma sxemlori vo transformatorlarin xiisusiyyatlori. Standarta uygun
olarag, 11677-85 [1-5] 10 (6) kV giic transformatorlar1 25 kVA -dan 250 kVA -ya qadar hadlori
ticlin dolaqalarin birlagilmasi “ulduz/ulduz” — Y/Yy; - “ligbucaq — ulduz” —A/Yy; -“’ulduz —
dolanbac”- Y/Zy sxemlari ilo hazirlana bilar.

Dolaglart miixtalif sxemlorlo birlosdirilmis transformatorlarin texniki xarakteristikalarinin
prinsipial forqi qeyri-simmetrik rejimlords sifir ardicilliglt corayanlara miixtalif reaksiyanin
olmasidir. Bu forglor bir- vo ikifazali qisaqapanmalarda, homg¢inin fazalarda yiiklorin geyri-
simmetrikliys malik is¢i rejimlorindo 6zilinti gostorir.

Ug fazali transformatorlarda vo 0.38 kV-luq dérd moftilli sobokonin geyri-simmetrik
rejimlorinin fiziki modeli nimunasinds eksperimental todqiqatlar [4] aparilmisdir. PES 0.38 kV-
lug Y/Yq sxemli transformatorlarin istifadosi iqtisadi gostoricilori pislogdiron hallara gotirilmosi
gostorilmigdir.

Moalum oldugu kimi, 6 (10) /0,4 kv giic transformatorlar1 polad ¢cubuqlu icliye malikdir ki,
hor gubugda uygun olan fazanin — A, B, C ilkin vo ikinci dolaqgalar1 yerlosir. Ug fazanin magnit
sellorinin axinlar1 simmetrik is rejimlorinds transformatorun polad icliyindo dovr edir vo onun
hiidudlarindan kenarda sapalonmirlor.
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Transformatorlarda 0,4 kv torofdo fazalarda yiiklonmonin simmetrikliyinin pozulmasini
arasdiraq. Belo, is rejimlori simmetrik toskiledicilor [2] nazariyyasindon istifado etmokls todqiq
olunur. Bu noazoriyyoys asason iigfazli sabokonin istonilon geyri-simmetrik ig rejimi corayanin vo
gorginliyin li¢ simmetrik togkil edicisinin hondosi comi soklindo togqdim edilir: bu diiz, oks vo
sifir ardicilligh taskil ediciloridir.

Transformatorun maksimal birfazali qgeyri-simmetrik rejimino baxaq. Bir fazlhi
qisagapanma (BQQ) rejimi 0,4 kV torofdo dolaglarin  sxemi A/Yy va 0,4 kV torofdo
zodolonmomis fazalarda simmetrik coroyanlarin hondosi comi sifra borabordir (fazalarin isci
yiikklonmosi nozoro alinmir). Zodolonmis fazada bu com maksimaldir vo BQQ coroyanina
borabordir. Onun giymati malum diisturla toyin edilir:

\3-U,
(2R, + Ry)* +(2X, + X,)?
burada Uy — sobokonin xotti gorginliyidir; Ri, Ro, X1, Xo — miivafiq olaraq diiz vo sifir
ardicilligin aktiv vo reaktiv miiqavimatloridir.

Diiz ardicilhigin miigavimati. Ri-in vo Xj-in diiz ardicilliginin miigavimatlori eyni
diisturlarla toyin edilir vo az forqlonir:

R PQQ.X ZZ RZZ Uqu?
gzt *'7 7 100-S

Bu diisturlara daxil olan transformatorun dolaglarmin birlosma sxemlorindon Pyq-min va
Ug-nin molum qiymatlori praktik olaraq asili deyildir, buna goroe do diiz ardicillifin
miigavimatlori onlardan asili deyil. Bu miigavimatlordon forqli olaraq, dolaglarin birlogsmasinin
miixtolif sxemlori ilo transformatorlarin sifir ardicilliginin miigavimatlori prinsipial olaraq
forqlonir.

Dolaqalar1 Y/Zp birlosmo sxemli transformatorda corosyanlarin vo maqnit axinlarinin
vektorlarinin voziyyatina (sokil. 1) baxaq. Analoji rejimdo - BQQ rejimi sifir ardicilligin
coroyanlart yalmz transformatorun ikinci dolagindan axir. Bu halda transformatorun hor
magqnitlondirici ¢gubugunda iki miixtslif fazanin bir ikinci yarimdolag: yerlosdirilmisdir (sokil. 2).
BQQ rejimindo bu yarimdolaqglarda sifir ardicillifin corayanlari ilo yaradilan maqnitlondirici
quivvalar qarsilight yonalmisdir vo bir-birini kompensasiya edir. Bu halda yiiksok gorginlikli
dolagda sifir ardicilligin  coroyanlart  yoxdur. Sifir ardicillifin - miigavimetin  belo
transformatorlarda diiz ardicilligin miigavimatindon daha az olur: Ro< Ry; Xo< Xj.

(1) ifadssindon goriindiiyli kimi, bu Y/Yo sxemli transformatorlarla miiqayisads Y/Zy
sxemi olan transformatorlarda bdyiik BQQ corayani yaradir. Malum oldugu kimi, sifir noqtasi
cixartlmamis ulduz birlosdirilmis dolaglarda sifir ardicilligin coroyanlar1 axa bilmir. Buna goro
BQQ rejiminds bu ardicilligin carayanlari yalniz transformatorun ikinci dolagindandan axir.

Transformatorda sifir ardicilliin maqnit axinlari magqnit i¢liyi serhoddini asirlar vo
transformatorun metal Ortiiyli vasitosilo qapanirlar (sokil. 4). Bu belo transformatorlarin sifir
ardicilliginin miigavimetlorinin qiymatinin ohomiyyatli deracods bdyiik olmasini miisyyan edir:
Ro>> Ry, Xo>> Xj.

Qeyd etmok lazimdir ki, dolaqlari y/yo sxemi ilo birlosmis transformatorlarin sifir
ardicilligli miigavimotini hesablamaq miimkiin olmur. Adoton bu transformatorlarin sifir
ardicilliqli miiqavimoti Zo=(9+12)Zqq hoddlorindo dayisir.

Onlar1 yalniz eksperimental iisulla miisyyon etmok olur. Bu miigavimatlorin saviyyasi
transformatorun Ortiiyiliniin konstruksiyasindan, icliyi vo ortliyll iso arakesmonin vaziyyetindon
asilidir.

1)

o
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— - Sifirardicilligh carayanlarin
transformatorun ikincitoraf yarim
dolaqglarinda istigamatlori
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Sakil. 1. Dolaglar: Y/Zy birlagsma sxemli transformatorda sifir ardicilliqli magnit axinlarinin
va carayanlarn istiqgamatlori.
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Sakil. 2. Dolaglari Y/Yy birlogmo sxemli transformatorda sifir ardicilliqli magnit axinlarinin
va carayanlarin istigamatlari.

Son vaxtlar sifir ardicilligin miigavimotlori  6l¢lilmiir. Noticods, hesablamalarin icra
edilmosi tigiin kohno sorgu molumatlarindan istifade olunur. Ancaq kéhnalmis informasiyadan
istifado edildikdo cox ehtiyath olmaq lazimdir. Miiasir transformatorlarin konstruksiyalari,
oOrtliyli vo hamginin materiallari shomiyyatli doracade doyismisdir.

Bundan basqa, transformatorlarin sifir ardicilliginin miigavimatlori izro moslumatlar son
darace azdir vo ziddiyatlidir. ©vvallar transformator hazirlayan zavodlarinin 6l¢ii gostericilorine
asasan dolaqalar1 Y/Y birlogdirilmis transformatorlarin sifir ardicilliginin reaktiv miigavimatlori
orta hesabla diiz ardicilligin miigavimatlorindon 10 dofo ¢oxdur. Eyni zamanda Standartda bu
haqda deyilir ki, bu miigavimaetlor 20 dofo forglonos bilor.
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Sifir ardicilligin miigavimotlorinin real giymaotlorini bilmok lazimdir, ¢linki onlar BQQ
corayaninin giymotini miioyyon edir. Daha ¢ox miigavimato malik bir o godor BQQ coroyani
daha az olan transformatorun miihafizosini hoyata kegirtmok ¢otinlogir.

Transformatorun fazalarinda yiiklorin qeyri-simmetrik rejimlorinds sifir ardicilligh
miigavimatlorin boylik qiymatlori 0.4 kV torafinds tolobat¢ilarin EEKG pislomasinag gatirir.

DY sxemli A/Ytransformatora xas olan Ry = Ry, X1 = X, soraitds alariq:

/§.UX 3-U U
BQQ — - f L (2)

| _ _
\/(2R1+R0)2+(2X1+X0)2 JRZ+X)? 2

Odur ki, transformatorun 0.4 kV sixaclarinda BQQ coroyani {i¢fazli QQ coroyanina
barabardir. Lakin Y/Y, sxemli transformatora xas olan Ro>>R; vo Xp>>X; soraitindo BQQ
coroyant ¢ox ki¢ik alimir. Bu halda transformatorun yiiksok gorginlik torofindo qoruyucu
vasitasilo miihafizesindo ¢otinliklor yaranir. Mihafizonin etibarliligini dolaglarin  sxemi Y/Zy
olan 10/0,4 kV transformatorlar1 ilo tomin etmok miimkiindiir. Bu halda qoruyucularda QQ
corayani artir vo acgilma vaxti 0.6 san. qader azalir ki, bu da miihafizoni kifayot qador etibarl
edir.

Dolaglarin birlogsmos sxemi Y/Zp olan transformatorlar konstruksiya cohotdon miirokkobdir
va Y/Yy sxemi ilo miiqayisado 8% qoador artiq naqil sorfini tolob edir.

Ikidiiyiinlii, qeyri-simmetrik dordnaqilli sifir moftilli elektrik sobokasinin neytral
moftillorin arasindaki diiyiin gorginliyi diistur ilo hesablanir:

U - U,Y,+U.Y, +U Y.
N YL Y Y Y

Burada Ya, Yg, Yc, Yn - miivafiq budaqglarin kegiriciloridir.

Dord nagqilli, sifir moftilli elektrik sabakasinin geyri-simmetrik rejimlorinin hesabat.
Qeyri-miintozom yiiklonmis tig¢fazli sistemlordo islodicilorin fazalarindan kegon caroyanlar,
miixtolif fazalar ticlin miixtolif qiymatlor alir. Belo hallarda rejim parametrlorini toyin etmok
ticlin simvolik metoddan istifado edilir.

Qeyri-miintozom yiiklonmis 0.38 kV-luq ti¢fazli dord naqilli sistemlor iigiin giic itkilorin
hesabatt metodikasi vo MAHTCAD-da program islonmisdir. Program qondarma metodu
(superpozisiya prinsipi) miirokkob dévroni parcalamaga vo ndvba ilo ayri-ayr1 monbaolorin tosirini
giymatlondiran prinsipa ossaslanmisdir.

Niimuno ti¢iin sokil 3-do gostorilmis elektrik sxeminin geyri-simmetrik birfazli, ikifazli vo
ticfazl geyri-miintozom yiik rejimlori iiglin hesabatlar yerino yetirilmisdir.

Transformator 0.38kV hava xotti Yik
A a al E Ra
B bl Rb
C
N‘ _ ‘n
Sifir moftili

Sakil 3. Transformator , 0.38 kV hava xatti, yiik.

Giicii 25 kVA olan transformatorun miigavimatlori 0.4 kV gorginliys gatirilmisdir (codval 1).
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Cadval 1.
Transformatorun 0.4 kV gorginliya gatirilmis miigavimatlori
Parametr Uk, r, X1, Z1, lo, Xo,
% Om Om Om Om Om
Transformator Y/Y, 45 0.154 0.244 0.287 1.650 1.930
Transformator Y/Z, 4.7 0.177 0.243 0.302 0.073 0.0354
EVX 4 moftilli - 0.24 0.077 0.252 0.762 0.308

0.38 kV hava xattinin vo sifir moftilinin en kosiyi 25 mm?, xiisusi miigavimoti 1.2 Om/km,
uzunlugu 0.2 km-dir. Sifir moftilin en kesiyi 35 mm? xiisusi miiqavimoti 0.87 Om/km-dur.
Transformatorun yiiksiiz is itkilori sorgu materiallarina asason 135 Vt toskil edir.

Simmetrik yiik miigavimat soklindo verilib Za=Zg=Zc=7+j3 Owm. Qeyri-simmetrik
rejimlords fazalarda yiik miigavimeati Z=10° Om verilib. Qeyri-simmetrik rejimds A fazasinda
yik Za= 7+j3 Owm, digor B vo C fazalarinda yiik yoxdur. Hesabatlar simmetrik transformator,
hava xatti, yiik, geyri-simmetrik bir fazli, iki fazli vo li¢ fazli geyri-simmetrik yiik rejimlori {iglin
yering yetirilmisdir.

Dolaglariin birlosmos sxemi Y/Yy vo Y/Zy olan transformatorlar1 geyri-simmetrik bir
fazli yiikk rejimlori {iglin hesabatlarin noticolori miivafiq olaraq codval 2 vo cadval 3-do
verilmisdir.

Cadval 2.
Birlogmoa sxemi Y/Yy olan transformatorlu PES-nin bir fazli geyri-simmetrik rejiminin
hesabatlarinin naticalori

Olcii eyri-simmetrik
Ne | Transformator, EVX Parametr vah% di Q ybir fazlt Qeyd
1 Za Om Z,~7+j3 Om
2 Zb Om 0
3 Zc Om 0
4 Ia A 20.23
5 Ig A 0
6 | Transformator, EVX Ic A 0
7 Iy A 9.45
8 1, A 9.45
9 lg A 9.45
10 K, 1
11 Kq 1
12 AP Vi 5411 R.=0.23
13 Transformator AP, Vit 54.11 R(,l=0.676
14 YIY, APy Vi 728.54
15 AP, Vit 782.65
16 K, n.v. 14.46
17 APy Vi 64.28 _
18 AP, Vi 64.28 o
19 EVX 0.38 kV APg Vi 204.10 o=
20 AP, Vi 332.67
21 K. n.v. 4175
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Cadval 3.
Birlosma sxemi Y/Zy olan transformatorlu PES-nin bir fazli geyri-simmetrik rejiminin
hesabatlarinin naticalori

Ne | Transformator, EVX Parametr v(;:lgigi Qey:jli-rs;r: thet”k Qeyd
1 Za Om Z,~=7+j3 Om

2 Zb Om 0

3 Zc Om 0

4 Ia A 25.82

5 I A 0

6 | Transformator, EVX Ic A 0

7 Iy A 9.42

8 I, A 9.42

9 lo A 9.42

10 K, n.v. 1

11 Ko n.v. 1

12 AP Vit 61.21

13 AP, Vit 61.21 Ri=0.23
12 Transformator AP, Vi 20.23 Ro=0.076
15 YiZy AP, Vit 81.44

16 K, n.v. 1.33

17 AP, Vit 63.88 _

18 AP, Vit 63.88 F?lz‘ 00'72642
19 EVX 0.38 kV APy Vit 202.80 o

20 AP, Vit 266.68

21 K n.v. 4175

Dolaglarin birlosmo sxemi  Y/Zg olan transformatorlarin bir fazli QQ zamani
zadalonmomis fazlarin gorginliyinin koskin artmasinin garsist alinir vo Y/Y, birlosma sxemli
transformatorlardan xeyli doracoda forqglonir.

Todqiq olunan PES niimunasindo Y/Yo dovro ilo birlogsmis transformatorlu sxem bir
fazanin yiikiiniin qiymeti 2200 kVt-dan ¢ox oldugu hallarda, hamin fazanin yiikiindo gorginlik
180V  saviyyesindan kigik vo digor fazlarinda iso gorginliyin saviyyslori 250V-dan bdoyiik
qiymatlor alur. Yoni gorginliyin buraxila bilon qiymatlori (10%-dan) artiq olur.

Y/Zy dovra ilo birlosmis transformatorlu sxemds iso bir fazanin yiikiiniin qiymati 8000
kVt-dan az (transformatorun nominal giiciin 30%) oldugu hallarda bels, gorginliyin maksimal
buraxila bilon qiymatlori (10%-don) artiq olmur.

Todqiqatlarin  noticolori  gdstorir ki, dolaglarinin  birlosmo  sxemi  Y/Zp olan
transformatorlarda itkilor geyri-miintozom yiiklii paylayict sobokolords, Y/Y birlosmo sxemino
malik transformatorlara nisboton dofslorlo azdir; uygun olaraq bir fazli yiikde 11-dofo va iki
fazli yikkdo 8-dofa. Odur ki, geyri-simmetrik yiikli 0.38kV paylayici sabokalords Y/Zy sxemina
malik transformatorlarin tadbiqi iistiinliiklors malikdir.

Naticalar. Paylayic1 elektrik sobokolorindo giicii 25+100kVA hadlorindo doyison vo
dolaglarinin birlosmo sxemi Y/Yo olan transformatorlarin birlosmo sxemi  Y/Zy olan
transformatorlarla ovoz olunmasi moagsadouygundur.

Transformatorlarin istehsalgr miiassisaloring sifir ardiciligli miigavimatlorin Sl¢tilmasi
zorurati haqqinda talob qoyulmalidir. Birfazli yiiklors malik moisot vo digor tolobatcilart olan
sohar vo kond paylayici elektrik sobakalorinde EE itkilorinin azaldilmasi vo EKG yiiksoldilmasi
sobokonin layihoalondirilmasi marhalosindon baslanilmalidir.
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Glicii 20 kVt vo daha ¢ox olan birfazli tolobatgilar {ligfazli sobokoys simmetriklosdirici
qurgularla qosulmalidir ki, hom do reaktiv giicii kompensasiya etsin.

0.38 kV sobokalor yiikiin geyri-simmetrikliyini nozora alaraq, EE itkilori, EKG proqram
tominati ilo hesablamalidir vo naticalordon asili olaraq, Y/Zy sxemino malik transformatorlar
totbig olunmalidir. Dolaglarinin birlosmo sxemi Y/Y( olan transformatorlar1 doyismok miimkiin
olmadiqda tigfazli sobokoya simmetriklosdirici qurgularla qosulmalidir ki, hom do reaktiv giicii
kompensasiya etsin. Bu todbirlorin goriilmasi naticasinds 0.38 kV geyri-simmetrik yiiklii PES-do
EE itkilorinin shomiyyatli doracodos azaldilmasina vo EKG yiiksoldilmasine nail olmaq olar.
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PE3IOME
OB OBJIACTAX IPUMEHEHUSA CXEM ITOJAK/JITIOYEHUSA OBMOTOK CHJIOBBIX
TPAHC®OPMATOPOB B TPEX®A3HBIX PACIIPEJIEJIUTEJIBHBIX DJJEKTPUUYECKHUX
CETAX C HAITPAXKEHUEM 10/0,4 KV
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Knrouesvie cnosa: cpeonee nanpsiicenue, pacnpeoeiumenbHas cenb, CXema COeOUHEHUsL CUTOBO2O
MpaHCHoOpMamopa, HeCUMMEMPUYHBILL PEHCUM, NOMEPU MOUWHOCHIU.

AHanu3upoBaHbl MOTepy MOIIHOCTH TpaHchopmaropor 10/0.4 kB co cxemamu coenunenus Y/Zy u
Y/Y, pu HECHMMETPHUYHBIX Harpy3kax Ha cropoHe 0,4 kB. MccinenoBaHus MpOBOAMINCH JUTS Pa3HbIX
HECHMMETPHYHBIX PEKUMAX HArpy3ku ceTv. Ha OCHOBaHWM MOJyYEHHBIX JAHHBIX ObLT MPOBE/ICH aHAJIN3
MOTEPh MOITHOCTH TpaHc(opmaTopa Mpu HECUMMETPUYHBIX Harpyskax. CpaBHEHHEM MOTEPb MOIIHOCTH
B oanektpuueckoir cetn 0.38 kB TOKa3aHBl CYIIECTBEHHbIE NPEUMYINECTBA MEPEX0Ja OT CXEMBI
coeMHeHuit 00MoTok Tparchopmaropa Y/Yo Ha Y/Z.

SUMMARY
ON THE APPLICATION FIELDS OF CONNECTION SCHEMES OF POWER
TRANSFORMER WINDINGS IN THREE-PHASE IN DISTRIBUTIVE ELECTRICAL
NETWORKS WITH VOLTAGE OF 10/0,4 KV
Balametov A.B., Hajiyev N.I.

Key words: medium voltage, distribution network, transformer connection scheme, non-symmetric
regime, power losses
Power losses of 10/0.4 kV transformers with Y/Z, and Y/Y, connection circuits are analyzed for
asymmetric loads on the 0.4 kV side. The studies were carried out for various unbalanced network load
regimes. Based on the obtained data, an analysis was made of the power losses of the transformer under
asymmetrical loads. Comparison of the power losses in the 0.38 kV electric network shows the significant
advantages of the transition from the Y/Y transformer to Y/Z, transformer.
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Son variant 28.09.2018
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KULOK ENERGETIK QURGULARINDA TOTBiQ OLUNAN
SINXRONLASDIRILMIS ASINXRON MASININ TOSIRLONMO
SISTEMININ TOKMILLOSDIRILMOSI
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Acar sozlar: sinxronlasdirilmis asinxron magsin, rotor, uzununa-enina tasirlonma sistemi, faza
dolagu, tiristor.

Inkisaf etmis bir sira diinya &lkelorinin enerji sturukturunda bu va ya digor barpa olunan
enerji novlorindon istifado daha cox istiinliik toskil edir. Azorbaycanda da hom kommersiya,
hom do moigot mogsadlori iiglin istifadesi miimkiin olan barpa olunan enerji potensiali
movcuddur. Miioyyan olunmusdur ki, maya doyaring, ekoloji tomizliyins vo tiikonmazliyine gors
kiilok enerjisi digor alternativ enerji monbaolori olan giines, hidroenergetika, geotermal vo
biokiitlo enerjilorindon daha sorfalisidir. Tocriibalor gostorir ki, Azorbaycanin bir ¢ox
rayonlarinda kiilok enerjisi qurgularinin tatbiqinin bdyiik perspektivi vardir. Hesablamalara gors,
Azarbaycan cografi relyefing, tobii soraitino va iqtisadi infrastrukturuna gors 800 Mvt-a yaxin
illik kiilok enerjisi ehtiyatina malikdir.

Hal-hazirda kiilok elektrik stansiyalarinda
quragdirilan  kiilok energetik qurgularinda iki 3 . .
torofdon qidalanan sinxronlasdirilmis asinxron
maginlart  istifado  olunur.  Sinxronlagdirilmig
asinxron maginlarinda aktiv vo reaktiv gliciin
tonzimlonmosi {i¢lin uzununa-enino  tosirlonma
sistemi  totbiq olunur. Aparilmig todqiqatlar
noticosindo  sinxronlagdirilmis asinxron masimin
bazasinda uzununa-enino tasirlonmonin universal
sistemi yaradilmigdir (sokil 1). Bu tosirlonmo
sistemi masinin asinxron rejimds islomosine do
manes torotmir vo buna goro do verilmis sistem
unversal adlanir [1]. Bununla yanasi, bu tosirlonmo
sistemi mithiim bir c¢atismazliga malikdir, yoni

rotorda olavo bir kontakt halgasinin yerlos- Sakil 1. Sinxronlasdirilmis asinxron
dirilmosini tolob edir. Standart masinlarda belo magsini bazasinda uzununa-enina
imkan olmadigl tciin verilmig sxemin praktiki tasirlonmanin universal sistemi.
yerino yetirilmasi masinin hazirlanmasi

morhalosindo  rotorda  konstruktiv  doyisiklik
olunmasini talab edir.

Belolikla, yuxarida geyd olunanlar1 nazare alaraq uzununa-enine tosirlonmonin universal
sistemindo tokmillosdirmalor aparilmis vo asinxron masinin rotor faza dolaglariin yeni birlosmo
sxemi iglonib hazirlanmigsdir. Bu zaman rotorda olavo kontakt halgasinin yerlogdirilmosino
ehtiyac galmir. Standart asinxron masinin rotor dolaglarinin yeni birlosmo sxemi sokil 2-do
verilmisdir.
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Kiilok energetik qurgularinda tatbiq olunan sinxronlasdirilmis
asinxron masinin tasirlonma sisteminin tokmillosdirilmasi
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Sakil 2. Sabit corayanla gidalanmada

asinxron maginin rotor dolaginin
birlagma sxemi vo magnit harakat
qiivvasinin vektor diaqrami
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Sakil 4. Sinxronlasdirilmis asinxron
magsint  bazasinda uzununa-enina
tasirlonmanin tokmillosdirilmis
sistemi.

Sakil 3. Sinxronlasdirilmis asinxron
masin bazasinda daha praktiki
uzununa-enina tasirlonmoa sistemi.

Qeyd etmok lazimdir ki, istismar soraitindo belo doyismoni
real masinlarda yerino yetirmok asan va kifayst qodor sado
basa golir. Bunun {iglin CZ fazasinin sonlugu (Z sixaci)
imumi birlosmo ndqtesindon ¢ixarlir, AX vo ya BY
fazasinin ~ basglangicina birlogdirilir. CZ fazasmin Z
sonlugunun AX vo ya BY fazalarindan hansina
birlasdirilmasinin prinsipial shamiyyati yoxdur [2,3].

Asinxron masinin rotorunun faza dolaglarinin
sixaclarma Uy vo Ujp, gorginlikli  sabit  coroyan
monbaolorinin birlogdirilmasi do sokil 2 - do gostorilmisgdir.
Bu sakilds verilmis vektor diogramindan goriindiiyii kimi,
AX va BY fazalarinin kombinasiyasiyla \/§1f1W1 magnit
horokot qiivvesi yaranir, CZ fazasi iso I, W, magnit
horokot qiivvasini yaradir. Burada W,-rotorun faza
dolaginin sargilar sayidir. Gostorilon magnit harokot
qiivvasi vektorlar1 bir-birine nozeran 90° el.dar. gador
siirismiis olurlar. Bu 1so uzununa-enino tasirlonmo
sisteminin yaradilmasini gostorir [2,3].

Baxilan variant {i¢iin tasirlonmonin tiristor sistemi
sokil 3-do verilmisdir. Verilmis sokildo 1-ci tiristorlar
grupu asinxron masinin rotorunun AX vo BY fazalarini,
2-ci tiristorlar qrupu iso CZ fazasmi qidalandirir. Qeyd
olunan tiristor qruplariyla yaranan diizlondirici-3; 1 vo 2-
ci qruplarin faza idaro sistemlori-4,5; uzlasdirict giic
transformatorunun  ikinci  torof dolagt -6  kimi
isaralonmisdir.
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1 vo 2-ci tiristor qruplarmin 3 diizlondiricisine birlogdirilmaesine baxildiqda belo
birlosmonin gdstarilon tiristor qruplarmin bir-birine qarsiliqh tosirlorini tam yox etdiyini gérmok
olar.

Ogor 2-ci qrup tiristorlar adi iigfazali korpii diizlondiricisinds oldugu kimi birlosdirilsoydi
(katodlar1 1-ci qrup tiristorlarin anodlarina), Uy, # 2U4, oldugda biitiin hallarda qarsiligl tosir
Vo boraboarlosdirici coroyanin axmasi olardi. Burada Uy Vo Uy, 1 Vo 2-Ci tiristor gruplarinin
diizlondirilmis gorginlikloridir. [1,2,3]

CZ faza dolaginda coroyanin doylintiisiinii azaltmaq tiglin 2-Ci tiristor qrupunu
transformatorun ikinci toraf dolaginin lehimlonmis 7 ndqtosine sokil 4-do gostorildiyi Kimi
qosmaq olar. 2-ci tiristor qrupunun anod gorginliyinin azaldilmasi idare bucaginin, hom do
gostarilon fazada coroyanin doyiinmasinin azalmastyla (digor barabar soraitlordo) naticolonir.

Beloliklo, 7 birlosmo ndqtesinin ikinci dolaq gorginliyinin yarisina uygun golon 4
noqtasinds yerlosdirilmasi baxilan masoloni tam holl etmis olur.
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B crathe paccMOTpeHBI BOIPOCHI YCOBEPUICHCTBOBAHMSI CHCTEMBI IPOIOJIBHO-TIONIEPEYHOTO
BO30YXJICHHUS U pa3pabOTKU cXeM COoeAnHEeHUs (a3oBbIX OOMOTOK pOTOpa VISl PEryJIHpPOBAHUS aKTHBHOMN
U PEaKTHBHOM MOIIMHOCTH B CHHXPOHHM3MPOBAHHBIX ACHHXPOHHBIX MAaIlIWHAX, IPUMEHAEMBIX B
BETPOIHEPTETUUECKUX YCTAHOBKAX.

SUMMARY
EXCITATION SYSTEM DEVELOPMENT OF SYNCHRONIZED ASYNCHRONIC
MACHINE APPLIED IN WIND-DRIVEN ELECTRIC PLANT
Hajibalayev N.M., Guliyev Z.A.,Hashimova A.R.

Key words: synchronized asynchronic machine, rotor, longitudinal-cross excitation system, faze
winding, thyristor.
In the article the problems of the improvement of longitudinal - cross excitation system and the
development of connection scheme of rotor phase winding for the regulation of active and reactive power
in synchronized asynchronic machines, used in wind-driven electric plant are considered.
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Beenenne. MupoBoii ONBIT IOKa3bIBaeT, YTO pELIEHHE 33Jad OCBOEHUS Iielbda Ha
HOPS/IOK CIIOKHEE W JOpPOXKe, YeM BBITIOJHEHHE MOJOOHBIX 3a7ad B OOBIYHBIX MaTEPHKOBBIX
ycnoBusax. Peanmuszanusi mogoOHBIX HNPOEKTOB — 3TO KAY€CTBEHHO HOBBIE 3a/lauM, TpeOyrouiue
nepecMoTpa OOJIBIIMHCTBA IOAXOJ0B, C(OPMHPOBABIIMXCS K HACTOAIIEMY BpPEMEHH B
IPOEKTUPOBAHNUHU, CTPOUTENICTBE M OKCIUTyaTallUM CJOXHBIX HMHKEHEPHO-TEXHHUUECKUX
COOPY)KEHHI B YCIOBUAX KOHTHHEHTaNbHOTO Ienbda [1]. AzepOaimxaH sSBIsSETCS OAHUM U3
YYaCTHUKOB OCBOEHHMS IHIeIb(POBBIX HedTerazoBbix MecrtopoxkaeHuit Kacnumiickoro mops. Ha
CETOAHSIIHUN IeHb OH 00s1ajaeT OypOBBIMU YCTAaHOBKAMM, CIIOCOOHBIMU paboTaTh Ha IIyOWHAX
B Mope 10 | kM.

IMocranoBka 3amauun. Ha pucynke 1, mnpuBeseHa oOmiass cxema pacroOKEHHs
MECTOpPOX/IeHU T HedTH U ra3a B mpuOPekKHOM U menbPoBoi yacTu Azepbaiimkana [2].

bonbummHcTBO MOpckux OypoBbIX ycTaHOBOK (MBYVY), skcrutyaTupyeTrcst B yCIOBHSX
DKCTPEMAJIBHBIX TEXHOJOTMYECKUX W NPUPOJIHBIX HArpy30K. OTO MPUBEIO K MOSBICHUIO
KOHCTPYKTUBHBIX pemieHud it MBY, oTnn4aronmxcsi MakCHMaJIbHO BBICOKOM IUIOTHOCTBIO
KOMITOHOBKHM 00OpPY/OBaHMsI, @ TakKe MPUMEHEHHUEM IpU UX HKCIUTyaTal[il BaXTOBOTO METOJA
pabotsl mepcoHana (Ha miatrGopMe MOXKET OJHOBpPEMEHHO padorarth okoysio 200 dYenoBek).
[TomMumo 3TOrO, K 06BEKTAM MOPCKOM HETErazo100bIYM MPEIbIBISIOTCS BHICOKHE TPEOOBaHUS
B OTHOIIIEHUHU TOKapa U B3pbiBoOe3onacHocTu. Kpome atoro MBY oTHOCATCS K 3KOIOrHYeCKH
OMacHbIM OOBEKTaM, TpPeOYIOIMM OOJbIIMX 3aTpaT Ha HKOJOTHMYECKYI0 MpopaboTKy U
COIPOBOKIECHHE MTPOEKTA.

B 31011 cBsA3M, 3aTpaThl Ha CTPOUTENBCTBO COBPEMEHHOIO MOPCKOIO CTAal[MOHAPHOTO WJIIU
IUIaBYYEro COOPYKEHUs JUIsi OypeHUs CKBa)XKHMH, JOOBIYM U XpaHEHHsS HEPTH MOXKET JTOCTUTraTh
3-4 mipa nomutapos CIIA [1].

Ha Kacnuiickom mope mist AzepOaiimkana B 2000 r. Obuta cobpaHa U3 UMIIOPTUPOBAHHBIX
y3JI0B HOBasi camonoabeMmHass OypoBas ycraHoBka (CIIBY) Trident-20 menoro 175 miH.
JIOJIJIAPOB, CIIOCOOHAs ()YHKIITMOHMPOBATh HA TTyOuHe 10 115 M 1 OypuTh CKBOXXHHBI JITTHHOTO 710
7925 M. E€ coOCTBEHHMKOM YHCIWIACh 3apeructpupoBaHHas B IlIBeiinapuu kommaHus
Transocean Sedro Forex, ¢ 2003 r. — mpocto Transocean [4]. C y4éToM COBETCKO-HPAHCKHX
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JIOTOBOpPOB Ha Tuiardopme ObuT moaHAT Quiar AsepOaiimkaHa, a cama OHa MEPEHMMEHOBaHA B
«yprynym» («Bospoxaenuey»). CIIBY «['ypTynymn» nepBoHadajabHO ObLIa CIPOEKTHPOBAHA
s pabotsl B CeBepHoM Mope. CTanmbHble KOHCTPYKIMH JJIi Hee 3aBe3eHbl u3 SmoHuw,
®panmuu 1 Ykpaunsl. TaneBas cucreMa 3akyruieHa Bo @paniuu, nedenka - B CIIA.

B pamkax paboTel MO MPOEKTy OJ0Ka KAaCMUHUCKUX MeCTOpOXIeHUuU Asepu — Yupar —
['onenumm (AYI'), koTopele HavanKuch yxke B 1995 r., 11t OypeHus: OIEHOYHBIX U OTIEPEIKAIOIINX
CKBa)XMH MHOCTPAHHbIE HHBECTOPHI MOJECPHUZUPOBAIIH 1101 3aa/IHbIE CTAHAPTHI IBE COBETCKUE
nosynorpyxkusle 0ypoBbie ycraHoBku (IIIIBY) cepumn «lllensd», mpunamiexanme ['HKAP.
[lepBas u3 Hux Obula HazBaHa «Jleae 'opryn» (pabora mpu riayoune mops 10 475 M), BTopas —
«Ucturnam» (o 700 m). ITpoTsHKEHHOCTH CKBaXKHUH, KOTOPHIE MOKHO OYPHUTH € 3THX M1atdopm,

ObLIa yBequeHa 710 7620 M.
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Pucyﬂo k 1. Cmpyxkmypa pacnonosicenust Mecmopo:)fcc)eﬁuu Hepmu u 2aza Azepbaiioxncana [2,3]

B ¢espane 2001 roma Keppel FELS u CSC Bblurpanu KoHTpakT B pasmepe 167
muinoHoB fosutapoB CHIA ot Maersk Contractors Ha cTpouTenscTBo iatdopm tuna DSS c
Exxon Azerbaijan Operating Company LLC u Chevron Overseas Petroleum Azerbaijan Limited
Ha TpexJeTHIoI mnporpaMMmy Oypenuss [5]. CymmapHas CTOMMOCTh CTPOMTEILCTBA
noxynorpyxuoii Oyposoit ycranoBku (IIIIBY) «JTunmep» («Maersk Explorer») cocraBuna 260
MJIH JOJUIapOB.

[TIBY Ttuna DSS npencrasniser coboi cepuro MPOEKTOB MOIYMOTPYKHOU MIaTHOPMBI OT
Keppel FELS u Marine Structure Consultants . KoHCTpykuus cOCTOMT U3 JBYX NOHTOHOB C
JIBYMsI KOJIOHHAMH Ka)XK[1asi U TIPSIMOYTOJIbHOM TayOsr [6].

B 2002 roxy Keppel FELS Limited (Keppel FELS) mocpouto mocTpows U JOCTaBHI
BOJIHBIM TPAHCIIOPTOM YAaCTH TONYNOTpYyKHOU OypoBoii miardopmer Maersk DSS-20-CAS-M,
COCTOALIMMA M3 JIBYX IOHTOHOB, YETHIPEX KOJOHH M OMOPHOM 4YacTH OypoBOro mojia B ajpec
nouepueit kommanuu Caspian Shipyard Company Ltd (CSC), pacnonoxenHoit B r.baky,
AzepOaiikan [5], rae Obul HpOM3BENEH OKOHYATENbHBIH MOHTaXX OCHOBHBIX JJIEMEHTOB
koHcTpykuuu B 2003 ropy.

Byponas ycranoBka, paspaborannas Keppel FELS u Marine Structure Consultants, Ha TOT
MOMEHT SIBJISUIACH TEXHOJOTUYECKH CAaMOW TEPENOBOM M DKOHOMHYHOW OypOBOHM YCTaHOBKOM
neiictByromeit B Kacniniickom pernone, koropast MoxeT paboTarh Ha riryouHax mensga 1o 1000
MeTpoB U Oyputhb 10 9140 meTpoB.
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Vnpaenenue srcuznenHbiM YUKIOM MOPCKUX HEPMe2a308biX COOPYHCEHUI HA NpUMepe
Ccmpoumenbcmea nOJYnoSpyIHcHou 6yposou yemaroexku um. I etioapa Anuesa

B 2013 ronmy, rocynapcTBeHHON HedTsiHONW KommaHued AsepOaiimxanckoi PecryOmmku
SOCAR 6511 3akmroueH nporoBop Ha ctpoutenbcTBO [IIIBY 6-ro mokonenuss DSS-38M (ITIIBY
um. [eiinapa Anuesa) ¢ Caspian Drilling Company Limited LLC (Asep6aitmxkan), Keppel
Offshore& Marine LTD (Cunranyp). B pamkax peamusyemoro mpoekra Caspian Rig builders
PTE LTD (Cunramyp) nojokeH OyAeT BBINOJIHUTH NPOCKTUpoBaHMEe W KomroHoBKy IIIIBY, a
Caspian Shipyard Company LLC (r.baky, Asep6aiimkan) mocrpouts IIIIBY 3a 41 mecsues.
BypoBast yctaHoBKa MokeT paboTaTh Ha riyouHax menbda 10 1000 metpoB u Oyputs g0 12192
MeTpoB [7]. B ommmaue ot poekta 2002 roxa (IIIBY Jlunep), naHHBINM MPOEKT OBLIT peain30BaH
MOJTHOCTBIO 33 CUeT MPOM3BOJACTBEHHBIX Bo3MokHOcTel Caspian Shipyard Company LLC.
Crpoutennctio [ITIBY 6b110 mosHOCTRIO 3aBpenieHo B 2017 rofy, a ero CTOMMOCTh CocTaBmiIa 1
wipa 116,7 man pomtapos CIIA [7].

B sToii cBsa3u, npoekt crpoutenbeTBa [IIIBY um. T'elinapa AnueBa — 3To nepBblid IPOEKT,
IJIe peaau3aliysi BCero KU3HEHHOTO LUKJIa 00bekTa KamuTtansHoro crpoutenscrBa (KL OKC)
npu 00yCTPOMCTBE M IKCITyaTallud MECTOPOXKJICHUSI OCYLIECTBIISIETCS 3aKa34MKOM/ONepaTopoM
no mecry crpourtensctBa IIIIBY. B cpennem, npoekr coopysxenus [1IIBY nacuutsiBaer ot 20
no 100 oThoenbHBIX HaMpaBICHUW B3aMMOJCHCTBHM, KOTOPHIMH HEOOXOJMMO OIEpPaTUBHO
YIPaBJIATh. YYHUTHIBAs TO, YTO KaXKI0€ W3 TAaKWX HANpPaBICHUN BKIIOYAaeT B ce0sl COTHHU
TEXHUUYECKUX BOIPOCOB, TPEOYIOIIUX YpPEryJupoBaHUsS WM BHECEHUS W3MEHEHUWH, s
peanu3aniy MPOEKTOB B YCTAaHOBJIEHHBIE BPEMEHHBIE M (DMHAHCOBBIE PAMKH HEOOXOAUMO
paccMaTpuBaTh B paMKax BCEro )KM3HEHHOTO LUKJIA MHXEHEPHOT'O COOPY>KEHUSI.

KusHeHHbI unkn NNBY
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PucyHOK 2. anaeﬂeHue B3AUMOOCLCMBUAMU HA BCEX IMANAX HCUSHEHHO2O yuxkia

CrpyKkTypa peanu3alii IpOeKTOB 10 OCBOCHUIO HE(PTEra3oBbIX MECTOPOKIACHUIN COCTOUT
u3 SOW (coBOKymHbII 00beM paboThl), UTO MMOIpa3yMeBaeT HaIMYUe CIeIyIOIUX BUI0B padoT:
utkeHepubix (E), 3akymok (P), crpoutensctBa (C) u ycranoBku (I) - npoexkr EPCI [8]. Hdus
kpynHbIX npoektoB EPCI, moxer ObiTh ucmons3oBano pasznenenue Ha EPC u | mim T&l
(TparcniopTHpoBKa u yctaHoBKa). [Ipu crpoutensctse [IIIBY (puc. 2), ynpasnenue XKL momxHO
o0ecrieunBaTh MOAJCPKKY M pELIeHHE KII4eBbIX 3a1ad B pamkax EPCI, HeoOxomumbIx mis
YCICITHOM peaan3anny npoekTa. JlaHHbIe mpolecchl BKIHYarT B ceost [9)]:

—ynpasieHue n3meHenussmMu (Management of change);

—ynpaBieHue TexHuueckumu 3anpocamu (Technical queries/site queries);

—ynpasienue HecooTBeTcTBUsIMU (Nonconfirmative management);
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—ympasienue B3aumoeicTeusimu (Interface management).

[Ipu peamuzamuu mnpoekra crpoutenbcerBa [IIIBY wum. [eiimapa AmnumeBa ObuIO
OpPraHM30BaHO B3aMMOCHCTBHE YETHIPEX KOMIIAHHH M TPYIIIBI MOCTABIIMKOB 000pyaoBaHus. B
paMKax OJHOTO MPOEKTa B3aMMOACHCTBHE OMPEAEIIOCh U3 MEePEeUHs] TEXHUYECKUX BOMPOCOB,
KOTOPBIE TOJDKHBI OBUIH COTJIACOBATHCS MEXKAY KOMITAHUSMH.

Ha pucynxke 3, tunonas cxema JXI| OypoBoil ycTaHOBKM IpPH OCBOCHHH HE(TErazoBOTroO
MECTOPOXKICHUS, pa3paboTaHHas crieruanucTamMu kommanuu Schlumberger [11], mo3Bosnstomas
OTpeAeNUTh MOCIEeAYIOINE dTAbl, HEOOXOAMUMbIE JJIs Hauajia padoThl OypOBOMl YCTAHOBKH.
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Pucynox 3. Tunosasa opeanuszayuss KL 6ypoeou ycmawosku npu 0C80eHUU Hepme2a308020

mecmopodicoenus: AXIIO — ananuz xapakmepa u nocreocmasuil omrkazos;, ASbuPO — ananu3
9KCHIAYAMAYUoOHHOU  besonacHocmu u  pabomocnocobnocmu  obopyodosanus;, HOC —
O0oKyMenmanvHoe opopmienue ckeaxcunvl, 3ull — 3axaz na nocmasxky, KUC — xomnnexchuie
ucnotmanus  cucmem; HII — wuezasucumovle nocmaswuku, OO0l — ochosanue 053
npoexmuposanusi;, OOC — oxoHuamenvHuvlii omuem no ckgadicune; [IHP — nycko-nanaoounvie

pabomwi; IIPII — naan peanusayuu npoexma, I1YT — npuenawenue na yuacmue @ menoepe.

Peanu3aimio Bcero npoekta MOXHO pa3OUTh Ha 9 OTAENBHBIX 3TanoB (puc. 4) — oT 3Tana
IUIAHUPOBaHMs 70 BBOJA B HKCIUIyaTal[MI0 M OPTaHU3ALMI0 TEXHUYECKOTO OOCIY>KMBAHMUSL.
[Tocne 3aBepuieHMs] KaXIOro 3Tama MPOBOJUTCS aHAIN3 MPOJEIaHHBIX pabOT, B pe3yibTare
KOTOPOI0 y4acTHHUKaM HpOeKTa HEOOXOJUMO IOOMTHCS COTJIACOBAHUS MPOJECIAHHON paloOThI,
YTOOBI IEPEUTHU K PEAU3aLUU CIEAYIOLIEro dTarna.

Kpome opranmsanuonHeix srtanoB peamusanuu JKL[ IIIIBY, cymecTByrOT 351€MEHTHI
TEXHUYECKOTO B3aUMOJACUCTBUSA, KOTOPBIE, B OCHOBHOM, SIBJISIIOTCS THIIOBBIMU IIPH PEATM3ALUN
noJ00HBIX MpoeKkToB. Hampumep, /it m000r0 mpoekta pa3paboTKu MOPCKOTo He(TerasoBoro
MECTOPOXKICHUS  XapaKTEPHO BO3HUKHOBEHUE TEXHUYECKOTO B3aMMOJCHCTBHS  MEXAY
CIICAYIOIIMMH Yy4YacTHUKAMHU: WHXXEHEpPaMH, OTBEYAIOUIMMU 32 TEXHOJOTHIO pPa3paboOTKU
MECTOPOXKACHUSI, MPOEKTHOM KOMAaHJIOM MOJABOJAHO-A00BIYHOIO KOMILUIEKCA U HMHXKEHEPaMH,
OTBEYAIOIIMMHU 32 OypoBbIe pabOTHI.
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cmpoumenbCcmea NOynoepyicHotl 6yposotl ycmanosku um. I eiidapa Anuesa
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Pucynox 4. Ocnosnuie smanvt peanrusayuu XKL IITIBY

Ha pucynke 5, TtumoBas CTpyKTypa TEXHHUUYECKOTO B3aMMOJCHCTBUA B paMKax
WHXXEeHepHoro mukia, paccMmarpuBaer JKI[ OypoBoil YyCTaHOBKM C TO3HMIIMUA BBITOJHEHUS
CICNYIOIIMX OIepalui: MOPCKUE, HAJIBOJAHbIE W ToABOAHBIE. CleyeT OTMETUTh, YTO
ctpoutensctBo [IIIBY saBnsercs Tonbko HavanbHo# ctanuen XKL (puc. 3), T.k. mocie BBoJa B

JKCIUTyaTaluio OypoBas YCTaHOBKAa MOXKeT pabotars 15-20 ieT, NmepuOaUYecKd IMPOXOAS
MOJIEPHU3ALUIO.
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Pucynok 5. Tunosvlie mexnuueckue 63auMo0etucmsusi, 603HUKAIOWUE 8 NPOYecce 0CBOCHUSI MOPCKUX
Heghmezazosvix mecmopoicoenuil [9]

AHaJIU3 NoJy4eHHBIX pe3yabTaToB. PeannszoBanusiii B 2003 roay npoekt coopku IITBY
Jlunep, MO3BOJMMII MOJIYYUTh HEOOXOAMMBINM OMBIT JJI peall3allud IMPOEKTa CTPOUTEIHCTBA
MIIBY um.I'eitnapa AnueBa Ha 6aze Caspian Shipyard Company LLC (r.baky, AzepOaiimxaHn) B
MOJTHOM 00BeMe C COOJIFOZICHUEM CPOKOB CTpouTenbcTBa. C yuyeToM yBelWueHus Mmaciitadba u
CIIOKHOCTH, a TaK)Ke KOJIMYeCTBa CTOPOH, YYACTBYIOIIUX B COBPEMEHHBIX He(Tera3zoBbIX
MPOEKTax, ynpasiaeHue B3aumoaencTeusiMu B pamkax XL crpoutenscrsa [IIIBY npu ocBoenun
SBISIETCST OJHUM W3 HamOoJjiee aKTyaJbHBIX BOIPOCOB, pEIICHHE KOTOPOTO JIOJDKHO B
3HAYUTEIbHOM CTETEeHH MOBBICUTh KauyeCTBO PEaTM3yeMbIX MPOEKTOB. VICMOIb30BaHUE OIBITOB
KPYITHBIX KOMIIAHUH IO IPOM3BOJICTBY OYpOBBIX YCTaHOBOK mo3Boimi Caspian Shipyard
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Company LLC peanu3oBarh JONOJHUTENIbHBIE BO3MOXKHOCTH 10 IUIAHUPOBAHHUIO U
KOOpJAMHALMK JCSATEIbHOCTH 3HAYUTEIBHOIO YMCIIA CHELUAJINCTOB M OpraHW3alUi, a TaKxke
ONEpAaTUBHOIO NPUHATHS B3aUMOYBSI3aHHBIX PEIICHUN B KOHTEKCTE IMOCTOSHHOTO W3MEHEHUS
IPOEKTHBIX YCIOBUMH, COKpAILEHHUs] CPOKOB peaIU3alMy [IPOEKTOB U Y)KECTOUYEHUS TPeOOBaHUM K
KauyeCTBY BBIIIyCKaeMON JOKYMEHTAIIUH.

BeiBoabl. B mHAyCTpHanpHBIX NPOEKTax 3aIcWCTBOBAHO 3HAYMTEIBHOE KOJIMYECTBO
CTOPOH: MPOEKTHasi KOMaH/a 3aKa3urKa (BIaAeiblia/0OyayIiero oneparopa), pa3inyHble OTIENbI
U JENapTaMEeHThl 3aKa3uMKa, HE Y4YacTBYIOIIME B IIPOCKTE HANPAMYIO; MOIAPAIYUK IIO
yIOpaBICHUIO NpoekToM; paziauunble EPC-moapsnuuku, MOCTaBIIMKM MaTepuUajoB U
00OpyOBaHUs, a TaKXKe MPOEKTHbIE HMHCTUTYTBl. OD(QQEKTHUBHAs OpraHU3alus YyIpaBlICHUS
B3aumoseiicteuem  (Interface Management) mo3Bomser o0ecrneduTh  KOHTPOJb  HAaJ
BO3HHUKAIOIIMMHU OPraHU3alMOHHBIMU KOJUIM3USAMHM M KOH(DIMKTAMHM TEXHUYECKOIO XapakTepa
MEXy pa3JIuYHbIMU YYaCTHUKAMHU IIPOEKTA.
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XULASO
HEYDOR OLIiYEV ADINA QURGULARI YARIMDALMA QAZMA QURGUSUNUN
TIKINTISi TIMSALINDA DONiZ NEFT-QAZ TIKILILORININ HOYAT DOVRUNUN
IDARO OLUNMASI
Titov A.V., Bliyev S.G., Ismayilov A.R.

Acar sozlar: yarimyiiklonmis gazma qurgular, gqazma qurgularimin tikintisinin hayat dovrii,
Azarbaycanin doniz layihalari

Yarimyiiklonmis qazma qurgulart donizdo is {iglin nozordo tutulan daha bdyiik tikinti
konstruksiyalarina aid edilir. Konstruksiyanin tikintisinin realizasiyasi {igiin layihonin biitlin istirak¢ilar
arasinda razilagdirilmig is tolob olunur. Moqalodo Xozor donizindo Azorbaycanin doniz layiholorinin
monimsanilmasi ti¢iin tikilon DSS-38M tipli (Heydor Oliyev adina yarimyiiklonmis qazma qurgulari)
yarim yiiklonmig qgazma qurgular tikintisinin hoyat dovriiniin idars edilmesinin asas aspektlorino baxilir.

Heydor Oliyev adina iizon yarimqazma qurgunun (UYQ) insaat layihosinin reallagdirilmas: zamani
dord sirketin vo avadanliq tedariikk edon qrupun qarsiliqli amoakdasligr teskil edilmisdi. Vahid layiha
corcivasinds qarsiligh amokdasliq sirketlor arasinda razilasdirilmali olan texniki masalolor siyahisindan
miioyyan edilirdi.

“Lider” iizon yarimgazma qurgusirnun 2003-cii ilde reallasdirilmis layihasi Caspian Shipping
Company Heydor Oliyev adima UYQ insaat layihosinin reallasdirilmasi {i¢iin zoruri tocriibonin
toplanmasina imkan verdi.

SUMMARY
MANAGEMENT OF THE LIFE CYCLE OF MARINE OIL AND GAS FACILITIES ON THE
EXAMPLE OF CONSTRUCTION OF THE SEMI-LOADED DRILLING UNIT
NAMED AFTER HEYDAR ALIYEV
Titov A.V., Aliyev S.G., Ismayilov A.R.

Key words: semi-submersible drilling rig, life cycle of construction in drilling rigs, shelf projects in
Azerbaijan.

Semi-submersible drilling rigs are among the most large-scale construction structures intended for
work in the sea. Realization of construction requires coordinated work between all projects participants
at all stages of the life cycle of the drilling rig.

The article considers the main aspects of life cycle management of construction of semi-
submersible drilling rigs of QSS38 type (Semi-submersible drilling rig named after Haydar Aliyev), built
for development of Azerbaijan offshore projects in the Caspian Sea.

In the process of the construction project of sailing half drilling ring the mutual cooperation of the
four companies and equipment supplying group was organized.

In the frame of the unique project, the mutual collaboration was defined from the schedule of
technical issues that had to be agreed among the companies. The realized project of “Lider” floating half
drilling ring completely following the period of construction in the base of Caspian Shipyard Company
LLC (Baku, Azerbaijan) in 2003, gave the opportunity to collect the significant experience to realize the
construction project of (FHDR) named after Heyder Aliyev.

Daxilolma tarixi: [lkin variant 09.01.2018
Son variant 28.09.2018
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ISTISMAR ZAMANI QAZMA BORULARININ ETIBARLILIGININ
YUKSOLDILMBSIND® YARANAN PROBLEML®R VO ONLARIN
ARADAN QALDIRILMASI

'ABDULLAYEV QURBAN SADIX oglu
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Acgar sozlar: gqazma borusu, goza sonlugu, mufta, dodaqciq, tutucu, elektromagnit.

Neft sonayesinds istifado olunan avadanliglarin uzundmiirliiliyiiniin yiikssldilmasinds
baslica mogsad bu prosesdo totbiq olunan avadanliglarin tokmillosdirilmasi istigamatindo
fundamental totqiqatlarin aparilmasidir. Masin vo mexanizmlorin etibarliligr tosir yiikiiniin
xarakteri vo giymatindon, qovsaq hissolorinin material vo konstruksiyalarindan, hazirlanma
keyfiyyotindon, istismar soraitindon vo s. asilidir. Bu faktorlarin oksoriyyatinin tosiri tosadiifi
xarakter dasiyir (tosadiifi olava yiiklonmolor, metalda defektlor vo s.) elo bu sobabdon do bas
veran dayanmalar 6z tobiati etibar ilo tosadiifi olur.

Etibarliligin qiymotlondirilmasinds istifado olunan komiyyatlor do tosadiifi xarakter
dasiyir. Buna goro do qazma borularinin etibarliligin1 xarakterizo edon asas qanunauygunluglar
da statistik verilonlors asason ehtimal vo riyazi statistika qanunlar1 nazariyyosi asasinda aparilir
[1,s.12].

Mbaqalanin maqsadi: gazma borulariin istismar1 zamani1 yaranan problemlorin aradan
qaldirilmasidir.

Molumdur ki, bir ¢ox islok quyularin siradan cixarilmasimnin osas soboblori mohsuldar
layda vo istismar olunan quyularda bas veron miixtolifkateqoriyali miirokkoblogmis qozalar
olur. Quyularda bas vermis qozalarin logvindo miixtolif tutucu alotlorlo yanasi, borututan
alotlordon do istifado olunur. Borututanlarin iki novii olur: daxili vo xarici borututanlar.
Hor bir gozanin basverms soraiti goza sonlugunun vaziyyotindon asili olaraq yaranir.

Borututan sag vo sol yivli olur. Neft vo qaz borularinin osaslhi tomirindo tutma
omoliyyatlar1 yerino yetirilon zaman Ol¢li vo xassolorino goro miixtolif toyinatli tutucu
alotlordon istifade edilir. Bu alotlor quyuda qozaya ugramis borularin xaricinden vo
daxilindon yiv ag¢gmagqla, eyni istiqgamatlor iizro borulara por¢cimlomoklo  birlogir. Qoza
sonlugu normal voziyyotdo olarkon borularla rahat islomok olur [2, S.194]. Lakin ¢ox
hallarda bas vermis qozada miixtolif soboblordon goza sonlugu dagilir. Qoza sonlugu 50 sm
bozon asagiya dogru govdosindo kosiklor omolo golir. Belo hallarda mdvcud borututanlarla
goza borusunu tutub qaldirmaq miimkiin olmur. Qaza borusunun miixtolif sobablordon
govdasindoki yaranmig kosiklor, onun gévdosinin genislonmasing gatirib ¢ixarir. Qoza borularini
quyu agzina qaldirmaq tg¢iin, borututanlar mévcuddur. Ciinki, mévcud borututanin  stokunun
uzunlugu azdir. Bu ¢atigmazliqlar1 aradan qaldirmaq tgiin daxildon tutan dodaqciqlarin
tizorinds iti vo ¢ox mohkom disliklor agmaq lazimdir vo bu disliklori garmaq soklindo
hazirlamaq lazimdir ki, borunu yuxari1 qaldirdiqda siirlismolor bag vermasin.

Toklif olunur ki, bu c¢atismazliglar1 aradan galdirmaq iigiin dodaqciglar tizorindo
hazirlanmis disliklorin i¢ torafindon elektromaqnit tutucudan istifado edilsin. Elektromaqnit
tutucu disliklorin daxili sothindo yerlosdirilir vo izolyasiya edilmis naqillo borututucunun
daxilindon iist sothadok ¢okilir, homin nagqil elektrik monboyino qosulur. Qoza borunu tutucu
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vasitasilo tutduqdan sonra dodaqciq siiriismesin deys, naqilo elektrik coroyani verilir vo
burada elektromaqgnit iso dislr. Sixilan hissodo maqgnitlonmo alinir. Bu da borututanin
dislorinin silirlismasinin qarsisini alir.

Masingayirma miossisolori neft hasilatini  miixtolif avadanliglarla: gqazma, nasos
kompressor vo qoruyucu borular; baltalar; birlogdirici elementlor ilo tochiz edir. Belo
hissolordon biri do neft-modon toyinatli muftalardir. Konik yivloro malik muftalardan neft-
modon toyinathl borularin vo miixtalif toyinathi hissolorin birlogdirilmasindo genis istifado edilir.
Muftalarin konstruktiv vo texnoloji 0zalliklori onlarin hor iki torofdon muxtolifyonlii eyni vo
ya miixtalifkonstruksiyali (qifil muftalarr) konik yivlers malik olmasidir. Hor iki torafdon eyni
konstruksiyali yivlora malik muftalar daha genis istifado edilir. Molumdur ki, respublikamizin
miiosssisalorinde bu clir muftalarda konik yivlerin emali hor iki torofdon muftanin iki
noqtesindo aparilir. Lakin bu hallarda konik yivlorin biroxlulugdan sapma xotalar1 yaranir vo
naticads, muftalarin ig prosesinde yiikgdtiirmo qabiliyyati azalir [2, s. 271].

Bu catismazligqlar1 aradan qaldirmaq iiglin muftaya yiv agan dozgahlarin yaninda
muftalar1 bazalasdiran manipulyatorlardan istifado edilmosi mogsado uygun sayilir.

Bildiyimiz kimi, hal-hazirda boruyayma zavodlarinda muftalarda yivkeson dozgahlarda
monavi cohatdon kdhnolmis komokei avadanliglardan istifados edilir. Bunlarda yiiksok keyfiyyot
alinmir. Bu da istismar zamani bozi xosagolmoz hallara sobob olur.

Misal ii¢iin muftalar ol ilo dozgahin patronuna qoyuldugda muftanin xarici sothi {izro
bazalagsma diizgilin getmir. Noticado, muftanin daxili sothino yiv agdiqda diizoxluluq pozulur.

Toklif olunan manipulyatorla muftalar patrona qoyuldugda sanga mexanizmi muftani
oxa nazoran paralel sixdigina gora geyri-oxluluq alinmir. Bu zaman yivlerin kosilmasi standarta
uygun gedir. Muftalar1 dozgahin patronuna veron manipulyatorun sxemi sokil 1-do verilib.
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Sakil 1. Muftalari dazgahin patronunda bazalagdiran manipulyator.
1) muftakasan  dozgah; 2) manipulyator; 3) monorels; 4) kanat; 5)konik disli ¢arxlar; 6) kalon;
T)reduktor; 8) elektrik miiharriki; 9) hazir detal stul; 10) pastah stulu; 11) idaroetma pultu.

Muftalarin  daxili sothlorinin, o ciimlodon konik yivlorin bir torofdon emal {isulu
toklif edilmisdir [2, s. 271; 3, s.4,5].

Bu zaman yiiksok emal doqiqgliyl vo somaraliliyi tomin etmok {iglin emalin gpindelin
oxu ilo yonoldici arasinda carpazliq bucagi konik yivlorin maillik bucagina ¢ barabor olan
xilisusi dozgahlarda aparilmasi vo xiisusi tochizat vasitolorindon istifado olunmasi tovsiya
edilir [6]. Bu toklif olunan metodun ¢atismazIlig1 ondan ibaratdir ki, maili bucaq altinda yivagma
omliyyatlar1 yerino yetirdikdo sapma sothlorindo xotalar ¢oxalmaqla yanasi, istismar zamani
eyni oxlulug pozulur. Bu da firlanma zamani dibalansin alinmasma gotirib ¢ixarir. Bu
catismazligi aradan galdirmaq Ttcilin borstanqalarin koskin tutqacinin {izorindo surat¢ixaran
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kapirlorin qoyulmasi muftalarin hom gabaq, hom do arxa sothlorinin xatasiz yiv emalina imkan
VErIr.

Notica. Aparilmis todqiqatlardan belo noticoya golmok olar ki, istismar zamani qazma
borularinin etibarliligin1 yiiksoltmok vo qarsiya ¢ixan problemlori aradan qaldirmaq {igiin
ovvalcadon asagidaki todbirlori gormok lazimdir:

1. Qazma borularin1 quyu agzina galdirmaq iiclin daxildon tutan dodaqciglarin iizorindo
iti vo ¢ox mohkom disliklori agmaq vo bu disliklori qgarmaq soklinds hazirlamaq lazimdir
ki, borunu yuxari gqaldirdiqda siiriismalora yol verilmasin. Olava olaraq elektromagnitdon
istifado olunsun ki, o etibarliligin1 yiiksoltsin;

2. Muftalarin daxili sothindoki oxa paralelliyini saxlamaq {i¢lin onlar1 manipulyatorlar
vasitosilo eyni bazada emal edilmosini tomin etmali.

Bu doyisikliklorin edilmosi ucuz basa golir vo iqtisadi cohotdon olverigli {isul

sayilir.
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PE3IOME
MMPOBJIEMBI, BOSHUKAIOIIMUE ITPU IMMOBBINEHUN HAAEXHOCTHU
BYPUWJIBHBIX TPYB B MNPOLECCE DKCILUIYATALIUA
Aboynnaee K.C., Pzaesa T.U.

Knrouesnie cnoea: OypunvHas mpyba, OoKOHuWaHue asaputi, Mmygma, OJepoicameny,

9IeKMPOMASHUM, 2YOKUL.

B crartee paccMaTpuBAIOTCSI BOMIPOCH yCTpaHEHHs MpoOJieM, BO3SHUKAIONIMX B IIpolecce
OypeHus. 31ech TpeIaraeTcsi HMCIOJIb30BaTh ANEKTPOMArHUT B CIydae aBapuu B TpyOax (OKOHUAHHSIX
TpyO) Ha OypOBBIX CKB&)KMHAX M IMOJHATHS MX Ha IOBEPXHOCTH CKBA)KUHBI.

IIpu mnepepabotke MydThI 171 TpyO BHE OCH TPEATATAOTCS MAHUMYJISATOPBI IS HX
ycrpaneHus. C  MMOMOINBIO YKa3aHHBIX ~MAaHUMYJSITOPOB 0a30Basi TMOTPENIHOCTh CHIDKAeTcs Ha
HYJIEBOH ypoBeHb. B 3T0 Bpems, 4roObl 00ECIeYNTh BBICOKYID TOYHOCTH U 3P (PEKTUBHOCTS,
PEKOMEH/IyeTCs HMCIOJIb30BaTh CIIeUaIbHbIe CHA0KEHHS, YTOJl YKJIOHA ( KOTOPBIX PAaBEH yIIy YKIOHA
MEXKIY OCBIO IIMUHJEIS 1 HapaBJISIOLIeH.
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SUMMARY
PROBLEMS THAT INCREASE THE RELIABILITY OF DRILLING PIPES DURING
OPERATION AND THEIR ELIMINATION
Abdullayev G.S., RzayevaT.lI.

Key words: drilling pipe, accident ending, muff, keeper’s tip, catcher, electromagnetic.

The article deals with the issues of elimination of problems arising in the process of drilling. Here it
is proposed to use an electromagnet in the event of an accident in the pipes (pipe ends) on the drill wells
and lifting them to the surface of the well.

In the processing of couplings for tubing off-axis positioners are available to overcome them. With
the help of these manipulators, the basic error is reduced to zero. At this time, to ensure high accuracy and
efficiency, it is recommended to use special supplies, the angle of inclination ¢ which is equal to the
angle of inclination between the spindle axis and the guide .

Daxilolma tarixi: [lkin variant 13.03.2018
Son variant 28.09.2018
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