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3AZJAYA OIITUMAJIBHOTI O YIIPABJIEHMSA 1JIS1 OAHOI'O
UHTEI'PO-JUPPEPEHIIUAJIBHOI'O YPABHEHMUS 3D BUAHKH
C HET'JTAIKUMHU KOPPUIIUEHTAMMI I1PU YCJIOBUAX
HA APUPMETHYECKOU CEPEJIUHE OBJACTHU

'MAMEOB UJIbI'AP I'YPBAT oray
ABJIYJIUIAEBA AMHYPA JIKABBAP rbi3bl
HUnemumym cucmem ynpasaenus HAH Azepbatioscana, bBaxy, 1-npogheccop
Cymeaumckuil 20cy0apcmeenHulil ynugepcument, 2-00Kmopanm
ilgar-mamedov-1971@mail.ru; aynure 13@mail.ru

Knrwouesvte cnosa: npunyun maxcumyma JI.C.Ilonmpseuna, unmeepo-oughgepenyuanvhoe
ypasmnenue, yciosus onmumaivbrocmu, ypaenenue 3D Buanku, ypasnenus ¢
He2NaoKumMu Koagduyuenmamu.

BBenenue. K HacrosimeMy BpeMEHH JUIsl Pa3IMYHBIX 337a4 ONTUMAJIBHOTO YIPaBJICHUS,
OTHCHIBAEMBIX TUNEPOOTUYECKUX YpPaBHEHHM, a TakKe YpaBHEHUW MaTeMaTU4eckoi (GU3UKU
MOJIYYEHBI PsSJ HEOOXOAMMBIX M JIOCTATOYHBIX YCJIOBHH ONTHUMAJIBHOCTH, MPH Pa3IMYHBIX
MIPEIONIOKEeHUSIX. BO3HUKHOBEHHE W pa3BUTHE TEOPUH ONTHUMAIBLHOTO YIPABICHHUS MPUBEIO K
MOJITHOMACIITA0HOMY €€ TNPUMEHEHHI0 K TMPAaKTHUYECKUM 3a/adyaM, TaKUM KakK YIpPaBJICHHE
yIpaBIsieMbIX OOBEKTOB, ONTUMHU3ALMU JUHAMHYECKUX CHUCTEM M JAp. MHOrme u3 3THX 3aaay
ONTUMAJILHOTO YIPABIICHUS OMUCHIBAIOTCSA TUIIEPOOTNYSCKUMH YPAaBHEHUSIMHU, PEIICHUSIM KOTOPBIX
MOCBSIIIIEHBl MHOTOYMCIIEHHBbIE paboThl. 3ajayd ONTUMAJIbHOTO YIPABICHUS CHCTEMaMH C
pacrpeiesIeHHBIMU TTapaMeTpaMu UMEIOT MHOTOYUCIICHHBIE IPUMEHEHHUS.

[Mpunmun makcumyma lloHTpsiruHa, ABIAOMUNACS QyHAAMEHTAIbHBIM PE3YJIbTaTOM TECOPUU
HEOOXOJUMBIX YCJIOBHH ONTUMAJIBHOCTH TIEPBOTO TMOPSAKA, MEPBOHAYAIBHO ObUT JOKa3aH (B
nuHeitHoM cnydae P.B. T'amkpenumze, B HenuneiiHom ciydae B.I'. BontsHckum) mist 3amaun
ONTHUMAJIBHOTO yIpaBJICHHUS, OTIMCHIBAEMOM OOBIKHOBEHHBIMH  JH(depeHIInaTbHBIMI
yhnpaBieHUsIMH. B panpHeiIieM MOSBWINCH pabOThI, MOCBSIICHHBIE BBIBOAY HEOOXOIMMBIX
YCJIOBHHM ONTUMAJIBLHOCTH B 00Jiee CIIOXKHBIX 3ajadax YIPaBICHUS C COCPEJOTOYECHHBIMH U C
pacmpeieNieHHbIMU  MapaMeTpaMu.  3aJayd  ONTUMAJIbHOTO  YIPaBJICHUS,  ONUCHIBA€MbIE
runepOoIMYecCKUMU YpaBHEHUSIMH TIpH yclloBUsX ['ypca BeayT cBoe Havaio ¢ pabot A.W. Eroposa
[1]. B panbHeillieM pa3iuyHble AacleKThl 3ajlad ONTHMAJIbHOTO YIPABICHUS MPOLECCAMU,
onuceiBaemble cucreMamu I'ypca-JlapOy, O6butn uccienoBansl B padorax K. T. Axmenosa u C.C.
Axwuesa [2], M.JIx. Mapaanosa [3], K.b. Mancumosa [4-5], M.JI)x. Mapaanosa u T.K. Menukosa
[6], T.K. Menukosa [7-9], ®.I1. BacunseBa [10], B.W. [Tnotaukosa u B.M. Cymuna [11], P.A.
bannanuesa, B.C. I'ynuea, N.I'. MamenoBa u A.b. CagsiroBa [12], P.A. bannanuesa, B.C.
I'ynuesa, N.I'. Mamenosa u S1.1. Pycramosa [13] u ap.

B kadyecTBeHHON TEOpUU ONMTUMAIBHBIX MPOIECCOB 0COO0E MECTO 3aHUMAIOT KOPPEKTHHIE
pa3penmmMoCTH paccMaTpruBaeMoil kpaeBor 3amgaum ['ypca. 3amaum ['ypca mais runepOOIudecKux
yYpaBHEHUH C pa3pbIBHBIMU KOIPQPUIIMEHTAMA TPU HEKIACCHUYECKHX KPaeBBIX YCIOBHUAX
uccnenoBansl B paborax C.C. Axuea [14-15] u N.I'. Mamenosa [16-19]. KpaeBas 3amaua st
uHTerpo-nuddepenmanbioro ypaBHenuss 3D buanku ¢ Hermagkumu ko3dduimeHtamu mpu
YCIOBHSIX Ha TE€OMETPUUYECKOW cepeauHe 00JacTH BIEpBbIE HccaeAoBaHbl B padorax W.T.
MawmenoBa u A.Jx. AGnymnaeBoit [20- 21]. 3ametum, 4TO 3Ta 3a7ada MO MOCTAaHOBKE 000O0IIaeT
3amauy ['ypca mns wuHTrerpo-muddepenmmansaoro ypapHeHuss 3D buanku ¢ Hermagkumu
kod¢dulmeHTamMu, T.e. PaCCMOTPEHHAsi KpaeBasl 3a/lada B YacCTHOM CIy4yae COBIAJAeT C 3aaayeit
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I'ypca. CrentmanbHasi KpaeBas 3afada Juisg HHTErpo-auddepenipansHoro ypasaenust 3D buanku ¢
HeTNMaAKUMU Kod(pUIMeHTaMn TpH  YCIOBUSAX Ha apu(METHYecCKOH  cepeauHe o001acTu
paccmotpensl B pabote M.I'. Mamenosa u A./[x. AGaymiaeBoit [22]. Oco00 HYKHO OTMETHTb, YTO
U3 JHUTEpaTypbl M3BECTHO, 4YTO 337ada ONTHMAJBHOTO  YIPaBICHUS Ui HMHTErpo-
muddepennmansaoro ypapHenus 3D buanku ¢ HernmagkuMu KodpQHUIMEHTaMU MPH YCIOBUSX HA
apu(MeTHUECKON cepeanHe O0JlacTW [0 CHX HOp He HcciefoBaHbl. VIMeHHO, mo3TOMY
npejuiaraemasi  paboTa TIOCBSIIEHA BBIBOJY HEOOXOIUMBIX YCIOBUH ONTHMAJIbHOCTH THIIA
npuHnuna makcumyma JI.C. IloHTpsruHa Ui OJHOTO 3ajJada ONTHMAJIBHOTO YIPAaBICHHS C
pacripesielIeHHbIMU TIapaMeTpaMH, OMKCHIBAEMOr0 HHTErpo-auddepenunansupix ypasaenuit 3D
buanku L -kosdduimentamu npyu ycnoBusx Ha apuhMETUIECKON cepeuHe 001acTH.

[ToydeHHBbIE pe3yNbTaThl MOTYT OBITH MCIOJB30BAHBI B TEOPHH ONTHMAIBHBIX MPOIIECCOB
st pactipoctpaHenus npuHnuna mMakcumyma JI.C. [loHTpsruHa Ha pa3iU4HbIC YIPABISEMbIE
MPOLIECCHI, OMHCHIBaEMble UHTErpo-muddepeHnnanbHbiMu  ypaBHeHussMu 3D buanku ¢
paspbiBHBIME KO3 duumenTamu (uHaye roBops, ¢ L, -xkoopduuuenrtamu) B HU30TPONHBIX

npoctpanctBax C.JI. CobosieBa ¢ JHOMUHHUPYIOUIMMH CMEIIAHHBIMU TPOU3BOAHBIMHU. B maHHOM
paboTe, IpU HEKOTOPBIX MPEINOIOKEHUAK, ITO MPOJAEMOHCTPUPOBAHO UISI OJAHOTO MOJCIBHOTO
cirydasi.

1.IMocTanoBka 3amaun. IlycTh ympaBiasieMblii OOBEKT  OIUCHIBACTCS  WHTETPO-
maddepernmanpapM ypaBHeHreM 3D buanku:

(Vi1aU)(X Y5 2) = Uy, (X, Y, 2) + Ay  oU(X, Y, 2) + Ay g ol (X, Y, 2) +
+ AO,l,Ouy(Xi y! Z) + A\),O,luz (X1 y! Z) + Ai,l,Ouxy(Xl y’ Z) + A(),l,luyz (X’ yi Z) +

+ Ai,O,luxz (X, y,2)+ J. _[ J.[Ko,o,o(ﬁ S XY, (T, &,m) + Kl,o,o (7, &, %, Y, 2) %

Xot+X Yot+¥1 Zot+Z
2 2 2

XU, (7,8,1) + Koy o (7. 817X, ¥, 1)U, (7, 8,17) + Ko 4 (7, 6,773 X, Y, 2) X
xUu,(z,&,n)+ Kl,l,o (7. & XY, Z)ny(T,Cf,?? + K0,1,1(T’ XY, Z) % (1)
><uyz (715177) + Kl,O,l(T’é’n; X, y! Z)uxz (T!é:!n)]dfd(:gdn = ¢(X1 yi Z,V), (X’ y’ Z) € G = Gl XGZ XG3’

IIPU CJIEAYIOMIUX YCIOBUAX apu(METHUECKON cepelnHbl 001acTH
Xo+ X, Yo+VY, Zo+2Z

Vo,o,ouEu( 02 ) > ) > l):(Po,o,O!
(Vo010 = (x, y°;yl ) = 010000,
(V01ou)(Y)—U (X % Z +Zl) (Po1o(Y)
)
(VooU)(Z) =, (X % YoV ) = gy 04(2),

2

Vy10W)(X, y) =U,, (X, y’ i Zl) =@10(%Y),
Mo W(Y, Z)_uyz( 7y 2) =y,.(Y,2),

(Vl,O,lu)(X! Z) = uxz (X,%, Z) = @1,0,1()(' Z)’

rac ¢0,0,0€R ABIACTCA 3aJaHHBIM YHCIIOM, a OCTaJbHBIC (Dij,k SIBJIAIOTCA 3aJaHHBIMHU

(YHKIHASIMU, YIOBICTBOPSIOMIMMHU YCIOBHIM:
(Dl,o,o(x) € Lp G, ¢0,1,0(y) € Lp (G,), (00,0,1(2) € Lp (Gy), (01,1,0()(’ y)e Lp (G, xG,),
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3aoaua onmumanvrHo2o ynpasienus 0is 00H020 unmezpo-oughgepenyuanvrozo ypasnerus 3D
buanku ¢ neanaoxkumu kosg@uyuenmamu npu ycio8usx Ha apughmemuseckou cepeoune ooracmu

211(¥:2) € L, (G, xG3), 00,(x, 2) € L, (G xGy)i G, = (%, %), G, = (You Y1), G = (29, 2,).
3nech npennonaraercs, uto ko3bduumentst A (X, Y,2) u K ;,(7,£,7;X,Y,2) aBnsorcs
HErJIaJAKUMH QYHKUUSIMH, YAOBICTBOPSIONIMMH JHUIIb CICAYIOMUM YCIOBUIM:
Pooo(X,¥,2) € L (G), Apo(X Y, 2) € L (G), Ayso (XY, 2) € LLT (G),
Poor(%Y,2) € L (G), Ao (X Y, 2) € LIS (G), Agya (X, 2) € LY (G),
A1 (X, y,2) € LG (G), K j, (7.6, % Y, 2) € L (GxG).
Kpome Toro, mpeamomaraercs, uto ¢(X,Y,z,v) 3amanHas Qyakmus Ha GxR',
ynosierBopsiomas ycnosusam Kapareogopu GxR' (t.e. ¢(x,Y,z,v) usmepuma no (X,Y,2) na G
IS Beex 3a7aHHeix VER' u HEeIIpepbIBHA IO V Ha R" moytu Ju1s BCeX 3aJaHHBIX (X, Y, Z) €eG)u

JUISL JT'00OTO TIOJIOKUTENBHOTO YKcia O >0 cymecTByeT QyHKIus gog(x, y,2) e Lp(G) Takas, 4To

|g0(X,y,Z,V(X,y,Z))|S(p§(X,y,Z) nourun ans Beex (X,Y,2)€G u Bcex VeR" ama xoTopeix

||v|| = i|vi| <o V(X Y,2) =V (XY,2),--, V,(X,Y,2)) — I -MepHas ynpaBisronas BeKTop-(QyHKIIHA.
i=1

[Tycts Bektop-dynkmus V(X,Y,z) = (v, (X, Y,2),---,V,(X,Y,2)) n3mepuma u orpanndeHa Ha G
¥ moutd Bo Bcex Toukax (X,Y,Z)€G mnpuHMMaeT CBOM 3HAYEHUS M3 HEKOTOPOTO 3aIaHHOTO
muoxkectea U cR'. Torma oty BekTop-QyHKIMIO MBI OyfeM Ha3bIBaTh JONYCTHMBIM
ylpapieHueM. MHOKECTBO BCeX JOIYCTUMBIX yIPaBlIeHUH 0003HaunM uepes U, .

Ternepb paccMOTPUM CIEIYIOIIYIO 3a/ady ONTHMAIbHOTO YIPABICHHS: HAUTH JOMyCTHMOEC
yIIpaBJICHHE v(X,Y,2) u3 u,, TSI KOTOPOTO perieHue

111) _ ik g _
UeW®(G)={uel,(G)/DIDIDueL,(G)i, j,k=03,1< p<w sazaun (1)<2) nocrapmser

HaUMEHBIIIEe 3HAYCHNE MHOTOTOUYCYHOMY (DYHKIIHOHAITY

N
— (1,0,0) ()] (0,1,0) ()] (0,0.0) (Y]
S(Wv) = [ad*u(x?, vy, z) +alu(x, v, ) +a P u(x, vi, 2], @)
k=1
rae (x,y",z")eG - zamammbie Touxu; al®?,al? a®* e R — 3agannmie yncna. 3ameTum,

uyto HOpMmy B mnpoctpanctse C.JI. Co6Gonepa erl’l‘l)(G) OyJIeM OIIpeeNsaTh PaBEHCTBOM

1 . .
s = 3 [PiDID
i,j.k=

2. ®opmysia mpupalleHusl KPUTepHs KAayeCTBA B HHTErpajbHOM BHAE M YCJIOBHA
oNTUMAJIbHOCTH. [[1s momydeHHss HEOOXOAWMBIX U JOCTAaTOYHBIX YCIOBUH ONTUMAaIbHOCTHU
cHauana Haijgem mnpupamenus ¢yaknuonana (3). Ilycte v(x,y,z) u V(X Y,z)+Av(X,y,z) —

‘LP(G).

pa3iauyYHbIe AONMYCTUMBIE yrpaBieHus, a u(X,y,z) u u(x,y,z)+Au(X,Y,Z) — COOTBETCTBYIOIINE UM
pemenus 3anaun (1)-(2) B mpocTpaHcTBE erl’l’l) (G). Tornma npupamenue gynkuuonana (3) 6yner

HUMETH BU]

N
AS(V) = [a*PAu(x", v, ) + @V Au(x, v, 2,) + 2P Au(x, v, Z0)]. 4)
k=1
O4YeBHIHO, YTO MPH ITOM BeKTOp-PyHKIUs: AU EWpa'l’l) (G) sBnseTcs pemeHreM ypaBHEHHs
V1158U)(X, Y, 2) = Ap(X, Y,2), (5)
YIOBJIETBOPSIOIIEE TPUBUAIBHBIM YCIOBUSM apu(PMETHUECKOW CeperMHBI 00IacTH
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Vo.0,0AU = AU(XO ; e ' % ; 2 ' “ ; Zl) =0, Vi 0,0AU = Au, (X, % ;— n ; Zl) 0,

”Zl) 0, -+, Vyp AU= Auyz(° % y.2)=0, (6)

Vy1ohu = Au, (20 ; a

V148U = Au,, (X, o 2 2 ,2)=0,
rae Ap(X,Y,2) = p(X, ¥, Z,V(X, ¥, 2) + AV(X, Y, 2)) = (X, ¥, Z,V(X, ¥, 2))

Omeparop  V =(Vg00:V100:Vo10: Vo1 Vi Vor1ViorVar)  3amaun (1)-(2)  meiictByer u3
Wél'l'l) (G) na Eélyl'l) =RxL, (Xo, %)% L, (Yor Y1) X L, (29,2,) % L, (G, xG,)x L, (G, xG3)x
xL,(G,xG;)xL,(G). 3amernm, 4YTO B NPOCTPAHCTBE Eél’l’l) HOpMY OyaeMm omnpenensThb
€CTECTBEHHBIM 00pa3oM, IIpU MOMOIIU PaBEHCTBA
H¢7 B = HCDO,O,OHR + H§01,0,0 + H(Po,l,o

Hevosll, gy FlPrsol 6
Lp(X0.%) Lo (Yo.y1) (00,0,1 Lp(20.21) gol,l,O Ly (G1xGy)

+ +| el o
Popa L, (GpxGy) P10 L, (GixGy) Praa L,©)
[Toka3aHo, 4TO STOT ONEPATOP UMEET CONPSKEHHBII OIIepaTop

. PR 111
V™ = (0,001 @100 D101 D01 P11 @11, @1 @1;) KOTOPBIH JIEHCTBYET B Eé ) u ynosuerBopsier

YCIOBHUIO
X Y1 2y

fvu)= | j I 10 (X Y, 2) V1 ,0)(X, Y, 2)AXAYz + By 4 (Vo g, 0U) + j f00 0OV, o) (X)X +
+ jfom(y)(vmu)(y>dy+ jfom(z)(vomu)(z)dz+ | jfm(x Y)(Va1oU)(X, y)dxdy +
YO;h Zozzl onxl yoz)ﬁ

Y1 Zy X 7
[ ] fon(n DMy, 2)dydz+ [ [ £,(x,2)(Vy000)(x, 2)0xdlz =

Xo+%X Yo+ VY, Zy+Z r +Y, Z,+1
—u(n 2 F I BB a0+ [ u (xR o )+

2

b ] u ey B By, Dy [ v y‘jyl 2)(@n0, )22 +

Yot¥1 2+
2 2

f To oo B ey« [ [ u, G 2y, 0, 00+

XotX Yot+y1 Yot¥r Zot7g
2 2 2

X Y1 4

+ f f u,, (X, y° Yy Z) (0, T)(X, 2)dxdz + I I J.uxyz(x,y,z)(a)lvlvlf)(x,y,z)dxdydzz

X0+X1 ZO+Zl X0+X1 y0+y1 ZO+Zi (7)
2 2 2 2 2
=(V"f)(u),
rIe

f=(fo000 froo (X Foro(¥) Fo01(2), Frao (X ¥)s To10 (Y, 2), Fro2 (X, 2), frai (XY, 2)) €
e EMY =Rx Ly (%o, %) % Ly (Yo, Y1) ¥ Ly (26, 2,) X Ly (G, X G,) x Ly (G, x Gy) x L, (G, x G,) x L, (G),

7
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(111)
IPOU3BOIBHBIN JIMHEHHBIH OrpaHMYeHHBIH (yHKuMoHan Ha Ej T.e. 1/p+1/g=1 a u

npou3BoJbHAs QYHKINS U3 Wp(lll G).

Teneps B paBencrse (7) dynkuuo U(X,Y,Z) eWél’l’l) (G) BeIOEpeM Kak pemienue 3agaun (5),

(6), T.e. monoxumM BMecTe U (pyHKImio Au . Toraa moiydum, 4To CIpaBeIMBO PaBEHCTBO

Xy Y1 )

f(vAu)zj j _[fm(x,y,z)A(p(x,y,z)dxdydz=

XotX Yot+¥1 Zot+Z4

X Y1 221 2 i (8)
= | | J(@u )y 2)Au, (x y, 2)dxdydz = (V" F)(Au),
Xo+X1 Yot¥1 ZotZ
2 2 2

U1 BCEX fe E(l’l’l) . Nnaue TroBOD,

- T j me(x Y, 2)Ap(X, Y, z)dxdydz + ]1 f I(a)lllf)(x Y, 2)Au,, (X, y, z)dxdydz =0,

XotX Yot¥1 Zo+7Zy XotX Yot¥1 Zo+7y
2 2 2 2 2 2

111)
vf e E, 9)
OyHkuust Au(X,y,Z) Kak 3J€MEHT MPOCTPaHCTBA erl’l'l) (G) ynoBnerBopsieT TPUBUAILHBIM

ycinoBusiM (6). Mcronb3yst HHTErpaibHOE npecTaBicHue Gyakuuii [23] u3 Wp(l'l’l) (G):

U(XYZ) U(X +X y042ry1 Z+Z) J‘ Ux(a y042ry1 Z+Zl)d
02X1
y z
,[ 0 (et% 5 % +Zl)d,8 J- ! (x +X y(,erylly)d}/+
i
X y z
X, +
f ] uy@p L Bydadp+ [ [ u, (0 By +
XotX Yot¥i Yot¥1 20+ 2
2 2 2 2

b e X D7 y)dady + [ 1 (s dadpdy

Xo+X Zp+Z Xo+X Yo+¥1 Zo+Zy
2 2 2 2 2

HOJIy49UM, YTO
al P au(x, vi,2,) +alm Au(x, v z) + al P Au(x, v, 20) =

:T T TRK(X,y,z)AquZ(x,y,z)dxdydz

XotXi Yot¥1 Zo+Z

2 2 2
e
R (x,¥,2) =al®?0(x® —x) +al’9(y® — y) +al**Poz? - 2),
, t>0 5
o(t) = {0, <o’ ¢ynkuus XoBucaiina.

[Toatomy mpuparnienue (4) pyakuuonana (3) MOXXKHO IPEICTaBUTh B BUJIE
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Xy Y1 4

AS(V) = J. I J.iRk(x,y,z)AquZ(x,y,z)dxdydz

Xo+X1 Yo+Vi Zo+z K=1

2 2 2
nin
X Y1 4
AS(v) = I '[ _[R(x,y,z)AquZ(x,y,z)dxdydz, (10)
rac

N
R(X! yv Z) = Z Rk (X! yv Z)'
k=1

Teneps ucnonwiys (9) npupamenwne (10) 3anumem B Bue

X Y1 Zy

asM= [ [ R y.2)+ (@ Py, 2)]au,, (x, v, 2)dxdydz -

Xo+X1 Yo+¥1 Zo+2

2 2 2
Xy Y1 7y
- | ] [ fuy.2)A0(x v, 2)dxdydz. (12)
XotX1 Yot¥1 ZotZ
2 2 2

OueBuano, uro pasenctBo (11) cmpaBemnuBo mist Bcex f e Eél’l'l). Boipaxkenue omneparopa
@, 3ABUCHUT TOJILKO OT OJIHOrO 3eMeHTa f , T.e. o1 f,;:
(0)1,1,1 f)(x,y,2)= f1,1,1(xl Yy, z)+

X Y12y a Vi ¥
[ [ fua@ BNNA @B+ [ | [Keoolr.&ma, By)ded&dnldadsdy +
Xy z Xot+X Yot+¥1 Zo+2Zy

Y17 X B

[t BN A B+ [ ] TKl,o,o(r,m;x,ﬁ,y)dzdédn]dﬂdw

XotX YotV¥1 Zo+7s

2 2

2
X1 7y a y 7

[ falay MA@y )+ [ | [Koo&ma,y,y)ddddyldady +

XotX YotV¥1 Zo+7
2 2 2

XYy a B

[ @ @B+ [ [ [Koosle o f2)dmddildads +

2 2 2
X y

+Tfl,l,l(x,y,7>[A1,1,0(x,y,y>+I | le,l,o(r,f,n;x,y,y)drdfdn]dy+

XotX Yot¥1 Zot2
2 2 2

a y

+]}f1,1,1(a’sz)[p\),l,l(a’yl)+'[ _[ jKo,l,l(T,ff'ﬂ;a,y,Z)dfd(de]daJr

XotX1 Yot¥1 Zot+Z
2 2 2

Y1 X B z
[ B DAL BD+ [ [ [Kiu(n & mix B,2)dwd&dn]dp.

[Tosromy pasenctBo (11) cnpasennmso s Beex fy; € L, (G). [ns ynpouenus Boipaxkenus (11)

BBCCM YpaBHCHHC
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(a)l,l,l fl,l,l)(xi y, Z) + R(Xv y’ Z) = O’ (Xa yv Z) € G’ (12)

KOTOPOE HAa30BEM COIPSHKCHHBIM YPaBHEHUEM JIJIs 3aJ1a4M ONTUMalIbHOTO yripasienus (1)-(3).
Tenepr BBIOEpeM ¢ynkumio fy;;(X,y,z) kak pemenue ypasuenus (12) B L, (G). Torma

dbopmyna (11) mpumer MpoCcTOl BHI:

X1 Y1 Zy
AS(v) =— j j j f11(% Y, 2)Ag(x, y, z)dxdydz. (13)
Xot+X YotVY1 Zot+Zy
2 2 2

Tenepp paccMOTpUM CIEAYIOLIYIO HIOJbYaTyK) BapHUALMIO JOIIYCTUMOIO YIIPaBICHUS
V(X,Y,2):
V-v(x,y,2), (7,§,m)eG,
a gy~ [TIO¥ D (@) 14)
0, (x,Y,2) eG\G,

rae VeU, u (7,&,n7) eG duKCHpOBaHHBIC TOUKH, & >0 T0CTATOYHO MaJIblil mapamerp, a

g £ &£ £ £ g
G, :(T—E,T+E]x(§—5,§+§)x(n—z,n+Ej.

Vnpasnenue Vv, (X, Y, Z), onpeaensieMblii paBeHCTBOM
V, (% ¥,2) =V(X, ¥, 2) + AV, (X,Y,2)
SIBJISICTCSL TOMYCTUMBIM YIIPaBICHHEM Ul BCEX J0CTarodHo Mambix £>0 wm Becex VeU,,
(z,&,n) eG.
DTO0 yhpaBieHHE HAa3bIBACTCA MIOJIbYATHIM BO3MYIICHHEM 3aJaHHOTO YIpaBiieHus V(X,Y,z).
OueBUIHO, YTO

S(v,)—=S(v) =
= _m. fL (Y, Dle(X, Y, 2,v(X, Y, 2) + AV, (X, Y,2)) - (X, ¥, Z,V(X, ¥, 2))]dxdydz =

=—[If f12206 ¥ DIp(x, ¥,2,9) = (. ¥, 2,v(%, y, 2))]xclydlz. (15)

Tax kak 3a7a4a ONTUMAJIBHOTO YIIPABJICHUs JIMHEWHA, TO U3 (15) BbITEKaeT crieayromas
Teopema. Ilycte f;;(X,y,2) el (G) pemienue conpspkenHoro ypasuenus (12). Torma nmis
OIITUMAIbHOCTH HEKOTOPOr'0 JOIYCTUMOIO YIPAaBJICHUS V(X, Y, Z) HEO0OXOJIMMO M JIOCTaTOYHO,
YTOOBI BBIMOJIHSIOCH YCIOBHE MaKCUMyMa

U!SXH (X y,z, (%Y, 2), V) =H(X,y,z, f1,(x Y, 2),v(X Y, 2))
noutn Jusa Beex (X,Y,z2)eG, rme H(xy,z f,,,V)=f-0(X,y,2,v) obyakuus I'ammnsToHa-
[TonTpsiruna.
Joxka3zarenbcrBo. Ecnu ynpasnenue v(x,y,z) u3 U, gocraBiser HauMeHbllIee 3HaU€HUE
¢ynkuonany (3), o u3 (15) umeem

—[[[IHOCY 2, £133006 Y, 2),9) = H (%, Y,2, fi155 (% Y, 2), V(% Y, 2)Jdxdydz> 0, (16)
G,

Pasnenss o6e gactu paBenctsa (16) Ha ¢° m nepeiing k nepeneny npu € — +0, momyunm

H(z,&n, f11.(.&m) (7, &) —H (7, m, 114, (2,E, n),V) =0, (17)
noutu i Beex (7,&,7)€G u ans Beex v eU,. Takum oO6pa3oM, Isl ONTUMAIBHOCTH YIIPABIIEHUS
V(X,Y,z) €U, He0OX0a1MO, YTOOBI BHITIOIHSIIOCH ycioBue (17).
Kpome Toro, paBeHCcTBO

10
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AS(V) = —J'ﬂAH (X, ¥,2, f11,(%y,2),v(X,y,2))dxdydz
G,

MOKa3bIBAET, YTO BBIIOJIHEHHUE ATOTO YCIOBHUS TAKKE JTOCTATOYHO ISl ONTUMAIBHOCTH YIIPABICHUS
V(X,y,2), tae, AH(X,y,z, f,,,V) =H(X,y,Z, f10,V+AV) —=H(X,Y,Z, f1,V).

Teopema qokaszaHa.
Ota TeopeMa IMOKa3bIBACT, YTO JJIS PEUICHHs 3ahadd ontuMmaiibHoro ympasiaeHus (1)-(3),
pocratouno Hadtn pemenue f,,(X,y,z) €L ,(G) wunrerpansnoro ypasuenus (12). Torma

ontumansHoe ynpasinenue V(X,Y,Z) MoxHo Haiith kak Touky m3 U,, koropas mocTamiser

MakcuManbpHoe 3Hadenue pynkuun H(X,y,z, f,,,(X,y,2),v) na U, otHocuTenpHO V.

Crnenyer OTMETUTBH, YTO COIpsDKEHHOE ypaBHeHue (12), BBeiaeHHOE B paboTe AJis 3aJayu
ontumanbHoro ympasneHus, (1)-(3) siBisercss Oojiee €CTECTBEHHBIM YeM CONPSIKCHHBIC 3a7auu
KJIACCUYECKOI'0 BU/IA.

VYpaBuenue (12) mpexacraBiser co0OI0 TpeXMEpHOE MHTErpalibHOE ypaBHeHHE. B yacTHOM
ciyqae, korna K, (7,&,7;%,Y,2)=0, a dynkunn A ;, (X, Y,2) SBIAIOTCA JOCTATOYHO INIAIKHMH

(T.e. UMEIOT CyMMHUpYEMbIE IPOU3BOJIHBIC D)i(Dyj D: A,j’k(x, Y,Z)) 1o u3 ypaHenus (12) MOkHO

MEPEeUTH TaKKE K CONPSHKCHHOM 3ajJade KJIaCCHYECKOro BHJA, 3aJaBaeMOi  IOCPEICTBOM
dbopMaIbHO conpspKEHHOTO AU(GEepPeHIIMATHLHOTO OTIepaTopa.

3. 3akuiouenme. [lomydyeHHbBII pe3ynbTaT MOTYT OBITh HCIOJNB30BAHBl MJI HW3YYCHUS
JIOKAJIBHBIX W HEJOKAJIBHBIX 3a7ad ONTHMAJIBHOTO YIIPABICHUS, CBSI3aHHBIC C HEJIOKAJIbHBIMU
3agadamu [24-25] nnst ypaBHenuit 3D Buanku ¢ Hermagkumu koddduimentamu. Kpome toro,
MOJIYYCHHBIM PEe3yNbTaT, MOJOOHBIM 00pa30M MOXKET OBITh WCIOJB30BaH TAKKE IS MOJYICHHUS
HEOOXO/JMMBIX YCJIIOBUI ONTHUMAIbHOCTH B HEJIMHEWHBIX 3ajladaxX ONTUMAJIBHOTO YIIPABJICHUS
CHUCTEMaMH, OIMCHIBAEMBIMH HETMHCHHBIMU ypaBHeHHSIMH 3D braHku aHaIOrMYHBIX BUOB.
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XULASO
OBLASTIN ODODi ORTASINDAKI SORTLOR DAXILINDO QEYRi-HAMAR OMSALLI
BiR INTEQRO-DIFERENSIAL 3D BIANKI TONLiYi UCUN OPTIMAL IDARODETMO
MOSOLOSI
Mommadov I.Q., Abdullayeva A.C.

Agar sézlar: L.S.Pontryaginin maksimum prinsipi, inteqro-diferensial tonlik, optimalliq sartlari, 3D
Bianki tanliyi, geyri-hamar amsalli tonliklar.

Bir integro-diferensial {igtortibli, Lp omsalli 3D Bianki tonliyi tigiin oblastin adadi ortasinda verilmis

ticolgiilii sorhod masolasi ilo tesvir olunan optimal idareetms masolasinin tadqiqinde L.S.Pontryaginin
maksimum prinsipi formasinda zoruri vo kafi optimalliq sortlori alinmigdir. ©lds edilmis natico geyri-lokal
tapsiriqlarin 3D Bianki tonliklori iigiin hamar olmayan omsalli optimal idarsetmonin lokal vo qgeyri-lokal
masalolorinin dyranilmasi tiglin istifads edilo bilor. Bundan basqa, aldo edilmis natice, hamginin 3D Bianki
analoji noviin qeyri-xatti tonliklori ilo tosvir olunan sistemlorin optimal idare edilmesinin geyri-xotti
masalalarinds optimalliq li¢lin zoruri gorait alds etmok {i¢iin do bu ciir istifads edils bilar.

SUMMARY
OPTIMAL CONTROL PROBLEM FOR ONE INTEGRO-DIFFERENTIAL EQUATION
OF 3D BIANCHI WITH NON-SMOOTH COEFFICIENTS ON THE ARITHMETIC
MIDDLE OF THE DOMAIN
Mammadov 1.G., Abdullayeva A.J.

Key words: L.S. Pontryagin maximum principle, integro-differential equation, optimality conditions,
3D Bianchi equation, equations with non-smooth coefficients.
In this paper received necessary and sufficient conditions for optimality in the form of the L.S.
Pontryagin maximum principle in the study of the optimal control problem described by a three-dimensional
boundary-value problem defined on the arithmetic middle of the domain for a third-order integro-differential

3D Bianchi equation with L -coefficients. The obtained result can be used to study local and nonlocal

optimal control problems related to nonlocal problems for 3D Bianchi equations with nonsmooth
coefficients. In addition, the obtained result can be similarly used to obtain the necessary optimality
conditions in nonlinear problems of optimal control of systems described by nonlinear 3D Bianchi equations
of similar types.

Daxilolma tarixi: [lkin variant 15.06.2019
Son variant 25.09.2019

13



Sumgqay1t Dévlat Universiteti — “ELMI XOBORLOR”— Tabiot va texniki elmlor bolmosi
Cild 19 Ne 3 2019

YK 538.91
HEI'ATPOHHBIE D®®EKTHBI B TBEPIbIX PACTBOPAX TlIn,_,Yb,Te,
AT'AEBA YJIBKEP MAXAMEJIAJIM rui3bl

Cymeaumckuil 2ocyoapcmeentulil yHusepcumem, Azepbatiodican
ulker.567@mail.ru

Knrwouesovie cnosa: necamponusvie s¢pghexmol, meepovie pacmeopwvl, Hanpsxicenue nopo2oeoco
nepexknierus

Herarponuka siBisieTcss OHUM U3 MOCIEAHUX JOCTHKCHUM 3JIEKTPOHUKU. JTO HaIpaBlICHUE
CBSI3aHO C TEOPUEH W MPAKTHUKOW CO3JaHHS M MPUMEHEHHUSI HETATPOHOB — AJIEKTPOHHBIX MPHOOPOB,
HUMEIOIUX B OMPEICIIEHHOM PEeXHME OTPUIIATEIIbHOE 3HAYEHHE OCHOBHOrO v depeHInaibHoro
rapaMerpa AaKTHUBHOIO CONPOTUBJIEHMS, €MKOCTH, WHIYKTUBHOCTU. YCTpOICTBA Ha OCHOBE
HEraTpOHOB SBIISIOTCA MOTCHIIMAIFHO HEYCTOWYMBBIMU U MIPH U3MEPEHUU UX MMapaMeTPOB 0coboe
MECTO 3aHUMAaeT BONPOC YCTOWYMBOCTH. Vlcronmp3oBaHHWe pa3inuyHbIX Qu3nueckux 3¢dexron
BHYTPU TMOJYNPOBOAHUKOBBIX CTPYKTYp MpU TOJYYECHHH OTPUIATEILHOTO COMPOTUBICHHUS,
obecrieynBaeT MpsMOE NPEoOpa3OBaHUE pa3IMYHBIX BHJIOB DHEPTUU BHYTPU KPHUCTAJIIA, YTO
CHIDKAeT DSHEpPreTH4eckre 3arpaTbl M TPU OIPENEJCHHBIX YCIOBHSIX OOECHEUYHUBAET PEKUM
CBEPXUYBCTBHUTEIBHOCTH K Pa3IUYHBIM DHEPreTHUECKUM Bo3AeHcTBUsAM [1-3]. ABTOp padoTh! [2],
paccyxaas O AalbHEHIIed NEepCleKTUBE DPAa3BUTHUS HETAaTPOHHKH, OTMEYAEeT, YTO HEraTpOHbI
ocTaHyTcs OCHOBHBIM 3j1eMeHToM CBY reneparopoB u ycunuteneid. [lo MHEHUIO aBTOpa, MOKHO
BO3paXkaTh, YTO COBPEMEHHBIE YCIIEXU TPAH3UCTOPHOM TEXHOJIOTUU MO3BOJSIOT CTPOUThH YCUITUTEIN
U TeHEepaTopbl Ha TPaH3UCTOpax, Hampumep co cTpykTypoil IIoTTKH, COCOOHBIX YyCHIMBAaTh U
TeHepUPOBATh CUTHAIIBI HA YaCTOTaX B HECKOJBKUX AECSITKOB TrUrarepil. ITO JIEHCTBUTEIBHO TaK.
Ho u3BecTHO, 4TO TpaH3UCTOP HA TAKUX YACTOTaX CTAHOBUTCS MOTEHIIMAIBHO - HEYCTONYHUBBIM, T.€.
IpPU OIpENEeNIEHHBIX Harpy3kax MeXIy €ro  3JeKTpOoJaMu HalOJoJaeTcs OTpUlaTeIbHOe
JMHAMHYECKOE CONPOTHUBIIEHHE, T.€. OH IO CYIIECTBY CTAHOBHUTCS HErarpoHoM. JluHamuueckoe
HEraTpoHbl MMEIOT OTpULATEIbHOE 3HAYEHHE OCHOBHOTO JU(QepeHIHaIbHOro napaMerpa B
HEKOTOPOM  OINpEAENIEHHOM  JMala30He 4YacTOT. Y CTaTHYECKUX HEraTpoHOB Ha OCHOBHOM
XapakTepucTHKe ( BOJIBT - amrmepHas Juisl R- HerarpoHoOB, KyJOH - BojbTHas Uit C- HEraTpoHOB,
BeOep-amnepHas s L-HeraTpoHOB) HaOMIOAaeTCs MAJAONIUi y4acTOK, T/ie 3HaYeHHE OCHOBHOTO
muddepeHIMaIbHOrO napaMeTpa sBIsSeTcsl oTpuiareabHbIM. CTaTHUECKUe HeraTpoHsl 1o (gopme
OCHOBHOH XapaKTEPUCTUKH JenaTcsi Ha HeraTpoHbl N- u S- tuna. bucrabuinbHbIe XaabKOTCHHUTHBIE
nepeKoyaTesd padoTaloT Ha OCHOBE IBYX 3 (PEKTOB: NMEepeKiItoueHne u 00pa3oBaHUE MaMATH, T.€.
CTaOMJIBHOTO KaHalla IMOBBIIIEHHOW MPOBOAMMOCTH COXPAHSIOIIEr0 CBOM CBOMCTBAa IpHU
OTKJIIOYEHUU NUTaHusA. D(PPeKT mepexnoueHus, COnpoBoXKaaoleecs o0pa3oBaHHEM KaHala ¢
0O0JIBIION MJIOTHOCTHIO TOKAa B OJHOPOAHOM IOJYHPOBOAHMKOBOM BEIIECTBE, XOPOIIO H3y4YeH
TEOPETUYECKH M IKCIEPUMEHTAIBHO [5-7]. Cumtaercsi, 4to 0Opa3oBaHUE MAaMSTH MPOHCXOIUT B
MeperpeBHON BECTBHU IIHYpa TOKA U CBA3aHO U ¢ (pa30BbIM MEPEX0A0M MEPBOrO poja U3 aMop(hHOTo
COCTOSIHMSI B TOJMKPUCTAJUIMUECKOE, KOTOPOE  ABIAETCA TEPMOAMHAMMUUYECKH YCTONYMBBIM U
oOecrnieunBalOT Oosiee BBICOKYIO IPOBOJAMMOCTH KaHaja OTHOCHTENbHO amopdHoi cpenbl. Takas
MOJIeJIb OCHOBaHa Ha pe3ysbTaTax (PU3MKO- XMMUYECKHX HCCIIEOBAaHUI BelllecTBa KaHajla aMsTH
XaJIbKOTeHUIHBIX Mepekmodareneid. OHaKo CyIIeCTBYIOT HEKOTOPBIE SKCIIEPUMEHTANIbHBIE (PaKThI,
HEOOBSICHUMBIE C €IMHCTBEHHOM TOYKHM 3pEHHMS YHUCTO TepMHueckoro ¢a3zoBoro mnepexona. B
MocjielHee BpeMs  OMCTAaOWIBbHOE TEPeKITIOYCHHE HAOMIOAAIOCh TaKKe B Pa3IMYHBIX
MOHOKPHCTAJTMUYECKUX BEIECTBAX, B CIOXHBIX MOJTYNPOBOJHHKAX, B JUOJHBIX CTPYKTYpax Ha
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OCHOBE MOJMUKpHCTAIOB. OOHapy)XKeHHOEe B pslie OSKCIEPHUMEHTOB BIHUSHHE Ha IIPOLECCHI
3allOMUHAHUS  TemImepaTypbl o00paslla MarHUTHOTO TIOJs, MEXaHMYeCcKoe [aBJeHHE U
WHTEHCUBHOCTH CBETa, HApYUICHUE CHUMMETPUYHOCTH BOJIBT- AMIIEPHBIX XapaKTEPUCTHK IPH
pa3IMYHBIX KOHTAKTaxX TakKe He OOBSACHSIOTCS TemmepaTypHbIMH dddexTamu B HCCIEAYEeMBIX
BELIECTBAX.

JlokJiag TOCBSIILIEH HCCIIEOBAHUIO OCOOCHHOCTEW MOBEACHHS JEKTPOHHOM MOICHCTEMBI B
rpolecce BOZHUKHOBEHUS U (JOPMUPOBAHUS KaHalla MaMsTU B TBepAbIX pactBopax Tlin,_,Yb,Te,
(0 <x<0,08). OObekTaMH HCCIICAOBAHMS SBISUTUCH TOJMKPUCTAIUIBI TBEPABIX PACTBOPOB
cucremsl TLInTe, -TLYbTe, B3aumopeiicTBue B KOTOpOH uccienoBaHo B paborax [8-10], u3
KOTOPBIX CJIETyEeT, YTO B 3TOM CHCTEME Ha OCHOBE McXoAHoro coemuHenus 1 LInTe, obpasyrorcs
TBepable pactBopsl npu 0 < x < 0,10 mon. % TIYbTe,. Pexxum cuHTe3a TBEPABIX PACTBOPOB U
OT)KUTA UX JIUISI IOJTYYCHHsI PABHOBECHOT'O COCTOSIHUS MOPOOHO omucaH B paborax [8-11].

OkcnepumeHTanbHbie BAX B cTarMueckoM W JUHAMHUYECKOM PEXKHMMaX CHUMAIHUCH IO
CTaHJIApTHOM MeToauke. B KadecTBe wuccieqyeMbIX OOpa3loB MPUMEHSJIUCH IUIaHApPHBIE U
IUICHOYHOTOPIEBBIE  TUOJHBIE CTPYKTYpBI, MPEICTABISAIONINE COOOW CIIOM  HMCCIEeIyeMbIX
MaTepuajIoB, HAHECEHHBIH Ha TOJUPOBAHHYIO TPa(QHUTOBYIO MOIOKKY METOAOM TEPMHUYECKOTO
ucrapenus. B kaduectBe marepuana i KOHTAKTOB IUIAHAPHBIX CTPYKTYP MPUMEHSIIUCH MEb WIH
KElle30, HAHECEHHbIE METOJAOM KOHACHCALMM METAIIMYeCKOW IUTa3Mbl Ha MOBEPXHOCTH
MOJIyNpoBOJHUKA. ToNIMHA XalbKOTEHUAHOIO CJIOSl BapbupoBajach B Impenenax 5-50 Mk,
OJTHOPOJIHOCTH COCTaBa MO TOJIIMHE MPOBEPSIIACH PEHTTEHOTPAPHUUECKOM MUKPOAHATH3OM.

HccnenoBanne mnokasano, 4YTO 3aBUCMMOCTH HANPSDKEHUS IOPOTOBOrO MEPEKIIOYEHUS
(Upn) OT  TONmMHBI  00OpasloB HOCHT  OKCIIOHEHIMOHAJbHBIA  Xxapakrep: E,(d) = const -
exp(—ad), tae d- Tonmmnaa obpasua. Takoil xapakrep 3aBucu- MOCTH Vy,,(d) CBHIETENBCTBYET O
TOM, YTO B HCCIeAyeMbIX oOpa3lax MpOSBISIETCS KaK JJIEKTPOHHAs, TaK W TEIioBas MPUpPOAA
MeXaHu3Ma nepekinrodeHus. Takas MOJeNb MO3BOJISIET 00BsCHUTh Hanuuue oonactu OC, Hanuuue
3aJIepKKH  Tepell TEepeKNIIoueHueM, O00pa3oBaHME HHUTEBHUIHBIX KaHAIOB M  (QOopMHUpOBaHUE
ANEKTPUUYCCKON IMaMATH B UCCIICyEMbIX 00BEKTaX.

Metoauka OSKCIEpUMEHTa I OKCIEPUMEHTaJbHOTO HCCIENOBaHUs 0COOEeHHOCTEH
MOBEJICHUSI DJICKTPOHHOU IOJCUCTEMBI B TPOIIECCE BO3HUKHOBEHHUS W (OPMHUPOBAHHUS KaHAla
MaMsATH OCHOBaHAa Ha HAOMIOJEHUM U UCCIeNOoBaHUHM (IYKTyalllii TUIOTHOCTH TOKa MpU
MEPEKITIOUECHUH X KOPPEJSIIIUY ¢ MpoleccaMu 3arnoMuHaHus. CTallMOHApHBIE IIYMBI, I KOTOPBIX
CpeIHEeKBaapaTUyHas BETUYMHA aMIUTUTYIbl HE 3aBUCUT OT BPEMEHM B IpolieccaXx 00paTHMOTro
MEePEKIIIOUCHNUST M IIYHTHPOBAHMS TOKA, MCCIENOBAIMCH B paboTax [5-7] nmns pa3iaudHbIX
MEXaHM3MOB OTpHUIIAaTeNbHOTO auddepenimanbHOro comnpotuBieHus. Hacrosimee uccnegoBaHue
OTJIMYAETCS TEM, YTO B JAHHOM CJIydae IIYHTHPOBAHHME TOKA COMPOBOXKIAECTCS HEOOPATUMBIMU
MPOLIECCAMU 3aIIOMUHAHUS.

3aBUCHMOCTh aMIUIUTYIbI IIyMa OT CHJIBI TOKa uepe3 oOpasel] Mpu YMEHBIICHHH TOKa
obnanaeT cTaOWUIIBLHONM BETBBIO, M MPHU 3TOM HEOOpaTUMBIE MpOILECCHl HE HaOMoAaroTcs. BaxkHo
OTMETHTh, YTO TIEPeXOJ K HEOOpaTUMBIM HW3MEHEHHUSM KaHaja TMaMsITH TMPOUCXOJUT C
ONpENIEJICHHON MOpPOroBOM BEIMYMHBI TOKAa, C KOTOPOM MBI MPEPHIBAEM MPOLIECC PACIIUPEHUS
KaHasia maMsaTH. TakuMm o0pa3oM, pacliupeHue KaHalla TaMsITH MOXKHO TIPEICTaBUTh Kak
(bIYKTyallMOHHOE pPa3BUTHE HEKOTOPOTO HEIWHEHHOTO SJEKTPOHHOTO MEXaHU3Ma, 00J1aJafolero
IIOPOrOBOM BEIMYMHOW IUIOTHOCTH TOKa. M3 mccienoBaHWil BBIACHEHHs POJIM TEMIIEpaTypHBIX
¢ dexkToB B HAOMIOJAEMOM SBIEHUM MOXHO CAENaTh BBIBOA O TOM, YTO HAOIIOJaeMOe SIBICHUE
pacIIMpeHnsl KaHajla MaMsITH He OOYCJIOBJICHO TEMIEPATypPHBIM MEXAHH3MOM, a OIpPEAeNseTCs
IJIOTHOCTBHIO TOKA B KaHase [§].
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XULASO
Tlin, ,Yb,Te, BORK MOHLULLARINDA NEQATRON EFFEKTLOR
Agayeva U.M.

Acar sozlar: negatron effektlor, bark mahlullar, astana garginliyi

Mogaleds TLInTe, -TLYbTe, sisteminin bork mohlullarinda yaddasin meydana goalmasi va
formalagsmasi prosesinda elektron alt sisteminin davramiglarinin naticalori arasdirilir. Onlarin hamisinin
yaddash ¢evirmo xtisusiyyotlorine malik oldugu miiayyan edilmisdir. Onlarda monfi miigavimat oblastinin
movcudlugu, ¢evirmadon ovval misahido olunan gecikmalor, sapvari kanallarin meydana golmasi vo
elektrik yaddasinin formalagmasi ham elektron, ham do istilik mexanizmlari néqteyi-nazarindan izah oluna
bilar.

SUMMARY
NEGATRONIC EFFECTS IN SOLID SOLUTIONS TlIn,_,Yb,Te,
Aghaeva U.M.

Key words: negatron effects, solid solutions, threshold switching voltage

The paper presents the results of studies of the behavior of the electronic subsystem in the process of
the emergence and formation of memory in solid solutions of the TlInTe,-TIYbTe, system. It is established
that they all have switching properties with memory. The presence in them of a region of negative resistance,
the observed delays before switching, the formation of threadlike channels and the formation of electric
memory can be explained by both the electronic and thermal nature of the switching mechanism.
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16



Sumgqay1t Dévlot Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmosi
Cild 19 Ne 3 2019

VJIK 66.091

MOJBOP MPUPOJHBIX HATIOJTHUTEJIEH JJISI AC®PAJIBTOBETOHA

'ABBACOB BAT'U® MAXAPPAM oray
4MAMEI[OB CAJIEX APIIIA oruay
I'YJIUEB AKU® JAPBSAX orny
*CA®APJIM T'OHEJIb NCKEHIEP rbi3bl
HUnemumym negpmexumuueckux npoyeccos um.FO.I". Mamedanuesa HAHA,
1-axademux, 2-pyxosooumensv 1abopamopuu, K.X.H., 3-H.C.,
Tocyoapcmeennoe acenmcemeo asmomoOunvibix 0opoe Azepbaiiodcana, 4-oupexmop
akif_quliyev_1946@gmail.com

Knrwouesvie cnosa: nanonnumens, acanbmobemon, npupooHvle MUHEPATbl, KapOOHam Karbyus

Hccneoosanvi npupoouvie Munepansi — oopasybi peuno2o 2pagus ¢ pexu 1 un-eun yail u pexu Ama uai
6 Kauecmee HanoiHumenell 8 ac@anbmobemon. DUBUKO-XUMUYECKUMU MEeMOOaMU AHANU3A YCMAHOBIEHO,
umo 06pazybl COCMOSAM 6 OCHOBHOM U3 KapOOHAMA Kanbyusi U OKCUOA KpPeMHus u Mocym Ovlmb
UCNOIL30BAHDI 8 KAYECMEe HANOIHUMENell.

CTpouTEnsCTBO HOBBIX M PACHIMPEHHE YK€ HMMEIOLIMXCS JOpor TpedyeT Bce OONbIINX
00BbEMOB MPOU3BOJCTBA achaibTOOETOHA. DTO, B CBOIO OYEpPe/lb, CTABUT 3aJauy BOBJIEUEHHS HOBBIX
3¢ (eKTHBHBIX HAMOJTHHUTEICH B achanbroOeToH. PaHee Hamu OBUIM HCCIIEIOBaHBI B KauyeCTBE
TAaKOBBIX DA3JIMYHBIE IIPUPOJHBIC HAIOJHUTENN - BYJIKAaHUYECKMH IIENeNl MECTOPOKICHUS
«YM0Oakbl», usBecTHsK «KapBaHcapaii», BylnkaHuueckuil menen «banaxaHbl», W HM3BECTHSKU C
kapeepoB «Canrauany, «Canraprasy», «[llaxras» [1] u kpomika ot kamHen00buu [2]. B HacTosmen
CTaTh€ M3y4YEHBbI 00pa3ibl PeYHOro rpaBusi ¢ peku ['wi-run yait U oOpas3ibl MIEOHS pa3IuYHOM
IpaHyJISILUN, IPUTOTOBJICHHBIE HA OCHOBE PEYHOT0 I'paBus ¢ pekn Ata 4ail. C MoMOIIBIO aTOMHOTO
ananmu3aropa “OXFORD Instruments” c¢ Tounocteto 10 0.01% wmacc. ObUT oOmpeseseH
3JIEMEHTHBIM cocTaB 00pa3lloB. ATOMHBIM aHaIU3aTOp OBLI COBMELIEH CO CKaHUPYIOIIUM
anekTpoHHBIM MuKpockornom “Hitachi S-3400N”, uro mo3BoamiIo NOAYYUTH Oosiee 0OBEKTUBHYIO
KapTUHY 110 COCTaBy aHAJIM3MPYEeMBIX O00pa3loB Kak OTHOCUTEIbHO OOJIBIIMX YYaCTKOB
aHAJIM3UPYyeMON MpoObl, TaK M OTAEIbHBIX BKIIIOUEHUHM, BHUJIUMBIX MOJ MHUKpockomoM. Ilox
MHUKPOCKOIIOM  paccMaTpHuBajlachb TakkKe MOPQOJIOrus COCTABISIOIMX  MUHEpPAIOB, UTO
criocobcTBOBaio Oosee OOBEKTHBHOMY OOLIEMYy aHaln3y. BblIM NpoaHamuM3MpoBaHbl 00paslibl
peunoro rpaBus ['win-run yait — (1) u ['ma-run vait — (2) u Tpu oOpasua medHs ¢ppakuuit 0-5, 5-15 u
15-25 MM, IpPUTOTOBJIEHHBIX U3 TPaBUs peKU ATa Yail.

Ha puc.] nokasaH BHEIIHUI BUJ PEYHOTO IpaBUs ¢ peku ['mia-rui yait u mebHs ¢ppakuuu 5-
15, IpUTrOTOBIEHHOTO U3 PEYHOIO I'PAaBUs PEKU ATa qail.

Kpome Toro, B obpa3nax MMEIOTCS aTIOMHHHUHN, XKeJIe30 U B HE3HAUUTEIbHBIX KOJIUYECTBaX
KaJIui, HaTpUil ¥ MarHui. JTU 3JIEMEHTHI MOTYT HaXOAUTHCS KaK B BHJI€ IPOCTHIX OKCHIOB, TaK U B
Buze (a3, mpeacrapistomux 0oJee cIokHbIe coenuHeHns. Bo Bcex oOpa3nax ATa vaii conepxanue
QTIOMUHHUS M JKeJie3a MEHbIIe, 4eM B o0pasnax [ minb-runb vail. B oOpasne [ 'unb-runb qaii-2 o4eHb
BBICOKO COJIEp)KaHUE AaIOMUHUS U jKeje3a, KOTOpble MOTyT 00Opa30BaTh MOJYTOPHBIE OKCHIIBI
Al,O3+Fe;03 B konmmuecTBaX — 3HAYMTENBHO — MPEBBIMIAMONIMX  JOMYCTUMBIE  HOPMBI,
periaMeHTHPOBAHHBIE MEXIOCYAapCTBEHHBIMU HopMamu [3,4]. Drtor oOpaszer; MoxeT ObITh
HCIOJIb30BaH B KaueCTBE HAMOJIHUTENS B ac(aabTOOETOHBI MOCIE MPeIBAPUTENbHON OUYHUCTKU OT
BBIIICYOMSHYTBIX IOJIYTOPHBIX OKCHJIOB, KOTOpBIE SIBJISIOTCSI OCHOBHOM MPUYHMHON HaOyXaeMOCTH
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Iloo6op npupoonvix nanorHumenet 01 acghairbmobemona

(BO BIAXHOW Cpele) MaTephalioB, MPUTOTOBJICHHBIX W3 CMECH MHUHEPAIbHBIX IOPOIIKOB C
OUTYMOM.

Puc.1 . I'pasuii ¢ pexu I'un-eun uaii - @) u webdensv Gpaxyuu 5-15,
NPU2OMOGIEHHBI U3 Peuro20 2pasust peku Ama uaii - b).

3HaueHus AIIEMEHTHOTO aHaIN3a U3y4YEeHHBIX 00pa3I0B MPUBEACHBI B TabmuIe 1.
W3 nanHBIX TaOIMIBI BUAHO, YTO OCHOBY 00pa3iia COCTABISIOT YIIIEPOa, KUCIOPOI, KaIbIIHK
Y KPEMHUU.

Tabnuya 1
Onemenmuwiii cocmae oopazyos 'un-eun waii -1, lun-eun yaii -2, u webns ¢ppaxyuii 0-5, 5-15 u
15-25 mm, npueomoenenuvix uz epasus pexu Ama yaii

DJEMEHTBI HazBanus o0Opasios
% , Macc. I'mn-run- I'mn-run- ATta-yai ATta-yai ATta-uaii
yaii-1 yaif-2 0-5 mMm 5-15 mm 15-25 mm
C 14.63 18.06 25.92 21.53 13.03
0] 50.08 48.76 44.77 47.03 48.88
Na 0.25 1.32 0.08 0.33 0.25
Mg 0.46 0.74 0.45 0.24 0.23
Al 2.09 3.97 1.61 1.40 1.81
Si 8.25 13.60 6.93 6.65 6.98
K 0.97 0.94 0.55 0.54 1.05
Ca 20.99 6.37 18.02 20.55 25.88
Fe 2.27 6.23 1.66 1.72 1.90
Cymma 100 100 100 100 100

C uenbio BbIICHEHHMS (pa30BOro coctaBa oOpa3loB ObUI MPOBENEH HX PEHTreHO(A30BBIM
aHanu3 ¢ ucnojb3oBaHueM audpaktomerpa “PANanalytical EMPYREAN” mnpu crnemyrommx
ycnoBusx cbeMku: Goniometer = Theta/Theta; Minimum step size 2Theta:0.0001; Minimum step
size  Omega:0.0001; Sample stage = Reflection-transmission spinner; Minimum step size
Phi:0.1; Diffractometer system = EMPYREAN

Start Position [°20]: 5.0117
End Position [°20]: 69.9857
Step Size [°20]: 0.0130
Measurement Temperature [°C]: 25.00
Anode Material: Cu
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K-Alphal [A]:
K-Alpha2 [A]:

K-Beta [A]:

K-A2 / K-Al Ratio:
Generator Settings:

Ha pwuc.2 nokasana nudpaxkrorpamma obOpasua
IUGPaKTOrpaMMbl B CIIEKTPE MPUCYTCTBYIOT B OCHOBHOM JIMHHH,

1.54060
1.54443
1.39225
0.50000
40 mA, 40 kV

«Ata yaii 0-5 mm». Kak Bugno wus
MpUHAAJIeKAITe KapOoHATy

kaibimst (d = 3.03313, 2.28122 u np.) u okcuny kpemuus (d = 3.34313, 4.26015 u ap.).

Intensity (counts)
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Puc.2 Jlugppaxmoepamma obpasya Ama uaii, 0-5 mm

Pe3ynbTaThl aHa M3a MOATBEPIKICHBI CXOAUMOCTBIO IITPUXAUATPAMM aHATH3UPYEMOTO M
cTaHJapTHBIX 00pa3noB (Puc.3).

Pk List

Lh .

- T 02O A0

Position [* 23] (Copper fCul

Puc.3 [Impuxouacpammol auaiu3upyemoco u JMaioHHbIX 00pasyos
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Intensity (counts)

11o060p npupoornvix HanorHumenet 015 acgharbmooemona

Atacay cayxanasi
Atacay karxanasi 5-15
Atacay karxanasi 15-25

14400 — Gil-gi cay (1)
Gil-Gil cay (2)
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Puc.4 [ugppaxmoepammer 6cex o6pazyos, ykaswvi8aowux Ha cxoocmeo u
Pasnuuls 8 COOepAHCanult OCHOGHLIX (a3

Takum ke 00pa3oM OBUTH MPOBEICHBI AHATU3BI CPEAHHUX NPOO OCTAIBLHBIX 00pa3ioB. s
JYYIIET0 BOCHPUATHUS CXOJCTBA U Pa3HHIIBI (Pa30BOro cocraBa oOpa3loB Ha puc.4 MpUBEICHBI
COBMEIIEHHBIC AU (PAKTOrpaMMBbI IIPOAHAITU3UPOBAHHBIX 00PA3IIOB.

Ananu3 audpakTorpaMM IOKaszall, YTO OCHOBHYIO MaccCy OOpa3IlOB COCTaBISIOT KapOOHAT
KaJIbIMS U OKcUJ kpemHusi. Hanbosbiiee komudecTBo kKapOoHaTa KaJbIMs OOHApy)eHO B oOpasiie
I'unb-rune vaiti-1 ~73%, Hammensblee — B oOpasie ['wib-ruiab yait-2. B o6pasne I'uinb-runp vaii-2
coJiep;KaHue KBaplia BbIlIE, yeM KapOoHaTa KaJlbliks, B TO BpeMs KaK BO BCEX OCTaJbHBIX 00pa3lax,
KapOOHAT KaJIbIUs IPEBAIUPYET HaJl OKCUIOM KPEMHUS U COZIep)KaHHe ero HaxOJUTCs B Ipeaenax
63-73%. Kpome Toro, B obpasne ['mib-runbp 4aii-2 B BHIE OTACTBHON (ha3bl OOHAPYKHBAETCS
aJIbOMUT, OTCYTCTBYIOIIMH B APYIHX 00pa3lax.

Pe3ynbTaThl aHamM30B yKa3bIBAalOT Ha TO, YTO MCCJIEIOBaHHBIE 00paslibl (3a MCKIIIOUEHUEM
'unb-rwiip 4aii-2) MoOryT OBITh HCHOJBb30BAaHBl B KaueCTBE HAIMOJHUTENEH K acgaibTOOETOHY,
MTOCKOJIbKY KapOOHAThI KaJbIHs SIBJISIFOTCS LIEHHBIMH JI00aBKaMu B acpasibTOOETOHBI [5].

BoiBOaBI.

1. OmpeneneH »neMeHTHbIM U (a30BbI cocTaB 00pa3loB II€OHS, MPUTOTOBICHHOIO U3
peuHoro rpasus Ata yail 1 ['mnb-I"'viib vaii.

2. OOpa3mel medHs ¢ pekn ATa-yail U oOpasen [ 'miab-Twib 4aii-1 cOCTOSAT B OCHOBHOM W3
kapOoHara kaneius (10 73%, Macc.) W OKCHJIa KPEMHHS U MOTYT ObITh HCIOJIb30BAHBI B
KaueCTBE HAMOJHUTENS K ac(haabTOOETOHY.
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XULASO
ASFALT-BETON UCUN TOBii QATQILARIN SECiLI\/!BSi
Abbasov V.M., Mammadov S.A., Quliyev A.D., Safarli Q.1.,

Agar sozlar: gatqi, asfalt-beton, tabii minerallar, kalsium karbonat

Asfalt-betona gatqi kimi tobii minerallar — Gilgilcay vo Atacaydan gotiiriilmiis ¢ingil niimunalori
tadqiq olunmusdur. Fiziki-kimyovi analiz metodlar1 ilo miioyyon olunmusdur ki, niimunaler osason kalsium
karbonat vo silisium oksiddon ibarat olub va gatqi kimi istifado oluna bilor. Atagay vo Gilgil¢ay cayindan
gotiiriilmiis ¢inqil niimunaloarinin elementar vo faza torkibi miioyyan edilmigdir. Atagaydan ¢ingil niimunalari
va Gilgilgay-1 niimunasi asason kalsium karbonatindan (73%-o qodor kiitloden ibarstdir) vo silikon oksidi
asfalt beton {i¢iin bir doldurucu kimi istifads edils bilar.

SUMMARY
SELECTION OF NATURAL FILLERS FOR ASPHALT CONCRETE
Abbasov V.M., Mammadov S.A4., Guliyev A.D., Safarli G.I.

Key words: filler, asphalt concrete, natural minerals, calcium carbonate

Natural minerals — samples of river gravel from the Gilgilchay river and the Atachay river as fillers in
asphalt concrete are investigated. By physic-chemical methods of the analysis it is established that samples
consist generally of a calcium carbonate and silicium oxide and can be used as fillers. Determined the
elemental and phase composition of the samples of gravel made from river gravel Atachay and GilGilchay
river. Samples of crushed stone from the Atachai river and the Gilgilchai-1 sample consist mainly of calcium
carbonate (up to 73%, wt.) and silicon oxide and can be used as a filler to asphalt concrete.

Daxilolma tarixi: [lkin variant 01.03.2019
Son variant 25.09.2019
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PEHTTEHOTPA®UYECKOE UCCJIEJOBAHUE BUHAPHBIX [IUHK-
ME/b, XPOM-MEJb U IIEPUII-MEIb OKCUIHBIX CUCTEM

1MAMEI[OBA CAJIMMA T'YCEMH rb13b1
’ATHEB BATU® JIAYUH orJry
Asepbatioscanckuti cocyoapcmeentslil yHugepcumem Hedpmu u npomsiutienHocmu, baxy, Azepbaiioscan
1- ouccepmanm, 2-npogheccop
vagif_bagiev@yahoo.com

Knwouesvie cnoea: peumeenoghazosviil ananus, Ouxapuvie KAmauuzamopsl, OKUCH Medu, meepovle
pacmeopbul, XumMuieckue coeOUHeHuUsl.

BBenenue. Panee Hamu ObUTO MMOKAa3aHO, YTO ATAHOJ C BBHICOKOW KOHBEPCHUEH MpEeBpaIlacTCs
B TaKHe MPOJYKThl KaK YKCYCHasi KHCJIOTa, YKCYCHBIM allbJeru]] alleToH U JAp. Ha psjae OMHApHBIX
Meabcoaepkamux Karanuzatopax[1-3]. IlokasaHo, 4To HampaBi€HHME peakUuu IPEeBpaIICHUS
ATaHOJa 3aBUCUT KaK OT TEMIEPATyphl peakluu, TaK U OT COCTaBa KaTalau3aTopa MeIbCOAEPKAIIUX
KaTaJM3aToOpoB. IJTO MOXKET OBITh OOYCIOBIEHO HW3MEHEHHEM (a30BOr0 cOCTaBa OWHAPHBIX
MeAbCOJEPKAIIUX KaTaau3aTopoB. B cBs3u ¢ 3TUM B JaHHOW paboTe HaMu OBUIO MPOBEIEHO
pEeHTreHOTpaguIecKoe UCCIeIOBAaHHE OMHAPHBIX MEIbCOEPKAIIUX KaTAIN3aTOPOB.

MeTtoauka 3kcnepuMeHTa. MenbOKCUIHbIE KAaTAIU3aTOPhl TOTOBUIN CMELICHUEM BOIHBIX
pPacTBOPOB a30THOKHUCIIBIX COJIEH Meau, IIMHKA, XpoMa U 1iepusd. [lomydeHHbI MaTO4HbII pacTBOp
BEITIAPUBATU M BhICymuBaimu npu temreparype 100°C, mocie dero mepeHocuian B GapdopoByro
yamky v npokanuBanu npu temneparype 200-300°C 10 mosHOro BBIAEIEHUS OKCHUIOB a30Ta.
[Tocne aToro karanuzaTop npokainusaiu npu tremuneparype 550°C B teuenue 10 yacos.

Takum obOpazom, B kaxkaoi katanutudeckon cucteme Zn-Cu-O, Cr-Cu-O u Ce-Cu-O Obuiu
MPUTOTOBIIEHB! 9 00pa3llOB B pPAa3IMYHBIX COOTHOIICHHUSX KOMITOHEHTOB, Y/IOBJIETBOPSIOUINX
CIIEAYIOIIUM YCIOBHUSM:

MA/NB, rae A-Zn, Cr u Ce; B-Cu; m, n =1-9; m+n =10.

Pentrenorpaguueckue ucciaeoBaHus ObUIM IMPOBEIEHBl HA aBTOMATHYECKOM IOPOIIKOBOM
mudpaxtomerpe «D2 Phaser» ¢pupmsl «Bruker» (CuK-uznyuenue, Ni-punbtp, 5<26>75°).

PesyabTarhel M uX o00cy:kaeHue. Pe3ynbTaThl peHTIEHOTpapUUECKUX HCCIET0BaHUN
nokasainu, 9to B cucrteme Zn -Cu- O obpasyrores nse daszsli: ZnO u CuO, kpucramiorpadpudeckue
XapaKTepUCTUKH KOTOPBIX, MpeacTaBieHbl B Tabmuue 1. Ha pucynke 1 mpencraBieHbl
TUPaKIMOHHbIE KapTHUHBI BCEX JIEBATH COOTHolIeHUH Zn/Cu coOpaHHBIX BMecTe. B Hauane u B
KOHIIE A3THUX JU(PPAKIMOHHBIX KApTHH Takke mnpenactaBieHbl okcuasl ZnO u CuO. AHanu3sl
PEHTTeHOTPaMM TIOKa3bIBAIOT, YTO BCE OOpa3Ibl COCTOAT M3 Tpex (a3 M BO BCEX COXpaHIETCs
IPOIIEHTHOE COOTHOIIEHHE KOMIIOHEHTOB, Y€MY CBHJIETEIBCTBYET 3aKOHOMEPHOE H3MEHEHHE
WHTEHCUBHOCTEH peduiekcoB Ha TU(PAKIIMOHHBIX KAPTHHKAX.

UccnenoBanus cuctembl Ce—Cu—O moka3zanu, uro kpome cootHomienus Ce/Cu=1/9 Bo Bcex
cootHomeHusx obpasyrorcss CeO, u CuO. Ilpu coornomennn Ce/Cu-1/9 obpasyercs CeO, u
anemeHTapubiii Cu. Kpucramnorpadguueckue XapakTepUCTUKU TOJYYEHHBIX (a3 MPUBOIATCS B
Tabimme 1.

Ananu3 U uHTepnperanys IudpakiuuoHHbIX KapTuH B cucteme Cr -Cu- O mokasai, 4To BO
Bcex cooTHomeHUs X (mCr/nCu) obOpasisl coctoar u3 Ttpex ¢a3, a umeHHo m3 Cry0z, CuO u
CuCr,0,.
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Taonuua 1.
Kpucmannoepaghuueckue xapakmepucmuxu a3z, obpasyrowuxcsa
6 Zn-Cu-0, Cr-Cu-0 u Ce-Cu-O cucmemax
IIpoctpanct ITapameTpsl pelreTku Z
Coenumne- poctp P PbLp ' JIutepa-
CuHroHus BEHHAas YHCII0
HHUE a, A B, A c, A Yroi, Typa
rpynmna MOJICKYIT
I'excaro-
Zn0O P6smc 3.248 - 5.204 - 2 4
HaJabHasg
Momno-
CuO Cc 4,692 3.428 5.137 99.54 4 5
KJIMHHAS
Pom6os1- =
Cr,0; A R3c 4.960 - 13.59 - 6 6
puyeckas
Tetparo- —
CuCr,0 P 172d 6.04 - 7.78 - 4 7
HaJIbHAS
PomOu- =
CeO, Fm3m 5411 - - - 4 8
yeckas.
9000—3 1 CuO.raw (Strip ka2) (Y-Offset)
i 1 Zn_Cu_1_9_25052017.raw (Strip ka2) (Y-Offset)
3 1 Zn_Cu_2_8_25052017.raw (Strip ka2) (Y-Offset)
] | Zn_Cu_3_7_25052017.raw (Strip ka2) (Y-Offset)
80003 | Zn_Cu_4_6_25052017.raw (Strip ko2) (Y-Offset)
] 1 Zn_Cu_5_5_25052017.raw (Strip ka2) (Y-Offset)
] 1 Zn_Cu_6_4 26052017 raw (Strip ka2) (Y-Offset)
1 2Zn_Cu_7_3_26052017.raw (Strip ka2) (Y-Offset)
70002 1 Zn_Cu_8 2 26052017.raw (Strip ko2) (Y-Offset)
3 1 Zn_Cu_9_1_26052017.raw (Strip ka2) (Y-Offset)
] ] ZnO.raw (Strip ka2)
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Puc. 1. Jugppaxmoepammupi oxcuoo6 yunka u meou, a maxaice ecex oessimu Zn-Cu-0 kamanuzamopoa.
I- (Zn/Cu=9/1), Il - (Zn/Cu=8/2), Il - (Zn/Cu=7/3), IV- (Zn/Cu=6/4), V- (Zn/Cu=5/5),

Ha pucynke 2 mpencTaBieHbl pPeHTTEHOTpaMMBI Bcex HeBsATH cooTHomeHud (mCr/nCu),
coOpanHbIe BMecTe. [ CpaBHUTEILHOTO aHAJM3a B HAvaje W B KOHIIC ITUX JU(PPAKITHOHHBIX
Cr;0; m CuO. AHamu3 peHTIeHOTrpaMM
MTOKAa3bIBAET, UTO BCE 00pasIbl COCTOAT U3 IBYX (a3, a mmeHHo u3 CryOsu CuO. Bo Bcex obOpasiax
COXpaHSIETCS TPOIEHTHOE COOTHOIICHHE KOMIIOHEHTOB, Y€MYy CBHUJETEIHCTBYET 3aKOHOMEPHOE

KapTUH TaKKC MPCACTABIICHbI

2Theta (Coupled TwoTheta/Theta) WL=1.54060

VI - (Zn/Cu=4/6), VII - (Zn/Cu=3/7), VIII - (Zn/Cu=2/8), IX - (Zn/Cu=1/9)

PCHTICHOI'PAMMBI

M3MEHEHNE UHTEHCUBHOCTEH pediiekcoB Ha JUPPAKIIMOHHBIX KapTHHKAX.
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Penmeenoepaguuecrkoe uccredosarue bunapHvlx YuHK-meob, Xpom-meodsb
U yepuii-medb OKCUOHBIX CUCTNEM

Cr_Cu__1_9_17082017.raw (Strip ka2) (Y-Offset)
400 0_ Cr_Cu__2_8_17082017.raw (Strip ka2) (Y-Offset)
] Cr_Cu__3_7_17082017.raw (Strip ka2) (Y-Offset)
Cr_Cu__4_6_17082017.raw (Strip ka2) (Y-Offset)
Cr_Cu__5_5_17082017.raw (Strip ka2) (Y-Offset)
Cr_Cu__6_4_17082017.raw (Strip ka2) (Y-Offset)
Cr_Cu__7_3_17082017.raw (Strip ka2) (Y-Offset)
Cr_Cu__8_2_17082017.raw (Strip ka2) (Y-Offset)
Cr_Cu__9_1_17082017.raw (Strip ka2) (Y-Offset)
Cr203.raw (Strip ka2)
CuO.raw (Strip ka2) (X-Offset) (Y-Offset)
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2Theta (Coupled TwoTheta/Theta) WL=1.54060

Puc. 2. Jlugppaxmozepammsi oxcudos xpoma u meou, a maxdice ecex doessimu Cr-CU-O kamanuzamopos.
I- (Cr/Cu=9/1), I - (Cr/Cu=8/2), lll - (Cr/Cu=7/3), IV- Cr/Cu=6/4), V- (Cr/Cu=5/5),
VI - (Cr/Cu=4/6), VIl - (Cr/Cu=3/7), VIII - (Cr/Cu=2/8), IX- (Cr/Cu=1/9)

Obpasyronmmecs B cucreMe Ce—Cu—O ¢a3bl npuBeieHs! B TabuIe 2.
Tabauuya 2.
Dasvl, obpazyrowuecs: 6 cucmeme Ce-Cu-0.

CooTHOIIeHHE KOMITOHEHTOB O6pazyrommecs: azbl

1Ce-9Cu CeO,u Cu

2 Ce—8Cu CeO, u CuO
3Ce—-7Cu CeO, u CuO
4 Ce—-6Cu CeO, u CuO
5Ce-5Cu CeO, u CuO
6 Ce —4Cu CeO, u CuO
7 Ce—-3Cu CeO, u CuO
8 Ce-2Cu CeO, u CuO
9Ce-1Cu CeO, u CuO

Ha pucynke 3 npuBoasTcs nudpakiroHHble KapTHHBI BeeX eBSITH cooTHomeHui (mCe/nCu)
coOpaHHBIX BMecTe. B Hauane M B KOHIE ATUX AU(DPAKIMOHHBIX KapTHUH TAKKE IPEICTaBIICHBI
pertrenorpammsl CeO;, u CuO.
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| Ce_Cu_1_9_30052017.raw (Strip ka2) (Y-Offset)
| Ce_Cu_2 8 30052017.raw (Strip ka2) (Y-Offset)
] Ce_Cu_3 7 30052017.raw (Strip ka2) (Y-Offset)
| Ce_Cu_4_6_30052017.raw (Strip ka2) (Y-Offset)
| Ce_Cu_5_ 5 26052017.raw (Strip ka2) (Y-Offset)
] Ce_Cu_6_4_30052017.raw (Strip ka2) (Y-Offset)
| Ce_Cu_7_3_30052017.raw (Strip ka2) (Y-Offset)
] Ce_Cu_8 2 30052017.raw (Strip ka2) (Y-Offset)
] Ce_Cu_9 1_30052017.raw (Strip ka2) (Y-Offset)
] CeO2raw (Strip ka2)

] CuO.raw (Strip ka2) (Y-Offset)
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2Theta (Coupled TwoTheta/Theta) WL=1.54060

Puc.3. Judppaxmoepammsl okcudos yepus u meou, a makxce scex oegamu Ce-Cu-O kamanuzamopos.
I- (Ce/Cu=9/1), Il - (Ce/Cu=8/2), lll - (Ce/Cu=7/3), IV- Ce/Cu=6/4), V- (Ce/Cu=5/5),
VI - (Ce/Cu=4/6),VII - (Ce/Cu=3/7), VIII - (Ce/Cu=2/8), IX- (Ce/Cu=1/9)

Tabauua 3.
Kpucmannuunocms 0bpaszyoe 6 cucmemax Zn -Cu- O, Cr -Cu- O u Ce -Cu- O.

Cucrema Kpucran- Cucrema Kpucran- Cucrema Kpucran-
Zn-Cu-O JIMYHOCTD, % Cr-Cu-O JIMYHOCTD, % Ce-Cu-O JIMIHOCTH, %
1Zn-9Cu 42.9 1Cr-9Cu 41.6 1Ce-9Cu 66.7
2Zn-8Cu 43.9 2Cr-8Cu 41.9 2Ce-8Cu 59.1
3Zn-7Cu 54.9 3Cr-7Cu 50.2 3Ce-7Cu 63.00
47Zn-6Cu 44.2 4Cr-6Cu 57.3 4Ce-6Cu 52.7
57n-5Cu 71.3 5Cr-5Cu 64.4 5Ce-5Cu 62.5
6Zn-4Cu 75.3 6Cr-4Cu 67.1 6Ce-4Cu 70.4
7Zn-3Cu 78.1 7Cr-3Cu 69.7 7Ce-3Cu 67.9
8Zn-2Cu 81.3 8Cr-2Cu 73.3 8Ce-2Cu 64.6
9Zn-1Cu 93.8 9Cr-1Cu 71.2 9Ce-1Cu 71.2

Hamu Taxoke no nmporpamme DIFFRAC.EVA na npu6ope «D2 Phaser» paccunTaHbl cTeleHH
KPUCTANIMYHOCTH Bcex oOpazyromuxcs (a3, pe3yabTaTbl KOTOPBIX IpPEJICTaBIEeHbI B Tabmuie 3.
Kak BumHo u3 tabmuubl 3, kpuctaumyHocTh Zn -CU -O u Ce -Cu- O cuctem NmpakTUYECKH HE
MEHSIETCS ¢ M3MEHEHHeM cocTaBa, B TO Bpems kak mius Cr -Cu- O cucreMbl KPUCTAJUTMYHOCTD
cHkaercs ot 79,2% na odpasme 1Cr - 9Cu no 62% Ha obpasie 9Cr - 1Cu

BoiBoabl. Takum o00pa3oM Ha OCHOBaHMHM MPOBEICHHBIX PEHTreHOrpaduuecKux
UCCIIEIOBAaHUM MOKHO CKa3aTh YTO B IUHK-ME€Ib OKCHUIHOW cucTeMe 00pasyroTcs (a3bl OKCHAOB
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Penmeenoepagpuueckoe uccnedosanue OuHapHvlx yunK-meosb, Xpom-meosb
U yepuii-meob OKCUOHBIX CUCEM

Zn0O u CuO, a xpoM-MeJb OKCHJHAS CHCTEMa COCTOUT U3 Tpex ¢a3, a umeHHo u3 CryO3, CuO u
CuCr;0,4. B ciydae nepuii-mMeib OKCHIHON CHCTEMBI IOMHUMO OKCHUIOB ILIEpHUSI U MEAW B 00pasmax
TakKe HaOJo1aeTcst 00pasoBanHue Ga3bl METAUIMYSCKON METH.
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XULASO
BINAR SINK-MIS, XROM-MiS VO SERIUM-MIS OKSID SISTEMLORININ
RENTGENOQRAFIK TODQIQi
Maommadova S.H., Bagiyev V.L.

Acar sozlor: rentgenfaza analizi, binar katalizatorlar, mis oksid, bark mahlullar, kimyavi birlogmalor.

Binar mis Kkatalizatorlarinin rentgen todqiqatlar1 aparilmigsdir. Miioyyon edilmisdir ki, Zn—Cu-O
sisteminda biitiin niimunalards iki faza miisahido olunur: ZnO vo CuO. Cr-Cu-O sisteminin niimunalarinin
rentgenoqrammalarinin tohlili géstarir ki, bu sistem niimunalorinds fordi oksidlori Cr203, CuO va kimyovi
birlosma CuCr204 yaranir. Ce—Cu—O sisteminda Ce: Cu-1:9 niimunasindon basqa, biitiin diger katalizator
ti¢tin CeO2 va CuO fazalari amala galir. Cu-1:9 niimunasinin tarkibinds CeO2 va CuO-nun fardi oksidlari va
eloca do elementar mis fazasi vardir.

SUMMARY
X-RAY STUDY OF BINARY ZINC-COPPER, CHROMIUM-COPPER
AND CERIUM-COPPER OXIDE SYSTEMS
Mammadova S.H., Baghiyev V.L.

Key words: X-ray phase analysis, binary catalysts, copper oxide, solid solutions, chemical

compounds.

X-ray studies of binary copper catalysts were carried out. It is established that in all samples of
Zn—Cu-O system, two phases are observed: ZnO and CuO. Analysis of the X-ray patterns of the
Cr—Cu-0 system showed that individual oxides of Cr,0; and CuO, as well as the chemical compound
CuCr,0Qq,, are formed in the samples of this system. In the Ce—Cu-O system, in addition to the sample of
Ce:Cu-1:9, CeO2 and CuO are formed for all other ratios. In the composition of the sample: Cu-1:9 there are
both individual oxides of CeO2 and CuO, as well as the phase of elemental copper.

Daxilolma tarixi: [lkin variant 04.12.2018
Son variant 25.09.2019
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AZORBAYCAN NEFTLORINDON MUHORRIK BAZA YAGLARININ
ALINMASI YOLLARI

ABDULLAYEYV SONAN ELMAR oglu
AMEA akademik Y.H Mammadbaliyev adina Neft-Kimya Proseslori Institutu, Baki, Azorbaycan
t.e.n., boyiik elmi is¢i

lab.21@mail.ru

Agar sozlar: ozliiliik, ozliiliik indeksi, ozliiliik asqari, sixlq, donma temperaturu

Mbaqgalada Azarbaycanmin naften asash va azparafinli neftlorindan tic miixtalif torkibli miiharrik yag
distillatr ayrilmus, tursu-qalavi-kontakt tisulu ilo aromatik karbohidrogenlordon 8-9%-a qadar tomizlonmis,
xassasi tadqiq edilmakla, ozliiliik indeksindan basqa, biitiin gostoricilori miihorrik baza yaglarina olan
talabata (I'OCT 9490-75) cavab vermigdir. Baza yaglarina ozliiliik asqart (Viscoplex 2-670 va [llenguc 50)
alava edilmaklo, bu géstorici 66,6-dan 94,0-a godor artmisdir. Asqar alava edildikdon sonra yagin
oksidlagsmaya qarsi davamlilig: 0,18-0,32% haddinda olmusdur (talobat <0,5-dir).

Giris. Hoalo iyirminci asrin ortalarinda Balaxani, Binogoadi vo Neft Daslar1 neftlorindon alinan
yag fraksiyalarint selektiv tomizloyib parafinsizlogdirdikdon sonra alinan baza yaglari Avropa
bazarlarinda yiiksok qiymotlondirilirdi. [1-3]

Baki neft yataglarindan ¢ixarilan naften osasl neftlordon ayrilan yag distillatlar1 asagi vo orta
ozliiliik indeksina malik olsalar da, yaxs1 yuyuculuq gabiliyyatine, asag1 donma temperaturuna vo
oksidlogsmoyas qarsi yliksok stabilliyo malikdir.

Ozliiliik indeksi gdstaricisine gdra bu yaglar dérd qrupa boliiniir: asag ozliiliik indeksli (50-
don asag1), orta ozliiliik indeksli (50-93), yiiksok 6zliiliikk indeksli (93-115) vo ¢ox yiiksok ozliiliik
indeksli (>115). [1]

Hazirda respublikamizin emal zavodunda selektiv tomizlomo vo parafinsizlosma qurgulari
foaliyyoto yararsiz halda oldugu ii¢lin tursu-golovi-kontakt {isulundan istifade etmokls,
transformator vo turbin yaglarinin istehsali miimkiindiir. Tursu-golovi-kontakt tisulu ilo istehsal
olunan turbin yaglar1 bazi gostoricilorine géro mitharrik baza yaglarina olan tolobata cavab versa do,
osas gostaricilori (6zliilikk indeksi, oksidlosmoyoa qarst davamliligr vo s.) asagidir. Bu gostaricilorin
tolobata uygun soviyyoya catdirmagin bir yolu da, hamin yaglara yiiksok indeksli sintetik yaglarin
olavo edilmoasidir, baxmayaraq ki, bu halda yagin maya doyeri xeyli yiiksolir. Ozliiliikk indeksinin
artirmagin bir yolu da, zliiliikk asqarlarindan istifade etmokdir.

Son illor 6zliiliik indeksini artirmaq {igiin istifado edilon proseslorden biri d9, hidrokreking
prosesidir. Rusiya Federasiyasinda yiiksok 6zliiliik indeksli yag istehsali ii¢lin bu prosesdon genis
istifado edilir. [4-7]

Hidrokreking prosesi ke¢mokls baza yaglarinin 6zliiliik indeksini 130-150 haddins ¢atdirmaq
olur. Bu soviyyada o6zliiliik indeksi olan miihorrik baza yaglari almaq Tlgiin istifado olunan
xammalin torkibindo aromatik karbohidrogenlorin miqdar1 20%-don ¢ox olmamagqla, parafinli
neftlordon ayrilmig 340-560°C-dos qaynayan fraksiyalardan istifado edilmolidir.

Bu yolla alinan miiharrik baza yaglarina keyfiyyotli vo diizgiin torkibdo asqarlar paketi
se¢moklo ¢ox yiiksokkeyfiyyatli miihorrik yaglari almaq miimkiindiir. [8]

Masalonin qoyulusu. Mogalods qarsiya qoyulan mogsad, naften osasli Baki neftlorindon
almmis asag oOzliilik indeksli yag distillatlarina, yiiksok 0zliiliik indeksli komponentlordon
(ITAOM-4, TTAOM-12, MC-20) vo ozliilik asqarlarindan (Viscoplex 2-570, IlenBuc 50) olavo
etmoklo, yliksok ozliiliik indeksli baza miihorrik yaglarinin alinmasindan ibaratdir.
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Hoalli iisullari. Molumdur ki, asag1 ozliilik indeksli baza yaglarina yiiksok ozliililye malik
sintetik yaglar olavo etmoklo, baza yaginin 6zliilikk indeksini 100-o godor artirmaq olur, baxmayaraq
ki, bu yolla alman baza yaginin maya doyari yiiksok olur. Alinmis baza yagina asqarlar paketi
segmoklo, tolobata cavab veron miihorrik yaglar1 almaq olar.

Miiasir soraitdo miiharrik baza yaglarinin keyfiyyotino cox yiiksok tolobatlar qoyulmusdur.
Amerikanin Neft Institutunda (API) baza yagina qoyulmus tolobata géra, yagin torkibinde doymus
karbohidrogenlorin migdar1 >90% olmalidir.

Nozoro alsaq ki, yag istehsali iigiin keyfiyyetli sayilan Balaxani neftindon alinan yaglarda
aromatik karbohidrogenlorin midqar1 20-23%-dir, onda homin fraksiyalardan miihorrik baza yagi
almagq ti¢lin, onun torkibinds olan aromatik karbohidrogenlorin migdarin1 10%-don asag1 saxlamaq
lazimdir. Bunun ii¢iin tursu-golovi-kontakt {isulundan istifads edilmisdir. Se¢ilmis optimal soraitdo
70-75% ciximla, torkibindo 8-9% aromatik, 91-92% doymus karbohidrogenlar olan yag distillati
almaq miimkiin olmusdur.

Tursu-golovi-kontakt {isulu ilo alinmis baza yaginin fiziki-kimyovi xassolori coadval 1-do
verilmigdir.

Cadval 1.
Baki neftlorindon alinmis, aromatiksizlagsmis komponentlorin géstoricilori.
Gostaricilor Torkib 1 Torkib 2 Torkib 3

1. Sixlig, 20°C-do, kg/m’ 874,9 887,8 883,2
2. Kinematik dzliiliik, mm?/s:

100°C-do 7,6 16,27 8,72

40°C-do 67,2 225,0 25,69
3. Ozliiliik indeksi 67 65 63,6
4. Donma temperaturu, °C -28 -10 -25
5. Tursu adadi, mg KOH/q yOX 0,02 YOX
6. Qaynama haddi, °C:

g.b. 251 298 251

50% 408 -

q.s. (93%) 448 522 522
7. Kokslasma, % 0,04 0,04
8. Kiilliiliik, % yOX YOX yOX
9. Kiikiirdiin miqdari, % 0,08 0,04 0,08

Torkib 1 — Balaxani neftindan alinan baza yag komponenti;
Torkib 2 — Baki azparafinli neft qarisigindan alinan baza yag komponenti;
Torkib 3 — Balaxani baza yag komponenti (80%) + azparafinli baza yag komponenti (20%,).

Cadval 1-don goriindiiyti kimi, todqigat ii¢iin ti¢ mixtolif yag§ komponentindon istifado
edilmisdir. Bu yaglarda, 100°C-ds 6zliiliiytii 7,6-16,27 mmz/s, oOzliiliik indekslori isa 65-67 arasinda
doyisir, yoni yaglar orta Ozliiliikk indeksino malikdir. Aromatiksizlosmis yag komponentlorinin
karbohidrogen torkibi (doymus karbohidrogenlor 91-92%, aromatiklor iso 8-9%) tolobata cavab
verso do, yagin Ozlilik indeksini vo 100°C-do ozliiliiylinii artirmaga ehtiyac vardir. Yag
komponentinin 6zliiliikk indeksini artirmaq Ug¢iin istifade olunan qatilagdiric1 asqarlarin va yiiksok
ozliiliik indeksino malik komponentlorin gdstoricilori asagida verilmisdir.

Lukoil Tatneft

MC-20 ITAOM-4 IMTAOM-12
100°C-da kinematik 6zliiliik, mm?/s 22,6 4,3 12,2
Ozliiliik indeksi 100 116 126
Donma temperaturu, °C -55 -55 -60

Ozliiliik asqarlarr: Viscoplex 2-670 — polimetakrilatin olefinla sopolimeri
Lleneuc 50 — hidrogenlasmis stiren-izopren konsentrati
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Bu asqar vo kompaundlarla hazirlanmig baza yaglarinin osas fiziki-kimyovi gostaricilori
cadval 2-do verilmisdir.

Cadval 2-don goriindiiyil kimi, torkib 3-o HlenBuc 50 dzliiliik asqart (8%) alave etmoklo yagin
ozlilik indeksi 66,6-dan (cadval 1) 94,2-5 qodor artmisdir. Onu da geyd etmok lazimdir ki, yagin
ozliilliikk indeksinin asqarla 92,4 hoddino ¢atdirilmast onun basqa gostoricilorine monfi tosir
etmomisdir. Viscoplex 2-670 asqart ilo bu gostriciyo 1,5% masroflo nail olmaq miimkiin olmusdur
(93%). Tarkib 1-0 10% MC-20 va 1% Viscoplex 2-670 alava etmoklo 6zliiliikk indeksi daha yiiksak
olmusdur (94).

Cadval 2.
Ozliiliik agqarinin va yiiksak indeksli komponentlarin baza yaglarimn gostaricilorina tasiri.
Gostaricilor Torkib 1 — | Torkib 1— | Torkib 1— | Torkib3— | Torkib2— | Torkib 3 —
92% + 89% + MC- 99% + 98,5% + 75% + 80% +
Iensuc 50 | 20 - 10% + | Viscoplex | Viscoplex | IIAOM-4 — | TTAOM-12
- 8% Viscoplex | 2-670— 1% 2-670 — 25% - 20%
2-670— 1% 1,5%
1. Kinematik
ozliiliik, mm?/s:
40°C 108,0 100,1 84,8 101,7 111,0 86,2
100°C 115 10,98 9,58 11,09 11,08 9,42
2. Ozliiliik indeksi 92,4 94 88 93 81 82
3'5{?{2‘6?:1/2“1’ 0,01 yOX 0,01 0,02 0,02 yOX
4. Donma 25 18 20 26 25 25
temperaturu, °C

Torkib 2 va 3-a miivafiq olaraq, 25% va 20% IIAOM-4 vo [TAOM-12 alava etmakla, ozliiliik indeksini ancaq
81-82 haddina ¢atdirmaq miimkiin olmugdur.

Natica. Beloliklo, aparilmis todqiqatlarin naticolorino asaslanaraq qeyd etmok olar ki, Baki
azparafinli vo naften osasli neftlorindon alman yag distillatinin torkibindo doymus
karbohidrogenlorin miqdart 91-92%-o (tursu-golovi-kontakt {isulu ilo) catdirilib, 6zliilik asqar
olava etmoklo, 6zliliik indeksini >90 haddino ¢atdirdigdan sonra ondan miiharrik baza yagi kimi
istifado etmok miimkiindiir.

Toklif olunan baza yaglarindan miiasir toloblora cavab veran miiharrik yaglar1 almagq tigiin iso
baza yagina uygun asqarlar paketi segmok lazimdir.
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PE3IOME
IIYTHU MOJYYEHUSA BA3OBBIX MOTOPHBIX MACEJI Y3 ASEPBAMJIKKAHCKUX HEDTEM
Aboynnaes C.3.

Knrouegwle cnosa: 6a3x0cmv, UHOEKC GA3KOCMU, 8A3KOCMHAA NPUCAOKA, NIOMHOCMb, MeMnepamypa
3aCmbl8aHUs

B crarbe mokazaHa BO3MOXHOCTH MOJYYEHHUS MacIsIHOW OCHOBBI U3 OaKMHCKUX MallonapaduHUCTHIX
He(Tell C HM3KUM W CPETHHUM YPOBHEM HHIIEKCAa BS3KOCTH, IO BCEM IIOKa3aTelsiM YIOBIETBOPSIOIINM
CTaHIapTaM Ha 0a30BBIE Macia, C COAEpP)KaHWEM apOMaTHYECKHX M HACHIIMIEHHBIX yTIEBOIOPONOB 8-9% u
91-92% macc coOTBETCTBEHHO. bbuin MccienoBanbl CBOICTBA, BCEe MOKa3aTelIH, KPOME MHJIEKCA BSI3KOCTH,
oTBevaroT TpeboBaHusIM K 6a3oBbM Maciam asuratesst (COCT 9490-75). Ilpu nobaBnennu B 6a30BbIe Macia
no6asku BsizkocTu (Buckomreke 2-670 u Lllensuc 50) aToT mokazatens yBenmuawicsa ¢ 66,6 1o 94,0. [locne
no0aBJIeHHS J00aBKH YCTOMYMBOCTH Maclia K OKuceHHio Obuia B peaenax 0,18-0,32% (cnpoc <0,5).

SUMMARY
THE WAYS OF OBTAINING ANGINE BASE OILS FROM AZERBAIJANI OIL
Abdullayev S.E.

Key words: viscosity, viscosity index, viscosity additive, density, pour point

The article shows the possibility of obtaining an oil base from Baku low-paraffin oils with low and
medium viscosity index, all indicators meet the standards for base oils, with the content of aromatic and
saturated hydrocarbons 8-9% and 91-92% by weight, respectively. The properties were investigated, all
indicators, except the viscosity index, meet the requirements for engine base oils (GOST 9490-75). When
adding a viscosity additive to the base oils (Viscoplex 2-670 and Shelvis 50), this figure increased from 66.6
to 94.0. After adding the additive, the oxidation stability of the oil was in the range of 0.18-0.32% (demand <0.5).
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Agar sozlar: o-monoxlor gliserin, propantriol, xlor atomu, metakril tursusu, diglisid efiri, epoksid
qatrani, epoksi(met)akrilat oliqoefirlori, modifikator.

Miiasir dovrdo polimer materiallarin istehsalinin inkisafi, kompleks xassolors malik yeni
polimerlorin alinmasiyla yanasi, anonavi movcud polimerlordon daha somorali istifado yollarnin
axtarilmasi meyillorinin artmasi ilo xarakterizs olunur.

Bu istigamotdo iso polimerlorin fiziki vo kimyoavi qurulusunun modifikasiya olunmasina daha
cox Ustilinliik verilir vo naticads qiymatli xassalora malik materiallarin alinmasina nail olunur.

Son zamanlar epoksid gatranlar1 asasinda epoksioliqomerlordon vo doymamis oliqoefirlordon
termoreaktiv kompozisiya materiallarinin alinmasi sahosindo goriilon elmi islor bu istigamoatdo
aparilan elmi todqiqatlara vo totbiqi isloro maragr xeyli artirmisdir. Bu baximdan, oliqomer
birlosmalorin doyismasilo onlarin sonraki homopolimerlosmasi vo yaxud {g¢dlcili tikilmo
strukturunda, xiisusilo do garsiliglt niifuzetms torunda sopolimerlogsmasi perspektivli modifikasiya
metodlarindan sayilir [1-3].

Epoksiakrilat oliqoefirlorinin miixtolif epoksid oliqomerlari ilo garismasi siisoplastiklor {li¢iin
olagalondiricilorin vo digor maye fazali kompozisiyalarin, tokmo vo hopdurucu torkiblorin genis
diapazon intervalinda  Ozliiliiyiinin, borkidilmis  halda  fiziki-mexaniki  xassolorinin
yaxsilasdirilmasini, onlarin totbiq sahalorinin genislondirilmasini tonzimlomoys imkan verir.

Molumdur ki, foto- vo ultrabondvsoyi siialara hassas komponentlor vo epoksid qatraninin
modifikatoru kimi torkibindo (met)akrilat fragmenti olan akrilatlar daha genis totbiqo malikdirlor.
Onlarin asag1 6zlililyo malik plastifikatorlar vo yiiksok reaksiyayagirmo qabiliyyotli modifikatorlar
kimi istifade edilmasi yiiksok elastikliys, adgeziyaya vo zorbays davamli polimer materiallarinin
alimmasma zomin yaradir. Modifikator xassosino malik miirokkab efir fragmenti saxlayan
kompozisiyalar adoton, kimyovi strukturlasma zamani epoksid qatraninin molekulu ilo olaqoys
girmir vo naticodo do, alinan materiallarin bozi gostoricilorinin, asason do uzun miiddatli istismari
zamani pislogmasing vo xassalarinin sabitliyinin azalmasina sabob olur.

Miiasir dovriin toloblorino cavab veron, xiisusi toyinatli, kompleks xassoloro malik, o
cimlodon odadavamli vo bioloji foal polimerlorin alinmasi vo onlarin sintezi prosesinin kinetik
ganunauygunluglarinin 6yronilmosi dovriin aktual mosalolorindon biridir. Bu ndqteyi nozordon
torkibinds xlor atomu saxlayan oliqoefir metakrilatlar hom elmi, ham do praktiki cohotdon maraq
dogurur. Bu birlosmalarin torkibinde xlor atomunun olmasi homin maddslorin antipirenlor kimi
istifado olunmasina, epoksid qrupunun metakril fragmentlari ilo birlikdo olmasi iso modifikasiya
olunan epoksid qatraninin amin vo anhidrid fragmentli barkidicilorin qarisigr ilo borkidilmasi
zamani kimyavi slaqaya girmasing sobab olur [4-6].

Toqdim olunan elmi-tadqiqat isinds torkibindos eyni vaxtda ham xlor, hom do metakrilat qrupu
olan va asanligla hom homo-, ham das sopolimerlaga bilon oliqoefirin sintezi torafimizdon hoyata
kecirilmisdir.
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Bu magsadls avvalca biomoangali yanacaqlarin istehsalinda boyiik miqdarda yan mohsul kimi
alan gliserinoe hidrogen xlorid tursusu ilo tosir etmoklo o- monoxlor gliserin (I) sintez edilmisdir:

HO HO
Y\OH + HOl ——— > :(\Cl (1)
HO

HO

Aparilan ¢oxsayli tocriibalorin noticolorindon aydin olur ki, alinan o-monoxlor gliserinin
c¢iximi istifado edilon HCI tursusunun gqatiligindan asili olaraq doyisir, mohz ona gora do,
tocriibalordo 25, 28, 36%-li xlorid tursusularindan istifado olunmusdur, 36%-li HCI tursusunun
istirakinda, 95-100°C temperatura godor qizdirdigda o-monoxlor gliserinin (I) ¢iximi 65-70%-0
godor yiiksalir.

Isimizin davamu olaraq, trifliiorborun dietilefirinin [BF30(C,Hs),] istiraki ilo sintez etdiyimiz
o-monoxlor qliserinlo  3-xlor-1,2-epoksipropanin  kondenslosmosindon monoxlor gliserinin
dixlorhidrin efiri (II) sintez olunmusdur.

Aparilan tocriibalorin naticalorinin tohlili gostormisdir ki, reaksiyan1 303-313K-do 3 saat
miiddatindo vo 3-xlor-1,2-epoksipropanin monoxlor qliserino olan molyar nisbatini 2,5:1
gotiirdiikds alinan dixlorhidrin efirinin (IT) ¢ixim1 90% toskil edir.

Sonraki morhoalads, sintez etdiyimiz xlorhidrin efirini (II) ekvimolyar nisbotdo NaOH 40%-li
mohlulu ilo 303-313K-do 2 saat miiddotindo, aseton miihitindo qarisdirmaqla o.-monoxlor gliserinin
diqlisid efiri (III) sintez edilmisdir:

OH
cl 2
HO BF30(CzHs); o NaOH (40%) )
o +2v7 cl ————— > jACI — ol
g
HO o o
cl 7
OH O

(1 (i

Epoksiakrilatlarin sonayeds genis totbiq olunmasi vo onlar asasinda yiiksak fiziki-mexaniki
xassoloro malik polimer materiallarin alinmasi epoksiakrilat oliqgomerlorinin ¢esidinin artirilmasini
aktual mosolo kimi ortaya qoyur, yeni epoksiakrilat oliqgomerlorinin alinma {isullarinin iglonib
hazirlanmasin1 6n plana ¢okir. Odur ki, torofimizdon a-monoxlor gliserinin diepoksid efiri ilo
metakril tursusunun efirlosmoasindon mono- vo diepoksi(met)akrilat oliqoefirinin alinmasinin
optimal soraiti vo kinetik ganunauygunluqlar1 6yronilmisdir.

Toqdim olunan elmi todqiqat isimizde qliserin osasinda sintez olunan qlisid efiri (III) ilo
metakril tursusunun kondenslogmasi osasinda asagida gostorilon oliqoefirlorin  sintezi hoyata
kecirilmisdir:
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Sintez olunmus birlogsmalorin (I- IV) strukturlar '"H NMR vo °C NMR spektrial analiz tisulu
ilo tosdiq edilmisdir. Birlosmolorin (I- IV) 1Q-spektrindo 1620 sm-do ikigat rabitoyos uygun golon
udulma zolaqlar1 vardir. 1180 vo 724-748 sm™-doki udulma zolaglar1 C-O-C vo C-Cl rabitolorinin
varligimi, 1715 sm™-doki xarakterik udulma zolagi iso miirokkeb efir (IV-V) grupunun karboksil
fragmentinin varligini stibut edir.

Sintez olunmus birlosmolarin 'H NMR spektrindo ilkin gotiiriilmiis xlorhidrinlorin
protonlarinin signallari ilo borabor 1,75 m.h.-do metil qrupuna, ikigat rabitonin protonlarina uygun
golon signallar vo 5,2 m.h. multiplet soklindo, miirokkob efir fragmentinin protonlarina uygun golon
4,16 m.h.-ds signallar vardir. IV birlosmanin epoksid qrupunun signallarina uygun galon 2,64-2,73
m.h. zaif intensivliys malik qrup soklinds signallar vardir.

Sintez olunmus a-monoxlor gliserinin epoksiakrilat oliqoefirin (IV) PEPA ilo barkidilmasi
prosesi do torofimizdon Oyronilmisdir. Borkimo prosesi termiki analiz lsulu ilo derivatograf
aparatinda 293-773K temperatur intervalinda yerino yetirilmisdir. Sistemin i rejimi: temperatur 1
doqigada 5°C artirilmaqgla, niimuna ¢oki 200 mgq, termoqravimetriya skala oyrisi 200 mgq,
qolvonometrin hissiyati DTA-250my, DTG-1mv, proses platin butada adi havada aparilmisdir,
ovvalca derivatoqrafda TG-oyrisi lizorindo PEPA-nin optimal soraitdo miqdar1 toyin edilmisdir,
miioyyan edilmisdir ki, oligomerin har 100 ¢oki nisbatindo 18% barkidici istifado olunur.

Tacriibi hissa.

a-Monoxlor gliserinin sintezi (1)

a-monoxlor gliserinin sintezinin optimal soraitinin islonib hazirlanmasi tigiin 25, 28, 36%-li
HCI tursusundan istifado edilmisdir. Reaksiya kolbasina 100 qr gliserin, 200 qr (36%-li) xlorid
tursusu vo 15 qr asetat tursusu tokiliir, reaksiya qarisigi avval 60-70°C-do 2-3 saat, sonra iso 90-
95°C-do 5-6 saat qizdirilir. Reaksiya basa catdigdan sonra, qarisigin fraksiyalara ayrilmasi iigiin
vakuuma verilir.

I-frak. 101-103/11mm:; I1 frak. 105-110/11mm; 11 frak. 115-180/11mm.

Fraksiyalarin torkibi torafimizdon miioyyanlasdirilir va bela naticaya golinir ki, | fraksiya HCI
mohlulu, III fraksiya reaksiyaya girmoyan qliserinin qaligi, II fraksiya iso osas maddadir (I) vo ona
gora do yenidon vakuumda qovulur: Tqay,:89-910C/5mm, n§°:1,4775, d2021,3092. Sonra xlorun
faizlo miqdar1 vo maddonin 6zliililyii toyin edilir: CI1-34%, 7 400 — 49SST. C3H;0,Cl. Cixim 78 qr
(65%).

Analoji tisullarla xlorid tursusunun digor qatiliglarinda (25% vo 28%) aparilan tocriibslordo
alinan magsadli mahsulun ¢ixim1 uygun olaraq 50 vo 58% olmusdur.

Monoxlor gliserinin dixlorhidrin efirinin sintezi (I1)

Mexaniki qarigdirici, termometr, oks-soyuducu vo damci qifi ilo tochiz olunmus {ligbogazli
reaksiya kolbasina 12 qr (0.108mol) monoxlor gliserin tokiiliir va tizorina katalizator kimi 0.3ml
BF; efiri olavo olunur. Sonra damci quifi vasitosilo reaksiya miihitine 20qr (0.217mol) epixlorhidrin
damci-damei verilir, reaksiya temperaturunun 2-3°C artmasi miisahido olunur. Temperaturun 35-
40°C-do sabit qalmasi ticiin qarisi8in buzlu su ilo soyudulmasi hoyata kegirilir. Rekasiya qarisigin
bu rejimds 3-4 saat miiddatindo garisdirmaqla proses davam etdirilir.

Tacriibe basa ¢atdiqdan sonra reaksiya mohsulu su ilo neytral miihit yaranana qader yuyulur
va toluolla ekstraksiya olunur. Alinmis tizvi hisss MgSO, iizerinds quruduldugdan sonra holledici
qovulur vo galan hisso vakuum nasosunda fraksiyalara ayrilir. Tqay_=135-1390C/9mm, n12)0=1,4760,
dZ%=1,2860. Osas madds (IT) olaraq CoH;0,4Cls. Cixim 17,6 qr (55%) toskil edir.

Monoxlor gliserinin diepoksid oliqgomerinin sintezi (111)

Reaksiya kolbasina 50 ml toluol tokiiliir vo -5°C-o godor soyudularaq {izorine 64 qr (0.21mol)
dixlorhidrin (II) slave olunur. Temperaturu sabit saxlamaqla {izorino 39 qr (45%) NaOH mohlulu
damci1 qifinin komayi ilo verilir vo 3 saat qarigdirilir. Reaksiya sona ¢atdigdan sonra su ilo neytral
mihito qodor yuyulur, toluolla ekstraksiya olunur vo MgSO, iizorindo qurudulur. Holledici
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qovuldugdan sonra osas maddo vakuumda qovulur. Tqay_:175-1800C/9mm, nlz)0=l,4770,
d29=1,2610, CgH150,4Cl. Cixim 30qr (60%) toskil edir. Epoksid ododi 31%, xlor 14,5% tapilmugdir.

a-Monoxlor qliserin asasinda epoksimetakrilat oliqgomerinin alinmasi (IV)

Mexaniki garisdirici, termometr, oks soyuducu vo damci qifi ilo tochiz olunmus lighogazl
reaksiya kolbasia 15qr (0,7mol) monoxlor gliserinin diepoksid efiri (III), 0,2ml piridin, 0,028qr
hidroxinon, 50ml toluol vo iizorino 6qr (0,07mol) tozo qovulmus metakril tursusunun 10ml
toluoldaki mohlulu damci-damci olava olunur vo reaksiyanin temperaturu 35-40°C-do saxlanilmaqla
2saat qarisdirilir. Metakril tursusu reaksiya miihitinoe verildikdon sonra, reaksiyanin temperaturu 80-
850C-y9 godor qaldirilir vo bu rejimdo reaksiya qarisigl 4-5saat qarigdirilir. Proses sona ¢atdigdan
sonra reaksiya mohsulu su ilo neytral miihito qodor yuyulur vo sonda toluolla ekstraksiya olunur.

Aliman maddo MgSO, iizerindo qurudulur vo holledici qovulur: n5°=1,4880, dZ°=1,2570,
C13H2106Cl. Cixim 16qr (75%), epoksid adadi 4.5%.

Analoji tisullarla aparilan tocriibolordo metakril tursusunun mol miqdarina goro miixtolif
¢iximlarla epoksi(met)akrilat oligomerlar1 (0.07 mol) 6qr -70%, (0.09mol) 8 gr -73% alinmisdir.

Sintez olunmus (I-IV) maddolorin IQ spektrlori «UR-20» markali spektrometrdo 4000-400
sm™ udulma zolaginda NaCl, KBr, LiF prizmalarinda alinmusdir. Niimunolor vazelin yaginda
suspenziya vo mohlullarda (CCls, CHCI3 vo s.) hazirlanmisdir. *H NMR spektrlor «Bruker-300»
(300 MHs) markali spektrometrds AVANCE sistemindo, CD3COCD3; mohlulunda ¢okilmis, daxili
standart kKimi TMS-dan istifado olunmusdur.

Sintez edilmis maddslorin Kolon xromatoqrafiyasinda ayrilmasi iiciin Al,O3 va silikageldon
istifade edilmisdir. Homin maddolerin qurulusu IQ- ve *H NMR vo **C NMR spektrlori ilo siibut
olunmusdur.

Noaticalar vo onlarin miizakirasi. Aparilan tocriibslorin naticalorinin tohlili gosterir ki, sintez
olunan o - monoxlor gliserinin ¢iximinin yiiksak olmast istifads olunan HCI tursusunun qatiligindan
vo optimal goraitinin se¢ilmasindon asilidir: Cpci=36%, T:95-1000C, T =10 saat oldugu halda ¢ixim
65-70% olur. a-monoxlor gliserinla epixlorhidrinin qarsiligl reaksiyasindan avvalca dixlorhidrin
efiri, [BF;0(C;Hs),] istirakinda, 303-313K-ds 3 saat miiddotinds sintez olunmusdur, reagentlorin
ekvimolyar nisbatlori uygun olaraq 2,5:1 gotiiriilmiis vo alinan mohsulun ¢iximi 90% toskil
etmisdir.

Alman diglisid efirinin  metakril tursusu ilo kondenslogsmasindon epoksi(met)akrilat
oliqoefirlari sintez olunmus vo PEPA il barkidilma prosesi dyronilmisdir. Miioyyan edilmisdir ki,
ED-20 qatrant PEPA ilo borkidilon zaman hom qatranla PEPA arasinda, hom do PEPA ilo
modifikator arasinda kimyovi reaksiya gedir, proses biitovliikds bir temperatur intervalinda bas
verir. Barkima prosesinda oligomerin har 100 ¢oki nisbatinda 18% barkidici istifads olunur.
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PE3IOME
CHUHTE3 U UCCJIEJIOBAHUE AINMGATHYECKOI'O CTPOEHUAA,
CUWJIBHOPA3BETBJIEHHBIX OJUI'O®PUP(MET)AKPUJIATOB, COAEPKALIUX
ATOMBI 'AJTIOTEHA HA OCHOBE BUOI'JIMIIEPUHA
Hcmaunosa P.U.

Kniouesvie cnoea: o-momoxnop enuyepur, NPORAHMPUOL, AMOM XA0pd, MEmAaKpuiloeas KUciomd,
ouenuyuounosvie 3Qupsl, 3MOKCUOHASL CMOJA, INOKCU(MEMm)AKPULOBbIE
01U203upsl, MOOUDUKAMOP.

B mpencraBnenHoit pabote noydeH 3-xyop npomnan-1,2-11on Ha OCHOBE TIIHIEPHHA, TTOTYYEHHOTO B
KadyecTBe MOOOYHOTO MPOAYKTa IpPH MPOHM3BOACTBE OHOTOIUIMB W3 PACTUTENBHBIX Maceld. Peakumei
B3aUMOJIEHCTBUS 1-XJ10p-2,3-3MOKCUTIPOTIAHOM CHaYaja TONXyYeH XJIOPTUAPUH M €ro JUTIIHIUAWIOBBIC
a¢upBI, 3aTeM STUMH Xe dPUpaMHd Ha OCHOBE KOHJICHCAINH (MET)aKpHJIOBOW KHCIOTHI CHHTE3UPOBAHBI
XJIOpCOJeprKalie MOHOITOKCH(MET)aKpHIaTHBIE OJIMTOMEPHI, OCYIIECTBICHBI MX HCIIBITAHHHUS B KaueCcTBE
MOIU(HUKATOpa B SHOKCHUAHONW cMoiie. Pe3ynbraTel moka3aid, YTO CHHTE3 O-MOHOXJIOPHCTOTO TJHIIEpHUHA
3aBUCUT OT KOHLICHTPAIMU COJITHOM KHCJIOTHI B THAPOKCH U BBIOOpA yCIOBHI Cpenbl peakiuu. Temneparypa
93-1000°C, Bpems peakimu 10 9acoB, BBIXOA MPOAYKTa coCTaBiseT ~70%, eClTH COACpKAHHE XIOPHIA
Boj0poaa 36%.

SUMMARY
SYNTHESIS AND RESEARCH OF AN ALIPHATIC STRUCTURE, STRONGLY BRANCHED
OLIGOETHERMETHACRYLATES CONTAINING HALOGEN ATOMS BASED ON
BIOGLYCEROL
Ismailova R.1.

Key words: a-monochlor glycerol, propanetriol, chlorine atom, methacrylic acid, diglycidyl esters,

epoxy resin, epoxymethacrylic oligoesters, modifier.

In the present work, 3-chlorine propane-1,2-diol is obtained on the basis of glycerol obtained as a by-
product in the production of biofuels from vegetable oils. The reaction between 1-chloro-2,3-epoxypropane
first received chlorhydrin and diglycidyl esters, then these same esters on the basis of condensation of
methacrylic acid synthesized nanoepoxy of chlorine-containingmethacrylate oligomers, carried out their
testing as a modifier in epoxy resin. The results showed that the synthesis of a-glycerol monochloride
depends on the concentration of hydrochloric acid in the hydroxy and the choice of the reaction medium
conditions. The temperature is 93-1000°C, the reaction time is 10 hours, the product yield is ~70% if the
hydrogen chloride content is 36%.
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Son variant 25.09.2019
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TOZSOKILLI MADDOLORIN DONOVORLISMOSI PROSESININ
SISTEM TOHLILI VO RiYAZI MODELLORINDO DETERMINLOSMO
VO TOSADUFILIK

SOMODLI VUQAR MUXTAR oglu
AMEA-nn Akademik M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu, Baki, Azarbaycan, doktorant
vsamadli@nobeloil.com

Acar sézlor: donovarlosmo, tozsakilli maddalor, silindrik aparat, sistem tohlil, modellosdirma

Molumdur ki, tozsokilli materiallarin donovarlosdirilmasi prosesi miirokkab fiziki-mexaniki
proses olaraq mixtolif tosadiifi, fiziki hadisalorlo miisayiot edilirlor, bu hadisalora asagidakilar
gostormok olar: qranulomologalms morkozlorinin yaranmasi, qranullarin 6z aralarinda vo aparatin
divan arasinda qarsiligli tosirlor, mexaniki tosir vo siirtlinma noticesindo qranullarin  asinmast,
xarici qlivvalor tosiri altinda qranullarin sixlasdirilmasit vo s. [1-2] Odur ki, ¢cox sayda miixtolif
qiivvalarin tasiring asason qranulomalogalma prosesi tosadiifi vo stoxastik xiisusiyyoto malikdir. Bu
iso qranullarin omolo golmosi zamani onlarin miixtolif Olgiilors malik olmas1 slagolondirici
maddonin damcilariin tosadiifi 6lgiilori vo qranullara tesir edon qlivvelarin xassasi ilo slagodardir.
Bununla bagli olaraq, amalo golon qranullarin aparatda paylanmasi xiisusiyyoti vo tosadiifi xarici
qiivvalarin tosirindon siirtinmo vo dagilmasi naticosinds sixlagsmasini vo yeyilmosini nozors alan,
aparat boyunca doyismasi vo bdylimosi proseslorinin todqiqi miihiim ohomiyyat kasb edir.
Tozgokilli materiallarin donavarlogdirilmasi prosesi kiitlo miibadilosi proseslori ilo miirokkoblosmis
fiziki hadisolors aiddir. Fiziki hadisalorin mahiyyati iso miixtalif qlivvalorin tasiri vo slagelondirici
maddonin istirakinda  toz hissociklorin vahid qranula birlosmasindon ibaratdir. Hadisoalorin
miirokkabliyi vo stoxasitikliyi denoverlosdirma prosesinin zaman arzinds tohlilini tolob edir, burada
prosesa tosir edon bir ¢ox amillor nozoro almir [3-4]. Tozsokilli materiallarin donavarlosdirmasi
prosesinin sistemli analizi miixtolif fiziki qarsiliql alagoli hadisolorin iyerarxik ganunauygunlugu
vo analizi ilo miioyyan olunur (sokil) vo asagidaki marhalolordon ibaratdir:

- qranul Olgiilorinin siiratinin doyismosini toyin edon olagelondirici maddonin istirak: ilo
donovorlosmonin  mexanizmi  vo  kinetikasi, homginin prosesin  kinetikasini  tasdigloyan
eksperimental todqiqatlarin aparilmasi. Silindrik aparatlarda qranullarin bdyiimo siirati aparatin
firlanma tezliyi, olagolondirici maddonin qatilifindan asili olan gqranulun sothinoe tozun laylanma
qatiligi, toz hissaciklorin va qranullarin cari Olgiilori, qranulomalogolmads niivalorin (6zaklorin)
olgiilorini vo granul sathinin islanmasini tomin edon alagelondirici maddonin damecilarimin olgiilori
ilo miioyyon olunur;

- miioyyon sothi gorginlik omsalina malik olagoalondirici maddonin istiraki ilo qranullarin
omalo golmasi prosesindo sothi gorginlik omsali toz hissaciklori arasindaki van-der-vaals olagolorin
xassasing va gqranullarin amalogalmasing vo tamamlanmasina miithiim tosir gostarir. Miisyyan sathi
gorginliyi vo digor fiziki xassolori (sixlig, ozliiliik) olan mayenin mdévcudlugu olageslondirici
maddonin damcilarinin 6l¢iilorini miioyyan edir. Damcilarin 6lgiilori miiosyyon hodds godoar artdiqgca
tamamlanmis granulun son diametri do artir. ©lagolondirici maddonin damcilarinin Slgiilorinin
paylanmasi hesabina qranul amologolma prosesi miixtolif 6l¢iilii qranullarin omalo golmasi ilo
miisayiot olunur;

- omalo golon qranullarin 6z aralarinda vo aparatin divar1 arasindaki qarsiliqh tesirinden
onlarin sixlagdirilmasi, yeyilmosi (asinmasi) miimkiindiir. Qranullarin sixlagdirilmasi — osas amil
kimi, onlarin sixilmasina va qranulun sathina dogru slagslondirici maddenin sixigdirilmasina gatirib
cixarir. Qranulun sothi {izorinde slagslondirici maddenin qatiligi qranulun bdyiimasinin vo onun
tamamlanmasin1 miioyyon edir. ©lagolondirici maddes damcilarimin 6lgiilorindan asili olaraq
mixtolif 6l¢lido granullar omoalo golo bilor. Olagolondirici madds damcilarinin  bdyiik Slgiilordo
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olmast vahid qranulun omologolmo prosesini poza bilor. Qranullarin  sixlasdirilmasi
donavorlogdirmo prosesi zamani toz hissaciklori arasinda korpiiciiklor soklindo olagolorin
davamliligini, onun moéhkomliyini vo granulun sixlagsmis qurulusunu tomin edir. Eyni zamanda
granullarin 6z aralarinda vo aparatin divar1 arasinda  qarsiligli tosir noticosindo onlarin
deformasiyasi bas verir ki, bu da kiirocik formasinin pozulmasina vo qurulusun aginmasina sobab
olur. Belaliklo, granullarin amolo golmasi prosesindo miivafiq rejimin segilmasi asas amil hesab
olunur, bels ki, homin rejim naticasinds sixlagdirilmis kiirocikdon granullar omals goalo bilor;

- miixtolif Ol¢iilii qranullarin omolo golmosi bas verorss, donovorlosmo prosesi stoxastik
hesab olunur. Bununla olagedar olaraq, qranulun torkibi polidispersliys malik olur, onlarin
xarakteristikalarin1 qiymatlondirmak {igiin statistik parametrlordon - asason qranullarin dlgiilorine
g0ro paylanma funksiyasi vo ya orta xarakteristikasindan istifado etmok mogsadouygundur. Baraban
aparatda qranullarin omolo golmasi onlarin aparatda qalma miiddotindon asili oldugu tigiin onun
xarakteristikalar1 haqqinda roy aparat daxilindo miioyyon zaman orzindo qranullarin 6l¢iilorino goro
paylanmasinin tokamiilii paylanma funksiyasi ilo miioyyonlosdirilir. Bu prosesds tokamiiliin riyazi
tosvirinin asasint donavarlagdirilma siiratini nozars almaqla, Fokker-Plankin stoxastik tonliyi toskil
edir. Mosolonin hollino belo yanagma aparatin uzunlugu boyunca prosesin xarakteristikasini
qiymatlondirmoys imkan yaradir;

- sistem tohlilin ndvbati marhalasi tozsokilli maddoslorin donavarlesdirilmasi prosesinin riyazi
modelinin qurulmasindan ibarotdir. Buraya prosesin hom kinetikasi, qranullarda slaqgslondirici
maddonin kiitlokd¢lirmasi, hamginin qranullarin zamana gors paylanmasi daxildir. Riyazi modelin
torkibino digor fiziki hadisolor do daxildir, belo ki, tozsokilli maddonin nomlondirilmasi,
olagalondirici maddonin sopilmosi, qranullarin sixlasdirilmasi, yeyilmasi va s. hadisalori géstormak
olar. Riyazi model qeyri-xatti, Fokker-Plank tonliyini nozors aldiqda iso miirokkab qurulusa
malikdir, bununla oslagodar olaraq, onun halli iigiin roqomli tisullar vo alqoritmlorin islonmasi tolob
olunur. Bundan basqga, granullarin omologalmasinin optimal soraiti nazoro alinarag, optimal
kriteriyalar vo qranullarin verilon intervalda dlgiilorini tomin edon miivafiq mohdudiyystlor qeyd
olunur,;

- tozgokilli materiallarin qranulomoalogolmo proseslorinin sistemli analizinin son morholasi
kinetika vo prosesin modellosdirilmosi osasinda aparilmis todqigatlarin optimal parametrlorinin
mioyyanlosdirilmosindon, texnologiyasinin islonmoasindon vo  aparatlarin arasinda texnoloji
olagalorin qurulmasindan ibarstdir. Marhalonin torkibina yeni aparatlarin islonmosi, miivafiq
aqreqatlarla texnoloji sxemin tomin edilmasi, alagali aparatlarda optimal rejimin vo olagolorin
secilmasi, texnolgiyanin iqtisadi va ekoloji effektivliyinin tadqiqi daxildir.

Tozgokilli materiallarin  donovorlosdirilmasi proseslorinin sistem tohlili prosesdo gedon
hadisolori sistemlogdirmoys vo iyerarxik quruluslu hor morhalonin riyazi modelini osaslandirmaga
imkan yaradir. Silindrik tip donovorlosdiricilordo tozsokilli maddslorin  denavarlasdirilmasi
prosesinin sistemli analizi osasinda determinlosmis-stoxastik modellori ehtimal etmok
miimkiindiir. Burada determinlogsma-fenomenoloji tasvirin yaranmast ils ifado olunur. Stoxastiklik
159 alinan noticalorin paylanma funksiyasinin tokamiilii formasinda tofsirindon (interpretasiya)
ibaratdir.

Diskret qosulmalar hesabina donavarlosdirilmo vo aqlomerasiya proseslori diskret-aramsiz
sistemlorin xassolorini oks etdirirlor vo bir ¢ox tosadiifi vo determinlosmis hadisalorlo xarakterizo
olunurlar. Beloliklo, dispers sistemlor haqqinda eksperimental vo nozori informasiya
determinlogmis geyri-tosadiifi proseslorin yigilmast  noticosindo formalasir. Sonuncular osas
hadisolori miirokkoblogdirarak fenomenoloji modellorlo vo fluktasiya gostoricilori ilo tosvir
olunurlar. Umumi halda substansiya kogiiriilmo hadisalorinin klassik modellori osasinda tozsokilli
materiallarin donovarlosdirilmasi proseslorinin analizi, todqiqi vo hesablanmasi {i¢lin yararli olan
fenomenoloji modellor qurula bilor [5]. Parametrik tosadiifi modellorlo miigayisodo aralarinda kigik
oxsarliq olmasina baxmayaraq, belo modellor daha sads riyazi qurulusa malikdir. Makro geyri-
bircinsli dispers miihitdo determinlogmis stoxastik modellor iiglin Dy, sahosindo (oblastinda)
struktur xtisusiyyoti X; (hissociklorin qatiligi vo 6l¢iilori, hissaciklorin tosadiifi siirati vo diffuziya)
parametrik tosadiifi sahonin iki toplanana pargalanmasinin miimkiinliiyii ehtimal olunur:
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Tozsakilli maddalarin donavarlosmasi prosesinin sistem tohlili
va riyazi modellarinda determinlaosma va tasadiifilik

XI(DX):<Xi(Dx)>+é>Zi
burada <Xi(DX)> -riyazi gozloma Xi(Dyx) kimi integrallanan vo Dy oblastinda miioyyan edilon

determinlosmis funksiya; é)?;eksperimental toyin edilmis statistik xarakteristikalarla birga X;

fluktasiyasidir. Bununla slagodar olaraq, donavarlosdirilmis miihitds hadisalorin daha dolgun tosviri
determinlogmis vo stoxastik gostoricilorin asasinda qurula bilar. Tacriibalordon gériindiiyii kimi,
dispers sistemlor nozoariyyasindo determinlogsmis vo stoxastik modellor bir-birinin oksi olmadigi
liclin prosesin maksimal tosvirindo bir-birini tamamlayirlar. Osason, daha ¢ox tmumilogmis
parametrik model vasitasilo dispers sistemlorin determinlosmis modellarinin tatbiq kriteriyalarin

geyd etmok miimkiindiir. Belo ki, oX; real struktur elementlors tosadiif edirss, 0 zaman Dy

oblastinda 5)Zi toxminan lokal xiisusiyyatlarin sahasi kimi sorh oluna bilor. Bu zaman
Xi|  |X(D)-(X,(D
x| K)o

(x:(D,)) (X,(D,) |

diisturun qiymatlondirilmasi determinlogsmis modellorin totbiq kriteriyast olmaqla, malum olmayan

OX, elementlorin daxili miqyasa goro kigik sorti do ola bilor. Burada baxilan struktur

xarakteristikast X; molum olan xarakteristika ilo miiqayiso edilir. Tosadiifi komiyystin bu halda
paylanmas1 yalniz hissaciklorin doyisen ol¢iilorine deyil, hamginin gatiliq, qranullarin dl¢iilari vo
onlarin siiratlorine aiddir.

Prosesin intensivlosdirilmasini nozors almagqla,
VI tozsokilli maddolorin donovarlosdirilmasi
texnologiyasinin iglonmosi

Tozsokilli materiallarin donovarlosdirilmasi prosesinin |
modellogdirilmasi vo hesablanmasi

T

Silindrik tip aparatlarda qranullarin dlgiilerine vo
v zamana goro tokamiiliiniin paylanma funksiyasimn [
qurulmasi

T

Hissaciklorin 6z aralarinda v aparatin divart ilo qarsiliqlt

m tasviri, granullarin anizotroplugunu nazars alaraq,

onlarin laylanaraq sixlagdirilmasi vo dagilmasi ilo
formalagmasinin tosviri

?

Olagoalondirici maddonin igtiraki ilo qranullarin
I omolo golmosi

?

Tozsokilli materiallardan qranul amsls galmasinin
| mexanizmi va kinetikasi

»

Sakil. Tozsakilli maddalorin danavarlagsmasi prosesinin iyerarxik ganunauygunlugu.

Beloliklo, hor nozordo tutulan real mihit {iglin verilon kogiirmo prosesinin X
xarakteristikalarinin ortalanmasi  vasitosilo hor makrofiziki ki¢ik hocmdo diskret elementlorin
boylik sayina goro riyazi saho komiyystlori X; daxil olunur. Sonuncular miivafiq tamamlanmis
miihiti lokal xarakterizo edir. Yoni tamamlanmis miihit kimi real cisimlori (dispers miihitlor) deyil,
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onlarin riyazi modellorini gostormak moqsadouygundur. Dispers miihitde hadisolorin riyazi tosviri
osason prosesin elementar xiisusiyyatlorindon tocrid olunmus toxmini sokildadir.

Qeyd olunanlar1 iimumilogdirarok belo bir noticoyo golmok olar ki, tozsokilli maddslorin
donovorlosdirilmosi prosesindo 6zok (nilivo) otrafinda hissociklorin aglomerasiyast naticosindo
granullarin formalasmasini va sixlasmasini xarakterizo edon qanunauygunluqglarin miioyyanlosdiril-
mosindo vo dispers miihitdo hadisalorin tamamlanmis determinlogmis-stoxastik modelinin
qurulmas ii¢lin  stoxastik modellogdirilmo iisullarindan slave homginin fenomenoloji modellorls
tosvir olunan kogiirmo hadisslorini do totbiq etmok vacibdir. Dispers miihitdo belo olavalor kimi
stoxastik diferensial tonliklor, osason do Fokker-Plank tonliyi gotiiriiliir. Onlar qranullarin
Olgiilorine vo zamana gore paylanmasinin tokamiiliinii miisyyonlagsdirmak maogsadils, paylanma
funksiyalarinin qurulmasi tigilin totbiq edilir.
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3TaIlbl TPaHYJI000pa30BaHUs B 3aBUCHMOCTH OT MPHUMEHSEMBIX JO0OABOK, OCYIIECTBIIEH CHCTEMHBI aHAN3
nporecca. YCTaHOBJICHO, YTO TPOLECC TPaHyJIUPOBAaHHUSA IOPOLIKOOOPA3HBIX MaTEpPHANIOB ONpPENEIIsIeTCs
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SUMMARY
DETERMINATION AND RANDOMNESS IN SYSTEM ANALYSIS
AND MATHEMATICAL MODELS OF POWDER GRANULATION PROCESS
Samedli V.M.
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A brief review of theoretical and experimental studies of granulation processes of powdered materials
in a cylindrical apparatus was carried out, the main stages of granulation were determined depending on the
additives used, a systematic analysis of the process was carried out, the granulation of powdered materials
was determined by the hierarchical structure and analysis of various physical interrelated phenomena and
divided into various stages.
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Agar sézlar: 2-metilfenol, metanol, alkillogmoa 2.6-dimetilfenol, marsrut, mohdudlasdirict  marhala,
aktivlasma enerjisi, kinetik model

2-metilfenolun metanolla alkillosmo reaksiyasinin kinetik todqiqatlar1 diferensial reaktorlu
qurguda rejim parametrlorinin genis doyismo hiidudlarinda aparilmisdir. T-330-370°C, 2-
metilfenolun (P10) vo metanolun (Pyg) baslangic parsial tozyiglori uygun olaraq P10=0.018-0.037
MPa vo P»=0.007-0.036 MPa gétiiriilmiis, kontakt vaxt1 10 saniyoya qodor olmusdur. Tocriibalor
az1 ¢ dofo aparilmis vo alinan naticolorin orta qiymoti hesablanmisdir. Qeyri-katalitik hocmda
kimyoavi ¢evrilmonin movcud olub-olmadigint miioyyon etmok iiglin xammal qarigigi reaksiya
soraitindo katalizatoru olmayan reaktordan buraxilmis vo bu zaman 97.5% metanol vo 100% o-
krezol ¢evrilmomis galmisdir. Digor torofdon xiisusi tocriibalor vasitasilo prosesds daxili vo xarici
diffuzion mohdudiyystlorin olmadigi va 2.6- dimetilfenolun alinma reaksiyasinin kinetik sahods bas
verdiyi do tosdiq edilmisdir. Proses zamani alinan 2.6-dimetilfenol vo 2.4.6-trimetilfenol o-krezol
vo metanolun imumi va fordi ¢evrilmalarinin suratine praktiki olaraq tasir géstormir. Temperaturun
vo kontakt vaxtinin artirilmasi miisyyen soraitdo (T-400°C, 1-4 san) yan reaksiyalar suratlondirir ki,
bu da katalitik sothds bas veran ardicil reaksiyalarin oldugunu gostorir (1).
Katalizatin maye mohsullarina 2.6-dimetilfenol, onun metilefiri, 2.4.6-trimetilfenol,
cevrilmayon 2-metilfenol, metanol vo metilformiat aiddir.
Tacriibi naticolors asaslanaraq prosesin asas marsrutlari (2) miioyyon edilmisdir.
2-CH3C¢H4sOH + CH30H —»2CH3C¢H4OCH3+H,0 |
2-CH3C¢H4OH + CH30H = 2. 6(CH3)2C6H3OH+H20 1
2.6(CH3),CsH30OH + CH30H = 2.4.6(CH3)3CsH,OH+H,0  1l1I
CH30H = 0.5 HCOOCHj3+H; v
Acar maddalor (3) kimi reaksiyanin 5 istirak¢isi 2- metilfenol (1), metanol (2), 2.6-
dimetilfenol (3), 2.4.6-trimetilfenol (4) va 2-metilanizol (5) gotiiriilmiis vo onlarin stexometrik
omsallar cadvali (cad. 1) tortib edilmisdir.
Cadval 1
Acar maddalarin stexiometrik amsallar cadvali
Maddenin némrasi

Marsrutun Ne-Si

1 2 3 4 5

I -1 -1 0 0 1
Il -1 -1 0 0
11 0 -1 -1 1 0
v 0 -1 0 0

Acar maddolorin miisahido olunan suratlori (w;) ilo marsrutlarin suratlori (rj) arasindak: slaqo
asagidaki tonliklor sistemino osaslanir.

Wi=-r—-rn
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Wo=-rn—rui—rn—rny
Ws= ri—
Wy= 1y 1)
Ws =1
Modelin ilkin toadqiqi ve yoxlanilmasi magsadilo 2-metilfenolun alkillosmoe reaksiyasinda
ferrit katalizatorunun aktivlik vo xiisuson do selektivliyinin tohlil edilmasi maraq dogurur (4).
Todqiq olunan temperatur hiidudlarinda 2-metilanizola goro reaksiyanin selektivliyi kontakt
vaxtindan da asili olmur vo sabit qiymot alir. 1 sayli sokildo 2-metilfenol vo metanolun parsial
tozyiqlor hasilinin o-krezolun iimumi ¢evrilmo suratindon asililigi verilmis vo goriindiiyii kimi,
tocriibi giymatlor diiz xatlorin {izorino diisiir.
Birinci va ikinci marsrutlarin suratlorinin eyni tipli tonliklorle ifade olumasi alinan naticalarin
uygun golmo doracosini artirir.

Masalon,
Nn= K|P|P2 (2)
= KyP\P2 (3)
onda
I'l
S5 = (4)
Vo ya

K
Sg = —— = const
K1+K1[

(2) va (3) tonliklori reaksiya mohsullarinin katalizatorun eynicinsli vo ya eksponensial geyri-
eynicinsli sathinds kigik dolma doracasinde mohdudlagma olmadiqda istifads olunur.
Analoji qaydada

rm = KinPsP2 (5)
qobul etsok, onda tacriibi naticalor (5) kinetik tonliyi ilo yaxsi ifadoe olunur va 2.6-dimetilfenolun
selektivliyinin onun parsial tozyiqinin 2-metilfenolun parsial tozyiqino olan nisbotindon asililigr ilo
uygunlagir (sok. 2).

Belolikla, selektivliyin tohlili migdar1 baximdan kinetik tonliklarin néviinii dolay1 yolla olsa
da, tosdiq edir. Bu tohlil prosesin stexiometrik bazisi (I-IV) vo prosesin morhalali sxemi (cod. 2) ilo
yaxs1 uzlasir.

Cadval 2
Prosesin morhalali sxemi

Morho- Marsmtlar ii;ra mayha-

lonin Morhslalor Ialorin stex10metr1k

No -si adadlari

| 1 1l v

1 CH;0H + ZH = CH;0OHZH 1 0 0 0

2 CH;OHZH + 2CH3C¢H,OH =2-CH; CgH,OCH3ZH +H,0 1 0 0 0

3 2-CH; CsH,OCH3ZH = 2-CH;C¢H,OCH3+ZH 1 0 0 0

4 2-CH;CsH,OH +ZH = 2-CH;CsH,OHZH 0 1 0 0

5 2-CH;CgH,OHZH+CH;0H = 2.6-(CHj3), CsH;OHZH+H,0 0 1 0 0

6 2.6- (CH3),CeH3OHZH = 2.6-(CH3), C¢H3;OH+ZH 0 1 -1 0

7 2.6 -(CHg3), CgH3;0HZH+CH30H = 2.4.6-(CH3); C¢H,OHZH +H,0 0 0 1 0

8 2.4.6- (CH3)3 CsH,OHZH = 2.4.6- (CH3)3 CsH,OH+ZH 0 0 1 0
9 CH;0H + Z= CH;0HZ 0 0 0 1/2
10 CH;OHZ + CH3;0H = HCOOCH;Z +2H, 0 0 0 1/2
11 HCOOCH;Z = HCOOCH;+Z 0 0 0 1/2

12 2Z +H, = 2ZH 0 0 0 0
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Mohdudlasdirict morhalalor kimi 2,5,7 vo 10-cu secilmis, digor aktlar iso tez bas veran vo ya
tarazliq marhalslori gobul edilmisdir. Katalizatorun iki miixtolif aktiv morkozlori arasindaki tarazlig
nazars alan 12-ci marhalo do marhalali sxemda 6z oksini tapmigdir.

Dordiincii bazis marsrutunun surati marhalali sxemdon (10-cu morhalo) alinir

r V= l K|VP2 = 2K|VP2 (6)

v
Noticados, secilmis mohdudlasdirict marholalorin surat sabitlori uygun marsrutun surat sabitino
uygun golir.

Ki=Kz; Ki=Ks; Kimn=Kz; Kinv=Kio
> S 0.90
24 . 0.82 |
Sakil 1. 2-metilfenolun iimumi ¢evrilma Sokil 2. 2.6-dimetilfenola gora selektivliyin
suratinin (Wy) onun parsial tazyiqgi (P1) ilo (S3) onun parsial tazyiginin (P3) 0-krezolun
metanolun parsial tozyiqinin hasilindon (P1P;)  parsial tazyigina (P1) nisbatindan asililig.
astiligr. 1.7-603K; 2.T-623K; 3.T-643K 1.T-603K; 2.T-623K; 3.T-643K

3 sayli coadvaldo verilmis tocriibi noticolor vo toklif olunan model asasinda surat sabitlori
hesablanmis vo onlarin qiymoti ortakvadratik xotalarin minimizasiyasi tisulu ilo mévcud proqramlar
vasitasilo doqiqglogdirilmisdir. Uygun marsrutlar lizro aktivlosma enerjisinin qiymoti asagidaki kimi
olur. E;-31.2 kC/mol; E;-105.2 kC/mol Ey;-64.5 kC/mol. Epn35.5 kC/mol. Suratlorin orta kvadratik
xatalar1 4-cii cadvaldo verilmisdir.

Cadval 4.
Suratlorin orta kvadratik xatalar
Surotlor, mol/sm’ (Kat) st Temperatur K
603 623 643
W, 6.5 7.0 7.4
W, 22.0 16.5 13.0
W3 16.0 115 10.0
W, 14.0 5.6 45

Daha slverisli bazis almagq tigiin (2), (3), (5), (6) tonliklordoki kinetik tortiblorin doyisdirilmasi
vo stexiometrik omsallar cadvalinin yenidon qurulmasi (5) daha xatali naticolorin oalds edilmasing
sobab olur.

Alman kinetik model nozori cohotdon osaslandirilmis vo katalizator sothindo bas veran
marsrurtlar comini vosfi vo miqdar1 saviyyslords kafi doeracods ifads edir. O rejim parametrlorinin
genis hiidudlarinda 6ziinii dogruldur vo sonaye ii¢iin shomiyyat kasb edir.
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2-metilfenolun metanolla alkillosmasi 1lo 2.6-dimetilfenolun alinma prosesinin kinetik modeli
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PE3IOME
KUHETUYECKAS MOJEJIb TIPOLECCA MOJYYEHUA 2.6- ITUMETHJI®EHOJIA
AJIKUWJINPOBAHUEM 2-METUJI®EHOJA METAHOJIOM
Mypuwiyony H.A

Kntouesvle cnosa: 2-memungpenon, memauon, aikunuposanue, 2.60-OuMemuageHon, mapuipym,
JuMUmMUpyloujue cmaouul, SIHepeusi Akmueayull, KUHemu4eckas MoOeb.

[TpuBOAATCST Pe3yabTaThl KMHETUYECKHX HCCICIOBAHUN PEAKIUKM AlKWIHPOBaHHS 2-MeTHI(EHOa
METAHOJIOM B MPUCYTCTBHH CIOKHOTO (hePPHUTOBOTO KaTaan3aTopa.

W3yueHre KHUHETHUECKUX 3aKOHOMEPHOCTEH B OE3rpaJueHTHOW CHCTEME C  TOCIEAYIOIINM
CTEXHOMETPHYECKUM aHAIM30M IIPUBEIIO K COCTABICHHUIO Oa3rca UTOTOBBIX MapIIpyToB. Bua KnHeTHUSCKHX
ypaBHEHHH KOCBEHHO IMOJTBEPXKICHO aHAIN30M CEJIEKTHBHOCTH. PacCUnTaHbl KHHETHYECKUE KOHCTAHTBI U
MOJTyuyeHa KHHETHUYEeCKasi MOJIeNb Tpoliecca MmoiydeHus 2,6-auMeTnindeHona, KoTopas yI0BICTBOPHTEIBHO
OTMCHIBACT OCHOBHBIE U BTOPUYHBIC TIPEBPAIIICHHUS, IPOTEKAIOIINE B YCIOBHUIX KaTaln3a.

SUMMARY
KINETIC MODEL OF THE PROCESS OF OBTAINING 2,6-DIMETHYLPHENOL BY
ALKYLATION OF 2-METHYLPHENOL WITH METHANOL
Murshudlu N.A.

Key words: 2-methylphenol, methanol, alkylation, 2,6-dimethylphenol, route, limiting stages,

activation energy, kinetic model.

The results of kinetic studies of the alkylation reaction of 2-methylphenol with methanol in the
presence of a complex ferrite catalyst are presented.

The study of kinetic laws in a gradientless system with subsequent stoichiometric analysis led to the
formation of a basis for the final routes. The form of kinetic equations is indirectly confirmed by selectivity
analysis. Kinetic constants were calculated and a kinetic model of the process for producing 2.6-
dimethylphenol was obtained, which satisfactorily describes the main and secondary transformations
occurring under catalysis conditions.

Daxilolma tarixi: [lkin variant 18.07.2019
Son variant 25.09.2019
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The interaction of cobalt with 2-hydroxy-5-nitrothiophenol (HHTF) and diphenylguanidine (DPH)
produces three-component compounds extracted with chloroform with the ratio Co (II): HHTF: DFH =
1:2:2. The conditions of extraction-photometric determination of cobalt are found. It was found that mixed
ligand complexes are formed in a slightly acidic medium (pHop 2.5-6.0). The maximum in the absorption
spectrum is observed at 560 nm. The molar coefficient of light absorption is 3.8 - 10*. The proposed method
is successfully used to determine the content of Co (1) in wastewater, sediment and plants

1. Introduction.

Cobalt (I1) is a biologically active metal. An excess of cobalt salts causes morphological
changes in the cell and thereby turns it into a carcinogen. They play an important role in biological
processes occurring in the body, and are an indicator of certain diseases [1]. Therefore, analytical
control of their content should be carried out by sufficiently reliable methods.

A wide variety of photometric reagents are known for the determination of cobalt. For the
photometric determination of cobalt, sufficiently selective reagents of the o-nitrosophenol group or
similar structures with an oxime group are used [2].

The synthesis and characterization of mixed ligand complexes of cobalt (1) with phthalic and
heterocyclic amines were synthesized and characterized based on elemental analysis,
conductometric, magnetic measurements, UV and IR spectral studies [3].

Complexation and liquid-liquid extraction were studied in a system containing cobalt (I1), 4-
(2-pyridylazo) resorcinol, 1,4-diphenyl-3- (phenylamino) -1H-1,2 4-triazole (Nt) [4]. The effect of
some experimental parameters (pH, shaking time, PAR concentration and Nt concentration) and
optimal conditions for the extraction of cobalt in the form of an ion association complex,
[Co** (PAR),](NtH") were systematically studied. Complexation and liquid — liquid extraction were
studied in the cobalt (II) — 4- (2-thiazolylazo) resorcinol — tetrazolium salt {2,3,5-triphenyl-2H-tet-
razolium chloride or 2- (4-iodophenyl) - 3- (4-nitrophenyl) -5-phenyl-2H-tetrazolium chloride}—
water — chloroform system [5-6].

Dithiolphenols and hydroxythiophenols [TPh] turned out to be one of the most important
reagents for the separation, preconcentration, and determination of cobalt [7-9]. TPh is formed with
intensely colored anionic chelates Co (I1) [Co* (TPh),]?, which can readily react with bulk organic
compounds [7-9] to form ternary complexes with good extraction properties and analytical
potential.

In this report, we describe the extractive spectrophotometric determination of Co (Il) with 2-
hydroxy-5-nitrothiophenol (HNTP) in the presence of diphenylguanidine (DPG).

2. MATERIALS AND METHODS

Reagents and instruments. A stock solution (1ug / mL) of cobalt (1) was purchased from
Merck Darmstadt (Germany) Co(NOs), [10]. The concentration of the cobalt and nickel solution
was adjusted gravimetrically. Working solutions of Co(Il) were made by diluting the stock solution
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to an appropriate volume. HNTP were synthesized according to the procedure [11]. HNTP was
recrystallised using aqueous ethanol. Its solution (0.01 M) was prepared in chloroform. Structure of
ligand was confirmed by using NMR and IR spectra {NMR: [1H NMR (300,18 MHz, Cg¢Dg); 5.16
(s, 1H- OH), & 3.25(s, 1H - 1SH), & 7.18 (s, 2H Ar-H), § 7.41 (s, 1H - Ar-H)], IR: [IR (KBr); 3462
emt v (OH), 2564 em™ v(SH), 3045 em™® v(CH), 1700 em ™ v(NO,),1535 em™ v(CgHs) H12].

The absorbance of the extracts was measured using a Shimadzu UV1240 spectrophotometer
(Japan) and KFK- 2 photocolorimeter (USSR). Glass cells with optical path of 10 or 5 mm were
used. pH of aqueous phase was measured using an 1-120.2 potentiometer with a glass electrode.
Muffle furnace was used for dissolution of the samples. IR spectra were recorded on a
spectrophotometer "Specord M80" (Germany). 1H-NMR spectra were recorded on "Bruker"
Fourier Transform (300,18 MHz) in C¢Ds.

Procedure for establishing the optimum operating conditions. An aliquot containing no
more than 90 ug of cobalt was placed in a calibrated tube with ground-glass stopper. Then
chloroform solutions of HNTP (0.8 mL) and DPG (0.6 mL) were added and the chloroform phase
was adjusted to 5 mL; the volume of the aqueous phase and pH were adjusted to 25 mL and 5.0,
respectively. After 10 min of shaking, a portion of the organic extract was transferred through a
filter paper into a cell and the absorbance was read at A=540 nm against chloroform. The cobalt
content was found from a calibration graph.

Determination of Co (I1) in sewage water and Bottom sediments. 1l taken for analysis of
waste water is evaporated to obtain a precipitate, do not boil. The precipitate was dissolved in 5 ml
of HNOs, was transferred to a 50 ml flask and diluted to the mark with water.

Determination of Co (I1) in plants. A portion of beans (10 g) was crushed and dried in a
porcelain dish at 120°C. The dry residue is heated in a muffle furnace at 500°C. The ash was
dissolved in diluted (1:1) HNO3 and evaporate to moist salts, which are then dissolved in water,
filtered into a volumetric flask of 100 ml. The cobalt content is determined with HNTP and DPG.

3. RESULTS AND DISCUSSION

Choice of Solvent. The following organic solvents were tested in our experiments:
chloroform, 1,2-dichloroethane, carbon tetrachloride, benzene, chlorobenzene, toluene, xylene, iso-
butanol and iso-pentanol. The distribution coefficients and extraction rates with these solvents were
evaluated. The best ones were chloroform (extraction rate of 97.6%), 1,2-dichloroethane, and carbon
tetrachloride. All further investigations were performed with chloroform. The extraction equilibrium
with this solvent is achieved for ca. 6-7 min, but we carried out the extraction for 10 min.

Effect of pH. The effect of pH on the extraction of the ternary species is represented on
Figure 1.

05

Absorbance

2.0 4.0 6.0 8.0 10.0
pH

Fig. 1. Absorbance of mixed-ligand complexes as a function of the pH of the aqueous phase.
Cco=2.035x10° M; C pnrp=1.2x10°M, Cpp=2.0x10°>M, 1=540 nm, £=0.5 cm
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Studying of dependence of a complex formation from pH showed that, the exit of complexes
of cobalt is maximum at pH 5.1 — 6.9. Extraction of Co(ll) enhanced with the increase in the
acidity of the initial solution; the further increase in acidity lead to the gradual decrease of recovery,
which was obviously associated with a decrease in the concen-tration of the ionized form of HNTP.
Probably, it is present in the solution in the non-dissociated state. At pH>9.8, the complexes were
hardly extracted, obviously because of the decrease in the degree of DPG protonation. The effect of
pH on the intensity of the color reaction is shown in the Fig. 1. Existence of one maximum of
absorbance in the specified limits pH confirms the assumption of formation of one complex
connection.

Absorption spectra. Spectra of the extracted in chloroform ternary Co(ll)-HTBA-DPG
complex are shown in Figure 2. The absorption measurements were made in the spectral range 360—
750 nm. The absorption maximum of the ternary complex lies at A=560 nm, while the maximum of
HNTP is at A=296 nm. Therefore the colour reaction is very contrast (bathochromic shift of 264
nm). It is shifted to 13 nm as compared to the maximum of the binary Co(ll)- HNTP chelate
existing in aqueous medium (in the pH interval from 3 .0 to 9.8). Close values of maxima of light
absorption allow to draw a conclusion that the formed complexes were ionic associates. The
corresponding molar absorptivity was esg0=3.8x10* L mol *cm™.

Effect of reagent concentration and of shaking time. It was also found that there was no
adverse effect of excess reagent concentration. Therefore 60-100 fold excess of reagent was
suggested in general procedure to ensure complete complexation of Co (lI).

The optimum concentrations of the reagents in the organic phase are 1.2x10° M (HNTP) and
2.0x10° M (DPG). The adherence to Beer’s law was studied under the optimum extraction-
spectrophotometric conditions. The following straight line equation was obtained for the
concentration interval 0.5 — 12 mg mL ™ Co(ll): y=0.1252x+0.054 (R?*=0.9975).

In present investigation 5 minute shaking time was recommended for guantitative extraction
of Co(Il) in organic phase. The colour of the chloroform extract was found to be stable at least 48
hrs at room temperature.

3 1)
§ 0.600}
]
38
< B
n 2nn (2)
I 1 I
0'000480 520 560 600

Wavelength, awm

Fig. 2. Absorption spectra of the complexes Co- HNTP -DPG (1) and Co- HNTP (2)
Cco=2.035%x10° M; Cprga = 1.2x10°M, Cppe=2.0x10"*M, pH 5.5, Shimadzu UV1240,
= 1.0cm

Composition of the complexes and structure formulae. The molar ratios between the
components of the ternary complex were found by several methods: Starik—Barbanel relative yield
method, straight line method, equilibrium shift method and crossed lines method [13]. The results
suggest the complex composition of 1:2:2 (Co: HNTP:DPG).
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The existence of clearly defined absorption bands at 2410 - 2415 cm™ in the IR-spectrum of
the complex indicates the coordination of the DFG in the protonated form. The disappearance of the
band at 2580 cm*, characteristic for the spectrum of HNTP, and appearance of corresponding
bands in the spectrum of the complex, which are shifted toward lower frequency, suggests that the
sulphur atoms are involved in complex formation. The observed decrease in the intensity of the
absorption bands at 3200-3600 cm * with a maximum at 3460 cm* and the appearance of a broad
band in the region of 3050-3150 cm* shows that the hydroxyl group participates in the formation of
a coordination bond [12].

It was found using the Nazarenko method that Co(ll) in the complexes was present in the form
of Co?*. The number of protons replaced by Co(l1) in one HNTP molecule appeared to be one [14].
Additional experiments by the Akhmedly’s method [15] showed that the complex exists in
monomeric form in the organic phase (the obtained coefficient of polymerization y was equal to 1.12).

The obtained results, some conclusions and our previous experience with similar systems [16]
suggest that Co(Il) no oxidised to Co(lll) by the atmospheric oxygen during the complex formation.
In acidic medium, HNTP exhibit reducing properties. Hence, we propose the following formula of
the ternary compound: [Co(HNTP);](DPGH),; in this formula DPG is in its protonated form
(DPGH)+. Proceeding from the obtained data, we propose the following structure for the extracted
ternary complex:

2.

O_l}”_l + OzN\(:[O\AC /iﬁ\ + Hé\ll
— 0 —

C|:_NH S— NO, [ HN= :Jr

i "

Influence of interfering ions. To evaluate the complex applicability for photometric
determination of cobalt, we examined the influence of foreign ions and reagents. The results
showed that great excesses of alkali, alkali earth, and rare earth elements, as well as NO3’, ClOy’,
S0,% and CH;COO ~do not interfere determination of cobalt with HNTP and DPG. Interference
of most cations masked by the addition of complexone I11. Tartrate mask the milligram quantities of
Ta, Ti, W and Mo. Zr fluorides should mask, and copper-thiourea.

Comparative characteristics of the procedures for determining of cobalt. The proposed
method compares favourably with the existing ones (Table 1) and offers the advantages of better
simplicity, rapidity, sensitivity and selectivity.

Table 1.
Comparative characteristics of the procedures for determining of cobalt
Reagent pH (' solvent) A, ex10" Beer’s law range Ref.
nm L mol™ cm™ (ng ml*
Nitroso-R-salt weakly acidic 415 35 0.2-6.2 [2]
medium
2,3,5-triphenyl-2H- 5.2-5.8 525 4.26 02-15 [4]
tetrazolium chloride
1-nitroso-2-naphtol 4.5-8.9 415 2.9 0.4-3.6 [2,17]
2-nitroso-1-naphtol 4.0-9.3 365 3.7 0.8-5.9 [2,17]
HNTP - DPG 5.1-6.9 (CHCly) 542 3.8 0.5-12.0

4. APPLICATION

The proposed method was successfully applied for the determination of Co(ll) in the sewage water,
Bottom sediments and plants.. The results found to be in good agreement with those obtained by the
standard known method (Table 2 and 3).
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Table 2.
Determination results of cobalt (I1) in the Sewage water and Bottom sediments (n = 6, P = 0.95)

Analysi - RSD(%
Otf}é’fts Added, ng | Found, ug Found in the sample, ng/ kg X+ tp xS Sb(*)
Jn
Sewage water
Sample 1 3.0 3.45 0.45+0.06 5
Sample 2 4.0 4.17 0.17+0.12 6
Bottom sediments
Sample 1 4 5.29 1.29+0.04 7
Sample 2 4 5.95 1.95+0.05 4
Table 3.
The results of the cobalt (1) in plants (n = 6, P = 0.95)
Sample Method Found in the sample, Recovered | RSD,% < t, xS
0
mg / kg (%) n
Beans Formaldoksim 0.27 0.51 2.9 0.27+0.005
8- Mercaptoquinoline 0.32 0.40 2.3 0.32 £0.005
HNTP +DPG 0.30 0.45 1.9 0.30+0.004
Peas Formaldoksim 0.19 0.44 3.5 0.19+0.0041
8- Mercaptoquinoline 0.20 0.29 3.8 0.20+0.0052
HNTP + DPG 0.15 0.35 2.6 0.15+0.0033
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XULASO
KOBALT(II) - 2-HIDROKSI-5-NITROTIOFENOL - DIFENILQUANIDIN SISTEMINDO
KOMPLEKSOMOLOGOLMONIN EKSTRAKSIYALI-SPEKTROFOTOMETRIK TODQIQI
Ibrahimova $.0O.

Acar sézlar: kobalt, 2-hidroksi-5-nitrotiofenol, difenilquanidin, xloroform, halledicilarls ekstraksiya.

Kobalt(Il) 2-hidroksi-5-nitrotiofenol (HNTF) vo difenilquanidin (DFQ) ilo garsiliglt tasirds oldugda
Co(I):;THT®: A®I' =1:2:2 torkibinds tickomponentli birlosma omalo gatirir. Kobaltin ekstraksiyali-
fotometrik toyininin optimal soraiti miiayyon edilmisdir. Miixtalifligandli kompleks birlosma zaif turs
miihitdo (pHgp 2.5-6.0) amala galir. Maksimum isiqudma 560 nm dalga uzunlugunda bas verir. Molyar
isiqudma omsali 3.8x10* borabordir. Toklif olunan metodika suda vo bitkido kobaltin toyinins tatbiq
edilmisdir.

PE3IOME
KCTPAKIHIMOHHO-CIIEKTPO®OTOMETPUYECKOE UCCJIIEJOBAHUE
KOMIIJIEKCOOBPA30OBAHUS B CUCTEME KOBAJIBTA (11) - 2-THAPOKCH-5-
HUTPOTUHODEHOJI-AU®EHWJIT'Y AHUJINH
Hopazumosa I1I. A.

Kntouegvle cnosa: robanem, 2-2udpoxcu-S-numpomuogperon, Oupenuncyanuout, xaopogopm,
9KCMPAKYUsL pAcmeopuUmenem.

[Ipu B3aumoneicTBUM KoOaibTa ¢ 2-THAPOKCH-S-HUTpoTHOGEeHonoM (ITHT®) u audenunryanuam-
HoM ([®I') oOpasyrorcs sKcTparupyemble  XJIOpOQOPMOM  TPEXKOMIIOHEHTHBIE COEAMHEHHMS C
cootHoteHueM Co(ll):THTD:ADI" =1:2:2. HaiigeHsl ycioBUsl 3KCTPAKIHOHHO-(DOTOMETPHYESCKOTO
orpeseNieHns KoOanbTa. bblto ycTaHOBIEHO, YTO Pa3HONIUTAHHbIE KOMIUIEKCHI 00pa3yIoTCs B CIIA0OKUCIION
cpene (pHonr 2.5-6.0). MakcuMyM B CIIEKTpe CBETOIOTrJIONIeHUs HaOmromaercs npu 560 HM. MomspHbIi
ko3 uiment cBeronornomenus pasen 3.8-10%. Ipemmaraemslii CIoco0 YCIEIIHO HCHONB3yeTCs IS
ompenenerus cogepskanus Co (1) B cTOYHBIX BOJax, JOHHBIX OTIOKEHUSAX U PACTCHHSX.

Daxilolma tarixi: [lkin variant 23.08.2019
Son variant
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VINILOKSI- VO (2-VINILOKSI)ETOKSI 9VOZLI TSIKLOPROPIL
ASETALLARA MONO- VO DIiTIOLLARIN SORBOST RADIKAL
BIRLOSMOSI

QARAYEVA SOBNOM HOMID qiz1
Sumqayit Dovlat Universiteti, doktorant
Shabnam-1983@mail.ru

Agar sozlar: Viniloksitsiklopropil asetal, tiofenol, etanditiol, radikal birlagsma, addukt.

Viniloksi- va (2-viniloksi)etoksi avazli hemdixlortsiklopropanlarin miivafiq alkandiollarla
NaOH istirakinda qarsiliglt tesirinden miivafiq viniloksi- vo (2-viniloksi)etoksi avazli tsiklopropil
asetallar sintez edilmisdir. Tiofenolun vo etanditiolun sintez edilmis tsiklopropilasetallara sorbast
radikal birlosmo reaksiyasi aparilmisdir.

Odobiyyatda bir sira tsiklik monomerlor asasinda polimerlorin alinmasi istigamotinds islor
aparilmisdir. Belo ki, viniltsiklopropanlar osasinda alinan tsiklik asetallarin polimerlogsmosi
sahosindo aparilan todqiqatlar Endo vo omokdaslari torofindon yerino yetirilmisdir [1]. Miixtolif
miialliflor torafindon gostorilmisdir ki, viniltsiklopropan monomerlsrinin polimerlogsmasi vinil vo
tsiklopropan halgasinin agilmasi hesabina gedir vo noticads, torkibindo pentenamer qruplari
saxlayan polimerlor alinir. Tsiklik asetal qruplar1 saxlayan viniltsiklopropanlarin polimerlogsmasi
zamani asetal tsiklinin agilmasi iso onlarin 6lgiilarindon asili olaraq bas verir.

Tsiklopropan halgasinda tsiklik asetal qruplari saxlayan viniltsiklopropanlarin sintezi vo
onlarin tsiklin agilmasi ilo radikal polimerlogsmosi sahasindo adobiyyatda molumatlar vardir [2-4].
Bu sistemlords vinil qrupu ila tsiklopropan halqgesi bilavasito qosulmus olagsler sistemina daxildir.

Togdim olunan isdo torofimizdon sintez olunmus (codval 2) viniloksi vo (2-viniloksi)etoksi
ovazli tsiklopropil asetallarla model reaksiya olaraq tiofenolun vo etanditiolun sorbest radikal
birlogsmo reaksiyasi aparilmisdir. Sintez edilmis monomerlorin molekullarinda vinil va tsiklopropil
qruplarimin bir-birindon oksigen korpiisii ilo tocrid olunmus formada yerlogsmasi onlarin asasinda
makromolekullarinda tsiklopropan halgalari vo tsiklik asetal qruplari saxlayan polimerlorin
alinmasina imkan verir.

Tacriibi hissa. Sintez edilmis mono- va bis-adduktlarm 1Q-spektrlori “Spekord” M-80 ciha-
zinda KBr, NaCl vo LiF prizmalar1 diapazonunda nazik tobogolor soklinde ¢okilmisdir. Niive-
magqnit rezonansi spektrlori “Tesla” firmasimin BS-4878 (80 MHz) markali1 spektrometrinds (daxili
standart heksametildisiloksan) ¢okilmisdir. Protonlarin kimyovi siiriismolori 6 skalasinda (m.h.)
verilmisdir. Sintez edilmis monomerlorin izomer torkibi vo onlarin tomizlik dorocosi qaz-maye
xromatoqraft (QMX) vasitosilo miioyyon edilmisdir (LXM 8MD). Maye faza kimi Apiezon-L
(15%) vo karbovaks-20M (15%), dasiyict kimi xromaton vo tselit-547, gaz-helium istifado
edilmisdir.

Viniloksi- vo (2-viniloksi) etoksi ovozli tsiklopropil asetallar viniloksi- vo (2-

-~ OH
™™~0H
NaOH istirakinda qarsiliglt tosirindon [5] odobiyyatinda verilon metodikaya miivafiq sintez
edilmisdir.

Tiofenolun viniloksi- va (2-viniloksi) etoksi avazli tsiklopropil asetallara radikal
birlosmasi

viniloksi)etoksiovazli hemdixlortsiklopropanlarin  iimumi formulu (CH,) olan alkandiollarla
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Viniloksi- va (2-viniloksi)etoksi avazli tsiklopropil asetallara mono-
va ditiollarin sorbast radikal birlosmosi

) ongy  PhS T o)
/\O/V<O‘Jm —— \/\O/V<OJm

R=-(CH,)- ; m=2-4

Birlogmo reaksiyasi qapali ampulda, inert atmosferds, AIBN (0,5 kiitlo.%) istirakinda ilkin
maddolorin efir:tiofenol = 1:1.1 nisbotinds 1,5 saat miiddatindo 60-70°C-do aparilmigdir. Reaksiya
miiddoti basa catdigdan sonra tiofenolun artigr sonda yuyulur, qurudulur vo efirlo ekstraksiya
olunur. Efir vo monomerin artig1 (agor qalibsa) qovulur. Sintez edilmis adduktlarin fiziki-kimyavi
gostaricilori codval 1-do verilmisdir.

Etanditiolun viniloksi- va (2-viniloksi) etoksi avozli tsiklopropil asetallara radikal
birlasmasi.

Ampula inert qaz (azot) miihitindo 0.01 mol etanditiol, 0,5 kiitlo.% miqdarinda
azoizobutironitril (AIBN) va 0,02 mol viniloksiasetal monomerlori yerlosdirilir. Ampulanin agzini
bagladiqdan sonra o, termostatda 70°C-do 1,0-1,5 saat qizdirilir. Reaksiya basa ¢atdigdan sonra
ampul soyudulur, reaksiya mohsullar1 3-4 dofo 10% soda mohlulu ilo yuyulur. Reaksiya mohsullari
efirlo ekstraksiya edilir, Na,SO, lizerinds qurudulur vo efir buxarlandigdan sonra vakuumda
qovulur. Alinan adduktlarin ¢iximlar1 miqdart ytiksak olur.

Sintez edilmis bis-adduktlarin fiziki-Kimyavi gostaricilori cadval 1-do verilmisdir.

Cadval 1.
Mono- va bis-adduktlarin bazi fiziki-kimyavi géstaricilari.
: Empirik formul Tapilmigdir (Hesablanmigdir)
Birlogmo (moplekul kiitlo) S | H | C
Mono-adduktlar
3 C13H1603S (252) 12.69 6.34 61.90
4 C14H1505S (266) 12.03 6.76 63.16
5 C15H2005S (280) 11.42 7.14 64.29
6 C15H2004S (296) 10.81 6.75 60.81
7 C16H2,0,S (310) 10.32 7.09 61.94
8 C17H,40,S (324) 9.87 7.40 62.96
9 C13H15035S (254) 12.59 7.08 61.42
10 C15H,0,S (298) 10.73 7.38 60.40
Bis-adduktlar
3 C16H2606S, (378) 16.93 6.87 50.79
4 C1sH3006S, (406) 15.76 7.38 53.20
5 C0H3406S, (434) 14.74 7.83 55.30
6 Ca0H3405S, (466) 13.73 7.29 51.50
7 C2H3505S, (494) 12.95 7.69 53.45
8 C24H1,08S, (522) 12.26 8.04 55.18
9 C16H2606S, (414) 15.50 7.24 46.38
10 CaoH3505S, (470) 13.61 8.09 51.06

Tacriibi naticolorin miizakirasi. Torofimizdon sintez edilmis viniloksi- vo (2-viniloksi)
etoksi ovozli tsiklopropil asetallarin polimerlosma prosesini (reaksiyanin mexanizmini vo alinan
polimerlorin quruluslarini) xarakterizo etmok mogsadilo model reaksiya kimi tiofenolun homin
monomerlora radikal inisiatorun istirakinda sarbast radikal birlosma reaksiyasi tadqiq edilmisdir.

Gostorilmisdir ki, tiofenolun sintez edilmis monomerlorlo birlosmo reaksiyasi tiil radikalinin
vinil qrupuna birlosmasi ilo baslanir vo alinan araliq addukt-radikalin tiofenoldan proton qoparmast
ilo basa catir.
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/V\Mn
W o L\V<OJ kRJ \W <Rm7\

Torafimizdon sintez edilmis viniloksitsiklopropilasetallarin radikal tipli inisiator olan AIBN
istirakinda (0,5 kiitlo % miqdarinda 1,5 saat miiddstinds) ilkin komponentlorin — monomer :
tiofenol = 1: 1,1 nisbotindo reaksiyas1 70°C-do azot miihitindo aparilmisdir. Inisiatorun termiki
parcalanmasindan amalo golon radikalin tiofenolla qarsiligl reaksiyasindan yaranmus tiil radikallari
monomerlorin ikigat rabitosino birlogorok araliq radikal omolo gotirir. Sonuncu iso tiofenol
molekulundan proton gopararaq monoadduktun amals golmasina sobab olur.

1 L= R R +PhSH —> RH +PhS"

H
PhS  * PhS G
s Ay — AN 1R A A

Belo tosovviir etmok olardi ki, araliq morhalodo omalo golon radikal tsiklo-propan
halgasinin agilmasi hesabina digor bir radikala ¢evrilsin. Belo olan halda sonda amolo golon addukt
0z qurulusu etibarilo tamamilo forqli olacaqdir.

\/v\/< PhSY addukt - 1
\/\ / ; ; :oJ
Phs 7% POSY addukt - 2
o o/

Reaksiya mohsullarimin hartorafli analizi onu gostordi ki, tsiklin acilmasi hesabina amolo
golocok geyd olunan adduktlar miisahido olunmur. Ona goro do birlosmo reaksiyasimin osas
istigamati tiofenolun 1,2-voziyyotindo birlogsmosindon ibaratdir. Bu noticoni aliman adduktlarin
torkib vo quruluslarinin IQ vo NMR-spektroskopiya vo element analizindon alinan gdstoricilordon
gormok olar.

QMX-analizlorin naticolori gostarir ki, alinan adduktlarin hamis1 fordi maddaslordir vo element
analizinin noticolorino osason torkib etibarilo tiofenolun monomerloro birlosmoasindon alinan
monoadduktlara uygun golir.

,V< 2 PhsH s | v< 3
/\O OJm \/\O O-Jm

Apardigimiz tadqiqatlarin noticolori gostorir ki, tsiklopropan holgqesinds olan asetallardaki m-
in giymotindon (metilen qruplarin sayindan) asili olmayaraq alinan adduktlarin ¢iximlart 87-93%
toskil edir.

[Q-spektrdon goriiniir ki, 1020-1040 sm™, udma zolagimin varhigi tsiklopropan grupunun
olmasina dolalst edir va tiofenolun birlogmasi yalniz vinil qrupunun istiraki ilo basa catir.

Alman adduktlarin NMR-spektrlorinin analizi iso gostorir ki, spektrdo 6=5,0-6,0 m.h.-do
ikiqat rabitonin yanindaki protonlara xas olan signallarin olmamasi, onun avazine 6=3,3-3,4 m.h.-do
SCH; qrupuna aid signallarin olmasi reaksiyanin vinil qrupu hesabina getmasini gostarir.
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Viniloksi- va (2-viniloksi)etoksi avazli tsiklopropil asetallara mono-
va ditiollarin sorbast radikal birlosmosi

Cadval 2.
Tiofenol ila viniloksitsiklopropilasetallardan alinan adduktlarin NMR spektrlorina gora qurulugslari.

Proton saxlayan qruplarda protonlarin kimyovi siirlismolori (5,
ilkin mh,)
MOono- Monoadduktun
—CH—c<
mer struldur formulu CHeS- | -SCHy- | -OCH;- [ -OCHs- | N | -O(CHa)r
o :
_ ) 2.21(t);
3 | MSEROUTICS  GHe 7'2?m7)'36 204t | 371®) | - | 0.46;0.73 |3.95-4.05 (m)
CH, (m)
o ) i :
_ ) 2.22(t); |3.98-4.08(m);
4 | PRSCHIOITZCS | (GHa 7'2(1m7)'33 206(t) | 371() | - | 048071 | 1.88(m)
CH, (m)
90 2.21(t); :
PhS(CH,),0CH—C (CHy, |7.21-7.37 B , 3.60-3.70(m);
5 \CH/ \OJ (m) 297 (1) | 3.71(1) 0.4?61()).71 1,53-1.57(m)
2
o :
/ : 2.20(t);
PhS(CH,CH,0),CH—C (CH,), | 7.18-7.34 3.71(b); )
6 2¥i2e2 AN 3.24 (t - 0.48; 0.73 | 3.93-4.04(m
&CH/ o (m) ® | 3.59(s) i (m)
2
-y 2.18(t); |3.99-4.10(m);
PhS(CH2CH20)2 H— 2)3 K i . X JI9-4. ,
7 NI 717733 325 | SO 1 _ | oag 073 | 1.87(m)
CH, (m) 3.55(s) (m)
o )
/ : 2.16(t); :
PhS(CH,CH,0),GH—C (CHy),| 7.19-7.40 3.71(¢); B ) 3.63-3.71(m);
8 N NoJ m | 3P0 556 0'4?61())'73 1.54-158(m)
2
OCH :
__-0CH, ] 2.21(t);
g | PEEREOTUN oon, 7'2(1m7)'35 320 (t) | 3.81() | 3.33 (5) | 0.48;0.73 -
CH, (m)
OCH :
~OCH , 2.21(v);
PhS(CH,CH,0),0CH—C 7.22-7.38 3.80(1); ,
10 N 3.21 (t 3.31(s) | 0.48;0.73 -
\CH/ OCH;, (m) ( ) 346(3) ( ) (m)
2

Kimyovi siirismonin spin-spin qarsiliqli tosirinin vo xarakterik signallarin inteqral inten-
sivliklorinin giymatlorine gors reaksiyanin yalniz vinil qrupu hesabina getmasi vo monoadduktlarin
alinmas1 miioyyonlosdirilmisdir.

Beloliklo, tacriibolorin naticolori gostorir ki, reaksiya ¢ox rahat holledicisiz miihitdo reaksiya
qarisigini qizdirmagqla gedir vo naticoado, tsiklopropan torkibli monoadduktlar alinir.

Model reaksiyalarin naticolori gostorir ki, sintez edilmis monomerlorin radikal inisiatorlarin
istirakinda polimerlosmasi yalniz vinil qrupunun hesabina bas vermalidir.

Etanditiolun funksionalovozli viniltsiklopropanlara birlosmo reaksiyast zamani alinan
naticolor gostordi ki, tsiklopropan halgasinda olan funksional qrup avazloyici alinan mohsullarin
ciximia vo reaksiyanin gedisino he¢ bir tosir gostormir. Reaksiya boyiik siirotlo vo reaksiya
mohsullarinin miqdar1 ¢iximi ilo gedir [6].
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ABN —2> 2R
2
. /N 7\
R + HS SH ——> HS S

-RH

oM o
CH,),—> /\/O
HS/ \S' +/\o/v<0( 2) HS/ \S . vo CHy)y—

) o o
M M b N Y VOSH%
H

Monoaddukt m=2-4

Etanditiolun (EDT) viniloksitsiklopropil asetallarla birlosmo reaksiyasi zamani oldo edilon
naticolor gostordi ki, reaksiya vinil qrupu ils tsiklopropan halgasinin eyni vaxtda agilmasi ilo getmir.

EDT-un funksional avazli tsiklopropilvinil efirino birlosmasi zamani omals golon adduktlar,
ilkin addent vo substratin nisbotindon asili olaraq, mono- vo bis- torkibo malik olur.
Viniloksitsiklopropil asetal:EDT = 1:1 vo ya 2:1 olur. Bu naticoys biz ilkin reagentlorin miixtolif
nisbatlorindo reaksiyani aparmaqla alinan adduktlarin torkibinin element analizi vasitssilo nail
olmusug.

Reaksiya noticosindo alman birlosmolorin qurulusu IQ vo NMR spektrlorinin kémoayi ilo
oyronilmigdir. Spektrlorin arasdirlmasindan alinan naticolor gostordi ki, ilkin komponentlorin
nisbatindon asili olaraq, reaksiya ya mono- vo yaxud da bis- adduktlarin alinmasi ilo basa ¢atir.
Birlogsmo reaksiyasinda iso regioselektiv olaraq yalniz viniloksitsiklopropil asetallarin vinil qrupu
istirak edir'

(CHz)m >V\o/\/SVSH (CHZ)m >v\ /\/S\_/S Monomer

RN
A s (CH,),, HS__SH
= CHIn SN NSNS I

(O o
CH,)r,
= CHI SN AN SN K G

Bis-addukt

[Q-spektrdo adduktun torkibina daxil olan qrup vo fragmentlors xas olan udma zolaqlariin
olmasi toklif olunan qurulusu tosdigloyir. Belo ki, 1020-1040 sm™ udma zolagmm olmasi
tsiklopropan halgasinin varligin1 vo reaksiyanin yalniz ikiqgat rabitadon selektiv olaraq getmasini,
basqa sozlo, tsiklopropan halgasinin toxunulmaz qalmasin siibut edir.

Birlogsmo reaksiyas1 zamani alinan adduktun NMR-spektrinin arasdirilmasi onu gotordi ki,
ilkin substratda ikigat rabitonin yaninda olan protonlara xas olan kimyavi siirligmolor reaksiya
zamani alman adduktlarin spektrindo olmurlar (6=5,0-6,0 m.h.). Bu onu gostordi ki, reaksiyada
yalniz vinil qrupu istirak edir. Bunlarla yanasi, spektrdo 6=3,3-3,4 m.h. sahado olan signallar
adduktun qurulusunda —SCH;-fragmentinin olmasina dolalot edir. Spektrds olan garsiligli spin-Spin
tosirindo olmanin xarakteri kimyovi siiriismoalorin qiymatlori vo siqnallar inteqral intensivliklori
toklif olunan mono- va bis- adduktlarin qurulusu ils uygunlasir.

Beloliklo, tocriibalorin noticolori gostorir ki, reaksiya holledicisiz miihitdo reaksiya
qarisigini qizdirmaqla gedir vo naticodo tsiklopropan torkibli monoadduktlar alinir.
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PE3IOME
CBOBOJHOPA/IMKAJIBHOE IIPUCOE/JMHEHUE MOHO- 1 IMTUOJIOB
K BUHUWJIOKCHU- U 2-BUHNJIIOKCH)- OSTOKCU3AMEIIIEHHBIM
OUKJIONPOIMUJIALIETAJIAM
T'apaega IILT.

Kniouesvie cnoea: sununokcuyuxionponuiayemans, Mmuo@eHon, dManoumuon, paouKaibHoe

npucoeourexue, a00yKm.

[TpoBeneno cBoOOIHOpAINKAIBHOE MPUCOSANHEHNE THO(EHONAa M 3TAaHJUTHONA K BHHWIOKCH- U 2-
BUHHUJIIOKCUITOKCHU HUKJIOIPOMNMWIALCTATIAM U IMOKAa3aHO, YTO pE€aKlHsd MPOTCKACT I10 BUHUJIBHON rpymme ¢
o0pa3oBaHHEM Kak MOHO- (B ciydae THO(EHONa), Tak U OMC-alIyKTOB (B Cllydae dTaHAWTHONA). MeTtonaMu
CIIEKTPAIFHOTO M XMMHYECKOTO aHAJIHM30B YCTAaHOBJICHA CTPYKTypa CHHTE3MPOBAHHBIX aITyKTOB. Takum
00pa3oM, pe3ylbTaTbl SKCHEPUMEHTOB IOKAa3bIBAIOT, YTO PEakUus HACT NMpPU HArpEeBaHUHM PEAKIMOHHON
CMECH B HEPaCTBOPHMOM CpeJie U B pe3yJIbTaTe MOIyYaroTCsl MOHOAAIYKThI, COJEprKalllie [IUKIONPOIaH.

SUMMARY
FREE RADICAL ADDITION OF MONO- AND DITHIOLS TO VINYLOXY-AND (2-VINYLOXY-)
ETOXI SUBSTITUTED
CYCLOPROPYLACETALS
Garayeva Sh.H.

Key words: vinyloxycyclopropyl acetal, thiophenol, ethanedithiol, radical addition, adduct.

Free radical addition of thiophenol and ethandithiol to vinyloxy-and 2-vinyloxyethoxy cyclopropyl
acetals was carried out and it was shown that the reaction proceeds along the vinyl group to form both mono-
(in the case of thiophenol) and bis-adducts (in the case of ethandithiol). The structure of synthesized adducts
was determined by spectral and chemical analysis. Thus, the experimental results show that the reaction
proceeds by heating the reaction mixture in an insoluble medium and the result is monoadducts containing
cyclopropane.
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AZORBAYCAN FLORASINDA QAYMAQCICOK (RANUNCULUS L. )
CiNSi NOVLORININ FITOSENOLOGIYASI

OKBORI TORANO MAYIL quz1
Azarbaycan Dévlat Pedaqoji Universiteti, Samaxi filial, dissertant
sdu.elmixeberler@mail.ru

Agar sozlor: Ranunculus L., fitosenoz, assosiasiya, formasiya, edifikator, noviin bollugu, dominant
noviar

Miivafiq fitosenozlarda ekoloji-fitosenoloji tadqiqatlarin  aparilmasina beynolxalq elm
alomindo genis yer verilir. Odur ki, floran1 hortorofli aragdirmaq, eloco do biosenozun asasi sayilan
fitosenozlarin nov torkibini vo qurulusunu todqiq etmok, onlarin qorunmasi, somarali istifadesi,
yaxsilagdirilmas: vo miinbitliyin borpasi, kompleks todqiqatlarin aparilmasi iiclin ayri-ayri
fasilolorin niimayondslorinin miiasir saviyyade arasdirilmasi on vacib masalalorden biridir. Miivafiq
fitosenozlarda ekoloji-fitosenoloji todqiqatlarin aparilmasina beynolxalq elm alominds genis yer
verilir. Ona gora do Azarbaycan florasi va bitkiliyinin 6yranilmasi tiglin tadqiq edilon Ranunculus L.
cinsi novlarinin fitosenoloji xiisusiyyatlorinin vo populyasiya strukturunun dyronilmosini qarsimiza
mogsad qoymusug.

Todqiq etdiyimiz orazilordo cinsin R.oxyspermus Willd, R.repens L., R.arvensis L. vo
R.sceleratus L. novleri diger novlerdon forqli olaraq, Azerbaycanin biitiin botaniki-cografi
rayonlarinda rast golinir. Digor ndvlora iso 6ziinomoxsus orazilordo tosadiif edirlor. Fitosenoloji
baximindan botaniki qruplarda edifikatorluq hor nov ii¢lin 6ziinomoxsusdur. Mas. R.oxyspermus
coxillik olmaqla yanasi, biitiin torpaq tiplorinde va biitiin qursaqlarda maskunlasa bilir, buna gors do
daha c¢ox rast golinir vo fitosenozlarda edifikator rolu oynayir. O ciimlodon, R.repens coxillik
bitkidir, lakin ona hor yerds rast golinmir, onlar yalniz diizonlikdon orta dag qursagina qador, asason
mesaliklordo vo meso talalarinda, bozon mesodon sonraki ¢omonlordo  ¢aylarin otrafinda, sulu
doralorde bir sozlo riitubetli yerlordo rast golinir. Heliositsiofitloro aid oldugunu bitki yayilma
markazlori ilo tasdigloyir, bels ki, kdlgoyadavamli bitki oldugu {igiin mesodo daha yaxs:1 inkisaf edir.
R.repens novii Kigik Qafqaz orazisinin Xosbulaq mesosindo, Nax¢ivan Muxtar Respublikasinin
Tillok mesasindo vo Quba-Xa¢cmaz istiqgamotinds olan biitiin mesoalorde yayilmigdir. Bitkinin bollugu
3-5 arasinda doyigir. Eloco do sulu dorslordo mezofit bitkilordon olan Baldirqanliq transektinin
qruplagmasinda III daracali subedifikator rolunu oynayir. R.oxyspermus ndviine ds bu yerlors yaxin
rast golinmigdir, lakin onlar nisbaton boz-qonur torpaqlarda iistiinliik togkil etmis, dag bozqirlarinda,
qaya tokiintiilorinds, kserofil bitkiliyindo do rast golinmisdir. Bitkinin bollugu 2-4 arasindadir.
Fitosenozun osas elementlorindon biridir. Nax¢ivan MR dag kserofit (friganoid) bitkiliyinin
Zygophylleta atriplicoides -Sirkonvari holmolik formasiyasinda Zygophyllumatriplicoides +
Reaumuria  persica + R.oxyspermus + Atraphax spinosa assosiasiyasina rast golinir. Burada
R.oxyspermus novii assosiasiyanin elementlorindondir, lakin Nax¢ivan MR Gillongay hdvzosindo
riitubatli yerlordo R.oxyspermus artiq R.repens ils ovoz olunur. Meso bitkiliyi R.repens névii tiglin
xarakterikdir, asason Tuqay mesolori, Seyrok arid mesolor, homisoyasil mesolor, Palid mesalori
formasiya sinfinin Ag soyiidliik,-Saliceta albae, Qolomo qovaqliq- Populeta gracilis, Kigik
qaraagaclig- Ulmueta minor vo Sorq palidligi- Querceta macrantherae tgiin R.repens asagidaki
assosiasiyalarin torkibindo rast golinir: Salix alba+Elaeagnus angustifolia+ herbosum (R.repens) +
Tamarix meyeri; Populus gracilis+Salix triandra + R.repens +herbosum; Quercus
macranthera+Fraxinus  exelsior+Acer ibericum + herbosum (R.repens); Crataegus
caucasica+Malus orientalis+Pyrus salicifolia+Quercus macranthera+ herbosum (R.repens); Pyrus
salicifolia+P. caucasica+Cotoneaster melanocarpus+Rosa rapinii+R. canina+ herbosum
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(R.repens). Mesoalt1 miixtalifotlugda R.repens bir-ne¢o formasiyada dominantliq edir. Burada 25-45
odod bitkiys rast galinir. Umumi halda bu fitosenozlarm torkibina Helichrysum plicatum, Galium
verum, Tussilago farfara, Hupericum perforatum, Teucrium orientale, Ziziphora capitata, Prangos
acaulis, Xeranthemum cylindraceum Sibth., Acroptilon repens (L.)DC., Artemisia absinthium,
Trifolium pratense, Verbascum pyramidatum, Potentilla argentea, Centaurea glehnii, Rumex
scutatus L., Lotus corniculatus kimi ot bitkilari ilo barabar, Rhamnus pallasi, Salix wilhelmsiana,
Padus avium, Fraxinus excelsior, Lonicera iberica kimi agac vo kol bitkilori do daxil olur.

Boylk Qafqaz orazisindo olan meso c¢omonlorindo cinsin ndvlori  eyni doracado
yayllmamisdir. Burada ¢omon bitkilori arasinda Ranunculus baidarae, R.crassifolius, R.
arachnoideus, Carex tristis, C.polyphylla, C.melanostachya, Agrostis planifolia, A.capillaris,
Calamagrostis arundinaceae, Arrenatherum elatius, Poa nemoralis vo s. dominantliq edir. Onu
da geyd etmok lazimdir ki, Ranunculus arachnoideus noviiniin Azorbaycanda osas yayilma
morkozi Boyiik Qafqaz orazisidir. Noviin bollugu 1-2 baldir.

Kigik Qafgaz florasmin miivafiq bitkiliyindo cinsin R. baidarae, R.crassifolius novii ilo
bahom R.oreophilus, R.elegans novlarins subalp ¢gomonlors gadar rast golinir. R.elegans névii bazon
alp comonlorindo fragmental goriinilis yaradir (Nax.MR. Sahbuz r-n., Ordubad r-n.), lakin orazide
meso gomoanlarinda R.strigillosus novii isa miistasnaliq toskil edir.

Alp ¢omanlori bitkilorin nov sayina va boy 0l¢iisiine géra subalp ¢omonlorindon geri qalirlar.
Subalp ¢omanleri adaton six, hiindiirboylu vo név sayma gors zongindir. Burada asagidaki botaniki
gruplarda Ranunculus névleri dominantliq edir: Alopecureta textilis —Tiilkiiquyrugqluq
formasiyasinda Alopecurum textilis+Phleum pratense +herbosum; Lazistan tarlaotuluq - Agrosteta
lazicae formasiyasinda Agrostis lazica+Festuca valesiaca + Ranunculus oreophilus; Cilli-taxill
miixtolifotluq formasiya sinfinin Qomgin cillik- Carexeta tristis formasiyasinda Carex
tristis+Festuca chalcophaea+Astragalus alpinus +herbosum sonuncuda Ranunculus elegans novii
tok-tok yayilmigdir. Bollugu 1-2 baldir. Taxilli - cilli - miixtolifottu vo  taxilli - miixtolifotlu
mezofit meso ¢omoanlarde Ranunculus repens néviiniin do qatildig1 asagidaki assosiasiyalar qeydo
alinmigdir: Poterium lasiocarpum+Bromus racemosus+ R.repens; Potentilla recta+Poa
araraticat+Artemisia absinthum+R.repens; Carex tristis+Echinochloa crusgalli+Aeluropus
repens+ R.repens. Assosiasiyalarda noviin bollugu 1-3 bal arasinda doyisir.

Mezofit gomonlords tipik ¢omon bitkilari ilo barabar, qonsu qruplasmalardan (meso, bozqir vo
batagqliq) daxil olan bitki novlorinin hesabina yaranmis sorait az-¢ox dorocodo bitkilorin
miixtolifliyino sabab olur. Bu senozlarda cil vo taxil bitkilori tstiinliik toskil edir: Carex tristis,
C.polyphylla, C.melanostachya, Agrostis planifolia, A.capillaris, Calamagrostis  arundinaceae,
Arrenatherum elatius, Poa nemoralis vo s. Senozlarda bitkilorin vegetasiya miiddotlorinin
davamliligi, c¢i¢okloms vaxtlarindaki forqlilik, miixtslif dorinlikdo kok sistemlorine malik olmalari,
novlorin  bir-birindon forqli hiindiirliiklori, az-¢ox doroacods sixlig,  miioyyon fitoiglimin
formalagsmasina sabab olur. Ranunculus arvensis vo R.sceleratus novlori birillik bitkilordir, onlar
biitiin botaniki cografi rayonlarda rast golinir vo xiisuson belo qarisiq bitkiliklordo az vo ya ¢ox
doracada nazars carpir. Erkon yaz florast 6ziinamoxsus gozalliys va xiisusiyyata malikdir. Terofit
gqaymagqgigoklilordon olan Ranunculus arvensis vo R.sceleratus erkon yaz florasinin
peyklorindondir.

Mesodaxili cuxur yerlordo vo suotrafi orazilordo, bataqliq kenarlarinda torkibinds hidrofit
elementlor olan kicgik talalar soklindo g¢omanliklora rast golinir. Bu c¢omoanliklorin torkibindo
Ranunculus strigillosus, Orchis mascula, Alopecurus armenus, Muscari tenuiflorum, kimi
xarakterik bitkilor yayilmisdir. Cox zaman g¢omonliklorin torkibino Rosa boissieri, Crataegus
sanguinea, Prunus divaricata kimi kol bitkilori do daxil olur. Belo botaniki qruplasma yalniz
Nax¢ivan Muxtar Respublikasi orazisindadir.

Qayaliq vo tokiintii bitkilik tipi biitiin dagliq qursaqlar1 shats edir, onlar 2 formasiya sinfindo
(gaya vo tokiintii bitkiliyi) yayilmisdir. Burada Juniperis, Crataegus va Rosa cinsinin névlaring rast
golinir. Dayaniqli tdkiintiilorin torkibinds Cirsium tomentosum, Jurinella subacsulis, Ranunculus
illyricus, R.glandiflorus, gismon harokatli hissasinds iso Oxyria digyna, Sibbaldia semiglabra vs s.
novlor xiisusilo secilir. Goriindiiyii kimi, Ranunculus noévlori fitosenozlarda dominantliq edir.
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Beloliklo, Ranunculus ndvlarinin fitosenoloji xiisusiyyatlori vo senopopulyasiyalarinin dyronilmasi
naticosindo miloyyan edilmisdir ki, Azorbaycan florasinda bu bitkilor biitiin qursaqlar vo bitkiliklor
ticlin xarakterikdir, o climlodon sohra vo yarimsohralarda R. chius, R. cornutus, R. ophioglossifolius
novlori yayilmigdir. Asagi dag qursaqlarindan dagotoyi vo orta dag qursagina godor ndvlorin say1 vo
yayilma tezliyi daha ¢oxdur: R. lingua, R. sceleratus, R. repens, R. meyerianus, R. muricatus, R.
arvensis, R. oxyspermus, R. cicutarius, R. illiricus, R.trichophyllus, R.rioni. Orta vo yiiksok dag
qursagi liglin comi 4 ndva rast gainir ki, bunlardan R.grandiflorus asason Boyiik Qafqaz orazisinda
(Samax1 vo Ismayilli rayonlarinda), R.polyrhizos névii iso Nax¢ivan MR florasinda rast golinir.
Yiiksok dag qursagi ligiin iso R. buhsei, R. aucheri novlari bazon edifikator rolu oynasa da, asason
fitosenozlarda dominantliq edir.

Subalp vo alp qursaginin oasas novlori: R. strigillosus, R. oreophyllus, R. baidarae, R.
crassifolius, R. arachnoideus vo R.elegans. Orazilords yayilma tezliyino gora forqlonon R.elegans
novidiir.
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PE3IOME
®UTOLEHOJIOI'UsAI CEMEUCTBA JIIOTUKOBBIX (Ranunkulus L.)
B ABEPBAUI’KAHCKOU ®JIOPE
Axobepu T.M.

Knrouesvie crnoea: Ranunkulus L., ¢pumoyenos, accoyuayus, gopmayus, s0uguxamop, obuiue suoa,
OOMUHAHMHbIE GUObL

B cratbe m3yueHbl (UTOICHOIOTHUECKHE OCOOCHHOCTH BHJOB poaa Ranunculus L. Ompenenenbr
oOuiMe BHJIOB, SAU(DUKATOPBI, COCTAB PACTUTEIBHBIX aCCOIMAIUA B PACTHTENLHBIX COOOIIECTBAX.
ITpoBeneHre dKOIOTO-(PHUTONEHOTOTMYECKUX HCCIIEAOBAHUH B COOTBETCTBYIONIMX (DHUTOIICHO3aX 3aHUMAaET
B2)XHOE MECTO B MEXJIYHApOJHOM Hay4yHOM Mupe. [losToMy Oblla TIOCTaBlieHa Ielib HM3YYUTh
(DUTOIICHOIOTHUECKHE OCOOEHHOCTH TIOJIOBBIX BHJIOB W CTPYKTypy momyisuumii Ranunculus L., mis
WcCIeIoBanus 1 n3yueHus (iopbl AsepOaiikaHa.

SUMMARY
PHITOCENOLOGY OF THE FAMILY RANUNCULACEAE (Ranunkulus L.)
IN THE AZERBAIJAN FLORA
Akberi T.M.

Key words: Ranunkulus L., phytocenosis, association, formation, edifier, species abundance, dominant
species
The article studies the phytocenological features of the species of the genus Ranunculus L. The
abundance of species, edifiers, composition of plant associations in plant communities are determined.
Conducting ecological and phytocenological studies in relevant fitocenose occupies a wide place in the
international scientific world. Therefore, the aim was to study the phytocenological features of sexual species
and the population structure of Ranunculus L., for the study of the flora of Azerbaijan.
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LAYIHOLONDIRMO PROSESINDO SITUASIYALI KONSEPTUAL
MODELIN ELEMENTLORININ MODELLOSDIRILMOSI

TALIBOV NATIQ HOSON oglu
Sumqayit Dovlat Universiteti, dosent
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Agar sozlar: totbiqi avtomatlasdirilmig sistem, situasiyali modellasdirma, konseptual model, biliklor
bazasi, qrafik informasiya sistemi

Isd> dinamik faza obyektlarinin tadqiqi iiciin situasiyali konseptual modelin qurulmasi masalalarina
baxilmigdir. Baxilan yanasmanmin asas xiisusiyyati ondan ibaratdir ki, modellasdirma prosesinin yerina
yetirilmasi iigiin  ekspert biliklorindan istifado ardicilligi islanmis, qrafik informasiya sisteminin
formalagdirilmasi masalalorina baxilmigdir.

Totbiqi avtomatlasdirilmis sistemlorin sonaye tisullar1 asasinda togkilinin layiholondirilmasi
metodologiyasi asagida gqeyd olunanlardan togkil olunmagqla, [1]-do asaslandirilmigdir:

- Toyin olunmus morhalalor toplusundan ibarat iglonmo prosesi;

- Morhalslarin yerins yetirilmasi metodikast;

- Hor bir marhalonin giris va ¢ixis informasiyalariin tosviri qaydalari.

Toklif olunan metodologiya asasinda vo formalasdirilan model tosvirlori nozors alinmaqla
layihalondirma prosesine asagidaki morhalslor daxildir: layihslondirmodan avvalki tadqiqat, totbiq
sahasinin masalalorinin konseptual modellosdirilmasi, totbiq sahosinin mosalslorinin informasiya
mantiqi modellogdirilmasi.

Totbiq sahasinin masalalorinin layihalondirmadan avvalki morholods halli prosesinin aparilan
analizi masolonin altmasololors dekompozisiyasini, informasiyanin sistemlosdirilmasi vo secilmis
masalonin tam halda vo onun tarkibi olan altmasalalorin hor birinin tosnifatinin aparilmasinin yerino
yetirilmasing imkan verir. Bu morholonin yering yetirilmasi ti¢lin giris verilonlori predmet sahosi
ticiin ekspertdon vo sanadlosdirilmis monbalordon toplanir.

Masalolorin  dekompozisiya prosesinin forqlondirici xilisusiyyoti baza vo tiplosdirilmis
alqoritmik konstruksiyalara osaslanan dekompozisiyanin vahid prinsip vo qaydalarinin totbiginden
ibaratdir. Bu marhalonin naticasi xiisusi quruluslu diaqramlar soklinds vo diagramlarin tasvirini aks
etdiron vo masalalords istifade olunan informasiyalarin spesifikasiyasi soklinde sonadlosdirilir.

Predmet sahoasinin konseptual modellogdirilmasi imkan verir ki, predmet sahasinin biliklori
sistemlogdirilsin vo diaqram vo spesifikasiyalarin komoyi ilo konseptual model soklindo qeyd
edilsin.

Oyronilon moasalolorin informasiya montiqi modellogdirilmosi onlarin program — texniki
vosaitlordon asili olmayan verbal tosvirinin formalagdirilmasini tomin edir vo onun da diagram vo
spesifikasiya formasinda qeydiyyatina imkan yaradir.

Goriindiiyli kimi, predmet sahasinin masalalorinin hall prosesinin analizi avtomatlasdirilma-
nin vacib morhololorindon biridir. Bu zaman sonraki marhalolorin keyfiyyati vo naticalari, homginin
tam halda avtomatlagdirmanin miivaffoqiyyati informasiyanin, totbiq olunan iisullarin tamligindan
va dogrulugundan, analitik — miitoxassislorin tacriibs vo kvalifikasiyalarindan asilidir.

Qeyd olunan talablari slagalondirmak vo miitoxassislorin imkanlarini nazars almagla predmet
sahasi lizro mosalolorin tosvir modellorini elo formalagdirmaq zoruridir ki, asagidakilar miimkiin
olsun:

60


mailto:natiq1965@bk.ru

Talibov N.H.

- Mosaloalorin hall prosesi proqramgiya va tatbiq sahasi lizro miitoxassise aydin olan baza

algoritmik konstruksiyanin minimal sayinin kombinasiyasi kimi verilmoalidir;

- Istifads olunan molumat, verilonlorin tosnifat: va torkibi;

- Sado amoliyyatlarin vo onlardaki informasiyalarin minimal slagolondirilmasi zaruriliyi.

Ona goro do predmet sahosi lizro masololorin tosviri formalasdirilan zaman onlar1 hollinin
ononoavi prosesi predmet sahosinin qurulusu vo sado omoliyyatlarin ohatoli xarakteristikalari
soklinds geyd olunur.

Predmet sahosinin mosalolorinin modellorinin tasvirinin togkili masoalolorin informasiya vo
funksional torkib hissolorinin tosvirini vo emalini, homginin onlarin qarsiligli slagasinin tomin edir.
Bu talab edir ki, predmet sahasinin masalalorinin modelinin tosviri {iglin metodiki sistem iglansin,
hansi ki, onun komayi ilo mosalolorin modellosdirilmasi vo onlarin tasvirinin formalasdirilmasi
miimkiindiir.

[lkin model tosvirinin qurulmasinin xarakterik xiisusiyyati ondan ibarotdir ki, masalolorin
dekompozisiyasini miitoxossis baza vo tiplosdirilmis konstruksiyalar osasinda togkil edir.
Spesifikasiyalarin doldurulmasi prosesi vo matris diaqramlarin qurulmas: unifikasiyalagdirilir vo
doqiq formalasdirilmis toloblora uygun yerina yetirilir.

Situasiyali konseptual modelin formal tosviri. Bu isdo konseptul model texniki sistemin
(kompleksin) elementlarinin iyerarxik dekompozisiya qurulusunu oks etdirmoklo, vo/vo ya agacvari
grafla modellosdirmo obyektini tosvir etmoys osaslanir. Stuasiyali modellogdirmo sistemindo
verilonlorin birgo montiqi-hesab emalinin dostoklonmasini tomin etmak iigiin emal prosesinin ¢ix1s
verilonlori ancaq diskret sonlu ¢oxlugun verilonlarinin giymatlori (siyahi tipli) ola bilor. ©gor hansi
verilonin qiymati siyahi tipli sabitdirso, belo verilon parametr (PAR), odadi giymoto malik olanlar
dayison (VAR) adlandirilir vo onlar iizorinds miisyyon riyazi omoliyyatlar aparmaq olar. Beloaliklo,
situasiyali modellogdirma sistemindo istifado olunan verilonlorin adi ¢oxlugu doyisonlorin vo
parametrlorin adlart goxluguna boliiniir:

D :=<Var, Par >, Var ::={var, |, i =L N, 1)
Par ::= {parj } J=LN,,

burada: N,va N;- bu ¢oxluglarin giictidiir. Verilonlor obyekt vo proseslorin ehtiyatlarini  ifads

edir, doyisonlor situasiyali konseptual modelin elementlorinin funksionalliq funksiyasinin
parametrlori kimi istifads olunur.

Situasiyali konseptual modelin obyektlori li¢ osas xarakteristikaya malikdir: ad, situasiyali
konseptual modelin korrektliyinin analizi prosesinds istifado olunan vo obyektin strukturasini vo
funksiyasini toyin edon funksional tip vo situasiyali konseptual modeldaki super obyektlorin adlari.
Obyektlor agacindaki voziyysto goros konseptual modeldoki obyektlor {i¢ kateqoriyaya boliiniir:
primitivlor (LEAF kateqoriyas1), modellosmonin qlobal mogsadi ndqteyi-nozordon qurulusca
béliinmoyon elementar obyektlor (GISC kateqoriyasi) vo elementar vo / vo ya torkib obyektlorindon
toskil olunmus torkib elementlori (COMP kateqoriyast). GISC kateqoriyasina daxil olan obyektlorin
qurulusu kifayat qador miirakkab ola bilar, ancaq onlarin biitiin altobyektlori eyni bir qrafik slagoyo
malikdir [2].

Situasiyali konseptual modelin qurulmasi todqiq olunan predmet sahosi haqqinda geyri-formal
biliklordon onlarmm uygun formal tosvirine kecidlo naticolonir. Situasiyali konseptual modelin
atributlarinin modeli kortejlordon togkil olunur [3]:

Accy =<N,T,n,E,Tet,t

., Tht, >,
burada: N ::=<N_ ,Ny,N, > vo T:u=<T, T, T, >—uygun olaraq proseslorin, obyektlorin vo
ehtiyatlarin ad1 va tiplori ¢oxlugudur;

Ei=<E,, By, E, >vo T, 1=<T,T,T, >— uygun olaraq proseslorin icragilarinim,

obyektlorin va ehtiyatlarin adlar va tiplor coxlugudur;
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Layihalandirma prosesinda situasiyali konseptual modelin elementlorinin modellagdirilmasi

ni=<n,ny,n >;t::=<tp,t0,tr >, 1, =<ttt >,

ep, "€o, -er
burada n,:P—>Ng;n,:0—Ng;n D" >N
t,:P>Tot,:05 Ty t, : DM 5T
t, Po>T,t

o :0—>T,;t, : D™ — T, —funksiyalari situasiyali konseptual modelin cari

eo eo’ “er
elementlor toplusunu tosvir edir;
T, = {&,v,*}u N —obyektlor iyerarxiyasinin miinasibatlorinin tiplor coxlugudur, tosnifat

miinasibatlori kimi <<vo ya>> dizyunksiyasindan istifads olunur;
t., 10— T, —funksiyas: obyektlorin iyerarxik miinasibatlorini verir.

Situasiya konseptual modelin sxeminin parametrlogdirilmosinin aparilmas: todqiqat
obyektinin osas xarakteristikalarinin doqiqlosdirilmosino imkan verir [4,5]. Homginin qrafik
informasiya sisteminin, ES-in predmet sahosinin verilonlor bazasinin vo program modullari
kitabxanasinin aid oldugu situasiyali modellogdirma sisteminin osas altsistemlorini daha doqiq tosvir
edir. Imitasiya zamam situasiyali konseptual modelin proses vo ehtiyatlarmin reallasdirilmasini
tomin edon program modullar1 kitabxanasi altsistemi elementar masalolorinin icragisi kitabxanasi
adlanir.

Qrafik informasiya sistemi altsisteminin formalasdirilmasi. Baxilan mosalo daxilindo grafik
informasiya sisteminin {istiinliiyii ondan ibarotdir ki, hor bir qrafik elementlo verilonlor bazasinin
olavo sahosi olaqgolondirilir ki, qrafik atributlardan forqli xarici hesablama modullarinin
modifikasiyast miimkiindiir. Xiisusi halda bu saholori verilon elements aid konseptual modelin
atributlari ticiin istifado etmok olar.

Qeyd olunanlar1 nozors almaqla, istifads edilon verilonlor ¢oxlugunu asagidaki sokildo ciit-
ciit kasismoyan altcoxluglara bélmak olar:

D =DM UD® UD® UD™® UDS = DY U DS

burada: D —sanaye kompleksinin konseptual modelini tosvir edon verilonlordir;

D® —situasiyali modellogdirmo sistemina daxil olan ES-nin daxili verilonloridir;

D®® —qgrafik informasiya sistemindon daxil olan obyektlor modelinin qrafik
xarakteristikalaridir;

DP® ::= D U D®° —eksperimental vo ssenari verilonlorindon ibarat xarici verilonlor;

D¢ —situasiyali konseptual modeldo istifado olunan {imumi verilonlor altgoxlugu
(‘common’);

D"®T —siyah1 formatina malik verilonlor altgoxlugu;

D®® —¢oxlugunun biitiin elementlori toyinat iizro VAR ¢oxluguna aiddir, galan biitiin
sadalanan alt¢oxluqlarin verilonlori hom doyisonlors, hom do parametrlors aid ola bilor.

D¢ coxlugu iki kesismayan altgoxluga béliiniir ki, onlardan da birinciys icragist ES olan

ehtiyatlar, ikinciya iso proseslorin giris va ¢ixis ehtiyatlar daxildir:
DC - DCR U DCP DCR A DCP — @

burada, D ::={d, eD:t,(d,)=ES}; D :={d, eD:}

Oz ndvbasinda axirmei coxlugu situasiyali konseptual modelin giris vo ¢ixis parametrlorinin
iki altcoxugunun birlogmosi kimi tosvir etmok olar:

D% ;= D LD
Predmet sahosinin verilonlor bazasma D™ altcoxlugunun biitiin elementlori, DV

altcoxlugunun bir sira elementlori, homginin D®® coxlugunun daxil olan elementlori vo
eksperimental verilonlor daxildir. Xiisusi halda predmet sahasinin verilonlor bazasinda situasiyali
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konseptual modelin elementi olan qrafik igfpgmasiyarsisteminin modifikasiya xarakteristikalarini
ifado edon DM ¢oxlugunun elementlori saxlanilir.

Bu parametrlor modellagdirmonin naticalorini qrafik informasiyalara osaslanmaqla tosvir
etmok tciin istifads edilir.

ODOBIYYAT

1. HoBocenosa O.B., Boakoa I'.JI. Merogonorus NpOEKTHUPOBAHUS  HPUKIIATHBIX
aBTOMATHU3HPOBAHHBIX CHCTEM: PELICHUE MPEAMETHBIX 3a/ay, MOJAJIeKAlluX aBTOMaTu3auuu //
Bectauk MI'TY. «Crankuny». Nel (19), 2012,104c.

2. bpxeszobckuii A.B., ®unpuakoB B.B. KonnenrtyanbHbIi aHanW3 BBIYHCIUTEIBHBIX CHCTEM.
CIIo6.: JIUAII, 1991, 78 c.

3. ®puaman A.f., ®puaman O.B., 3yenko A.A. CuryallmoHHOEC MOJACIUPOBAHUE IPHUPOIHO-
Texandeckux komruiekcoB. CII6.: M3a-Bo [lonurexH. yH-Ta, 2010, 436 c.

4. TyronokoB E.H., TkaueB A.I'., PyxoB A.B. u ap. [IpoekTupoBaHue CIOXKHBIX cucTeM. TamMOOB:
Tam0. roc. Tex. yH-1, 2008, 32 c.

5. bponckuii FO.U. Ilpobnema omnucanus U CUHTE3a paclpefeseHHbIX WMUTAI[MOHHBIX MOAenei
CJIO’KHBIX MHOTOKOMIIOHEHTHBIX cucteM. M., 2015, 343 c.

PE3IOME
MOAEJIUPOBAHUME 3JIEMEHTOB CUTYATUBHOM KOHI_IEHTYAJII)HOﬁ MOJIEJIN
B ITPOLHECCE INPOEKTUPOBAHUA
Tanviooe H.T.

Knrwowuesvie cnoea: mnpukianHas aBTOMAaTU3UPOBaHHAs CHCTEMa, CUTYaTHMBHOE MOJEIMPOBaHUE,
KOHIENTyaJIbHasT MOJeNnb, 0a3a 3HaHWU, rpaduyueckas wHPOpPMAHOHHAST
cucTemMa

B pabore paccmarpuBacTcs BONPOC TMOCTPOCHUS CHTYaTHBHOM KOHIENTYalbHOM MOIENU s

HCCIICIOBAHUS TUHAMUYECKUX MPOCTPAHCTBEHHBIX 00BEKTOB. OCHOBHAs OCOOCHHOCTh PAacCMaTPUBAEMOTO
MOAXOJa 3aKII0YaeTcss B TOM, 4YTO JUId BBIOJHEHHS HpoLecca MOJICIUpPOBaHUS pazpaboraHa
MOCJIE/IOBATEIbHOCTh ~ NPUMEHEHHsI OKCIEPTHBIX 3HAHWUH,  PACCMOTPEHBI BOMPOCH (OPMHUPOBAHUS
rpadudeckord MH(QOpMAIMOHHOW cucTeMbl. Ha OCHOBE Mpe/IOKEHHON METOAONOTHU W C  yYETOM
chOpMYJIMPOBaHHBIX OOPA3LOBBIX OMHCAHUHM, B MPOLECC MPOEKTHPOBAHHS BXOIAT CIEAYIOIINE STarlbl:
[PEJBApUTEIbHOE  UCCIEIOBAHUE  IIPOCKTHPOBAHMS, KOHLENTYyaJbHOE MOJECIUPOBAHUE  BOIPOCOB
HPUKJIAIHON chepbl, HHPOPMALMOHHO-TOTHYECKOe MOSTPOBaHNE €€ 3a1au.

SUMMARY
MODELING THE ELEMENTS OF SITUATIONAL CONCEPTUAL MODEL
IN DESIGN PROCESS
Talibov N.H.

Key words: applied automated system, situational modeling, conceptual model, knowledge base,

graphical information system.

The paper deals with the construction of a situational conceptual model for the study of dynamic
features. The main feature of the considered approach is that the sequence of application of expert
knowledge is developed for performance of process of modeling, questions of formation of graphic
information system are considered. On the basis of the proposed methodology and taking into account the
formulated model descriptions, the design process includes the following stages: preliminary design study,
conceptual modeling of applied sphere issues, information and logical modeling of applied sphere problems.

Daxilolma tarixi: [lkin variant 25.12.2018
Son variant
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Molum oldugu kimi, istonilon obyektin onsnovi layihslondirilmosi asagidaki morhalslorden
ibarotdir: planlagdirilma; elmi-todqiqat islori; sinaq niimunasinin vo ya ayri-ayrt komponentlorin
fiziki modellorinin hazirlanmasi; sinaq; istehsal vo istismar. Layiholondirilon obyektin “yasama”
dovrl, yoni istismarda qalma middsti, onun istismara kimi morhalolorinin yerino yetirmo
middotlorindon birbasa asilidir. Odur ki, istismaraqodorki morhololordo avtomatlasdirma
tisullarindan somorali istifado edilmosi layihslondirilon obyektin istismarda olma miiddotini
yiiksoltmayin asas istigamatlorindon biri hesab edilir.

Cevik istehsal sistemlori (CIS) soklindo obyektlorin layiholondirilmosinds gdstorilon hal
onlarin totbiq marhalolorinds daha da miirakkebloasir. Bels ki, CIS ¢oxlu sayda bir-biri ila qarsiliqlt
olagodo foaliyyot gostoron dinamiki mexatron qurgulari toplusundan toskil olunur vo layiho
edonlorin ilkin morhalslordaki ideyalari oksor hallarda natural realizo olunmus fiziki modellorin
sinaqlarinda 6ziinti dogrultmur. Odur ki, bas vermis sohvlori aradan qaldirmagq {igiin alavo mosraflor
vo vaxt tolob olunur ki, bu da layiholondirmo maorhololorinin miiddatini siini sokildo artirir.
Gostorilon problemin halli ii¢iin asas istiqgamatlordon biri yeni obyektlorin layihalondirilmasi vo
yaradilmasinin maqgsadouygunlugunun, sistemotexniki layiholondirme maorhslosindo imitasiya
modellogdirilmasi iisullarindan istifade etmaklo qiymatlondirilmasidir.

Magalado CiS-in imitasiya modelinin (IM) yaradilmasi vo onun kompiiter eksperimentlori ilo
todgiqinin IM alqoritminin islonmasi moasalaloring baxilir. Gostorilon problemin halli mogsadi ilo
PJIO dilinds IM-in islonmoasi va sazlanmasi iiciin islonmis RAO-studio program kompleksindon
istifado edilir[1].

RAO-studio program kompleksi miixtolif toyinatli obyektlorin IM iizorindo asagidaki osas
funksiyalar1 yerino yetirmoyo imkan verir: obyektlorin  dinamikasinin kompiiterdo tosviri;
miirokkab idaro sistemlori ilo gorarlarin qabulu; obyektlorin sintezi vo sistemli analiz mosalslorinin
halli.

[2]-do RAO-studio program kompleksinin toloblori nozars alinmagla, CiS-in IM ils todgiginin
bozi masaloloring ardicil sakilde baxilmisdir, o climladon: tadqiqat obyekti kimi secilmis sahonin
konseptual modelinin islonmosi; konkret CIS-in struktur-kinematik sxeminin islonmasi; RAO-
studio program kompleksinin qosmalarindan istifade etmoklo PJIO dilinds CIS-in IM-ni yaratmagq
ticlin avtomatlagdirilmis layiholondirmo alotinin (ALA) arxitekturasinin islonmosi; RAO-studio
gosmalarindan istifado etmokls, PJIO dilindo modellogsdirmo prosesinin yazilisi. Bu mogqalodo
goriilon islorin davami kimi imitasiya modellosdirilmasinin alqoritminin islonmasi vo konkret CIS-
in misalinda tatbiqi masalalaring baxilir.

1.CiS-in imitasiya modellosdirilmosi alqoritminin islonmasi. Diskret imitasiya
modellosdirilmasindo modelin voziyyatini diskret zaman momentlorindo (t1tp,...,t;) bas veron
hadisolor dayisir. Bu zaman [t;ti+1] intervalinda sistemin voziyyeti doyismoz qalir. Hadisolor ani
olaraq modelin voziyyatini doyisdiyindon onlarin model vaxti ndqteyi-nozardon siirokliliyi olmur.
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Miirokkeb diskret sistemin modelini tosvir etdikde X giris tosirlori vektorunun sistemin Y
reaksiyasia cevrilmosi prosesi nozordo tutulur. Idare sisteminin modeli produksiya qaydalari
soklindo (Ogor...Onda...) V vektoru kimi tosvir olunur. Modelds xarici miihitlo garsiligl olago do
nozardo tutulur. Bu olage X giris tosirlori vo xarici tasirlor (E) vektorlar ilo hoyata kegirilir.

P10 miihitindo modellosdirmado modelin bir vaziyyatdon digorino kegid qaydasi asagidaki
kimi verilir:

o YioYia, i=1,2,.N-1,

Burada Y; = (y1', ¥2',..., Yn' )— modelin i momentindoki vaziyyatidir.

Imitasiya modellosdirilmasinde modelin voziyyatini ndvbeti zaman miiddetindo cari zaman
momenti, idarartmo vo xarici miihit vektorlari ilo F operatorunun kdmokliyi ilo asagidaki kimi ifado
etmak olar.

o ~ Yia=F(Yi, Xi:1, Ui, Eir1), 1=1,2,...,N-1,

burada, Xi=(X1', X2',..., Xm' ) — xarici miihitin i momenti zamaninda vaziyyatlar vektoru ;

Yi= (Y1, ¥2'-., Yn' )—1izaman momentinds modelin voziyyat vektoru;

Ui=(u, up', ... ,Uj' )- i zZaman momentindo idars vektoru;

Ei=(e1, €2, ..., &q') — i zaman momentinds obyektin nazarat olunmayan faktorlarinin vektoru.

CiS-in tadqiginin imitasiya modellosdirilmasi alqoritmi sokil 1-do verilmisdir[3].

Imitasiya modellosdirilmasi alqoritmindon goriindiiyii kimi, 1-ci morhalodo CIS-in imitasiya
modeli RAO-studio program kompleksinin qosmalarindan istifado etmoklo toklif olunmus ALA
torofindon yaradilir. “SMR” qosmasi ardicil olaraq RAO-studionun uygun qosmalari torafindon
yaradilmig verilonlor, biliklor bazalarin1i vo animasiya tosvirlori modullarmi qarsilighh slageads
foaliyyatlorini  tomin  etmoklo imitasiya eksperimentlorini  hoyata kegirir.  Imitasiya
eksperimentlorinin tokrarlanma (proqon) tezliyi eksperimenti aparan torofindon toyin edilir.
Eksperimentlorin, yoni imitasiya modelinin todqiqinin basa catmasi gonaotboxs noticolor oldo
edilono kimi iterasiyali proses soklindo davam etdirilir. Imitasiya modelinin sazlanmasi va
eksperimentlori basa ¢atdigdan sonra noticolorin animasiya tsullar ilo todqiqi iki Olsiilii fozada
hoyata kegirilir.

2. CiS-in imitasiya modelinin formalasdirilmasi. RAO-studio miihitindo foaliyyot gostoron
program kompleksinin qosmalarindan istifado etmoklo CIS-in imitasiya modelinin ALA-s1
vasitosilo imitasiyanin verilonlor, biliklor vo animasiya bazalarinin yaradilmasina sokil 1-do
gostorilon kimi yerina yetirilir.

- CiS-in resurslarmin ndviino gora iimumilosdirilmis bazanin vo resurslar bazasmin
yaradilmas;

- CIS-in hadisalor vo oamoliyyatlar bazalarinin yaradilmasi;

- CIS-in imitasiya modellosdirilmasinin yerino yetirilmosi vo tosviretmo bazalarmin
yaradilmas.

CiS-in  resurslarimin  néviina gora  iimumildsdirilmis bazanmin  yaradilmasi.
Umumlosdirilmis baza RAO-studio miihitindo foaliyyot gostoron RTP qosmasi (3aknazka) ilo
hoyata kegirilir. Biitlin sabit resurslarin noviine gors limumlosdirilmis bazasi analoji olarag RAO-
studio miihitindo foaliyyot gostoron RTP qosmasi ilo yaradilmisdir. Qeyd edok ki, bir ndv sabit
resursdan CIS-in toloblorindon asili olaraq doyison parametrlorin giymotlorino géro bir-birindon
forqli imumlosdirilmis bazalar yaradila bilor.

Resurslarin tipi obyekti modelo daxil edilmis biitliin resurslarin tipinin tesviri i¢iindiir.
Modellosdirilon CIS-in resurslar1 yalniz ona moxsus olan predmet sahasini tayin edon tiplordon biri
ilo tosvir olunmalidir. ©gor modelin resurslari eyni bir tipo malikdirss, onda onun parametrlari do
eyni torkibdon ibarat olacaqdir. Obyektds todqiqatgiya imitasiya eksperimenti zamani lazim olan
CIS-in resurslarmin biitiin parametrlori tosvir olunmalidir.
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sisteminin tadqiqino totbiqi

Baslangic

Ilkin verilonlorin daxil
edilmasi0.900

CiS-in imitasiya modellosdirilmosinin avtomatlasdirilns layiholondirma aloti

Cis-in RTP Cis-in PAT Cis-in FRM
verilonlor qosmasi biliklor qosmasi animasiya qosmast
bazas1 bazasi tosvirlori bazast
RSS OPR FUN
gosmast
qosmasl gqosmast
'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 1‘ L
RTP, RSS,PAT, OPR, SMR
FUN,FRM gosmast
gosmalari

Kompiiter sinaqglarinin sonu

A

Modellasdirmanin FRM
qosmast

naticalari (animasiya)

|

Animasiya
basa catd1?

Sakil 1. CIS-in tadgiginin imitasiya modellosdirilmasi algoritmi

66

| e i T T U |



Ohmoadova S.M.

Imitator CIS-in resurslarinmn biitiin tiplari hagda malumat: resurslarin tipi obyektinden alir.
Hor bir tip tiglin obyektds resursun tipinin adi, onun ndvii — sabit vo ya miivaqqgoti, ham do
parametrlorin torkibinin tasviri verilir. Hor bir resursun tipi agagidaki formatda olur:

SResource type <tipin_adi > : <resursun novii>

$Parameters

{ <parametrin_tasviri >}

$End

Géstorilon formatla CIS-in biitiin sabit resurslarinin ndvloring géra iimumilosdirilmis bazalar
yaradilir.

Doyison parametrlorin qiymatlorine gora CIS-in resurslar bazasmin yaradilmas.
Resurslarin biitiin tiplori tosvir olundugdan sonra CIS -in ayri-ayr1 resurslar1 tosvir olunmalidir.
Har bir resurs ti¢lin onun adi, mansub oldugu vo parametrlorinin torkibinin géturdiiyt tipi, ham do
resurslarin tipi obyektinds toyin olunmamis parametrlorin giymatlori toyin olunur. ©gor parametrin
giymati obyektds susmaya gors tipinds toyin olunmusdursa va istifadagi bu qiymaotls razidirsa, onda
bu giymat resurslar obyektindos gostarilmir va o tiplor obyektindon gotiiriiliir. Resurslar programin
(modelin) global verilanlor bazasinin ilkin vaziyyatini gostarir.

Resurslar obyekti asagidaki formatda olur:

$Resources

{ <resursun_tosviri> }

$End

Hor bir resursun tosviri asagidaki formatda olur:

<resursun_adi> : <resursun_tipinin_adi> [trace | no_trace]

<Parametrin_ilkin_giymati>

Resursun_adi — sado bir addir. Adlar biitiin resurslar ii¢iin miixtalif olmalidir vo tayin
olunmus va avval istifads olunmus adlarla tist-iisto diismomalidir.

Resursun_tipinin_adi —tasvir olunmus tiplardon birinin adidir.

Parametrin_ilkin_qiymati — parametrlorin tiplorinin tosvirinds oldugu kimi siraya uygun
olaraq movqeli sokilds verilir. Qiymotlor tam vo ya real konstant adod kimi ya da parametrin
tipino uygun qiymatin adi ilo verilir. Obyektds susmaya gora tipinds toyin olunmus parametrdo
ilkin giymoat kimi * (ulduz) simvolu gostorilo bilor. Bu zaman parametr susmaya goro giymatini
goabul edacokdir. ©goar parametr {iglin miimkiin qiymatlor diapazonu verilmissa, onda ilkin giymatin
bu diapazona aid olub-olmamasi yoxlanilacaqdir.

Resurslarin tosviri zamani1 Resursun_tipinin_adi - dan sonra trassirovka nisant qoymaq
olar. Bu nisan asagidaki kimi verilir:

trace— resurslarin vaziyyatini trassirovka etmok;

no_trace— trassirovka etmomoak.

Hadisalor bazasimin yaradilmasi. CIS -in proseslori hagqinda olan biliklor niimunalor
obyektindo saxlanilir. Hor bir niimuno modifikasiya olunmus produksiya qaydalarindan, adi
produksiya qaydalarindan ya da requlyar olmayan hadisalordon ibaratdir. ©moaliyyatlarla birlikds
niimunslor P10 dilinds olan programin prosedur hissosidir.

Niimunslorin imumi formati agagidaki kimidir:

SPattern <niimunanin_adi > :< niimunanin_tipi>[ trace | no_trace ]

[ $Parameters
{ <miimunanin_parametrinin_tasviri > } ]
$Relevant_resources
{ <niimunanin_relevant_resursunun_tasviri > }
[<se¢im_iisulu>]
$Time= <vaxtuin_bildirilmasi>
$Body
<niimunanin_govdaSi>
$End
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sisteminin tadqiqina tatbiqi

Niimunonin_ad1 sads bir addir. Biitiin nlimunslor {i¢iin adlar miixtolif olmalidir vo avval toyin
olunmus adlarla iist-iisto diismomolidir. PJIO dilindo asagidaki tiplorin niimunslori miimkiindiir:

v’ operation— modifikasiya olunmus produksiya qaydalarini tomsil edorok omoliyyatlari

tosvir edon niimunadir;

v" irregular_event —requlyar olmayan hadisalori tosvir edon niimunadir;

v" rule—produksiya qaydalarini tosvir edon niimunadir;

v’ keyboard —klaviatura amoliyyatlarini tosvir edon niimunadir.

ompliyyatlar bazasinin yaradilmasi. P/IO dilindo niimunoslorlo birlikdo omoliyyatlar
prosedur hissoni togkil edir. ©moaliyyatlar obyektindon imitator niimunaslarin parametrindon konkret
qiymotlor alir. Bu obyektdo CIS-in biitiin amoliyyatlar1 tosvir olunur.

Omoaliyyatlar obyekti asagidaki formatda olur:

$Operations

{<omoaliyyatin_tasviri >}

$End

Har omoliyyatin tosviri agagidaki formatda olur:

<amoaliyyatin_adi>:<niimunanin_adi><niimunanin parametrlorinin_qiymatlori>

Omoliyyatin_adi sads bir addir. Biitiin amasliyyatlar iiciin adlar miixtolif olmalidir vo avval
toyin olunmug adlarla iist-listo diigmomolidir. Hor omaliyyat ii¢lin obyektds ona uygun niimunonin
ad1 gostarilir- bu amoliyyatlarin niimunalori obyektindas tosvir olunmus niimunslordon birinin adidir.
Niimunaonin _parametrlorinin_qiymatlori niimunonin tasviri zamani tutdugu mdévqgeys uygun olaraq
ardicil verilir. Qiymatlor tam vo ya real ododi konstanta ilo, ya da parametrin tipino uygun olaraq
qiymatin adi ilo verilir. Susmaya goro verilon qiymoti olan parametrlords ilkin qiymet yerino
*(ulduz) simvolu qoymaq olar. Bu halda parametr susmaya goro olan qiymoti alacaqdir. Ogor
parametr ii¢lin miimkiin qiymatlor diapazonu verilibsa, onda ilkin qiymatin bu diapazona uygunlugu
yoxlanilacaqdir.

CiS-in imitasiya modellogdirilmasinin yerino yetirilmasi. Yerino yetirilmo obyektindo
programin yerind Yyetirilmosi ticiin miixtalif verilonlor vo rejimlor gostorilir. Bu obyekt iki hissadan
ibaratdir. Birinci hissa lazimi obyektlorin adlar1 vo yerina yetirilma rejimlorindon ibaratdir.
Obyektds ilk olarag Model_name s6zii olmalidir vo bu sd6zdon sonra = isarasi qoyulur vo modelin
ad1 yazilir. Modelin adi sado bir ad olmali vo ovvalki adlarla iist-iisto diigmamalidir. Sonra birinci
hissodo ixtiyari ardicilligla obyektlorin adlarmi tosvir edon deskriptorlar yazilmalidir.
Deskriptorlarin format1 agagidaki kimidir:

<rezerv_s0z > = <qiymaot >

Asagida rezerv sozlorin adlart vo izahli miimkiin qiymotlor verilmisdir:

Resource_file — resurslar obyektinin adin1 verir. Qiymati genislonmasiz resurslar obyektinin
adidir.

Oprlev_file - omaliyyatlar obyektinin adini1 verir. Qiymoti genislonmasiz amaliyyatlar
obyektinin adidur.

Frame_file- kadrlar obyektinin adin1 verir. Qiymati genislonmosiz kadrlar obyektinin adidir.
Ogor deskriptor verilmass, onda kadrlar yiiklonmayacok vo tasvir olunmayacaqdir.

Statistic_file — Notico gostoricilorinin tosvir obyektinin adini verir. Qiymati genislonmasiz
tolob olunan statistika obyektinin adidir. Ogor deskriptor verilmass, onda natico gostaricilari
toplanmayacaqdir.

Results_file — Notica obyektinin adini verir. Qiymati genislonmasiz natico obyektinin adidir.
Ogor deskriptor verilmass, onda obyekt yaranmayacaqdir.

Trace_file — Trassirovka obyektinin adin1 verir. Qiymoti genislonmasiz Trassirovka
obyektinin adidir. ©gor deskriptor verilmass, onda obyekt yaranmayacaqdir.

Show_mode — Modelin iso diismasi vaxti tasviredilma rejimini verir.Rejimlor asagidaki kimi
verilir:
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NoShow —tasvirsiz rejim;

Monitor —monitorun rejimi ;

Animation- vaziyyatlorin tosviri (animasiyasi) rejimi.

Susmaya gora rejim — NoShow.

CiS-in tasviretms bazalarmin yaradilmasi. Tosviretmo sisteminin ilkin verilonlori hesab
olunan kadrlarin tosviri ayr1 bir qgogsmada (FRM) tasvir olunur. Kadr tasvirlorin ekranin diizbucaql
sahasindo gorunoan hissasidir. O, fon soklindan va torkibi, formasi, 6l¢ulari vo vaziyyati sistemin
vaziyyati ilo tayin olunan doyison elementlordan (tosviredilma elementlorindan vo ya spraytlardan)
ibaratdir, hansilar ki, kadrlarin baxis1 zamani doyisa bilar.

Animasiya kadrlar1 obyekti agagidaki formatda olur:

$Frame <kadrin_adi>

[ Show_if <kadrin_gostarilmo_sorti> ]
$Back _picture = <Fon _soklinin_ tosviri>
[ <Vizual_ elementlorinin_tasviri > ]

$End

Kadrin_adi sads bir addir. Biitiin kadrlar ii¢lin  adlar miixtolif olmalidir vo avval toyin
olunmus adlarla Ust-listo diismomalidir. Kadrin gostorilmasi sorti kadrlarin avtomatik  kegidi
zamani istifado olunur vo moantiqi ifadadir. Bu montiqi ifads har bir hadiss zamani hesablanir. Ogor
0 dogrudursa, onda kadr tosvir olunur, dogru deyilss, tosvir olunmur. Ogor ndvbati hadise zamani
ifadonin qiymoti doyisirss, onda kadr ya ekranda gorunur, ya da yox olur. Show_if
<kadrin_gostarilmo_sorti> olmaya da bilor. Kadrlarin verilmis sortlorlo tosviri sorti adlanir. ©gar
modellosdirilan sistemin bazi vaziyyatlarinds bir ne¢a sorti kadrlarin sartlori yerina yetirilirsos, onda
kadrlarin tosviri obyektindo o biri obyektlordon avval verilon tosvir olunacaqdir. Fon soklinin
obyekti rastr qrafikali tasvir olub, tipi .omp olmalidir. Bels obyekt Paintbrush, CorelDraw va digar
qgrafiki redaktorlar1 vasitasilo yaradila bilar.

Tosviretmoa elementlarini tasviretma goxluglarina boliiniir. Coxluglar sarti va sortsiz olur.

Sorti ¢goxlugun formati asagidaki kimidir:

Show_if <tosvirin_sorti>  { <tosviretmo_ elementi> }

Sortsiz ¢oxlugun formati asagidaki kimidir:

Show { < tosviretmo_ elementi>}

Kadrda ixtiyari sayda sorti va sortsiz ¢oxluqlar ola bilor. Onlar ixtiyari gaydada yerlogo bilor.
Tosviretmo elementlorinin say1 vo ardicilligi ixtiyaridir. Tosviretmonin sortlori montiqi ifadodir.
Tosviretmanin elementi asagidaki formatda olur:

<elementin_tipi> "["<elementin_xassasi> """

Elementin tipi agagidakilardan ibarat ola bilor:

- text —matn elementi;

- bitmap -bit karti;

- s _bmp — miqyash bit karti;
- rect — diizbucaqly;

- line —diiz xott pargast;

- ellipse —ellips;

- triangr - {igbucagq.

Elementlorin yazilig ardicilligi, say1 vo xassalori elementin tipindon asilidir. Elementlarin
xassalori diiz métarizolords yazilir vo vergiillo ayrilir.

Animasiya verilonlor bazasinin modvcud vaziyyotini gostorir. Modellor {iglin sazlama
mexanizmi kimi istifado olunur. Modelin vaziyyatinin doyisilmasi zamani elementin koordinatlarini
Vo olgiilarini tayin edoan ifadslorin giymatlori doyisir, yoni element ekranda horakot edir vo 6l¢iilori
doyisir.

Mooenv/3anycmumsb (FS5) omri verildikdon sonra imitasiya modelinin yerino yetirilmasi-
animasiyast bas verir vo sokil 2-doki kimi tosvir olunur.

69



Imitasiya modellasdirilmasi alqoritminin islonmasi va onun cevik istehsal

sisteminin tadqiqina totbiqi
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Sakil 2. Imitasiya modelinin yerina yetirilmasi- animasiyasi

T

Notica. 1.CIS-in imitasiya modelinin kompiiter eksperimentlori ilo todqiqi alqoritmi toklif
edilmis va islonmisdir.
2.RAO-studio miihitindo foaliyyat gdstoron ALA-dan istifado etmoklo, CIS-in IM-in
verilonlar, biliklor vo animasiya tosvirlori bazalar1 yaradilmisdir.
3. RAO-studio program kompleksinin FRM qosmasi ilo IM-in noticalori ikidlgiilii fazada
animasiya iisullar1 ilo dinamiki tosvir olunmagla, IM-in kompiiter eksperimentlori ilo sazlanmasi
yerind yetirilmisdir.
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PE3IOME
PA3BPABOTKA AJITOPUTMA UMUTALIMOHHOI'O MOJEJUPOBAHUS
U Er0O IPUMEHEHUE ITPU UCCJIEJOBAHUU T'MBKOM
NPOU3BOJCTBEHHOMW CHUCTEMBI
Axmeoosa C.M.

Knwuesvie cnosa: umumayuonnoe Mooenuposanue, UHCMPYMEHM  A8MOMAMUUPOBAHHOO0
NPOEeKMUpoBaHU, NpOCPAMMHBLI KOMNJIEKC, RAO-studio, 2ubKue
NPOU3800CMBEHHbIE CUCHEMbL
B crathe paccMaTpuBaroTCs poOJIEMbl CO3[aHHS UMUTAIIHOHHONW MOJICN TMOKOW MTPOU3BOACTBEHHOM
CUCTEMBI U Pa3pabOTKH aJTOPUTMa 3TOM WMUTAIMOHHON Mozenu. [y pemieHust 3THX NpoOieM MmyTeM
ncronp30BaHus si3pika RDO mnst pa3paboTKu ¥ perynupoBaHUS MMHTAIMOHHON MOJENH HCTONb3YeTCs
nporpamMmmHoe obecrnieueHue RAO-studio. PazpaGoranneiii MAM uMHTallMOHHON MOJEIH, COBMECTHBIC
3aknmagku «FRM» u npyrue mporpammubie Komiuiekchl RAO-studio mist BoCpou3BeICHUST PE3yIbTaTOB
MMUTAIIMOHHON MOJAENN 00eCTieunBalOT NCCIIEeI0BAHNE U OLIEHKY Iesecoodpaznoctu cozaanus ['TIC HoBoro
Ha3HAUYCHHUs HA  HA4YaJlbHOM  JTalleé  CUCTEMOTEXHUYECKOIO  IMPOCKTUPOBAHUS  KOMIIBIOTEPHBIMU
SKCIIEPUMEHTaMHU.

SUMMARY
DEVELOPMENT OF IMITATION MODELLING ALGORITHM AND ITS APPLICATION
TO RESEARCH OF FLEXIBLE MANUFACTURE SYSTEM
Ahmedova S.M.

Key words: simulation modeling, computer-aided design tool, software package, RAO-studio, flexible
production systems

The article deals with the problems of creating a simulation model of a flexible production system and
developing an algorithm for this simulation model. RAO-studio software is used to solve these problems by
using the RDO language to develop and regulate the simulation model. IAM developed a simulation model
of shared bookmarks "FRM" and other software systems RAO-studio to reproduce the results of the
simulation model provide the research and assess the feasibility of a GPS a new destination at the initial
stage of engineering design of computer experiments.

Daxilolma tarixi: [lkin variant 12.07.2018
Son variant 25.09.2019
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Fasilasiz axinda hoyata kecirilon istehsal proseslorinin oksariyystinde cari istehsal giiciiniin
azaldilmas1 mohsulun keyfiyystinin yiiksolmosi ilo miisayiot olundugu bu sinif prosesori miithiim bir
cohot kimi xarakerizo edir. Bunun bariz niimunasini fasilosiz olaraq hoyata kecirilon motor
yanacaqlarinin kiikiirdlii qatisiglardan tomizlonmosinds, yoni hidrotomizlomo prosesinds gérmok
olar. Xammal ¢ox kiikiirdlidiirss, reaksiya miihitindo (reaktorda) o ¢ox qalmali, yoni
hidrotoamizloma qurgusunun cari istehsal giicli miivaqqati olaraq asagi salinmalidir [1-3].

Istehsal proseslarinin avtomatlasirilmis idaraetmo sistemlorinda belo prosesarin genis bir sinif
toskil etdiyini vo bir qayda olaraq onlarin faaliyyati xarici tosir faktoru ilo bagl oldugunu nozors
alsaq, baxilan sinif obyektorin idars olunmasinda hoyocanlandirici faktordan asili olaraq, cari
istehsal giliciiniin toyin edilmasi liclin optimal strategiya axtarisinin dolgun riyazi mosalo toskil
etdiyini agskar gdrmak olur [4]. Bu strategiyanin miisyyon edilmas masalasinin iso bir sira texnoloji
faktorlar ilo, o cimlodon verilmis planlagdirma periodu ii¢lin maksimal keyfiyyat, normativ plan
tapsirigl vo xarici tosir faktorunun statistikasi ilo olagali oldugunu gérmok ¢atin deyildir. Bu sahods
elmi odobiyyatin tohlili birmenali olaraq gostorir ki, qeyd olunan sortlor daxilindo riyazi
osaslanirilmis kompromis axtarist masalasinin xarici tosir faktorunun statistik gostaricilori ilo alagali
tortibi vo hall metodunun islonmasi bu giine godar elmi adabiyyatda 6z oksini tapmamuisdir.

Masalanin qoyulusu. Fasilosiz istehsal proseslori ti¢lin xarakterik olan bazi planlagdirma
terminini vo miivafiq isaralomalori qeyd edok:

- Cari zaman an1 t € (0, T) —yo qodar istehsal olunmus mohsulun hacmi: - g (t);

- Cari istehsal giicii (qurgunun xammalla yiiklondirilma doracasi, idarsedici parametr) —
u(t) =%g(t); u, <u<u, -

- planlagdirma periodu, - (0,T];
;

- istehsal tapsingi - G=g(T) = Iu(t)dt kimi isars edilir.
0

Forz edok ki, fasilosiz istehsal prosesinds moahsulun keyfiyyatini xarici hayacanlandirict tosir
va idareetma parametri ils alagolondiran funksiya verilmisdir:
F =F(x,u) 1)
Burada X —hayacanlandirici tasir olub, molum paylanma funksiyasina tabedir:
y=¢(x), xe(0,0).
Digor torafdon hoyocanlandiric tosir zamandan asili olaraq doyisir. Bu doyismo vo maksimal
keyfiyyat tolobi u(t) tosadiifi funksiyasinin hor hansi bir realizasiyasiin formalasmasina sobob olur:

u(t) =arg max F[x(t),u] (2
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Qobul edirik ki, (0,T)intervali kifayst qodor genisdir. Yoni T miiddati x(t)-nin
avtokorelyasiya funksiyyasinin sénmo miiddsti olan 7 — dan ¢ox-¢ox boyiikdii:T >>7.

Talob olunur: Verilmis Yy = ¢(X)paylanma funksiyasina uygun elo idaroetma strategiyasi
toyin edilmolidir ki, keyfiyyat gostoricisinin (0,T) intervalinda hesablanmig riyazi gdzlomosi
maksimal qiymot almis olsun. Belaliklo, keyfiyyat kriterisi olaraq riyazi gézlomo qobul edilir[5]:

E[F (x,u)] — max 3)

Digor torafden nozors alinmalidir ki, (0, T ) intervalinda idarsetmo funksiyasi iigiin agagidaki

inteqral mahdudiyyat sorti gdzlonilmalidir:

'
j u(t)dt =G (4)
0

(4) ifadosi nailolma kriterisi kimi gobul edilorso, mosalo asagidaki kimi ifads oluna bilor: verilmis
@(X) —yo uygun elo U(t) idarsetms strategiyasi miioyyan edilmolidir ki, asagidaki geniglonmis |
- kriterisinin maksimumu alds edilmis olsun:

|, = E[F(x,u)] - max

l, :Hu(t)—G} — min, (5)

| =al,—(1-a)l, > max a € (0,1)
harada ki, 1;,1,,| —uygun olaraq keyfiyyst, nailolma vo genislondirilmis optimalliq kriterilorini
toskil edirlor, & —keyfiyyat vo nailolma kriterilorinin ¢oki nisbatini miioyyan edir.
Daha ¢ox oyaniliyi tomin etmak mogsadi ilo dikret zamana kecok:
t €[0,T] n=12..,N
harada ki, At,,, N —uygun olaraq zaman iizro diskretlosirma addimi va intervalin bolgilor sayidir;

h*®, h"® —kriterilori eyni miqyasa gotirmok iigiin normallasdirict amsallardir.

Laqgranjin mohdudiyyatlori “aradan qaldirma” prinsipini [6] osas tutaraq asagidaki oks-rabito

konstruksiyasini daxil edak:
2

G —niu"“* (t,)At,

U™ (t,) =argmax| Flp (y(t,),u]- 2(t,)| u- e : (6)

harada ki, @(y(t,)) ilo tors funksiya, A(t,)—ilo iso variasiya olunan Laqranj funksiyas: ifado
edilmisdir.

Verilmis ¢(X)—9o uygun elo  A(t,)toyin etmok tolob olunur ki, optimalliq kriterisi
maksimum qiymat almis olsun:

1*"p(x)]= rg(zg{a h* 2 Fle" (u™ A, - (1—a)h“a[;umax(tn)mn —G} } (7)

harada ki, u™ (t,) -funksiyas1 (6) ifadesindon toyin olunur.

Qarsiya qoyulmus stoxastik idaroetmo masalosinin hall metodlarinin tohlili gostorir ki, hallin
on effektiv yolu imitasiya modellogdirilmasi istigamatindadir.

Stoxastik prosesin statistik xarakteristikalarina hesablama eksperimenti metodlar1 osasinda
imitasiya yaxinlagsmasi va eksperimentarin noticalorinin avtomatlasdirilmis qaydada tohlili namolum

A(t,) funksiysinin qurulmasina imkan vers bilir.
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Bir stoxastik idaraetma masalasinin imitasiya modeli haqqinda

Imitasiya alqoritminin osasimi  @(X) paylanma funksiyasina malik tosadiifi ~ X(t,)

funksiyasinin generasiya edilmosi toskil edir. Verilmis paylanma funksiyasina malik tosadiifi
adadlar generatorunin yaradilmasi {igiin on genis yayilmis iisul standart barabor paylanma funksiyali
tosadiifi ododlor generatorlarindan istifado etmoyo osaslanir. Bu zaman verilmis paylanma
funksiyasinin torsi yazilir. ©gar verilmis funksiyanin torsi birqiymatli deyildirse, miivafiq ¢evrilma
interval1 hissolors ayirma alqoritmi osasinda tortib edilir.

Qeyd edok ki, (7) diisturunda heyo h"? ¢oki omsallar1 asagidaki ifado osasinda miioyyon
edilmisdir:

-1
ke __ _ H
" —Lm& Foaw -, min, F(XM)}

U <u<us U <u<us,

-2
h™ = {arg ﬁ%@:l F(x,u)—arg L‘%L%] F (X, u)}
Imitsiya modellsdirilmosi osasinda hoyata kegirilon adadi hall alqoritmi sok.1-do blok-sxem
vasitosi ilo verilmisdir. Alqoritmin asas bloklar1 olaraq asagidakilart geyd etmok olar:
1. Bu blokda axtarilan Laqranj funksiyasi hisso-hisso xatti funksiya vasitasilo approksimasiya
olunarag, 1296 variantda miiqayisoyo toqdim olunur. Homin Laqranj funksiyalar ¢oxlugunu
zamana goro diskretlogdirmads 6, funksiyanin qiymotino goro diskretlogdirmods iso 4 kvanta

ayirmadan istifads olunmusdur. Hor variant A, (t,);1 =1,1296 sintez olunugdan sonra zaman takt

generatoru foaliyyoto baslayir, hesablama proseslori hoyata kegirilir, N —sayda dovrii hesabatdan
sonra genislonirilmis | kriterisinin qiymoti miioyyan olunur.

2. Borabar uzunluga malik diskret zaman ardicillig1 generasiya edilir.

3. Verilmis paylanma sixliq funksiyasina miivafiq tosadiifi ododlor ardicilligi generasiya
olunur.

4. Planlagdirma periodunu shats edon N-sayli dovri hesablama prosesi yaradilir.

5. Nailolma kriterisi hor taktda miistoqil olaraq hesablanur.

6.Cari variant Laqgranj funksiyas1 A (t,)i¢lin t, zaman anindaki maksimallagdiric um™ (tn)
hesablanur.

7. Dévriin sonu miioyyon edilir.

8. Hor variant A(t,)vo onun iigiin oldo olunmus effektivlik kriterisinin qiymoti bankda

saxlanilir.

9. Bankdan genislondirilmis optimalliq kriterisinin qiymotina gors optimal variant segilir.

Belolikls, xarici tosir faktorunun paylanma funksiyas: ¢(x)—don asili olaraq optimal 2°°(t,)
Laqranj funksiyasi imitasiya alqoritmi asasinda toyin edildikdon sonra idaroetms masolosi zamanin
ixtiyari aninda (6) ifadosinin maksimumunun toyin edilmasino gotirilmis olur. Qeyd edok ki,
mosalonin hallinds doqiqliyi toyin edon osas faktor yuxarida qeyd edilmis T >>7 sortinin
Odonilmosidir ki, mohz hamin sort daxilindo mosalonin halling statistik yanagma 6ziinii dogrulda
bilor. Optimal Laqranj funksiyasinin imitasiya modellogdirilmosi ilo toyin edilmo algoritmi
asagidaki kimidir.
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Bir stoxastik idaraetma masalasinin imitasiya modeli hagqinda

Natica. Ehtimallarin paylanma funksiyasi malum olan xarici tosir faktorunun nazors alinmasi
ila cari istehsal siiratinin idara olunma masalasi stabillosdirici Laqranj funksiyasini daxil edir. Bu
funksiyanin toyin edilmosi {i¢iin analitik ¢atinlik masalonin imitasiya modellasdirilmasi yolu ila
hollini xiisusilo effektiv etmis olur. Imitasiya modeli iki osas imitasiya blokunun foaliyyeti
asasinda qurulur ki, bunlardan biri verilmis paylanma funksiyasina miivafiq tosadiifi komiyyatin
generasiyasini, digari iso Laqranj funksiysinin hissa-hissa xatti avozlomasinin generasiyasini vo
optimalliq sortinin giymatlondirilmoasi bloklarmi daxil edir. Toklif olunan algoritm moqgsad
funksiyasindan vo idaroetmo parametrino qoyulan moévge mohdudiyyat sortindon asili olmayaraq
eyni hocmdo hesablama resurslarindan istifadoni nozords tutur.
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Ob UMHUTAIIMOHHOM MOJAEJINA OI[HOI71 CTOXACTUYECKOM 3AJIAYH YIIPABJIEHUSI
Anueea @.A.

Knwouesvie cnosa: nianupoganue npousgoOCmed, CMOXACMUYECKdAs — ONMUMU3ayus, 3aoava c
UHMEeSPATbHLIMU 02PAHUYEHUAMY HA YAPABIEHUE.

PaccmaTpuBaeTcsi croxacTuueckas 3afjauya ONTHMAJIBHOTO YIPABICHHUA C YCJIOBHUEM BBITIOJTHEHUS
MTPOM3BOACTBEHHOTO 3aJ[aHUS Ha BBIMYCK MPOAYKIIMU, KAYECTBEHHBIM IMOKa3aTelbh KOTOPOH 3aBHCUT OT
HEKOTOpPOr0 CIy4YalHOrO mapameTpa ChIpbsi W OOpaTHO CBf3aH C TPOHM3BOAMTENHLHOCTHIO YCTAHOBKH.
CraBuTcs 3a7ada OIpENETCHUs ONTUMAIBHOW CTPATeTWH YIPABIEHUS TEKYIIeH MPOU3BOJUTEIHHOCTHIO,
oOecrieynBaroNeld MaKCUMH3ALMI0 CpPEeHeT0 KadyecTBa NPOAYKIMM W  YYUTHIBAOMmIeH (QyHKIHIO
pacnpeziesieHus] BEpOSTHOCTH CIyYaifHOTO (DakTopa — KadecTBa ChIphs. 3a/iadya pelraeTcs Ha OCHOBE METOa
WMUTAIMOHHOTO MOIeupoBaHus. [IpuBoauTcst O10K-cXeMa UMHTAIIIOHHOTO aIrOPHTMA.

SUMMARY
ON A SIMULATION MODEL OF A SINGLE STOCHASTIC CONTROL PROBLEM
Aliyeva F.A.

Key words: production planning, stochastic optimization, a problem with integral constraints on control.

The stochastic optimal control problem is considered with the condition of fulfillment of the
production task for output, the quality indicator of which depends on some random parameter of the raw
material and is inversely related to the capacity of the installation. The task is to determine the optimal
strategy for managing current productivity, maximizing the average product quality and taking into account
the probability distribution function of a random factor - the quality of raw materials. The problem is solved
on the basis of the simulation method. The block diagram of the simulation algorithm is given.
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Olkomizdo istifado olunan elektron sistem va cihazlarm bdyiik hissosi, toossiif ki, xarici
mongali mohsullardan toskil olunur. Masoalon, bir fabrikin, istehsal xottindoki sistemlordon biri
yararsizlaganda vo ya har hansi bir problem amolo golonds tosssiif ki, bu problemin halli ii¢lin na
sxem tolimatlari, no do xota askarlama kitab¢asi ¢cox zaman tapilmir. Oksoron bu sistemlorin
operator saviyyasindoki istifado vo tomir kitabgalart belo tam olaraq mévcud olmur.

Bu nasaz sistemlors kifayot godor molumata sahib olmayan texniki is¢ilor torafindon miidaxilo
edilorss, sads nasazliglar daha da bdyiik problemlars gevrilo bilor. Noticods, elektron kartin boytik
xorc hesabina yenisi alinir v ya istehsalg1 firmaya tomiro gondorilir. Bu voziyyat iso 6z névbasinda
fabrikin isini, istehsalin1 hoftolorlo axsada bilar.

Yeni texnologiyali elektron dovra elementlarini vo professional test metodlarini, problemi holl
etmok ticlin keyfiyyatli lehimlomo vo s6kmo tisullarini 6yronmok, habelo bu molumatlari on az1 iki
ildon bir yenilomoak vacibdir.

Elektron sistemlorin vo ya kartlarin 6lko daxilinds milli formada tomiri vo miitomadi sazlama
islorinin aparilmasi sonaye, tibb, rabito, avtomobil vo horbi sahslordo 6lkomizo olduqca yiiksok
maddi golir gotirocokdir. Bundan basqa, diinyada hor il getdikco artan saxta elektron osya istehsali
ciddi monada tohdid toskil edir.

Beynolxalq elektron bazari jurnallarinin melumatlarina goras, qlobal elektron bazarinin hazirki
80%-lik hissasi saxta materialdan ibarotdir, bu barodo miitoxassislor torafindon onlarla moaqalo dorc
edilmisdir. Saxta bir elektron vosaitin elektron kart tomirindo istifado edilmasi ciddi monada maddi
vo zaman itkisi demokdir. Daha vacibi, insan hoyatina birbasa tosir edon, masalon tibbi reanimasiya
cihazlarinda istifado edilmosi iso insan hoyatinin itirilmosino sobab ola bilor vo holli kompensasiya
edilmasi miimkiin olmayan naticalar vers bilor.

Xaricdon vo ya daxili bazardan aldo edilon elektron materiallarinin diizgiin test metodlar ilo
saxta olub-olmadig1 askarlana bilor. Olkomizds bu mosaloys diggatin artmasi vo kritik sistemlordo
istifado olunan elektron vasaitlorin orijinal olmasi barads arayis, lisenziya veran bir laboratoriyanin
qurulmasina ehtiyac giinden-giino artir.

Bu moqalado hor ciir elektron kartin tomiri iiglin lazimi aktual metodlar barado qisaca
molumat verilocokdir.

Elektron xota agkarlama test cihazlarini iki hissodo aragdira bilorik:

1) ATE (Automatic Test Equipments), yoni Avtomatik Test Avadanliglar1 Sistemlari; elektron
cithaz, modul vo ya kartlar1 biitovliikdo avtomatik olaraq testdon kecgira bilon test sistemloridir.
Elektron kartlar1 istehsal edon firma torofindon tokmillosdirilmis bahali test sistemloridir. Test
fixture (test {iciin niimuns vo birlosdiricilor) olagolori elektron kartla birlogdirorok test edir.
Komputer programi vo miivafiq avadanhigi sayesinde elektron karti simulyasiya edorak, nasaz
elektron material vo ya elektron bloku miioyyonlogdirir.

2) Elektron material test cihazlari: tok-tok elektron kartdaki materiallar1 testdon kegirmoyo
imkan verorak problemli parcani tapmaga komok edon tes cihazlaridir. ATE sistemlori ilo miiqayiso
edilmoyacok godor sorfolidirlor. Hor ciir elektron kartda test edo bilirlor. Elektron kartin dovro
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sxemina ehtiyac yoxdur. Oksaran 6z enerji tochizatini da tomin etmaya ehtiyac duyulmur. Dolayisi
ilo kartin 6z enerji tochizat1 oldugda edilon test xotalar1 ilo elektron kartda basqa nasazliglarin amolo
golmosi ehtimali olmur.

Elektron vosait test cihaz vo metodlarindan bozilori barado asagida sirayla bohs edilir.
Diinyada bu test metodlarini vo cihazlarini siiurlu istifado edon elektron tomir atelyelorindo elektron
kart tomirinin miivaffoqiyyot gostaricisi 100% (yliz faiz) soviyyosindadir.

Empedans Test: Hor elektron avadanlhigin
empedans xarakteristik oyrisi var. Avadanligin
empedans xarakteristik oyrisi diizgiin deyilso,
elektron avadanliqda nasazliq amolo golmisdir.
Empedans oyrilorindo volt (V) - axin (I) faizi
oldugu ticlin ona, qisaca VI oyrilori do deyilir.
Elektron kartin tomiri ii¢lin on tomol test
metodlarindan biridir.

Empedans test cihaz1 ilo elektronik

Sokil 1. Empedans test cihazi

(EFLVI Tester - TFT) ka.l_*tlardalfl nasaz  elektron  hissoni ‘ 90%
miivoffoqiyyatlo tapmaq olar. Sadoca tok bir kart
tomir edilo bilindiyi kimi, iki nasaz kartda da

miiqayisali sokilds bir ne¢a doqige orzindo nasaz parca miioyyon edils bilir. Osas elektronavadanliq
empedans xarakteristik ayrilori; Qrafik 1, Qrafik 2, Qrafik 3 vo Qrafik 4-do gostorilmisdir.

Orafik 1. Miigavimat VI ayrisi QOrafik 2. 1n4001 Diod VI ayrisi
— |
‘--._\___\_\__'_'___,_.-ﬂ'

Orafik 3. Zener Diod VI ayrisi Orafik 4. Kondensator VI ayrisi

5-ci Qrafikds ¢ox qarsilagilan bazi elektron inteqrallarin nasaz VI ayrilori gostorilmisdir.

| -

QOrafik 5. Bazi nasaz elektron inteqral VI ayrilori
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Proqramh material test: Proqramlayici istifado edorok proqramli materiallarin testdon
kecirilmoyi vo sistem ehtiyatlarinin (back-up) gotiriilmosidir. Program ehtiyatinin xota bas
vermadon ovval gotiliriilmoyi moagsads uygundur, ¢iinki ehtiyat gotiiriilorso, kartin tomiri asanlasir.
Hazirda kitabxanasinda on minlorlo programlana bilon elektron material olan vo miitomadi
yenilomo imkani toklif edon Universal Programmers (universal proqramgilar) mévcuddur.

Ogor mohdud sayda programlayict ilo
islonilirso daha miinasib, homin ailoyo moxsus
programlayict almaq daha montigo uygundur.
Ailays moxsus proqramlayicilar ISP (In System
Programming — sistemdaxili programlama)
xitisusiyyati ilo materiali s6kmodon  ddvro
daxilinds proqramlaya bilirlor. Sokil 2-do bir ISP
programmer tosvir olunmusdur.

Qisa dovr testi: Elektron kartda xususilo ® 8- 2vee
gidalanma (Vcc) vo torpaq arasinda (Ground- ® 8+ &0
GND) qisa  dovro olan  materiallarin ® 8 550
movcudlugunu tomin edir. Nadir hallarda tosadiif ® e &0
edilon nasazliq olmagina baxmayaraq, bu metod ® 8| 106N

barado molumatsizliq xatan1 miioyyon etmok iigiin
saatlar, hoatta gilinlorlo vaxt ala bilor. LCR 6l¢ii
cihazi  elektron atelyelor {iciin  oldugca
ohomiyyotli test cihazlarindandir.  Qatran,
kondensator va rezistorlar1 doqiq testdon kegirir.
R’ saviyyasi 1 milyon olanlar Vcc ilo GND arasi qisa dovr olan materiallari miioyyanlasdirir. On
ki¢ik miigavimot doyari olan material Vcc ilo GND arasi qisa dovr olan materialdir.

Funksional test: Elektron materiallarin dovro daxilinde vo ya xaricindo enerji verilorok
testdon kecirilmosidir. Bahali va ¢oxgesidli avadanliglardir.

Boundaryscan test: BGA (Ball Grid Array) ortik formasindaki materiallarin pinlori
(ayaglar) ortliyiin altindadir vo test edildiyi zaman prop (niimuno) ilo toxundurulmur. Bu vo digor
miirokkob inteqrasiyalar1 dovrs i¢inds testdon keg¢irmoys komok edon metoddur. Homginin bu ortiik
qurulusunda va igarisinds program tominati (flash) olan programli materiallar1 dovrodon ayirmadan
oxuyub yaza bilir.

Termal test (istilik testi): Elektron karta 6z
giiciinli miioyyon bir miiddoto verib istilik kamerasi
cokimi edilir. Eyni omaliyyat saglam elektron karta da
edilir. Komputer miihitindo iki gOriinti miigayiso
edilorok forqlor miioyyonlosdirilir. Sokil 3-do  bir
elektron nozarot karti termal gOriintiisii tosvir
olunmusdur. Bu goriintiido saglam kartin goriintiisii
miiqayisosino nisboton daha c¢ox isinmis elektron
inteqral xotas1 askar edilmisdir.

Nasazlig1 miioyyonlogdirma ndvbesi ilo; elektron
sistem, cihaz, kart vo nasaz elektron materiala qodor
ayirma metodu ilo miioyyanlosdirilir.

Sistemin biitiiniindon nasaz parcaya gedorkon hor

-

Sakil 2. ISP (sistemdaxili) programlayici

> N 5 SEEIARSE Sakil 3. Elektron kartda ¢ox isinan
hanst bir xota miioyyonlosdirmo alqoritmi istifads nasaz integral

edilmolidir.  Xota  miioyyonlosdirmo  tamamilo
sistematik vo sobirli ¢alisma talob edir.

Bu alqoritm nasazligin, yoni sikaystin oldugu elektron dovra bloklar1 miisahids edorak
edilmalidir. Sistem vo ya cihaz nasazliginin kart soviyyesine endirildiyini nozords tutaraq elektron
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kartda edilmoli olan test xotan1 tapmaq vo aradan qaldirmaq prosesi qisaca asagidaki ii¢ addimda
comlogdirilo bilor. Bu addimlar ilk névbodo edilmasi zoruri olanlara goro siralanir.

Nasazliq on siirotli vo miimkiin olan an sado yanasmalarla holl edilmolidir. Ogoar sikayatin
oldugu hissado nasaz avadanliq, yaxud baglant1 problemi askar edilorso digor testlor edilmodon son
omoliyyatlar addimina kegmok olar.

1. 1lkin yoxlamalar vo todqiqatlar; Fiziki yoxlama, Konnektor vo Baglant1 uclarmnin toftisi,
Sigorta vo miidafio materiallarinin yoxlanmasi, Batareya yoxlanmasi, Elektron Kartdaki biitiin
materiallarin Data Sheet-lorinin tapilmasi vo dovradoki Vozifslorinin Oyronilmasi, Sikaysto gora
nasaz material grupunun yerinin mioyyoanlasdirilmasi.

2. Elektron avadanliq testlori; Vcc-GND arasi (isa gapanma testi, Enerji verilorok TP
noqtalorinin testi, Empedans (V1) miigayiss testi, Programlasdirilmis material testi, Funksional test,
Boundaryscan test, Termal miigayisa testi, LCR metr ilo hassas test.

3. Son amaliyyatlar: Askarlanan nasaz avadanliq yolundaki digor avadanliglarin testi, nasaz vo
middotli elektron avadanliglarin doyisdirilmosi, miiddatli avadanhiglarin doyisdirilmasi, yollarin
yoxlanmasi vo yanig-qopuq vo s. diizoldilmasi, lehim yeniloma, kimyovi tomizlik, lazimi
tonzimlomonin edilmasi, elektron kartin sinanmasi. Elektron kart islomass, nasazligin ndviina gors
miivafiq addimlara geri doniib omoliyyatlarin tokrar edilmalidir.
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B crarpe kpaTko omucaHbl HanboIee HeOOX0ANMBIE METOIbI PEMOHTA JIFOOBIX 3JEKTPOHHBIX KapT. Bo
BpEMsI HCTIOJNIB30BaHMS TEXHOJOTHMYECKOrO OOOPYIOBAaHMUS, KOTOPOE CTAHOBHUTCS HEOTHEMIIEMOW YaCThIO
Halleil TMOBCEAHEBHOW >KM3HH, BBISBICHHE OPHUTHHAJIBHOCTU 3JIEKTPOOOOPYAOBAHHUA M BIEKTPOHHBIX
W3JIeNU, TIOCTAaBISeMbIX B CTpaHy, TakXe MPEJOTBPAIICHUE WCIONb30BaHUs TMOAJEIBHOIO |
HEKa4eCTBEHHOTO 00OpPYIIOBaHUS B IMPOIECCE PEMOHTA AJIEKTPOHHBIX KapT SBISETCS OJJHHM M3 OCHOBHBIX
00s13aHHOCTEH 110 COKpalIeHUI0 (HHAHCOBBIX U BPEMEHHBIX ITOTEPh B 3TOM OOJIACTH.
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SUMMARY
DETECTION METHODS OF MALFUNCTIONS AT ELECTRONIC CIRCUITS
Hajiyeva S.A.

Key words: electric, electronic circuits, electrical appliances, electronic cards, electrical equipment,
test equipment
During the use of technological equipments that become inseperable part of our daily life
identification of the originality of electrical equipment and electronic hardwares brought to the country, also
preventing use of counterfeit and low-quality equipments in the repairing process of electronic cards is one
of the main duties reducing financial and time loss in this field. The article will briefly describe the most
necessary methods for repairing any kind of electronic cards.
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Hal-hazirda intellektual sistemlorin (IS) vo onlarin program komponentlarinin yaradilmasinda
yeni metod vo yanagmalarin islonmasi elmi todgiqatlarin aparilmasi {igiin perspektivli sahalordondir.
[S-in islonmoasi prosesinin miirokkobliyi osason IS-in layiholondirilmosinda “gotin saho” sayilan
molumatlarin alinmasi, strukturlagdirilmasi1 vo formalagmasi, totbiq sahasinin modellosdirilmasino
xidmot edon molumat bazasinin (BB) islonmasi morhalolorinin xiisusiyyotlorindon asilidir [1].
Konardan miiracioto, miistorok (kollektiv) istifadonin tomin olunmasina, ekspert roylorinin
koordinasiyasina, homg¢inin konseptual (informasion) modellor (diagram, sxem, bilik kartlar1 vo s.)
do daxil olmaqla, miixtolif formalarda togdim olunan toplanmis molumatin tokrar istifadosine
ehtiyac yarandiqda qoyulmus vozifalorin miirokkabliyi daha da artir.

Beloliklo, IS vo onlarin program komponentlorinin (homginin BB formalagmasinin
altsistemlorinin) islonmasi effektivliyinin artirilmast problemi aktualdir vo miixtalif istigamotlordo
holl olunur: xiisuson metodologiyanin tokmillosmosindon baslayaraq xilisusi proqram
instrumentarisina qodar. Lakin biitovliikds konseptual modellarin transformasiyasi asasinda BB-nin
avtomatlasdirilmis isini tomin edon IS program komponentlorinin islonib hazirlanmasini
dastoklomak ii¢iin texnologiyalarin (yanasmanin) yaradilmas: probleminin halli ayrica todqiqatlarin
aparilmasini tolob edir [2].

Bununla bagli igin asas moagsadi konseptual modellorin transformasiyasi asasinda BB-nin
formalagmas1  Uli¢lin nozorde tutulan proqram  konseptlorinin  yaradilmasi  prosesinin
avtomatlasdirilmasina dair yanagmanin islonib hazirlanmasi vo yanagmanin veb-istiqamatli proqram
sistemi formasinda reallagsmasidir. Nozordo tutulur ki verilmis sistem konseptual modellorin
elementlorinin transformasiyas: yolu ilo miisyyon biliyi tesvir edon dildo (BTD) BB kodunun
sintezini (generasiyasini) tomin etmoklo yanasi, bu prosesin xiisusi vizualizasiya vasitolorindon
istifade etmoklo BB-nin miistorak (kollektiv) layihslondirmasini do tomin etmalidir.

Konseptual modellorin monbayi kimi strukturu XML (eXtensible Markup Language) vasitosi
ilo tosvir edilon modellor qrupunu istifade etmok toklif olunur.

Bu modellor qrupuna niimuno kimi bunlar1 gdstormok olar: XMI (XML Metadata
Interchange) [3] — modellor haqqinda informasiya miibadilosi standartina uygun togdim olunan
UML (Unified Modeling language) [4] siniflorinin diaqramlari; XTM (XML Topic Maps) [5]
standartlarina uygun toqdim olunan konsept-kartlar vo s. mogsadli BTD qismindo hal-hazirda
mohsulun va ontologiyanin toqdim olunmasinin on genis yayillmis tsulu sayilan CLIPS (C
Language Integrated Production System) [6] vo OWL (Web Ontology Language) [5] secilmislor.

1.Yanasma konsepsiyasi. Totbiq sahalorinin konseptual modellorinin transformasiyast yolu
ilo BB formalagmasmi tomin edon IS program komponentlorinin yaranmasi prosesinin
avtomatlagdirilmasi {li¢iin islonmis yanasmanin osas elementlori:

e transformasiya modelini oshats edon timumilagdirilmis proqram komponentinin models;

e mdvzu istiqgamotli deklarativ dil — Transformation Model Representation Language (TMRL)
transformasiya modelinin toqdim olunmasi vo saxlanilmasi {igiin nozords tutulub;
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e iimumilosdirilmis proqram komponentinin asasinda proqram komponentlorinin yaradilmasi
metodu vo onun transformasiya modelinin asasinda sazlanmasi (xiisusilosdirilmasi);

eveb-toyinatli proqram sisteminin vo onun osas elementlorinin konseptual arxitekturasi
(qurulusu).

Yanasmanin proqram tominati lg¢lin olavolorin (prilojeniya) veb-istigamotli islonmo
prinsiplorindon istifads etmok toklif olunur. Baxilan veb-istigamatli program sisteminin va torkibino
yeni progqram komponentlorinin olavo olunmasi vo genislonmok qabiliyysti onun 6zal
xiisusiyyatidir.Bu proqram komponentlori konseptual modellorin forqli formatlarinin analizi vo
importunu hamginin miixtalif BTD-do BB kodunun generasiyasini tomin edir. Yaradilan proqram
komponentlori ayriliqda digor IS {i¢iin miistaqil altsistem gisminds istifade oluna bilar.

Bu sistem hom do xiisusi garsiligh olagolor interfeysi toqdim edir. Onun kémoyi ilo xarici
program vasitolori konseptual modellorin importu vo onlarin asasinda BB prototipinin oldo
olunmasi ii¢lin miivafiq proqgram komponentlorino miiraciot edo bilor. Asagida islonib hazirlanmis
yanasmanin ayri-ayri elementlorini daha otrafli aragdiracagiq.

2.Umumilosdirilmis  (standart) program komponentlorinin modeli. Program
komponentlorinin  islonmosinin  effektivliyini artirmaq i¢lin  asagida toqdim  olunan
iimumilogdirilmis proqram komponentinin orijinal modelindon istifado etmok toklif olunur:

Mzpc= < M1,Ain,CGour,| > (1)
burada My — transformasiya modeli; Ay — giris modellarinin analizatoru (pasper); CGout -
¢1x1s modellorinin generatoru, I — xarici IS qarsiligh slaqa interfeysidir.

Eyni zamanda: Ay =< AGE AONT >

burada A% - XML formatinda toqdim olunan giris konseptual modellorin analizatoru; A9NT-
ontologiya soklinds tagdim olunmus giris konseptual modellarin analizatorudur.

CGour =< CGSLT, CGEHES™?, COZUEK >

burada CG3)T — ontologiyanin ¢ixis modelinin generatorudur; CGS5FS~%B —BTD CLIPS-do
BB kodunun generatorudur, CG3j+~¥8 —BTD OWL-do BB kodunun generatorudur.

Konseptual modellordon alinmis biliklorin unifikasiya edilmis sokildo togdim olunmast vo
saxlanilmasi {i¢iin xiisusi islonib hazirlanmis ontologiya modelindon (ONT) istifado etmok toklif
olunur. Bu model BB-nin reallasmasi zamani (mosalon CLIPS, JESS, Drools, RuleML, SWRL,
OWL, RDF vs s.) istifads edilon miixtolif BTDbiliklorin tosviri xiisusiyyetlorindon abstraktlasmaga
vo biliklori 6zilinlin miistaqil formatinda saxlamaga imkan yaradir. Ontologiya modeli hom giris,
hom ds ¢1x1s modeli kimi ¢ixis eds bilor. Modelin otrafli tosviri [6] gOstorilir.

_____ in, ij =name;, command;, j € 1, n,
burada name; qarsiliqlt olagolerin j iisulunun adi; command; - qarsiliglt olage metodunu idaro edon
komandadir.

Qarsiligh slags interfeysi BB miisyyon BTD (CLIPS vo ya OWL) avtomatik formalagmasi
liclin xarici proqram sistemlorino konseptual modelin 6tiirilmoesi (importu) yolu ilo program
komponentino (sorgu vasitosi ilo) miiraciot etmok imkani verir.

Belolikla, program komponentinin yaranmasi prosesinds (Mtpc timumilosdirilmis proqram
komponenti modelinin xiisusilogdirilmosi) istifadoagi ilkin konseptual modellorin mogsadli BB-do
cevrilmosi (transformasiya Ssenarisi) qaydalarini miisyyanlosdiron My transformasiya modelini
formalagdirmalidir. Homginin istifado¢i program komponentinin “y1g1ldig1” miivafiq analiz vo
generasiya bloklarini da miioyyon etmolidir (se¢malidir).

2.1.Transformasiya modeli. (1)-don istifado edorok Mr toyin edok:

Mt=<MM, MMQUT’T>, (2)

Burada MM,y — ilkin (giris) konseptual modelin metamodelidir; MMogyr - ¢1xis modelinin
biliyi toqdim etma (BB) modelinin metamodelidir; T- modellarin gevrilma operatorudur. Mt —nin
asas elementi ¢evirmo operatorudur (T):

T: CM—KB, (3)
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burada CM — ilkin konseptual modeldir; KB — magsadli BB. (3) daqiqlesdirmak ii¢iin [5]-2 asason
modellasdirmanin konseptual dillarinin sintaks novlorini vo BTD ayiraq. Belaliklo abstrakt (abstract
syntax) vo konkret (concrete syntax) saviyyalords aliriq:

Tas:MMcy—MMkg, Ttc:MxmL—Codekry, 4)
burada MMcy — ilkin konseptual modelin metamodelidir; MMkg — moagsadli BB metamodelidir;
MxmL — XML formatinda togdim olunmus ilkin konseptual modeldir; Code kg — mogsadli BTD
togdim olunmus BB kodudur (Knowledge Representation Language, KRL). Eyni zamanda

Codeyg;, € < CodeSklPS, CodelWE >,

burada— CodeSkPS —BTD CLIPS iizro mogsadli BB kodudur; Code2% — — BTD OWL iizro
magsadli BB kodudur.

(4)-0 asason Codegri-do Mxm. transformasiyasi prosesi ilkin MMcy metemodelin absrtakt
elementlori ilo MM kg — mogsadli metamodel arasinda uygunluglarin tapilmast yolu ilo hoyata
kecirilir.

Metamodellorin elementlorinin uygunluq gaydalarin1 geyd etmok {iciin (transformasiya
qaydalarin1) Rt operatorunu daxil edok:

Rr=rq,....m:MMcy — MMgg,
burada r; — transformasiya qaydasidir. Eyni zamanda:
_ r;=e™ el p,iel,n,
burada e — MMy metamodelinin ilkin elementidir (gaydanm sol hissasi); ei®™ - MMkg
metamodelinin magsadli elementidir (qaydanin sag hissasi); pi — qaydalarin yerino yetirilmasinin
ardiciligini tomin edon qaydanin yerina yetirilmasi prioritetidir, pj el,k.

3.Predmet toyinath TMRL dili. Mt transformasiya modelinin toqdim olunmasi vo
saxlanilmas1 ii¢lin mévzu istigamatli dil Domain Specific Language (DSL)- islonib hazirlanmisdir —
Transformation Model Representation Language TMRL). Hazirlanmigs TMRL gqrammatikasi sarbast
kontekstli qrammatikalar sinifino aiddir (SK-qrammatikalar — LL(1)) [1]. TMRL konstruksiyalari
M transformasiya modelinin elementlarini, xiisusi ilo do Rt metamodellorinin uygunluq qaydalarini
deklarativ sokilds tasvir etmak ii¢lin imkan yaradir.

4.Proqram komponentlorinin islonmasi metodu. Program komponentlorinin islonmasi
metodu iimumilosdirilmis program komponentinin qurulmasi va kopyalanmasi osasinda IS-in
program komponentinin avtomatlagdirilmig islonmo masalosinin hallino istigamatlonon foaliyyatin
sistemlogdirilmis toplusudur (Mypc timumilosdirilmis program komponenti modelinin Mt
transformasiya modelinin formalasmasi yolu ilo ixtisaslasmast vo uygun analiz vo generasiya
bloklarmin seg¢ilmosi). Proqram komponentlorinin yaradilmasi metodunun osas prinsiplori
asagidakilardir:

e Umumi istifado {iciin nozordo tutulan modellorin (mosalon QVT, ATL vo s.) ixtisaslas-
dirllmis transformasiya dillorindon istifade etmodon ilkin konseptual modelin metamodelinin
elementlorinin magsoadli BB metamodelinin elementlorine transformasiyasi (uygunluq) qaydalarinin
vizual qurulusu;

e Transformasiya qaydalarinin XSD — strukturlarin analizi asasinda vizual qurulmasi prosesi
ticiin girig metamodellor elementinin avtomatik ayrilmasi

e Metamodellorin elementlorinin predmet tominatli deklorativ dildon (TMRL) istifado
etmoklo, uygunluq qaydalarinin togdim olunmasi vo saxlanilmasi.

Giris vo ¢1x1s metamodellorine qoyulan asas mohdudiyyatlor:

e MMcw ilkin konseptual modellorin metamodeli XML — sxem formatinda (XML Schema)
toqdim olunmalidir — XML Schema Definition (XSD) [4];

e XML - sxemin avtomatik qurulmasi tigiin miixtolif layiho sablonlar1 iglonib hazirlanmigdir.
Onlardan on ¢ox yayilanlar: Russian Doll, Salami Slice, Venetian Blind, Garden of Eden. Bu
sablonlar istifade olunan global elementlorin va tiplorin (ndvlarin) miqdari ils forqlonir. Bels hesab
olunur ki, Venetian Blind vo Garden of Eden [3] sablonlarin istifadesi daha perspektivlidir;

¢BTD CLIPS vo OWL-do togdim olunan mogsadli BB MMgg metamodellori transformasiya
modelinin geyri-sortsiz qurulmasi {igiin mévcuddur.
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Umumillosdirilmis program komponentinin modeli osasinda transformasiya modelinin
formalagmasi da daxil olmagqla, program komponentinin yaradilmasi metodunun asas morhalolori
sokil 1 vo 2-do gostarilib.

XSD formatinda ilkin konseptual modelin
metamodellorinin formalagmasi

- J
A 4
4 N\
Transformasiya modelinin islonmosi
(. J
s N

Proqram komponentinin avtomatik yaradilmasi

- J

Sakil 1. Program komponentlarinin yaranma marhalolori

¥

( N\
XSD strukturunun analizi (ilkin metamodelin

elementlorinin se¢ilmasi)

v

[lkin transformasiya modelinin qurulmasi

- J

v

N
Meta modellarin elementlorinin uygunlugunun
barpa edilmosi

v

e N
TMRL {izrs transformasiya modelinin kodunun

generasiyasi

v

TMRL iizrs transformasiya modelinin kodunun
doqiqlosdirilmasi

&

Sakil. 2. Transformasiya modelinin yaradilmasi marhalolori

5.Proqram sisteminin konseptual arxitekturasi (qurulusu). Toklif olunan texnologiyanin
program tominatini reallagdirmaq {i¢iin osas funksional elementlori vo onlarin qarsiligl alagosini
tosvir edon veb-istigamatli program sisteminin konseptual arxitekturasi (qurulusu) islonib
hazirlanmigdir. Veb-istigamotli (sok.3) proqram sisteminin konseptual arxitekturasi (qurulusu)
elementlorinin torkibi vo ndvlari, hamg¢inin faaliyyatinin prinsipial 6zalliklori do daxil olmagla onun
strukturunu tosvir etmoyo imkan yaradir. Sistemin asas saviyyalori (hissolori):

e informasiya soviyyosi — program sisteminin xidmeti molumatinm1 saxlamagq iigiin nozordo
tutulan vo altsistemlor torafindon (sistem va totbiqi saviyyads) ham 6z faaliyyatinin tomini, ham da
BB-nin avtomatlagdirilmis islonmo masalalorinin halli iigiin istifade olunan biitiin informasiya
resurslarini oks etdirir;
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e Sistem soviyyesi — hom istifadoginin veb-istigamatli proqram sistemi ilo baza slagalorini,
hom xarici program sistemlori ilo (IS) interfeysi tomin edon, homginin niimuno proqram
komponentinin asasinda totbiqi program komponenti yaratmagq ligiin toqdim edon istifadoginin toklif
etdiyi biitiin altsistemlorin toplusudur;

e Totbiqi soviyya - konseptual modellorin transformasiyasi yolu ilo BB avtomatik sintezini
tomin edon istifadogi torofindon islonmis proqram komponentlorinin toplusudur. Proqram
komponentlori niimuns proqram komponentinin osasinda onun “kogiirtilmosi” (kopyalanmasi) vo
xtisusilogdirilmasi yolu ilo yaradilir.

Sistem soviyyasi

Informasiya dostayi altsistemi

Informasiya
saviyyasi

Xarici program vasitalari ilo qarsiligli alaga

E Inzibatgiliq alt sistemi E
: altsistemi |

RVML notasiyasinda antologiya va

mohsulun vizualizasiyasi alt sistemi Ontoloji model

Program komponentlorinin islonmasi
altsistemi

Produksiya
modeli

Tatbiqi saviyyasi

Konseptual modelin transformasiyasi

osasasinda BB-nin sintezi {i¢iin program <:>€
komponentlori

Sistemin xususi
verilanlar bazasi

S$akil 3. Veb-toyinatl program sisteminin konseptual arxitekturasi

Notica. Tadqiqat isindo konseptual (informasiya) modellorin transformasiyasi yolu ilo CLIPS
vo ya OWL-do toqdim olunmus vo BB kodunun avtomatik formalagmas ii¢iin nozords tutulan IS
program komponentlorinin avtomatlasdirilmis islonmosine yanasma (texnologiya) toklif olunur.
Toklif olunan yanagsmanin osasinda: tiplosdirilmis program komponentinin modelindon
(transformasiya modeli daxil olmagqla); transformasiya modelinin togdim olunmasi vo saxlanilmasi
iclin nozords tutulan Transformation Model Representation Language (TMRL) deklarativ dildan;
imumilosdirilmis komponentin kogiiriilmosi vo onun sazlanmasi (xiisusilogdirilmosi) osasinda
program komponentlorinin islonmasi metodundan; veb-istigamatli program sisteminin konseptual
arxitekturasindan (qurulusundan) istifado olunmasi durur.
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PE3IOME
KOHUENIMUS MTOAXOJA K CO3JAHUIO IPOT'PAMMHBIX KOMIIOHEHTOB
IT'EHEPALIUU BA3 3HAHUU B UHTEJUVIEKTYAJIBHBIX YIIPABJIAIOIUX CUCTEMAX
Managosa X.H.

Knwuesvie cnosa: aemomamusayus pazpabomru npocpAMMHbIX KOMNOHEHMO8, UHMELIeKMYATbHAsL
cucmema, KOHYenmydaibHas Mooelb, 6aza 3Hanull, mpanchopmayus mooenei

Pabota mocasiena npobdieMe HoBBIIICHHS d(H(HEKTUBHOCTH CO3MAHMS UHTCIUICKTYalbHBIX CUCTEM U
Ux nojacucTeM (KOMIIOHEHTOB). OCHOBHYIO CJOKHOCTh MPH pa3pabOTKE HHTECIUICKTYaJIbHBIX CHCTEM
MpeAcTaBiIseT dTan (OopMHUPOBaHMU 0a3 3HaHHH. D(PGEKTUBHOCTL JAHHOI'O dTala MOYKET OBITH IOBBIIIEHA
IyTeM TpaHchOPMAaIMK KOHIENTYAIBHBIX MOJENIEH, TOCTPOEHHBIX IIPU MOMOIIM Pa3IHYHBIX IIPOrPAMMHBIX
CPEACTB OHTOJIOTHYecKoro moxaenupoBanus wim CASE- cpencTs, B ko 0a3 3HaHUU, MpEICTaBICHHBIX Ha
OTpEICICHHOM SI3bIKE€ IpeACTaBieHHMs 3HaHWWA. [Ipu  3TOM  aKTyalbHBIM  SIBISCTCS  CO3JAHUE
YHU(DHUIUPOBAHHOIO IMOAXOAa (TEXHOJOTHHU) IS MOAAECPKKH Pa3pabOTKH IIPOrpPaMMHBIX KOMIIOHEHTOB
HMHTEIJICKTYaJbHBIX CHUCTEM, oOecreunBammux (opmupoBanue (reHepanuio) 0a3 3HaHHNA IyTEeM
TpaHchOpMaIUU KOHICTITYAIbHBIX MOJICIICH.

SUMMARY
CONCEPT OF APPROACH TO CREATING SOFTWARE COMPONENTS
FOR GENERATION OF KNOWLEDGE BASES IN INTELLECTUAL CONTROL SYSTEMS
Manafova Kh.l.

Key words: automation of software components development, intellectual systems, conceptual
model, knowledge base, model transformation

The article discusses the problem of improving the process of designing intellectual systems and their
components. The main problem in designing of intellectual systems is the stage of creating knowledge
bases. The efficiency of this stage can be improved by the transformation of conceptual (information) models
into program codes of knowledge bases. In turn the conceptual models can be created with the aid of
different CASE tools or software for cognitive and ontological modeling; knowledge bases can be
represented by the specific knowledge representation languages. Therefore, the creation of the unified
approach (technology) for developing software components of intelligent systems providing generation of
knowledge bases by transformation of conceptual models is actual.

Daxilolma tarixi: [lkin variant 05.04.2019
Son variant 25.09.2019
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YUET BJIMSTHUSA MOKA3ATEJENA CUCTEMBI JUATHOCTUPOBAHMUS
HA ITIOKA3ATEJIN HALZEKHOCTH ACUHXPOHHOT' O ABUI'ATEJIA

'AXMEJIOB JUSIP ACJIAH oray
AXMEJOBA AJIMAPA IIEKEP rei3si
SAXMEJIOB ACJIAH JTUSIP oray
Cymeaumckuil 2ocyoapcmeenHulll yHusepcumem, 1-oucepmanm, 2-urndicenep, 3-0oyeHm

Kntroueswvie cnosa: acunxpounwiii 0guecamens, OUACHOCMUKA, 2pagd nepexooos, 8eposimHOCHb
COCMOANUS, NOKA3AMENU HAOEHCHOCMU, CINAYUOHAPHBIL PENHCUM.

PClCCMOmpeHbl npuHyunsl  yvema xapakmepa u cmenenu GIIUAHUA cucmemyl
duaeHocmupogaHuﬂ Ha nokazamenu HAOeHCHOCHU ACUHXPOHHO2CO osueamens 6 3a6UCUMOCMU OM
Mmemooa ()MCIZHOCW!MPOSCIHM}Z. HO]lylieHbl COONIHOUWEHUA, NO36OJIAIOWUE OUEHUNTb Gde)eKmMGHOCWlb
cucmemasl Ouaenocmupoeaﬂu}z.

BBenenne. Xapaktep M CTElEHb BIUSHUS CUCTEMbl AMATHOCTUPOBAHMS HA IOKa3aTeln
HA/IOKHOCTH DJIEKTPUYECKHX MAaIlIMH HEOOXOAMMO paccMaTpuBaTh C Yy4YETOM CTPYKTYpPBI
TEXHUYECKUX CPEACTB TUATHOCTHUPOBAHUS, METOJOB JMATHOCTUPOBAHUS U PEXKUMOB pPabOTHI
MamuHbl. [Ipy 3TOM HEOOXOOMMO YCTaHOBHTH B3aHMMOCBSI3b MEXKIY BCEMH TPUHATBIMH K
pPacCMOTPEHHIO TMOKaszarelasiMU. bonbline BO3MOXHOCTU [JIsl pEIICHHs DJTOM 3aJadu  Jaer
MOCTPOCHHE W aHAJIM3 MOJENM CHCTEMBl JUAarHOCTUPOBaHHs B ¢opme rpada COCTOSHHIA,
MIPEJICTaBIISAIONIero co00i oNMmMcaHue OAHOPOJHOTO MAapPKOBCKOTO IMpoIecca Mepexoaa CUCTEMbI U3
OJIHOT'O COCTOSIHUS B IPYTO€.

ITocTanoBka 3agaum. Kak Hu3BeCTHO, acMHXpOHHBIM aBurarenb [AJ[], pabotaromuii B
JUTITETFHOM pEeXHMe, MOXXHO TPHHATH KaK OOBEKT HENpephIBHOTO JeicTBus. I[Ipu sToM
npuHuMaeM, 4to AJl JuarHocTUpyercss KOMIUIEKCHBIM METOJIOM, IEepHOJUYECKH B peKUMax
XOJOCTOTO XO/ia Harpy3Kd, a TaKKe€ BO BpPEMsl HEBBHINOIHEHUS (DYHKIMOHAIBHBIX (PU3HUECKUX
nporeccoB. TexHHMUecKue CpeacTBa AMArHOCTHKM aOCOJIIOTHO HAJeXHbI M B Ipoliecce
IMAarHOCTHPOBaHUs 1e(hEeKThI, MPUBOAAIINE K 0TKa3y A/l, He BO3HHUKAIOT.

JUiss ToCcTpoeHUs: MOJeNM Ha OCHOBE aHalu3a pexuMoB paboTel AJ[ omnpenesneHsl
COBOKYITHOCTh BO3MOXXHBIX COCTOSIHUH CHCTeMbl auarHoctupoBanus S={Sj}, i=1,n u mnyru
nepexooB. Mozenb cTpouTcsi B BuAe opueHTHpoBaHHOro rpada G(P,Q), MHOXECTBO BepLIMH
kotoporo P={pi}, i=1,n cOOTBETCTBYIOT YKCIy N BO3MOXKHBIX COCTOSIHHI, a MHOXXECTBO BETBEH
OMpeJieNisieT MHOXKECTBO BO3MOXHBIX TepexoqoB. Kaxmoil i-ii BepimHe rpada COOTBETCTBYET
BEPOSITHOCTh HAXOXKACHUsSI CUCTeMbl B I-M coctosiuuu Pji(t), omeparopsl BeTBeW NPEICTABISIOT
co00li MHTEHCHBHOCTH MEPEXO/IOB U3 i-TO B J-€ COCTOsIHUE. BO3MOXHBIE COCTOSIHHS B MpOILEcCce
skcrutyaTaruu AJl kak cucremMa MOTyT OBITh:

Si- AJl B pabouem pexxrMe paboTOCIIOCOOEH:;
S, — A/l mmarHoctupyercs, paboTocrnoco0eH;
Sz — A/l HepaboTocmocoOeH, BOCCTaHABIMBAETCS M JUATHOCTUPYETCS.
Teoperuueckasi yactb. Mcnonb3ys npaBuiia npuBeneHHou B[ 1],mo rpady nepexoaos (puc. 1)
cocTaBlsieM cucteMy auddepeHnnanbHbIX ypaBHEHUH :
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Py (t) = vP,(t) + uP3(t) — (v + DP1(0);
P,(t) = yP.(t) — vP,(t); 1)
P3(t) = AP (t) — uP3(t)

rae ¥ = 1/T,y; y- MHTEHCUBHOCTh TUArHOCTUPOBaHUSA; Ty — HMEPHOAUYHOCTH JTUATHOCTHPOBAHMS
v =1/ T,,— cpeaHsis UHTEHCUBHOCTb MEPEBO/Ia 00HEKTA M3 PSKUMA THATHOCTUPOBAHUS B pabOUHIA;
A= 1/ T, — MHTEHCUBHOCTh OTKa3a 00BeKTa; T,-cpeaHee BpeMsi 0e30TKa3HOW pabOThl OOBEKTa;
1=1/Ts ¢p; |- NTHTEHCUBHOCTb BOCCTaHOBJICHUSI 00BeKTa; Ty o — CPEAHEE BPEMSI BOCCTAHOBIICHUS
o0BeKTa.

\%
V
P(t) s1 > <o P2(t)
j{ \ 4 ll't
P3(t) S3 Puc. 1 I'pag nepexooos

[Mpumensiss mpeoOpazoBanus Jlammaca x (1) M ydnThIBas, 4To B HadaibHbIH MOMeHT t=0
cuctema Obuta mcnpaBHa, To P1(0)=1, P,(0)=0, P5(0)=0, moiy4yum ypaBHEHHS B OIEpaTOPHOU
dopme:

(e+y+ Py (e) —vPy(e) —puP3(e) = 1;
—yP; (8) + (e +v)Py(e) = 0; (2)
—AP; (&) + (e +w)Ps;(e) = 0.

[Tonb3ysick mpaBuniom Kpamepa, ompexnensiem Pj (€)= Di; D, rne D- onpenenurens, a Dj. ero
noroHeHne. [lociie 4ero B MOTyYeHHOM BBIPAKCHHH, TPOBEIS TPEOOPaA30BaHUs, HAXOIHM:

P1(€)= u+v + vu + 1 (e _ e) (3)

(e—&1)(e—€2) e(e—e1)(e—&2) €1—&2 \&—¢&1 €&z
Tae €1 1 & — KOpHI/I XapaKTCpI/ICTI/I‘IeCKOFO ypaBHeHI/ISI, 3HAYCHU KOTOpI)IX paBHI)I

—A+v+y+ W EJA+v+y+p)? — 4V +vu + )

2
[TyTem Takux *xe mpeoOdpa3oBaHUM OMpeIeTIeHBI BRIpaXKEeHUS 11 Po(c) u P3(e)

Pae) = (e L) 42y 2 (2 1)
2 E1— &2 \&E—&1 E—E&y & E1—E&2 \&E—&1 E—&y

P3(8)=/1(1_1)+l*/1v(1_1) (4)

E1—E&x \&E—&1 E—&y & E1—&x \&E—&1 E—&y

E1,E =

[MTonw3ysick 0OpaTHBIM TipeoOpa3oBanueM Jlammaca [2], HaxomuM 3HaveHUs BepositHocTer Pi(t),
Pz(t) 51 P3(t):
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Yuem enusnus noxazameneii cucmemoi duaeHocmupoeaHuﬂ HA nokazamenu HA0eMdCHOCmU
ACUHXPOHHO2O osuzamenst

Pl(t) _ VA+p)+u+ele 1t —[v(1+p)+pu+eyle 2t

E1—&
y(+p)(e~#1t—e~225)
Py(t) = LR —= ) (5)
—&q1t_,—&xt
Py(t) = 12 )
1 2

[Ipyn AnuTENnbHON HKCIUTyaTallMM, BO BpeMsi KOTOPOH CHCTeMa IMPOBOJIUT B JIIOOOM U3
COCTOSIHMI, HE 3aBUCUT OT Ha4yaJIbHOI'O MEPUO/Ia paCCMOTPEHMSI IIpoLiecca paboThl cucTeMsl. Toraa
JUI YCTaHOBUBLIETOCS M JUIMTEIBHOIO PEKUMa pabOThl CUCTEMBbl B TMpeiesie 3HAUCHUs JTH00MH
BeposTHOCTH Pj(t) OyaeT mocTosHHBIM li_r)gP(t) = P. Kak u3BECTHO, paccMarpuBacMasi CUCTEMA C

Al sBnsieTcs OpAMHAPHOM, MO3TOMY MOXKHO NPHHSTbH, 4TO COOBITUSL P1, P, P3 HECOBMECTHBI, TaK
KAaK MOXET MMETh MECTO B OJHO U TOXKE€ BPEMs TOJIBKO OAHO U3 HUX. B CBA3M C 3THUM MOXXHO
3aMmcarh:
P]_(OO)+P2(OO)+P3(OO) =1.
[Ipunumast mocnenHue paccykaeHus M ucnosub3ys (1), cocraBUM CHCTEMY ypaBHEHUH,
OIHCHIBAIOUINX YCTAHOBUBLIUICS PEXUM Pa3IUYHbBIX COCTOSSHUN CUCTEMBI:
—(A+7v) P1(®) + vP2(x) + uP3(x) = 0;
yP1() — vP2(w) = 0; 6
A P1(o0) — uP3(w0) = 0; )
P1() + P2() + P3(x) = 1.
Pemas (5) otHOCUTENBbHO P1 Py U P3IOTY4YHM:

v . _ yu . _ Av
Pl(oo) = ’PZ(OO) - ) P3(OO) - . (7)
Av+vu+yu Av+vu+yu v+ vu+yu
Ucnons3ys cootHomienus (7) ompeaenseM KOMIUIEKCHBIE IOKa3aTeIN HAJIEKHOCTH CHUCTEMBI,
KO2(PPUITUEHT TOTOBHOCTH Keo u K03(pPUIMEHT TEXHHUYECKOro HCIOoNb30BaHUs K, C y4eToMm

CUCTCMbI JTUArHOCTUPOBAHU:

o_ __ kMvty) | _ _ Vi
=Py(0)+Pyfo0) = =L K =pyoo) = —E
v+ vu+yu v+ vu+yu
I[JISI OLCHKHU BJIMAHUA CUCTCMBI JTUArHOCTUPOBAHUA HAXOJAUM BEPOATHOCTDH 0e30TKa3HOH

paboter AJl, u3 (1), npunss ycnosust Py(t)=0, y=0 u v=0. [1pu 3ToM nomy4yum:

Pyt) = 7 4 O 9)
Otcronma BeposiTHOCTB OoTKaza A/l:
P3(t) = 1- Py(t) = ﬁ - ﬁ et (10)
[Ipu t—o0 umeeM :
Pie)= 72w Pae) = (11)

Jnst yuera BIUSHUSI CUCTEMBI TMarHOCTHPOBAHUS Ha TokKa3zarenu HagexHocTH AJl, Obuio
MPOBEJIEHO CpaBHEHHE KOI(P(OUIIMEHTOB TOTOBHOCTEH IMOJYyYEHHBIX C MpUMEHEHHeM u 0e3
MPUMEHEHUSI CUCTEMBI JIUarHOCTHUPOBAHMS, 3ajaBas 3HAYCHUS] MHTCHCHUBHOCTEH Y, Vv, A, U H
nokazareneit T,, Ty, To u Tp. Ilpu stom momyueno K > K,  0,9954 > 0,9523, a Ttarxe
YCTAaHOBJICHO, YTO TPU MPUMEHEHUU CHUCTEMBI TUArHOCTHUPOBAHUSI MOXKHO TOBBICUTH H JIPyTHe
IoKazarenu HajaexxHocTu Al

3akirouyenue. [loayyeHHbIE COOTHOIIEHUS! HE TOJIBKO MO3BOJISIOT OLEHUTH 3PHEKTUBHOCTD
CUCTEMBbl JIMarHOCTHUPOBAHMS, HO MW JAIOT BO3MOXKHOCTH PEIIUTh 3a/ladyy ONTUMHU3ALUU JIs
pa3IMYHBIX BAapUAHTOB 3aJIaHMsI TIOKa3aTeNiel HaZe)KHOCTH MCCIEAyeMOro 00OBhEKTa U MOKa3aTenen
JMAarHOCTUPOBAHUS.
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XULASO
DIAQNOSTIKA SISTEMININ GOSTORICILORININ ASINXRON MUHORRIKIN ETIBARLILIQ
GOSTORICILORINO TOSIRININ NOZORO ALINMASI
Ohmadov D.A.,Ohmadova A.S., Ohmadov A.D.

Acar sozlor: asinxron miiharrik, diagnostika, kecid qrafi, vaziyyatin ehtimali, etibarliq gostaricilori,

stasionar rejim.

Asinxron miiharrikin etibarliliq gostaricilorino diaqnostika sisteminin vo diagnostika metodunun
tosirinin nozars alinma prinsiplorine baxilmigdir. Diagnostika sisteminin effektivliyini qiymotlondirilmasino
vo mosalonin optimal hollino imkan veron ifadolor alinmisdir. Alinan olagolor diagnostika sisteminin
effektivliyini giymstlondirmayo, hom ds tadqiq olunan obyektin etibarliliq gostoricilorinin vo diagnostika
gostaricilorinin toyin edilmasinin miixtolif variantlart iiglin optimallagdirma masalasini hall etmoays imkan
VErir.

SUMMARY
PRINCIPLES OF CONSIDERING FOR THE INFLUENCE OF INDICATORS OF THE
DIAGNOSTIC SYSTEM ON THE RELIABILITY INDICATORS OF AN INDUCTION MOTOR
Ahmadov D.A., Ahmadova A.Sh., Ahmadov A.D.

Key words: asynchronous motor, diagnostics, transition graph, probability state, reliability indicators,

stationary mode.

The principles of taking into account the nature and degree of influence of the system diagnosing on
the reliability indicators of an induction motor depending on the method of effectiveness of the diagnostic
system are studied in the article. The obtained relations not only allow to evaluate the effectiveness of the
diagnostic system, but also make it possible to solve the optimization problem for various options for
specifying the reliability of the object under study and diagnostic indicators.

Daxilolma tarixi: [lkin variant 25.02.2019
Son variant 25.09.2019
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YCTOMYUBOCTH MMPAMOI'O CTEPKHSA U3 IOPUCTOI'O
MATEPHAJIA C ) KECTKO 3AKPEINVIEHHBIMUA KOHIJAMMU
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Knwuesvie cnosa. ycmoﬁqusocmb, nopucmocnib, MOHKOCNEHHOCNb, qbuauueczcaﬂ He]luHelZHOCWlb,
ceomempudeckast HeJZl/lHelZHOCWlb, nepemewenue, degbopmauwz, Hanpisicenue.

Beenenne. B cratbe paccmarpuBaeTcs 3ajada o0 MOTEPE YCTOMYMBOCTU IPSIMOIO CTEPIKHS C
IIPSIMOYTOJIBHBIM  IIONIEPEYHBIM CedeHHEM. KOHIBI CTEepKHSA KECTKO 3aKperuleHsl. Marepuan
CTEpP)KHS BBINOJIHEH M3 mopucroro Mmartepuana. llostomy, cBsizu Mexnay AepopMmanusMu U
HaIIPSDKEHUSMH SIBIISIIOTCS HEJMHEHHBIMU. Takxke, yYUThIBAETCS T€OMETPUUYECKAsI HEIMHEWHOCTD B
OJHOM U3 IIONEpeYHbIX HampaBieHud. Takum oOpazom, 3ajgada sBIseTCS M (QU3MUECKH U
TCOMETPUUYSCKH HEIMHEWHOH, W3 4Yero Ccjleayer uro, ©€ peIIeHUEe CBSI3aHO C OOJBIIUMHU
MaTEMaTUYECKUMH TPYAHOCTAMHU. JlIg ycTpaHeHMs] 3THUX TPYAHOCTEM IIPU PELICHUU 3aa4d
IIPUMEHEH BapUallMOHHBIN MPUHLMIL. DiJIEpOBbl YpaBHEHUS NMPEAJIOKEHHOTO (yHKIHMOHAIA AT
cUCcTeMy HeMUHEHHbIX nu((depeHIHaTbHbIX YPaBHEHUH, KOTOpas pellleHa ¢ IPUMEHEHUEM MeToja
Pynre-Kyrra uerBeproro nopsiaka. ['padudyeckn mocTpoeHbl 3aBUCIMOCTH KPUTUYECKUX 3HAYCHUH
CKUMaIOIEH CUIIbl OT HA4YaJIbHOTO MPOruda U OTHOCUTENIbHOM TOJIIUHBIL.

MaremaTnyeckasi nocraHoBka 3aaaun/ CTEep)KCHb IMOCTOSIHHOM TOJIIUHBI, U3 MOPHCTOrO
MaTepuaia, HAaXOJUTCA B BEPTUKAIbHOM IIOJOXKEHUH, IPUYEM BEpXHAS OIopa CBOOOAHO
IIEpEMENIACTCS] B BEPTUKAJIIBHOM HAIIPABICHUM M HA HEro JCHCTBYET LIEHTPAJIBHO - CKUMAKOIIAs
cwia P. HyukHMi KOHeEl kKeCcTKO 3akperieH. Cuuraercs, 4To CTep)KeHb TOHKUU. TemmepaTypa u
koa¢pdunuent IlyaccoHa cumTaroTCsi MOCTOSHHBIMHU. Tpelyercs onpenenuTh KPUTUYECKYIO CHUITY,
COOTBETCTBYIOILYIO IIOTEPH YCTONYMBOCTH.

BBeneM aexapToBy cucTeMy KOOpJAMHAT oXyZ Tak, 4TOObI OCh X ObUla HampaBiieHa MO OCU
CTEP’KHs U MPOXOAWIA 4Yepe3 LICHTP THKECTU IOINEPEYHOI0 CEYECHMs, a OCH ¥ U Z HAIpPaBUM IIO
IJIaBHBIM OCSIM HMHEpPUUHU MonepeyHoro cedeHus. CremaeM cleqyolue MNpeanojoxeHus: 1)
['eomeTpuyeckasi HEJIMHEHHOCTh UMEET MECTO TOJIbKO B HarpaBieHHH HopMmanu Z. 2) CedeHws,
MEPIEeHIUKYJIAPHBIE K OCH CTEPXKHS /10 A€(POPMHUPOBAHUS, OCTAIOTCS MEPHEHAUKYISPHBIMU K OCU
CTep)KHS M mociie JedopMupoBaHus. 3) B HampaBieHUM OCH ) TOYKH CTEpXHS HE MOIYyYaroT
MEpPEMEIIEHUS] M OCTAJIbHbIE BEJIIMYMHBI HE 3aBUCAT OT y. 4) B HampaBieHum ocu y TOJIIMHA
CTEp’KHs paBHa eauHuLe. 5) Hagano cucteMbl KoOpIMHAT HAXOAUTCS HAa CEPEJUHHOMN MOBEPXHOCTH
HeehOpMUPOBAHHOTO CTEPIXKHS, JUTMHA cTepxHs paBHa 2l, npuuem —|<x< l. 6) B HampaBnenun
OCH Z TOJIIMHA CTepXKHs paBHa 2N, npuyem -h<z< h.

Torga KOMIIOHEHTHI TeH30pa JAedopmanuii CpeIuHHOM TMOBepXHOCTH U €€ u3ruda
BBIPAKAIOTCS Yepe3 KOMIIOHEHTBI BEKTOPA IIEPEMEILECHUS HAa CPEAVMHHON IIOBEPXHOCTH CIIEAYIOLINUM
o0OpazoM:

u 1 (6w)2 2w
e =

= — - — . N = —— 1

ox 2\ox/ '’ d0x? ( )
rae W-IepeMeNIeHns TOYEK CPEAMHHOTO CII0s B HAIIPABJIEHUH OcH Z, £(X,t), 2(X,t)- cOOTBETCTBEHHO,
nedopManus ¥ W3MEHEHHe KPUBHM3HBI Ha CPEIMHHON MOBEPXHOCTH CTEPXKHS, t-Bpems. YpaBHeHHe

paBHOBECUA C Y4YCTOM PCOMeTqueCKOﬁ HCHHHCﬁHOCTH, CBiA3b MCXKAY KOMIIOHCHTAaMH TCH30pa
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Igenoues OA.

nedopManuii ¥ HampsDKEHWH W TPaHUYHBIC YCIIOBUS B JCKAPTOBOW CHCTEME KOOPIWHAT UMEIOT
cnenyrommid Bug [1]

[0 (uai + 8ai)] ; = 0 2)
1+ i

gy =1~ ko)(?ezo'ij - igij) ©)
Gij(gai + ua,l-) ' le = Na Ha So- (4)

u; = U; Ha Sy

rae
_ Om

ko = \/lf+2(1+v)12 -1 ()

O;n —MaKCHUMallbHOE€ 3Hau€HUE HOPMAJIbHOTO HampshkeHwus, E., — cekyluii MOayinb YyIpyrocTH B
MOMEHT pa3pblBa, KOTOpbIE BCErJa MOXHO ONPENCIUTh U3 OKCIEPUMEHTa Ha OJHOOCHOE
PacTSHKEHME. &;j, O;j —KOMIOHEHTBI TEH30POB Je(OpMAlMK W HANPsHKEHHs, O;j —CHMBOJIBI
Kponekepa, I;, [, —COOTBETCTBEHHO IIEPBBIM U BTOPOM MHBAPUAHTHI TEH30pa HAIPSKCHUM, 3aIIThIC
o3HauvaeT AuQdepeHIrpOBaHUEe 0 KOOPAUHATE C MHAEKCOM, KOTOPBIA CIeNyeT IOCie 3arsThle,
U, —KOMIIOHGHTBI BEKTOpA MEPEMELICHHH, 7; — KOMIOHEHThl BEKTOpa HOpMaid, N;-3aJaHHbIC
KOMITIOHEHTHI BEKTOPa IOBEPXHOCTHBIX CUII HA S,;, U;-3a/laHHBIC TIEPEMEIICHUS Ha TIOBEPXHOCTH Sy,
M0 MOBTOPSIOMKUMCS MHJIEKCaM UAET CyMMUpOBaHue ot 1 1o 3.
Cucremy (3) nepenuiieM cleayronumM 00pa3om:

1-k
&ij = (?E:) [(1+v)oi; —v-16;] (6)
BeezeM cienyroniee 0003HaYEHHE:
C yuerom (7) B (6) umeem:
&j = K[(1 +v)o;; — vl gij] (8)

3amagy OyneM pemaTh BapHAMOHHBIM MeToaoM. llpemraraemplii (QyHKIIMOHAT WMEET
crnenyromuii Bu [2]:
] = fV {O-ijgij + Eaijua,jua,i — O'l'j[K ((1 + V)O'ij - VI16L']') + K((l + V)Uij — V116L])]} av —
f Niuids + f (ul - ﬁl’)NidS (9)
So Sy
I'me Touka Haj BEeIUUYMHAMH O3HA4YacT ITPOU3BOAHYIO 110 BPEMCHH. \Y —O6'B€M, Sy, —Hjiomanb

MIOTIEPEYHOr0 ceueHus cTepkHs. [Ipu TMHEMHOM HaNpsHKEHHOM COCTOSIHUM 017 = O M OCTAJIbHBIE
KOMIIOHEHTHI TEH30pa HaIpsUKEHUH paBHbI Hy 0. M3 cuctemsl (3) moimy4aercs, 4To

. (1-ko\ ~
§= ( Emo) G (10)
Fﬂe g = 811; 5 = 0-11
2
ko= 25— (11)

U3 (9) c yuetom (10) u (11) momyumm:
_ Ly 1 . 0w, 21~ 2 5.
J=, [6+ S 6(3)° - 6(KG +Ké))av — fsa Puds (12)
Ha ocHOBe M3BECTHBIX COOTHOILICHUH, KOMIIOHEHT TEH30pa KOHEUHOH nedopmanuu & B ciioe
CTEPIKHSI, YAAJICHHOM Ha PACCTOSIHUU Z OT CPEANHHOTO CII0sl, uMeeT Bu [3]:

E=¢c+zw (13)
KoMmnoHneHT TeH30pa HanpsKeHU# B IPOM3BOJIBHOM TOUKE CTEP KHS MMeeT BUJ [3]:
s L 3z
¢ =N, t) + SM(x1) (14)
I'ne
NG, t) = [ 6dz;  MExY=[" z5dz (15)
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[IpupaBHuBas nepByto Bapuauuio (12) k Hym0, UMeeM:
8] = [, [66¢ + 86 + aa—waa—w— (K6 +2K - §)66 — 668K1dv — [, poudS =0 (16)
[Toncrasnss (14) u (15) B (16) u packpbiBast UHTETPaJIbI 110 Z , UMEEM
ow o ow

8] = [N 8¢ + Moo + £ SN + H6M + NZ25 22 — = (KoN + 2KoN + Ky M + 2K, M)8N
= (KOM + 2K, M+ (KlN + 2K1N)) §M — (NN + 3 MM)SK, —

2h3
E(NM + 1v11v)51<1 dx —P-6u(0,t) =0 (17)
rpaHI/I‘{HBIe YCIIOBUA MOKEM 3allUCaTb B BUJIC
ad
w(x, T)lx:—t’,é’ =0; a‘: lx=—¢¢ =0 (18)

MeTtoa pemenus 3aaaun. Vicxos u3 rpaHudHbIX yeiaoBui (18) u pusndeckux coodpaxeHu,

ISt npom6a W(x, T) IIPUMEM CIIEAYIOIIYIO alllIPpOKCUMAIINIO:
ow

w(x,7) = @(1) - cos 2—; = = —Zilgbsfn”—; (19)
rne @(t)-HewsBecTHas pyHKuUs BpemeHH. [ u(x, T)BpIOepeM CIeIyIOIyO alllpOKCUMAIIHIO:
ulx,t) =yY()x (20)

rae Y (7)-HemsBecTHAS QYHKIHSI BPEMEHH.
Tornma KOMIIOHEHTHI TEH30pa CKOPOCTH JeOPMALIUN CPEIMHHON TTOBEPXHOCTH UMEIOT CIIE YOI
BUJL:

. ou aw 21 ; w2 . . o TTX
e=5+1[ q ]=w(r)+?-<o<r)-<p<r)sm27 o

n? X

%= [5a] = ~Smo@eosT
Hcxons n3 ypaBHEHHUS] COCTOSIHUS (10) u pusuueckux coobpakenuit st N(X,t) u - M(x,t) mpumem
CIICAYIONINE alIPOKCHMAIUH:

N(x,t) = Ny(t) + N,(t)sin? ”—lx; M(x,t) = M(t)cos”—;‘ (22)

Ine N;(t), N,(t), M(t)- HeusBecTHBIC HYHKIIUH BPEMCHH.
Ynpoctum Beipaxenns ans Ko, Ky, Ky, u K;. s 3T0T0 pa3iokuM BHIPaKEHHs STHX BEIMUYMH B
psn Teiinopa o N, oxomno Touku N, = 2ho,, T1Ie 0, — TIpeaeN BBIHOCIUBOCTH M COOTBETCTBYET
TOUKE Ha JuarpaMMme OJHOOCHOTO PACTSHKEHUs, Hayajla KpUBOJIMHEHHOM yacTu auarpammel. B

pabore [Amepuka] monyuero, uto g, = V20, . Torna:

/4hza,§1 — No? = 2ho, = N, (23)

[Toncranss (23) B (14) u ocTaBisis TONBKO JTMHEHHBIE YWICHBI, TOTYYaeM:

d(K, (N ) 3
Ko(No) = 0; Ko(N) = Ko(No) + 228 = 2 (v — 24)
d(K1(Ng)
k1 (No)= EceKhZNo ( 2131\1 ) 0
Torna
3M
Ko~ e, )
U3 (24) u (25)
. 3 - . 3M
KO - NoEceK N’ Kl - Ecech?Ng (26)
. - . 36M
6K, = B SN; OK, = B heN, (27)

94



D¢henoues O.A.

Po=410"
— $o=810""
Bo= 12107
1024
a)
A
-3
Pkp * 10 _
Po
0)
ol 410 81072 8:10° g
Puc.1. 3asucumocmo p = p({) 6 paziuunvix 3HAUEHUAX HAUATLHO20 npo2uba Qg (a) u
Pikp = Prp(Po) (6) 015 npsimozo cmepaicrs npu y=30

C yuetom (24) u (25), (17) mony4aer BUL:
6] =
[LIN 8¢ + MomiN 222 4 (¢ - = (4NN = 2NN, + 5 MM ) ) 6N + (& — == (3NM-+4NM —

-l dx  dx 2E 0 " p2 h2E
3NoM))8M]dx — 2hP - 611 = 0 (28)
I'ne BBegeHO 0O603HAUCHHE
E = hN,E. . (29)
[ToacTaBuM BhIpaXKeHUS 1JIA €, D, N,Ms (28). Torma u3 (23):

N = N; + N,sin? ?; M=M cos”—lx (30)

Ioncrasnss (30) B (28), packpbiBasi HHTETpaIbl U IPUPABHUBAS K HYITIO KO3 (DUIIUEHTHI
HE3aBUCHMBIX BapHaIlUil ITOTydaeM:
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( 21, + 1, —2p =0
2f (41, + 31,) — 8m + f(4n, + 3n,) =0
8ngy + 2m2noff — 12(8nyny + 4nyiy, + Ny, —
X 161,ny — 8h,ny) + 36y2mih = 0 (31)
8noy + 3m2noff — 12(4nyny + 3(nyn, + 1yny) + Tnyt, —
81,y — 27,n) + 36y2min = 0

\ 2m?yngf + 9y(dn, m+n, m—1h) =0
I'ne BBeEeHBI CleayonMe 0003HaueHUs Oe3pa3MEPHBIX BEIMYMH:
N1 Nz No PO QP M l
Ny =—— Ny =—"—Ny = =— == m=—— y= 32
LT by 2T RBey 0 T MEer U T B’ U N2E. | h (32)

Hauanpnabie ycnoBus ais cucremsl (31) Oyayrt: [Ipu t = 0;
f0) =7, 1/)(0_) = 0; 11(0) =n,(0) = ny9(0) = nye(0) = m(0) =my(0) =0
['ne f —06e3pa3mMepHbIil HAYATBHBINA TPOTUO CTEPIKHI.

Yuciaennble pesyabtarhl. Cucrema muddepeHnuanbabix ypaBHeHudd (31) ¢ yderom
Ha4aJIbHBIX yclaoBuM pemieHa Ha OBM meronom Pynre-Kyrra uerBeproro nopsiaka. Ilomyuennsie
pe3ynbTaThl TOKa3aHel Ha rpadukax.Ha pucynkax 1—2 nanel 3aBucumoctd p = p({p) mis
pa3nuuHbIX 3HaueHul @, u y. Kpome 3TOro, Ha pucyHkax AaHbl 3aBUCHUMOCTH KPUTHYECKOTO
MOMEHTa BBIIIYYHMBaHUS OT HayajnpHOro mnporuba. Ha pucynke (puc.1,2 0) pgaHa 3aBUCHUMOCTb
KPUTHYECKON CKUMAIOIIEH CHUJIBl P OT OTHOCHUTEIbHOW TOJIIMHBI y, NPU JAHHOM 3HAYCHHUH
HavanbHOTO nporuda Kak BUIHO U3 rpadMKoB, YCIOBHAS KPUTUYECKAs CKUMAIOIIAsl CHJIA, 3HAYHUT
U YCIOBHOE KpUTHYECKOE BpeMsl lg, YMEHbIIaeTcs C POCTOM HayalbHOrO mporuda u
OTHOCHUTENBbHOU TonuHbI y. [Ipu pacuerax quHy mara 6panu H=10",

A

tip 1073} --Fr === e Ean REEE R -
50
40- {
30- |
\

10- T ~——

0 10 20 30 40 50 60 70 8090 100

v
Puc. 2. 3asucumocmo Kpumu4eckoco MOMeHRNA eblnyduearnusl om OMHOCUMENbHOLL moJuHbl

CMPEINCHA 6 OAHHOM 3HAYEeHUU HAYATbHO20 np02u6a.

W3noxum anroput™m, mo koropomy pemieHa cuctema (31). Cucremy (31) mepenuiieMm B
CIIETYIOIIUM BHU/IE.

. yi =fi(y1'y2'y3""y7't) (33)
roe 1=1,2,...5.

Ecnu 0603HaunTh 3Havenns y; (i=1,5 ) B N —om mrare gepes y/*(i = 1,5), To Ha N+1-om mary
3HAYEHHS ITUX BEJIMYMH 10 MeToay PyHre-KyTra yerBepToro nopsiaka OyayT Clieayroue:
H
Vit =yl 4 Ckai o+ 2k + ks + ka)
rae H —nimmna mara,
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O¢penoues O.A.

ki = fi1, y7, - y7,t")
n H n H n H n H
ki :ﬂ(Y1 +Ek11;}’2 +Ek12’---Y7 + kgt +_)

2 2
ks = fi(}’1 +§k21:J/2 +§k22'---Y7 +5k27't +E>

kai = fi(y{ + Hkz1,¥7 + Hksp, ... y7 + Hksz7, t" + H)
BoiBoabl. Huke npuBOAUTCS 3aBUCUMOCTH P = p(() B Pa3IMYHBIX 3HAYCHHSIX HAYATHHOTO
nporuba @g (a) U Prp = Pp(Po) (6) Mg NPAMOro CTPEXHSA INPU PA3IMYHBIX 3HAYECHHSAX
OTHOCHTEJIBHON TOJIIINHBI Y.
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XULASO
MOSAMOLI MATERIALDAN HAZIRLANMIS, UCLARI SORT BORKIDILMI$
DUZ CUBUGUN DAYANIQLIGI
ofandiyev O.Y.

Agar sozlor: dayamiqhq, masamoalilik, nazikdivarh, fiziki qeyri-Xattilik, handasi geyri-xattilik,

yerdayisma, deformasiya, garginlik.

Moagalads diizbucaqli en kosikli gubugun dayanigligini itirmosi masalasina baxilir. Cubugun uclari sort
birlogdirilmisdir. Cubuq masamali materialdan hazirlanmisdir, ona goro do deformasiyalar vo garginliklor
arasinda slagsalor geyri-xottidir. Homginin enina istigamatlorin birinds hondasi geyri-xattilik nozors alinir. Bu
halda masaloda ham fiziki, ham do handasi geyri-xattilik yaranir ki, bu da notico etibarilo onun hollinds
boyiik riyazi g¢atinliklora gotirib sixarir. Bu riyazi ¢atinliklorin aradan qaldirilmasi {igiin mosalonin hallinda
variasiya prinsipindon istifads edilir. Toklif olunan funksionalin Euler tonliklori dérdiincii sira Runge-Kutta
tisulu ilo hall edilon geyri-xatti diferensial tonliklor sistemi verir. Sixici qiivvanin Kritik giymati ilo baslangic
ayilmo va nisbi qalinliq arasindaki asililiq qrafiki gostorilmisdir.

SUMMARY
STABILITY OF DIRECT STEERING OF POROUS MATERIAL
WITH RIGIDLY FIXED ENDING
Afandiyev O.Y.

Key words: stability, porosity, wall thinness, physical nonlinearity, geometric nonlinearity,

displacement, deformation, stress.

In the article the problem of the loss of straight rod’s stability with a rectangular cross section is
considered. The ends of the rod are fixed rigidly. The material of the rod is made of porous material.
Therefore, the connections between deformations and stresses are nonlinear. The geometric nonlinearity in
one of the transverse directions is also taken into account. Thus, the problem is both physically and
geometrically nonlinear, from which it follows that, its solution is associated with great mathematical
difficulties. To eliminate these difficulties in solving the problem, a variational principle is applied. The
Euler equations of the proposed functional give a system of nonlinear differential equations, which is solved
using the fourth-order Runge-Kutta method. The dependencies of the critical values of the compressive force
on the initial deflection and the relative thickness are plotted graphically.
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