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(TIGaS,)-(TIGaSe,)1.(x=0,1; 0,2) BORK MOHLULLARININ iZOTERMIK
SIXILMASI VO ATOMLARARASI RABITO ENERJISI

'QURBANOV MEHDI MOHOMMOD oglu
MOMMODOV FUAD 9ZiZ oglu
MOMMODOV SOMONDOR CIOFOR oglu
Sumgqayit Doviat Universiteti, 1,2,3-dosent
xuraman20@mail.ru

Acar sozlar: rabits enerjisi, izotermik sixima, bark mahlul, kristallik qurulus, dilatometr, fiziki xassa,
dagidic1 garginlik

Molum oldugu kimi kristallarin fiziki xassslori atomlararasi rabito enerjisinin qiymotindon
asili olur. Eksperimental olaraq tosdiq edilmisdir ki, atomlararasi rabito enerjisi artdiqca bark
cisimlorin mohkomliyi do artir. Belo alags kovalent rabitoys malik kristallarda vo yarimkegiricilordo
do vardir [1].

Kristal daxilinds atomlararasi rabits enerjisinin toyin edilmasi todqiq edilon maddads bir sira
termodinamik parametrlorin qiymatlori haqqinda, eloco do onlarin 6z aralarinda qarsiliqlt slagosi
haqqinda mslumat almaga imkan verir. Eyni zamanda bu parametrlorin qiymatini bilmokls yeni
nazori modellor yaratmaga imkan yaranir.

Nozari olaraq gostorilmisdir ki, kristalda hortorsfli sixilma modulu malum olarsa, maksimal
dagidic1 qlivvenin qiymatini do toyin etmok miimkiindiir. Bu belo bir diistur vasitasils toyin edilir:

_ Ko
n+1 (1)
Burada Ky-miitloq sifra yaxin temperaturda hortorofli sixilma modulu, n-sabitdir. Kulon

max

qarsiligli tasir halinda n =§ olur.

Belalikla
3
P z—s Ko (2)

max

Bu isdo (TIGaS,)«-(TIGaSe;)1.x(x=0,1;0,2) bork mohlullar1 {igiin eksperimental olaraq
izotermik sixilma omsalinin temperatur asililig1 toyin edilmisdir.

Bork mohlullar odobiyyatdan mdvcud olan iisulla sintez edilmis, rentgenoqrafik iisulla
torkibin bircinsliliyi, kristallik qurulusu vo gofss parametri toyin edilmisdir. Tadqiq olunan bark
mohlullarin, liggat ana madds asasinda monoklin qurulusda kristallagmasi miioyyen edilmisdir. Eyni
zamanda miioyyon edilmisdir ki, torkibindo TIGaS,-nin ¢oki nisboti artan halda qofos
parametrlorinin qiymatinds ciizi artim bas verir [2,3].

Sintez olunmus torkibdon izotermik sixilmani 6lgmok iiglin uzunlugu 0,03 m, diametri 0,005
m olan silindrik formali niimunoslor hazirlanmisdir. Bu mogsadlo sintez olunmus kiilgo yenidon
xirdalanaraq uygun olgiilora malik kvars ampula i¢arisinds oridilmisdir.

Izotermik six1lma odobiyyatdan mévcud olan dilatometrik qurguda dl¢iilmiisdiir. Tocriibanin
nisbi xotas1 0,5% toskil etmisdir [4].

Sokildan goriindiiyii kimi ham (T1GaS;)o 1-(TIGaSe;)o o (1), ham da
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Olgmalor 80+300 K temperatur intervalinda aparilmisdir. Olgmolor asasinda toyin edilmis
izotermik sixilma omsallarinin temperatur asililigi sokil 1-do gostorilmisdir.

Hor iki torkib {i¢lin izotermik sixilma amsallarinin temperatur asililiglarinin xarakteri eynidir
vo onlarda heg bir faza kecidi miisahidos edilmir.
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Sakil 1. (TIGaS,),-(TIGaSey)1.x bark mohlullarin izotermik sixilma amsallarinin (y7)-temperatur
astliligr. 1-(T1GaS,)0,1-(TIGaSe,) ¢ 2-(TIGaS;)o 2-(TIGaSe;)o

T—0 oblastinda izotermik sixilma omsalinin qiymati ekstrapolyasiya yolu ilo tapilmisdir. Bu

2
2 (T|G&Sz)o,2-(T|Gasez)o,8 bork

qiymatlor (T1GaS;)o 1-(TIGaSe;)o ¢ bark mohlulu tigiin 5,92-10 N

2
ao M

moahlul {i¢lin iso 5,85-10 N olmusdur.

N

1
K, = — oldugundan hamin bark mahlullar {igiin hartorafli sixilma modullar1 0,169 -10" >
m

Xo
12 N
vo 0,171-10° —- olmusdur.
m

Beloliklo, Ppax —iiciin tapilan qiymoatlor uygun olaraq 1,01440lll Vo 1,02(5-1011&2
m m

2

olmusdur.
Bu giymatlor asasinda

1U,

P =—-—2 3
.=y, ©

diisturu vasitosilo gofosin minimal enerjisi (atomizasiya enerjisi  (Up)-da) hesablanmigdir.
Hesablamalarin naticasi cadvalda gostorilmisdir.

Pmax vo Up-1n qiymatlori tadqiq olunan maddonin mdhkomliyi va eloca do dagidict gorginliyin
gqiymatlori hagda miioyyon molumat almaga imkan verir. Belo ki, ogor nozori yolla hesablanan
qiymatlar eksperimental qiymatlordon cox bdyiik olarsa, demali, todqiq edilon materialda defektlilik
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TIGaS,)«-(TIGaSe,)1.x(x=0,1; 0,2) bork mahlullarinin izotermik sixilmasi
va atomlararast rabita enerjisi

daha ¢oxdur. Onu azaltmaq mogsadilo materialda termik tablandirma aparmaq lazimdir. Bu yolla
materialda mexaniki gorginliyin tosiri ilo dagilmanin ani bas vermosino nail olmaq olur. Eyni
zamanda dagilma miixtolif noqtolords deyil, eyni bir ndqtods bas verir.

Cadval
(TIGaSZ)Ovl'(TleaSEZ)oyg (TIGaSZ)oyg-(TIGasez)oyg
0 1n-12 m? 12 N 1 N - 04n-12 m? 12& 1 N 7.3
10 N K,.10 F Prax 10 m2 UO,105C Vo 107" m® | Xt 10 N Ko.10 m?2 Prax 10 m2 V,,107"m U0,105C
5,92 0,169 1,014 -4,87 6 5,85 0,171 1,026 6 -4,92

Bu sobabdon kristalin dagidici qiivvasi heg do tamamilos alago enerjisinin hesablanmis qiymati
ilo tam {ist-listo diigmiir. Bu qiivve bir sira digor faktorlardan da asili olur.

Cadvaldon goriindiiyii kimi tadqiq edilon baork mohlullarda TIGaS,-nin ¢oki nisbati artdigca
kristal qofosinds atomlararasi rabito enerjisi do azalmis olur. Bu ciir azalma homin bork mohlullarda

0 -M - hasilindo do miisahido edilmisdir. (p- Debay xarakteristik temperaturu, M-molyar

kiitladir). Bu natico bir daha tosdiq edir ki, 62 - M -hasili do giymotca todqiq edilon yarimkegirici

bork mohlullarda atomlararasi rabito enerjisinin qiymati ilo miitonasib olan bir parametrdir.

Hesablamalardan notico olaraq alinir ki, layli yarimkegiricilordo sixilma modulu ila,
atomlararasi kimyavi rabito qiivvasinin qiymati vo qafosin minimal enerjisi arasinda diiz miitonasib
asilihiq vardir.
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OrpeiesicHAHe SHEPIHU MEKATOMHOMN CBSI3M BHYTPH KPHCTAJUIA TIO3BOJISIET MONYYHTh HHPOPMAIHIO O
3HAYEHHWSAX psiga TEPMOJMHAMHYECKUX I1APaMETPOB B HCCIICAYEMOM BEIIECTBE, a TakkKe 00 uX
B3aUMOJICHCTBIH MEXKIy co00il. B TO ke Bpems, 3HaHHE IEHBI ATUX MAPaMETPOB, JAET BO3MOYKHOCTH
CO3/IaHusI HOBBIX TEOPETUYECKUX MOJIEIIEH.

B cTarbe nmpHBeIEHBI 3HAYEHUS SHEPTHH CBsI3U TBepAbIX pacTBopoB (T1GaS,),-(TIGaSe,)14(x=0,1; 0,2)
BBIYMCIIEHHBIX HA OCHOBE MOJIYJIsl BCECTOPOHHETO CKAaTHsl. BBISBIEHO, YTO st CIIOXKHBIX MOTYTIPOBOJHUKOB
MESKTy MOJYJIEM BCECTOPOHHETO CXKATHsI, CHUIIBI CBS3W W MUHUMAJIBHOM SHEPTUEH PEIICTKH UMEETCS MPSIMO
HPONOPIMOHABHAS 3aBHCHMOCTb.

SUMMARY
ISOTHERMAL COMPRESSIBILITY AND INTERATOMIC BOND ENERGY IN SOLID
SOLUTIONS (TIGaS2)x-(TlIGaSe2)1-x(x=0,1; 0,2)
Gurbanov M.M., Mamedov F.A., Mamedov S.C.

Key words: binding energy, isothermal compressibility, solid solution, crystalline structure,

dilatometer, physical properties, destructive stress

Determination of the interatomic bond energy inside the crystal allows obtaining information about the
values of a number of thermodynamic parameters in the substance under study, as well as about their
interaction with each other. At the same time, knowing the price of these parameters, it becomes possible to
create new theoretical models.

The article presents the values of the binding energy of solid solutions (T1GaS2)x-(T1GaSe2)1-
X(x=0.1; 0.2) calculated based on the all-round compression module. It is revealed that for complex
semiconductors there is a direct pre-proportional relationship between the module of all-round compression,
the binding force and the minimum lattice energy.

Daxilolma tarixi: [lkin variant 29.09.2021
Son variant 02.11.2021
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K 3AJAYE OIITUMAJIBHOI'O CUHTE3A OJHOI'O KJIACCA
JABOUYHBIX 3D- MOAYJIAPHBIX JTUHAMUNYECKUX CUCTEM

MEXTHUEBA MAPAJI P3ABAJIA rbI3bI

baxunckuii 2ocyoapcmeennviii ynugepcumem, ooyenm, baxy, Azepbaiioscan
mehdiyevamaral71@gmail.com

Kntouesvie cnosa: 3D-mooynaprvie Ounamuyeckue cucmemvl, 3a0a¥a ONMUMAILHOZO CUHME3,
noaunom  Boameppwl,  opmoconanvhvle  6XO00HLIE — NOCACO08AMENLHOCHIU,
UHOUBUOYATbHBIE 3A0aYU

Paccmampusaemcs 3a0aua onmumanvhozo cunmesa osouunvix 3D-moodynapuvix ounamuueckux
cucmem ¢ UKCUPOBAHHOT NAMAMbBIO, 0SPAHUYEHHOU C8A3bI0 U 3a0anHol cmenenvio. O2panuieHHas ceasb
npedcmasinsiemcs 6 suoe Jexapmosoeo npousgedeHus: 08yX 02PAHUYEHHbIX MHONCECMB, KOMOpble AGNAIOMCS
NOOMHOMNCECMEAMU  MHodcecmea yenvlx yucer. IIpeononazaemcs, umo Ha 6x00 3D-mMoOyaApHbIX
OUHAMUYECKUX — CUCMeM HOCMYNAiom  OpmMO2OHANbHbIE —6X00Hble nociedosamenvrocmu. Kopomko
uznazaemcs Memoouxa pewienus 3aoaqu cunmesa 3D-mooynapuwix ounamuyeckux cucmem. Ha ocnose
IMOU MEMOOUKU U3NA2AEMCS HAXOHCOeHUe peuleHUs 00HOU UHOUBUOYANbHOU 3a0ayu ONMUMATIbHO20 CUH-
mesa.

OpHo#t W3 3a7ay JuUIs JABOMYHBIX MOIYISAPHBIX AuHamudeckux cuctem (MJIC) [1-4] ects
3ajaya ONTUMAbHOrO cuHTe3a. B paborax [5-13] paccMmoTpeHbl 3amaun CHHTE3a psjia KIIaCcCOB
neonuHbIX MJIC u pa3paboTaHbl TEOPETUUECKHUE U TEXHUUYECKNE OCHOBBI JUIs UX pemieHus. OaHaxko
IpU pELICHUH HWHAMBUIYAJIbHOM 3aJaud CHHTE3a HEJNMHEWHBIX  KiaccoB JBouMuHbIX MJIC
BO3HHUKAIOT OompeneneHHbie TpyaHocTu. [loaTomy B naHHOM paboTe MpeiaraeTcsi penieHne o JHOM
WHIVBUAYAIBHON 3aJladd ONTUMAIBHOIO CHUHTE3a Ul JIBOMYHBIX Tpexmapamerpuyeckux MJIC
(3D-MAC).

1. HocranoBka 3axaum. Ilycte aomunas 3D-MJIC umeer (UKCHpPOBaHHYIO MaMsATh N,
OrpaHUYEHHYIO CBs3b P =P xP,, MakcUMajbHYyIO CTeleHb S . DTa CUCTEMa HMEET CIeayrollee

MMpEACTaBJICHUC B BU/IC I[BYX3Ha‘-IHOFO aHajiora I10JJMHOMa BOJ'ITeppLI [9]

An)
yIn,c,,¢,1= Z > > > hullAETIx
w=l (j,m)ely (r1)xL;y (72) ?er[(711721m)w] (1)
x H U, wIn=7(t, B,0),¢, + Py(J).Cs + P2 (125)], GF(2).

(@,8,0)€Q (., (r1,72,M)y)

3necs neT=[0,N]={01...N}, ¢ €[0,C]={0L....C}, c,<[0,C,]={01...C,};
P, ={p, @ P, (1)} —0< p, @) <..< p,(r,) <o, p, (B eZ,B=1T,, a=12;

y[n,c,,c,]1eGF(2) =u v, [NC,C,]eGF(2)  ABNAIOTCA  BBHIXOMHOH W BXOJHOH
nocnenoBarenbHocTIMA 3D —MJIC (1)  cooTBeTcTBEHHO; A(77) — KOJIMYECTBO DJIEMEHTOB
MHOKECTBa
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F(77) :{(7/1!72lm)‘m: (m]_']_l"'lm]_’;/z 1---1myl‘72)1 sza,ﬁ zn’ma,ﬁ E{O,...,no +1},
a=1p=1

a=Ly,B=Ly;; (Vaefl..nDEBelLl...r.) =M, ;#0)v

(VB el D@ el D= (M, ,#0), 7, efl..t,} o=12};
L (1) ={(J'1,---,J'yl)|1S h<..<], =} L0 =A(z,..7,,)
Q(n,ﬁ)z{(a,ﬂ) m, 5 — komnonenma M um, ;5 #0, azZL_rl, ﬁzl,_rz} X

NGq, y,. M), 1= x L, s(m, ),
1072, M) (@ B)eQ (1,(71.72.M)) (M)

T, 5, ) =47, 5 = (c(c. B),..o(e, B, )OS 7. < (@, B, ;) <1},

(71,7,,M,),, — W - b1if anement MHOXKecTBa F(17) u we{l,..., A(7)};

1<z <..<7, <hL}

Q7, (1,72, M)) ={(@, B)M,, 5 -xommonenta M mm, ,#0, @=Ly, f=17}
Q. (17, (11,72, M),,) ={(«, B, O')|O' e{lv"'ima,ﬁ}’ (., ) €7, (1,72, M)W}
3amava ontuMaibHOro cuHTe3a ABoMuHbIX 3D —MJIC (1) 3akmroyaeTcss B HaXOXKISHUU IS

kaxaeix 7 €[, (1,7, M, ] (Lbm) e L) xL (), wefl,...Am}, nefl..S}, 3Hauenuit s
h, w[J,2,7], npu KOTOPHIX MUHMMHU3UPYETCS ()YHKIIMOHAT
N G G

3= S (vInes, - yoln 607 @)

n=0 ¢;=0 c,=0
rae {y,[n,c,c,]:ne[0,N],c, €[0,C,],c, €[0,C,]} — xenaemble BbIXO/HBIE NTOCIE0BaTENbHOCTH (1).
2. Meroauka pemenusi 3aaa4n. [Iycth aHAIOTHYHO 110 [8] U3 WICHOB MMOCIICIOBATEILHOCTH
{v,un;ci,c.]:nel0,N],¢ e[O,él],C2 [0, éz]} . wefl,..., A} nefl....S} , oOpa3oBaHa
(N+D)(C, +1)(C, +1)x1 -mepubiit maTpuna V,(17,W, j,fZ,7.) U u3 Vo(17,W, j,2,7;) 00pazoBaHbl
nocseaoBaTenbHo Matpuist V; (17, W, j, z2), V,(17,W) , Vo(7) ,V . MaTpuiia V B pacIIMpeHHOM BHJIE
nMeer pasMmepHocTh (N +1)(C,+1)(C,+1)x A, Tre AZZ,S]:lC(inoﬂ)rlrz . Ilyctp u3 |1“((7/1,;/2,m)w)|><1 -
MEpPHBII BEKTOpa
Hy 07, 5,7 = (0, L3, B e o3 B iy, )T 06P3OBEHEL  H,(07,) , Ho(r) , H [9]. Bowna
BEKTOpP H B pacIIMpPEeHHOM BUJE UMEET pa3MepHOCTh Ax1. IlycTh
Yo = (¥[0,0,0]....,¥0[0.0,C, ].....Y,[0,C;, C, 1..... Yo [N, C;, C, 1)
Y =(y[0,0,0],...,y10,0,C,]....,y[0,C;,C, ..., YIN, C,, C,1)'
toraa 3agada (1),(2) umeer Bua
Y=V-H, GF(2), J=(-Y,)" -(Y-Y,)—min. (3)
Ecmu Bxomnsie mocnenoBatenbHoctd 3D —MJIC (1) ecTh OopTOrOHaNbHBIE TMOCIEIOBATEIHLHOCTH,
T.¢. yHoBIeTBopsercs ycioBus V' -V =diag[d,,...ds ] d,,>0 a=1..,A, Toria pelieHue
3aga4n (3) HAXOIUTCS C TOMOIIBIO PEIICHUS HEMPEPHIBHOM 3a/1a4d KBaIPATUYHON ONTHUMHU3AINN
Y=V -K, J=(-Y) (Y-Y,)—min, 4)
rae K ectb A -mepHbiii BekTop. Ecmum K, m h, ectb a - blif KoMmoHeHT Bekropa K um H
COOTBETCTBEHHO, TOTJA PEIICHHEe 3aaa4n ompeaensercs no mpasmwiy [5, 8]: ecmu K, >0.5, to

h, =1 wunaue h, =0. Pemenus 3agaun (4) onpexnensiercs no popmyiie
K=(T-V)t.vT.y,. (5)
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3. Pemienusi MHAMBHIYAIBHON 3aa4d ONTHMAJIBHOro cuHTe3a. Ilycts N, =1, =2,
=2, S=2,P={p.®),p(A}={01, B, ={p,D. p(D}={-10}, N=12, C, =4, C,=4. B s1om
ciyqae 3D -MJIC (1) wumeet Bujg

2 Am)
yine,c1=>. > > > hull a7 [T ovuuln- 5
7=l w=l (j,@)elixL, Tell(y1,72,M)u] (a.5,0)€Qz (n.(71,72.M)w) ( )

—7(a,B,0),¢,+ P1(J,).C, + Po(145)],.GF (2).
Jlnst ynoOcTBa 3anuceii B JainbHEHIIIEM OyeM UCII0JIb30BaTh Cleayronue 0003HaYCHHU S

QW =Q (7, 7,,M),), v=12; Tlnwl=I{(1,7,,M),] -
. 7 =1. [Ipu 3a1aHHBIX 3HAYEHUSIX BXOHBIX JAHHBIX:

2 2
D) ={m =(my;,m,,m,,, mzz)‘mek {01}, /=12 k= ZZ

={(1,0,0,0), (0,1,0,0),(0,0,1,0), (0,0,0,)}.

Torma
o

F() =FQ) ={(.7,, m)\m (MygreMyy, e, ), D> M, =1 m,, {01},
a=1 =1

Ortcroga sicHo, uto A(L) = |F(1)| =1 1 nmo3toMy B 3TOM ciyyae ¥, =1,, =1, m,=1,
Q={11D} LO=LO={®.2)} 11,0={0).0}
'L A1) = 17,1 ={((0).(0)).((0).M)).(@). (0)).(@). 1))}
Taxum obpazom, kosddurmenter h,,[j, z, 7] ecTs cnenyrompue:
h, =h,,[@), @, (@)1, h, =h,[D), D). (@], by =h,[D).(2), (ON], h, =hy,[(D). (2), ()],
hs = h,,[(2), @), ((ON], hs =h,,[(2), @), (D)1, h, =hy;[(2),(2). (O)], b =hy,[(2), (2), ()]

1. 1 =2. Ilpu 3anaHHBIX 3HAYCHUSAX BXOJIHBIX JTaHHBIX:

2 2
<15(2)={m=(ml,l,ml,z,mz,l,mz,z)\m“e{012}f 1,2, k=12 ZZ 5 =2=
ﬂ:

={(110,0), (1,0,10),(10,0,1),(0,11,0), (0,1,01), (0,0,11),(2,0,0,0),(0,2,0,0), (0,0,2,0),(0,0,0,2)}.

Torna
.o

F(n) =F(2) ={(1.72, m)‘ =(Myg,esMy,, oM, ), sza,ﬁ =2, m,, {012},
a1 f-1

05:1:71: ﬁzl-v?/z; (Vaefl,...nh@EBefl...r. ) = (m, ;5 #0), (VBe{l...r.P) A

={(r1,7.,m): 1,2,(11)), (21, (11)), (22,(1,0,01)), (2.2,(0110)), 11 (2)},
Otcrona BuaHo, uto A(2) =|F(2)| =5.
Cryuaii W=1: B ostom ciiysae y, =1y, =2, m, =1 m, =1, Q,[21]={(111),(L21D)},
LO={®).} L©)={12)} r,0={0).0} 71.0={0).0}
I1.2,11) =11, x 17,() ={((0),(0)).((0).(1)).(@).(0)).(A), @)}
Takum 06pasom, koadduuuentsl h,,[j, 7, 7] ectb crnexyromme:

hy =h,,[(@), 1,2),((0), (O)1, hy, =hy,[(@), 1,2), ((0), AN], hyy =h,,[@), 1.2), (D), O)],

10
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h, =hy,[(@), 1,2), (@), D], s =hy,[(2), (1,2),((0), (O)]. hy, =h,,[(2), (1,2), ((0), )]
hs = h,,[(2), 1,2), (D), O], hg = hy;[(2), (1,2), (@), @D)]-
Cryuaii W=2:Boartom ciywae y, =2, 7, =1, m, =1, m,, =1, Q,[2,2] ={(111),(21D)},
L@ ={12}, LO=-{0.@} LO=-{0.0} 0=-{0.0}
r21,Q0) =1, @)= 175, (1) ={((0),(0)),((0), 1)), (). (0)). (1), D)}
Taxum o6pazom, kodpduuuentsr h,,[], 7, 7] ectb cnexyrompue:
hy7 =, ,[(1.2),(2),((0).(0)]. hyg =h, ,[1,2),(D),((0), )], hyo =y ,[(1,2),(D),(@), (O)],
hoo =hy 5[(1,2), (1), (), M)], hoy =hy ,[(1.2),(2).((0).(0))], he, =h, ,[1,2),(2),((0), )],
hys = 0, ,[(12),(2), (@, O)], h,, =h,,[1,2), (2), (D), D)]-
Cryuaii W=3: B aTom ciiywae y, =2,y, =2, m; =1, m,, =1,
QR3A-{A1D,22D} L@ =L, =12}, 1,0 =T5,0={0),0}
1'(2,2,(1,0,0)) = I7,(D) x I3, (1) ={((0).(0)).((0),(1)).((@).(0)).(@), (D)}
Taxum o6pazom, kodpdumuenter h, ;[ j, 7z, 7] ects cnexyromue:
s = My [(12), 2, (). O)], g =, [(L2), (12),((0), W)],
hyr = hya[12), 02), (@, O], hyg = hy,[12), (12), (@), W)]-
Cryuaii W=4: Botom ciydae y, =2,y, =2, m;, =1, m,, =1,
Q24]={(121).21D)} L@)=L,2)={12)} 7I,0)=7,,1)={0),D}
I'(2,2,(011,0)) = I , () < I3, () ={((0).(0)).((0).(1)).((). (0)).(OD)., (D)}
Takum obpazom, koddpdurmentsr h, ,[ ], 7, 7] ecTs cnenyrompue:
hye = h, 4[(1,2),(1,2),((0),(0))],  hs =hy4[(1,2),(1,2),((0),M)],
hsy =hy,[(1,2),(1,2),(M), )], he, =hy ,[(1,2),(1,2), (D), D)]-
Cnyuaii W=5: B atom ciyuwae y, =17, =1, m, =2, Q[25]={(111),(112)},
LO=LO={D.2} 7,2 ={0D} 7@L(2))=1::(2)={0D}
Taxum oGpasom, koapuimentsl h,g[]j, 7, 7] ects crenyromue:
hys = h2,5 [, D, (OD)], hsy = h2,5 [@),(2),(0D)],hss = h2,5 [(2),®),(OD)], hys = hz,s[(z)v (2),(O.D)]-
ITycTs
Vi =(vIn,c,c, -1]),  V, =(v[n-1¢,¢, -1]), V; =(v4[n,cy,C,]),
Vy = (vs[n=1¢,6,]), Vs =(v4[n,c +1c, -1]), Vg =(v,[n-1¢ +1c,-1]),
V; =(va[n, ¢ +1,¢,]1), Vg =(v3[n-1,¢; +1,C,]), Vg = (v,4[N, ¢, ¢;, —1]v,,0N0, ¢, C,]1),
Vio = (0[N, ¢, ¢, —Lu,,[n-1.¢,,C,]), Vi =(v,uIn—-1¢;,¢, —1Jv,,[n,c;,c,]),
Vi, = (0[n=1¢1,¢;, —1Jvys[n—1,¢;,C,1), Vig = (00N, Cy +1,¢;, —1Jvy,[Nn, ¢ +1.C,]),
Vig = (0y[n,¢; +1,¢;, —1]o,,[N-1,¢, +1,C,]), Vis = (00[N—1,¢; +1,¢, —1]v, 4[N, c, +1,C,]),
Vie = (0y1[n=1¢, +1¢c, —1]vo, [n-1¢, +1.C,]), Vi = (0,,[N.Cp,C, =)o, 5[0, ¢ +1,¢, —1]),
Vig = (0[N, €1, C, —1]v, ,[N—1,¢; +1,¢, —1]), Vig =(0,,[n—1¢;,C, —1Jv,,[N, ¢, +1,¢, —1]),
Voo = (05:[N—=1.¢y,C;, —1Jv, ,[n-1,¢; +1,¢;, —1]), Vpy =(0,,[N,C,Co ], 5[0 ¢ +1,C,]),
Vy, = (0,,[N, €, ¢, ]v, [N =1, ¢, +1,C,]), Vos = (0,[n—1.¢,,¢,]05,[N,¢, +1,,]), (7
Voo = (0,,[N-1,¢,,¢,]u,,[N=1,¢, +1.C,), Vos = (5[0, ¢, ¢, — Loy 50N, ¢, +1,6,]),
Ve = (023[N,€1,C, =1, 5[n =1 ¢, +1,¢,1), Vo7 = (053N -1,¢;, ¢, —1Jv, 5[n. ¢ +1.6,]),
Vog = (U3[N=1,¢,¢, —Lu, 5[n—1,¢, +1,C,]), Vo = (0,4[N, G, C, J0, 4[N, €, +1,C, —1]),
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Vi = (02,4[n, G, Cz]Uz,4[n -L¢ +1c,-1)),V;, = (02,4[n -1c, C2]02,4[”1 ¢ +1c, 1)),
Vs, =(0y4[N-1,¢,Cy o, 4[N -1 ¢, +1,C, —1]), Va3 = (0y5[N,Cp,C, —1o,5[N-1,¢p,C, —1]),
Va4 = (025[N,€1,C, 10, 5[N = 1,61, C5]), Vs = (0 5[0, € +1,¢;, —1]v, [N —-1,¢ +1,¢, —1]),
Vie = (025[N,¢; +1,C, ] 5[N - 1,6, +1,C,]).
Bee marpunsr V,,V,,...,Vse cytb (N +1)(C, +1)(C, +1) x1=325x1-mepHble MaTpuubl. Yepes
V,, obosHaunm a -ii snement matpuubl V, . Torma V, =col(V,,,...,V,4,5). o — oif cTpoke
matpuust  V, . B e{l,...36} cooreTcTByeT Takas Tpoika (n',C;,C;) M3 MHOXECTBA
{(n,c,c, )|n €[012],c, €[0,4],c, €[0,4]}, npu KoTOPOI yIOBIETBOPAETCS
a =65, +13¢] +n'+1. (8)
ITycTs uneHOB mocnenoBarensHocT! U,[N,C,,¢C,], v, [N, C,C,], W= 15, 3anano 1o hopmynam:
{1, eciu (n,C;,C,) € MH’W,
Un,w[nv Cis CZ] =
0, ecmu (n,c,c)eM, .,

rac
Ml,l ={(O,1,0)}, M2,1 ={(2,:L0),(4,1,0),(6,L0),(2,1,1),(5,L1)},
M, , ={(8,0,0),(10,0,0),(12,0,0),(8,1,0),(111,0)}, M, ; ={(0,3,3),(2,3,3),(4.3,3),(0,4,4),(3.4,4)},

M, , ={(6,4.3),(9,4,3),(6,34).(8,34),(1034)}, M, , ={(114,3),(12,4,3)}.

Ha ocnoBe mocnenosarensHoctn 0U;4[N,C;,C,], v,, [N, C,C,], W=15, BEIMHCIUM OJICMEHTHI
MatpHIl Vy,...,Vqe 110 popmyiie (6). Torma nomyuum, uro matpuna Vs, B €{l,...,.36} umeer 3HaueHus
1 B cTpOKax, COOTBETCTBYIOLIUX TPOMKE Tﬂ , pefl,...36}, rae
T,=(0.1), T,=@11), T,=(010), T,=@10),T;=(0,01),T, =(10,1),T, =(0,0,0), T, = (1,0,0),

T9 = (211,1), TlO = (6’1,1) 7T11 = (511,1) 1T12 = (311’1) ’T13 = (2’011) ) T14 = (6,011) ) T15 = (5’011) ) (9)
Ts=(30D, T,=801),Ty=01201), T,=(1102), T,,=(9,0)), T,,=(8,0,0), T,, =(12,0,0),
T,3=(0120,0), T,,=(9.00), T,s=(034),T,, =(434), T,,=0334),T,;=0134), T,, =(6,34),
T30 =01034), T;,=(934), T, =(734), T,,=(012,4,4), T,,=(1243), T, =(12,34), T, =(1233).
A ocTasbHBIE CTPOKU MaTpHIbl V; He coBmajaromme Tpokiku T, conepxkur 0.

Hycrs Y =(y[0,0,0]....,y[12,0,0],y[0,1,0],...[1210].....y[124,4])" . TIpu n= 012 , C, = 04,
C, = ﬂ dbopmyiel (5) MOkHO 3amucath B MaTpuuHo-BekTOopHOM Buae Y =V -H, GF(2), rae
H=(h,..he)" 1 V=(V,V,.V,) cyrb umeror pasmeproctu 36x1 n 325x36 COOTBETCTBEHHO.

PaccmoTpum MaTpuilsn \VARRY , KOTOpPOE CYTh MaTPHIILI 36-T0 MOPsIKA U
325 - -
ARYA [ZVC(Y A 5} a =136, 7=136. (10)
&

N3 (9) BuaHO, 4TO B KaXJI0M CTpoke MaTpullsl V coxepKuTCs He Oojee OJHOro 3IeMeHTa 1.
B xaxzaoMm cronlue marpuisl V copepKUTcs OJUH HEHYJIEBOM 3jeMeHT, T.e. yucio 1. [lostomy

Marpuia \VARY/ , ompenensemas 1o (10), eauHuyHas wmaTtpuma 36-ro  MOpsAAKa U
nocienoBatTenbHOCTH ;4[N C;,C,], v,,[N,C,C,] (n,cyc,) €[012]x[0,4]x[0,4] , w=15 , CYTh
OPTOrOHAIBHbIE OCIEN0BaTeNBHOCTH. SIcHo, uto (V' -V) ' =V .V,

OnpeniennuM HeHyseBble deMeHThl MaTpuilbl V . Tax kak B matpuue V,, B €{L,...,.36} nomep
CTPOKH, COOTBEeTCTBYIOIMi Tpoiike (N',C/,C,) ompenernsercs mo gopmyse (8), Torma Ha OCHOBE
Tpotiku T, no dopmyiie (7) HaxoxuM HOMEPA HEHYJIEBBIX CTPOK MaTpHIbl V, n 0003HaYMM HX
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uepes A, S €{l,...,36}. U3 popmymnsr (9) cnenyer, uro
A =79, A,=80, A;=14, A, =15, A, =66, A; =67, A, =1 T; =2, A, =81, A, =85,
A =84,A,=82,A;=68, Ay, =72,A;s=71,A;5=69,A;; =T4,A;g =78, Ay =77,A,,=T75,
Ay=9, A,y =13, Ay =12, A,, =10, A, =300, A, =304, A,, =303, A, =301,
A,e =306, Az =310,A,, =309,A,, =307, A,, =325, A,, =260,A,, =312, A,, =247 .
Iycrs  Y°=(y°[0,0,0]....,y°[12,0,0],y°[0.40].....y°[121,0],....y°[124,4])"  ectb  BexroOp,

TOJTyYeHHBI OT JKeaeMoil BRIXOHOM mocnenosaresroctd Y°[n,c;,¢,], n=0,12,¢,=0,4, c, =0,4.
N3 ¢opmynsl (5) momxyduM, 4To

325

VY (&)
V1T Ylo ; ViaY ° (A1)

K=vT V)T .y0=vT.yo= o [l =] - = .. ) (11)

T 0 325 0
Vas ) Yazs ZV?:B@Y °&) Vag " (A3e)
1

3necs  Y°(£) ecth & — blif KOMIOHEHT BekTopa Y°, COOTBETCTBYyIOMIEH Tpoiike (n',cl,Cp) mpwm
&=65¢c, +13c; + n'+1. Takum obpazom, u3-3a Vﬂ’Aﬁ =1, =1..,36, nHa ocHoBe ¢opmynsl (11)

pelIeHre 3a1a9u onpeernsercs no gopmyse: h s =Kz =Y oA 5),B=1..36.

4. 3akawouenue. B pabore u3nokeHa METOJUKA PEIICHUS 3a/aydl ONTHUMAJIbHOIO CHHTE3a
JABONYHBIX 3D-MOI[y.]I$[pHBIX JANHAMHUYCCKUX CHUCTEM C OPTOrOHAJIbHBIMM BXOJIHBIMH ITIOCJICOOBA-
TeIpHOCTIMU. Ha ocHOBe »TOit MCTOJUKHU PpCHICHA OAHA MHIAWBUAYAJIbHAA 3aJjadya OIITHUMAJIbHOI'O
CHHTE3a.
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XULASO
BiR SINIF IKILIK 3D -MODULYAR DINAMIK SISTEMLORIN OPTIMAL
SINTEZi MOSOLOSI HAQQINDA
Mehdiyeva M.R.

Acgar sozlar: 3D- modulyar dinamik sistemlor; optimal sintez masalasi; Volterra polinomlary;

ortogonal giris ardicilliglari; fordi masala.

Qeyd olunmus yaddasli, mahdud slagali, verilmis daracali ikilik 3D-modulyar dinamik sistemlar {i¢iin
optimal sintezi masoalasina baxilir. Mahdud slage tam adadlar ¢oxlugunun iki mahdud alt¢oxluglarinin Dekat
hasili kimi tosvir olunur. Farz olunur ki, 3D-modulyar dinamik sistemin grigino ortoqonal giris ardicilligh
daxil olur. 3D-modulyar dinamik sistemin optimal sintezi masalasinin holli metodikasi1 qisaca sorh olunur.
Bu metodika asasinda bir fordi optimal sintez mosalasinun hallinin tapilmasi serh olunur.

SUMMARY
ON THE PROBLEM OF OPTIMAL SYNTHESIS OF ONE CLASS
OF BINARY 3D- MODULAR DYNAMIC SYSTEMS
Mekhtiyeva M.R.

Key words: 3D- modular dynamic systems; optimal synthesis problems; a Walterra polynomial;

orthogonal input sequences; individual problems.

The problem of optimal synthesis for binary 3D-modular dynamical systems with fixed memory, limi-
ted connection and a given degree. A limited connection is represented as a Cartesian product of two
bounded sets, which are subsets of the sets integer numbers. It is assumed, input of 3D-modular dynamic
systems enters ortogonal input sequences. A methology for solving the problem of synthesis of 3D- modular
dynamical systems is brieflu described. On the basis of this methology, the finding of a solution to one
individual problem of optimal synthesis is presented.

Daxilolma tarixi: [lkin variant 01.09.2021
Son variant 29.09.2021
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BENZOLUN 2-XLORPROPANLA ELEKTROKIMYOVIi SISTEMDO
ALKILLOSMOSI
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Agar sozlar: elektrokimyavi sistemds alkillogsmoa, 2-xlorpropan, benzol, alkilat, benzolun konversiyast,
izopropil benzol, diizopropilbenzol, katalizator, ekoloji problemlor

Molumdur ki, benzol vo onun téromolorinin alkillosmo mohsullar1 ¢ox boyilik praktiki
ohomiyyoto malik maddoslordir. Onlar boyalarin, dorman maddoslorinin, sothi aktiv maddslorin
alimmasinda, bir ¢ox lizvi maddslorin sintezindo xammal kimi, homginin aviasiya yanacaginda,
benzinin oktan adadinin artirilmasinda, siirtkii yaglarinda asqar kimi genis miqyasda istifado
olunurlar. Kimyovi metodla yanasi, digor elektrokimyovi ovozetmo vo birlosmo reaksiyalari
icarisinda elektrokimyovi alkillogsma proseslori xiisusi qeyd edilmalidir [1].

Xlorlutdramolor daha genis tosiretmo diapazonuna malik alkillogsme agentloridir vo onlar C—
,0—S— vo N- alkillosma, ¢oxlu element vo metaliizvi birlogmolor iigiin xiisusi ilo yararlt hesab
olunurlar. Bu asason xlorlutéromalorin, olefinlorls avoz olunmasi miimkiin olduqda, yaxud onlarin
olefinlordon ucuz oldugu hallarda daha slverisli sayilir.

Xlorlutéromolorin alkillosmasi osason iic miixtalif qarsiliqlt tosir zamam bas verir. Qeyd
edilmoalidir ki, elektrofil avozetmonin mexanizmi baslica olaraq karbon atomunda xlorlasma ti¢lin
xarakterikdir. Olefinlordon forqli olaraq reaksiya yalmiz aprotonlu tursu (aliiminium xlorid) ilo
katalizlogir. Reaksiyanin gedisi, C—Cl olagesinin polyarligindan,

RCI + AICIze R%* — Cl™ = AlICl36 — & RT+AICL,
yaxud karbokationun stabilliyindon asilidir, eloca do alkilxloridlorin  reaksiya gabiliyyati alkil
qruplarinin uzunlugu vo saxaliliyi ilo yiiksalir,
CH3 — CH,Cl < (CH3),CHCI < (CH3)sCCI

Digor nov reaksiyalar iso oksigen, kiikiird vo azot atomlar {igiin xarakterikdir, proses xlor
atomunun nuklefil avoz olunmasi ilo bas verir.

Katalizatorun tasiri (mas., AICl3) halogen qoparilmasindan, karbokation va qisa vaxt arzindos
moveud olan [ AICl, ] anionun amolo golmasindan ibarstdir. ©Omoalo golmis stabil olmayan
karbokation (R") aromatik niivoys hiicum edir.

CeHg + R+—>C6H5R +H*

Katalizatorun baglangic formasina qayitmasi ilo reaksiya basa catir.

H* + [AICL,] »HCI + AIClI;

Birli karbokation yenidon qruplasmaya meyillidir, masalon, karbokation
-CH;-CH,-CHj reaksiyanin gedisindo 0z-6zlino (spontan) daha stabil olan ikili CH3-CH CH3s-1o
yenidon qruplasir, bununla olagodar olaraq benzolun 2-xlorpropanla alkillosmasinds goézlonilon
propilbenzol avazina listunlukls izopropil-benzol (kumol) alinir.
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CeHg + CH3 - CH,CI - CH; ILC%) CeHs - CHCng, + HCI
CH;3
Prosesda araliq karbokationun amalo galmosi bas verir. Umumiyyatle, on ¢ox yayilmis
alkillosmo reaksiyalara alkil-, allil-, yaxud benzilhalogenidlorin katali-zator istirakinda kimyovi
yolla alkillosmao reaksiyalarini gdstormok olar [2].

Molumdur ki, benzol niivesindo ovozedicilor miisbot yiiklorin polyarlasmasinda istirak
etmoklo o - kompleksi stabillosdirmok, yaxud destabillogdirmoklo benzol niivesindo halogeni
miioyyan vaziyyats istqamatlondirir. ©vazedicinin orientasiya tosir istigamati araliq davamli o -
kompleksinin amala galmasi il izah olunur [3].

Hal-hazirda kimyavi metodla yanasi, elektrokimyavi alkillosmo metodu da genis miqyasda
istifado olunur. Bu onunla izah olunur ki, istifado olunan AICl3 katalizatoru texnoloji prosesdo
metal konstruksiyalarin korroziyaya ugramasim siirstlondirir, 6zlori pis regenerasiya olunur, yan
mohsullarin alinmasimna sobab olur, osas reaksiyanin selektivliyini asagi salir, eloco do alinan
alkilbenzollarin tomizlonmesi Tlg¢iin boylik vesait tolob olunur. Kimyovi prosesdo AlCl;
katalizatorunun istifadosi zamani ¢oxlu miqdarda su tolob olunur, noticodo iso ¢irkab sularin
miqdar1 artir, hom do bazi katalizatorlardan forqli olaraq AlCI3 bahali maddadir.

Uzvi maddolorin  oksidlosmo-reduksiya reaksiyalarinda elektrik sahosi elektrodlarda
katalizator kimi tosir edir. Digor borabor soraitlordo (temperatur, qatiliq, holledici) maddonin
oksidlogsmo yaxud reduksiya siiroti torkibino aktiv maddslor daxil edilmis elektrodun tobiotindon
asili olaraq doyisir [4]. Bu olavalor elektronun 6tiiriilmo mexanizmini dayisir, elektrod vo anodla
qarsiligli tosirds olan birlogsmalar arasinda vasitaci olur.

Katalitik elektrokimyovi reaksiyalarda maddslorin elektrod iizorindo adsorbsiyasi bdylik rol
oynayir, bu zaman adsorbsiya biitovliikkdo elektrokimyavi prosesdo elektrikkegirici materialin
torkibino olavo edilmis reagentlordon birinin (X) elektrokimyavi reaksiyada katalizatorla garsiligh
tosiri ilo olagodardir [5]:

Elektrod — katalizator + X s Elektrod — katalizator — X

Bork hetrofazali katalizatorlar (oksidlor, seolitlor, kationitlor) texnoloji prosesi sadslosdirir
(katalizatorun ayrilmasin1 vo regenerasiyasini), xammalin hazirlanmasi sorfini, reaksiya kiitlosinin
vo turs tullanti sularmmin neytrallasmasimi vo avadanliglarin korroziyasini azaldirlar. Qeyd
edilmolidir ki, hal-hazirda istifado edilon bark hetrofazali katalizatorlarin, o ciimladon iri masamali
seolitlorin istifadasi polikon-denslosma mohsullarinin omalo golmasine sobab olur ki, naticada
katalizatorun kokslagmasi vo onun dezaktivasiyasi bag verir [6].

Son illords sdylonilon catigmazliglar1 aradan qaldirmaq tigiin daha somorali iisullarin iglonib
hazirlanmasi, sado vo ucuz basa golon texnologiyadan vo o ciimlodon, daha effektli vo stabil
katalizatorlardan istifado olunmasi aktual olaraq qalmaqdadir.

Yuxarida gostorilon aspektlori nozoro alaraq toklif olunan isin moqgsadi elektrokimyovi
sistemdo benzolun 2-xlorpropanla elektrokimyavi sistemds alkillosmasi prosesinin yerino
yetirilmosindon, movcud kimyovi tsullarda istifado olunan katalizatorun (AICIl3) daha ucuz
katalizatorla avoz olunmasindan, su sorfinin, eleco do ¢irkab sularin miqdarinin azaldilmasindan,
optimal temperatur rejiminin miioyyon edilmosindon, selektivliyin vo benzolun konversiya
doracasinin artirilmasindan ibaratdir [7].

Tacriibi hissa. Toklif olunan is laboratoriya soraitinds ilk dofs torofimizdon elektrokimyovi
sistemdo todqiq edilmisdir. Tocriibonin yerino yetirilmasi {igiin torofimizdon elektroliz qurgusu
hazirlanmis, elektrodlar secilmis, istifado olunan maddslorin tomizliyino xiisusi ohomiyyat
verilmisdir. Elektroliz qurgusunun konstruksiyasi sxemds gostorilmisdir.
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Proses kdynokls tochiz olunmus silindrik elektroliz qurgusunda yerino yetirilmisdir. Qurguda
coroyan monbayi ilo birlogdirilmis grafit elektrodlar vo garisdirict yerlosdirilmisdir. Qurguya CCly
halledicisi, aliiminium-oksid katalizatoru, benzol vo 2-xlorpropanin uygun olaraq 3:1 mol nisbati
olava edilir, proses 2 saat miiddotindo yerino yetirilir. Reaksiya basa ¢atdigdan sonra quru alkilat
katalizatordan ayrilib, analiz edilmisdir. Noticodo, coroyana goro 60%, maddoys goro iso 75%
¢iximla izopropilbenzol alinir

CHs3

I Gixim
—CH +Hel e
+ CH3-CHC|'CH3_> CH3 o S

Proses basa catdigdan sonra benzolun konversiyasi

(cevrilma doracasini) %-1o agsagidak: diisturla hesablanir: ¥V
B _cB .
Kb — CllknéBCtacrubL . 100 F i

ilkin
burada, C5,;, — xammalda benzolun qatihgi, kiitlo %-i ilo,
CE ..:p: — alkilatda benzolun qatilig1, kiitlo %-i ilo.
Hesablanan gatiligda izopropil benzolun va alkilatin kiitlo

%-i asagidaki diisturla miioyyan edilmisdir:
izop.b

Termostat

X =

B/izop. b . 'uB + ‘ulzop.b

Burada, P — izopropil benzolun , u? — benzol , u'P
— izopropilenin molyar kiitlasidir, g/mol.

1 va 2-ci sokillorda verilon molumatlardan aydin olur ki, Elektroliz qurgusunun sxemi
temperaturun 80°C-don 160°C-ya godor artirilmasi ilo benzolun 1 —  elektroliz  qurgusunun
2-xlorpropanla  alkillosmasi  reaksiyasinin  siiroti ~ artir,  kdynayi, 2 —anod, 3 — katod, 4 —
izopropilbenzolun alkilatda qatiligi vo benzolun konversiyast kran, 5 — aks soyuducu, 6 —
yiiksolir. Temperaturun sonraki artimi (160°C-yo godor) olave  damct qifi, 7 — qarisdirict, 8 —
reaksiyalarin siiratinin artmasina sabob olur. termostat, 9 — termometr, 10 — KJ

100

Uygun olaraq izopropilbenzolun alkilatda kiitlo %-i do " hlul
32.5%-don 27%-5 godar azalir (sokil 1).

X | 35 -
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= 30 -

= | 25 -
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S | 10 -
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Temperatur, °C

Sakil 1. fzopropilbenzolun gatiligimin reaksiya temperaturundan asiliig
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Sokildon goriindiiyii kimi 140°C temperaturda proses zamani benzolun gevrilmo dorocasi
40.5% toskil edir (sokil 2).

X

° |50 -
z

S |40 -
wn

§ 30
=

S |20 -
S 0
_§ 10 -
o

N

N 0
i 80 100 120 140 160

Temperatur, °C

Sakil 2.Benzolun konversiyasinin reaksiya temperaturundan astlilig

Alman naticalorin tohlili gostorir ki, temperaturun artmasi ilo izopropilbenzola gora
selektivliyin 81%-dan 70.6%-2 gador azalmasina sabab olur (sokil 3).
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Sakil 3. Izopropil benzola géra sellektivliyin reaksiya temperaturundan asihiligi

Diizopropilbenzolun (DilPB) qatilig1 iso 140°C temperaturda 4.8 kiitlo %-don 5.4 kiitlo %-na
godar artir (sokil 4).
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Sakil 4. DilPB qatiliginin reaksiya temperaturundan asililigi
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Noaticalar vo onlarin miizakirasi. Alinan naticolor asasinda prosesin aparilmasinin optimal
saraiti miioyyonlosdirilmisdir: Izopropilbenzolun alkilatda gatilig1 - 32.5+27%; izopropilbenzola
gora selektivlik - 81+70.6%; benzolun konversiyasi isa ~ 41.5% toskil edir.

Prosesds istifads olunan katalizator yiiksok effektivlik gostorir, izopropilben-zolun alkilatda
qatiligini, homginin izopropilbenzola géra selektivliyi tomin edir.

Reaksiyanin optimal temperaturu 140°C, reaksiya miiddati iss 2 s. toskil edir. Elektrokimyovi
tisulla alinan alkillosma mohsulu yiiksok tomizliys malikdir, istifado olunan laboratoriya qurgusu
sadoa vo mohsuldardir.

Proses zaman1 mdveud kimyovi tisullardan forqli olaraq ¢irkab sular alinmir, otraf mihite vo
atmosfera zoharli vo zororli maddolor atilmir, praktiki olaraq yerina yetirilon alkillosma tisulu
tullantisiz texnolojiyaya aid edils bilor.
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PE3IOME
AJTKMJIMPOBAHUE BEH30JIA 2-XJIOPITPOITAHOM B SJJEKTPOXUMHWYECKOW CUCTEME
Mypaooe M.M., 'amamoeé M.M., Illaxzedue¢ @.X.,
Hazaposa M.K., Azaes A.A.

KiroueBble caoBa: amkuiuposanue 6 IeKMPOXUMUHECKOU cucmeme, 2-XA0pHponaw, OeH30],
anKuiam, Kougepcus  0OeH3ona,  USONPONULOEH3071,  OUUZONPONUIOEH3O],
KAmanuzamop, 9Kon02udeckue npooiemol
Ilpencrasiennass  paboTta  TOCBsIEHA — ANKWIMPOBAaHWIO  OeH30iMa  2-XJIOPHPONAHOM B
ANMEKTPOXUMHYECKOW  cucteme. M3yueHo BimustHMe Ttemmepartypel, kataiamzatopa (AlCl;), momeHOrO
OTHOIICHHUS] UCXOJIHBIX BEIIECTB, M BPEMEHH PEaKIMK Ha XOJ TMpoiiecca. AHAIN3 TONYyYEHHBIX Pe3yIbTaToB
MOKa3bIBACT KOHIIGHTPAITMIO  HW30MpommiOeH3oia B ankwiare  32.5-27%;  CENeKTUBHOCTH  TI0
usonpomunGensony 81-70.6%; kousepcus Gensoma mpu 140°C Temneparype coctasiser ~ 41.5%. BEIGOP
katanuzatopa Al,O; 1Mo CpaBHEHHIO C CYIIECTBYIO-IIMMH MeTogaMu obecneunBaeT 3((GEKTUBHOCTH H
JKOJIOTHUYECKYIO 0€30IaCHOCTH TpoIiecca.
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Benzolun 2-xlorpropania elektrokimyavi sistemdo alkillosmasi

SUMMARY
ALKYLATION OF BENZENE 2-KhLORPROPANOM IN ELECTROCHEMICAL SYSTEM
Muradov M.M., Gatamov M.M., Shahgeldiyev F.X.,
Nazarova M.K., Agayev A.A.

Keywords: alkylation in electrochemical system, 2-chloropropane, benzene, alkylate, benzene
conversion, isopropyl benzene, diisopropyl benzene, catalyst, environmental problems

The presented work is devoted to alkylation of benzene with 2-chloropropane in an electrochemical
system. The effect of temperature, catalyst (AlCls), molar ratio of starting materials, and reaction time on the
progress of the process was studied. Analysis of the results showed a concentration of isopropyl benzene in
alkylate of 32.5-27%; isopropyl benzene selectivity 81-70.6%; benzene conversion at 140°S temperature is ~
41.5%. Choice of catalyst Al,O; compared to existing methods provides efficiency and environmental safety
of the process.

Daxilolma tarixi: [lkin variant 22.10.2021
Son variant 02.12.2021
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Kntouesvle cnosa: Hegpmsanvie Mmacia, aiKuiQeHonvl, NPOOYKM  KOHOEHCcayuu, Npucaku,
MHO20Q)YHKYUOHANLHOCMb, NOTTYCUHMEMUYECKUe CYIb@OHAMbL.

Pa3zpaGorana ympolieHHas TEXHOJOTHs IOJyYEHHs] MOOIE-AUCHEPrUPYIOUNX HpPUCAIOK
Cy/b()OHATHOTO THIIA HA OCHOBE CMECH HE(TSIHOTO Macliia U MPOTYKTOB COBMECTHOW KOHJICHCAITH
texHuueckoro goaecungpenona u ankui(Cig-Czp) denona c dopmanpaerugom. Ilomyuennsie
CpelHe- M BBICOKOIIEJIOYHBIE ITOJYCHHTETHUECKUE CYIb(OHATHI KalbIUs 00JIaAal0T BBHICOKUMHU
(U3NKO-XUMHUYECKUMH M (YHKLIMOHAJIb- HBIMH CBOMCTBAMU M MPEBOCXOJAT TOBapHbIE HE(TsAHBIE
cynsdonarel C-150 u C-300, a Taxke 3apyOekHbie aHamoru — npucaaku Xarek 6060M u KoHoko
C-300. B otnuuue oT aHAJIOroB pa3paboTaHHbIE CYJIb(OHATHI B Kaue€CTBE MHOTO()YHKIIMOHAIBHBIX
MPUCATOK 3HAYUTENIbHO YJIYYIIAalOT MOIOLIUE, JUCHEPrUpyIoUIe, MPOTUBOKOPPO3NOHHbBIE
CBOWCTBA, CTAOMJIBHOCTh MPOTHUB OKHCIEHHS CMAa304YHbIX Maced U MOTYT ObITh MCIIOJIb30BaHbI MPH
CO3/IaHUY NTAKETOB MPHUCAIOK JUIsl COBPEMEHHBIX MOTOPHBIX Macel.

VBenuueHne  0O0BEMOB  NPOM3BOJCTBA  BBICOKOKAYECTBEHHBIX  MOTOPHBIX  Macel
o0ycnaBiaMBaeT HEOOXOIUMOCTh Pa3padOTKU HOBBIX BBICOKOA((EKTUBHBIX MPHUCATOK Pa3IUYHOIO
(GyHKIMOHATBHOTO Ha3zHaueHWs. Cpeau IIUPOKOro AacCOPTUMEHTa JTHX MPUCATAOK BaXKHOE
MIPaKTUYECKOE 3HAYEHHE MMEIOT CyJb()OHATHBIE MPHUCATKU C Pa3IMYHBIM YPOBHEM IIEOYHOCTH,
BbIpabaThiBaeMble Ha OCHOBE HE(TSAHBIX Macell M CHUHTETMYECKMX AaJIKUIAPOMATHUECKUX Macel
[1,2]. OcHOBHBIMHM (PYHKIIMOHAJILHBIMU CBOMCTBAMHU MPHUCAJOK TAKOTO THUIIA SIBISETCA UX MOIOIIE-
aucrieprupyomast 3¢p¢GeKTUBHOCTb, CIIOCOOHOCTh HEUTpalu30BaTh MPOJIYKThl OKHUCIEHUS Macla,
oOpa3ymomuecs B mpoliecce paboThl IBUraTelis, U TEM CaMbIM YMEHbLIATh KOJIMUYECTBO OTIIOKEHUIN
Ha ero Jetaisx. B TeueHun psija et 3apyoexHbie GUpMbI B 001acTH pa3pabOTKH MOTOPHBIX Macell
YCHEWHO NPUMEHSIOT CYyJIb(OHATHbIE MPHUCAIKH B COCTaBe KOMIIO3UIMM MpHUCAaJOK K MaciaMm
pa3IMYHOro Ha3HaueHus [3].

AKTyanbHOMH mpoOsieMoil sBisieTcss pa3paboTKa HOBOTO IOKOJIEHHS 3KOJIOTHMYECKH
6e3omacHbIX (PHEKTUBHBIX MPHUCATOK CYIb(OHATHOTO THUIMA, KOTOPHIE B MAaJbIX KOHILIEHTpAIUIX
OJTHOBPEMEHHO YIIYYIlIal0T HECKOJIBKO CBOMCTB CMa30YHBIX Macedl, T.€ MHOTO(QYHKIIMOHAIbHbIX.

Heas padorsl. CunTe3 MHOrOQYHKIMOHAJIBHBIX  CYIb(OHATHBIX  MPUCATOK C
YIIy4IIEHHBIMU SKOJIOTMYECKMMHU CBOMCTBAMHM Ha OCHOBE CMECH HE(TSIHOTO M CHHTETHYECKOIO
CBIPbS U MCCIIEIOBAaHNUE MX BIMSHUS Ha CBOMCTBA CMAa304YHbIX Maced.

Metoabl pemenusi. lcnonb3oBaHuE CMEIIAHHOTO —ChIPbA MO3BOJIAET YIPOCTHUTH
TEXHOJIOTUIO TPOU3BOJICTBA CYJIb(OHATOB, MOBBICUTH BBIXOJ, PACHIMPUTH (YHKIMH, YBEIUYHUTH
3¢ (HEeKTUBHOCTh MPHUCATOK, a TaKXKe 3HAYMTEIbHO CHMU3UTHh BBIXOJ KHUCIOrO T'yApOHa Ha CTaJuu
cynb(upoBaHusl.
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B kadecTBe MCXOMHOTO HE(TSIHOTO CHIPHS MCIOIB30BAHO Macio M-8 U3 cMecu GaKUHCKUX
Hedrelt, comepxkamme 17%  JNerkux M CPEeJHUX AaJKUIAPOMATHUYECKHUX YIJIEBOJOPOIOB.
CHUHTETHYECKUM aJKUJIAPOMATHUYECKUM KOMIIOHEHTOM CITY>KUJI MMPOJYKT COBMECTHOM KOHJIEHCAIIUU
texHudyeckoro noaenmidenona u ankmi(Cig-Csp)dheHnomna ¢ popMaabaeruiom.

Honemminderon BeIphIOATBIBACTCS € NPUMEHEHHUEM TETPAaMEpPOB MPOMHICHA, HMEET
cnenyromue GU3NKO-XMMHUYECKHE TTOKa3aTeNn: mIoTHOCTh npu 20°C, kr/M® — 924,6; nokasareis
IIPEIOMIICHUS n);[ZO — 1.5040; monexymsipHas Macca — 260; Temieparypa Berbimk - 150°C.

Anxkmin(Cig-Csp)beHon MmojydeH alKWIupoBaHHEM (EeHoa OJMroMepaMu IPOIHIICHA
dpakun Cig-C3p B MPUCYTCTBUU [EOJUTCOACPIKAIIETO KaTalln3aTopa MO W3BECTHOUW MeToauKe [4],
B YCIOBHSX, OOECHEUMBAIOIIMX HAWOOJBIIMKA BBIXOJ MOHOAJIKWINPOU3BOJIHBIX. Bbixon
ankwidenona cocraBisger 78%; MonekynspHas Macca — 589; mokaszaTellb MPETOMIICHHUS nHZO—
1.4870; mI0THOCTH TIPH ZOOC, xr/m° — 883,9.

COBMECTHYIO KOHJICHCAIMIO ANKWI(PEHONIOB ¢ (OpMaIbJACTHAOM MNPOBOAMIN B KHUCIIOU
cpeze Ipu TemMmnepaTrype 96-98°C B TeueHue | 4 U3BECTHBIM METOLOM [5] mo craguu oO6pazoBaHus
MeTWIeH-0uc-ankuiadeHonoB. KommuectBo 37%-Horo pactBopa ¢dopManbaeriaa, HEOOXOIMMOTro
JUTIsl KoHaeHcaluu, coctaBisieT 20% wmac. Pacxon karanuzaropa (consHo# kucioTsl) - 0.5% wmac.
[Iporecc koHACHCAIIMN KOHTPOIUPO- BAIU 1O MOKA3aTEI0 MPEIOMIICHHUS PEAKIIMOHHON MacCCHI.

Macno M-8 u npoAyKT KOHJIEHCAallul CMeUIMBaiu B MaccoBoM cootHomeHuu 70:30, 60:40,
50:50 B pacTBOpe OKTaHa W ToJABEepraiu cyiabhupoBaHuio 98%-HOI CcepHON KHUCIOTOW TpHU
TeMIeparype 35-40°C B aBe cramuu. IIpy 3TOM 3HAYHTEIBHO CHUXKACTCS BBIXOJ KHCIOTO ryIpoHa
(ma 30-35%). Helitpanm3anuio cMecu oOpa3yromuxcs cylb(Qokucior ocymecTBisuia 20%-HbIM
BOJHBIM PACTBOPOM THAPOKCHAA Kambuus mpu  70-75°C B TeueHwe 5 9 0 CabOLICNOYHOl
peakuuu. 3aTeM TeMIlepaTypy MOBBIIIAIH 10 125-130°C s yAaJIeHUsI PEaKIIMOHHOW BOJBI U
BBICp)KMBAIM TpH 9Toi Temmeparype 3 4. [lomyueHHBI MPOAYKT pacTBOPSIM B OKTaHE,
HeHTpU(DYrupoBaHUEM OTACISUIM MEXAaHUYECKHE MPUMECH U OTTOHSUIM PACTBOpHUTETh. DU3HKO-
XMMHUYECKHE CBOMCTBA HEHTpaJIbHBIX CYIh(OHATOB, MOMYUYEHHBIX MPHU PA3TUUYHBIX COOTHOIICHUAX
WHTPEIUCHTOB, TpeacTaBicHbl B Ta0On.1. Kak BHIHO W3 NPUBEACHHBIX JaHHBIX, ONTHMAIbHAS
no0aBka NPOAYKTa KOHJEHCAIMM K HepTIHOMY Maciay HaxonuTcs B mpenenax 30- 40% wu
NanbHEHIIee yBEIIMUEHUE €ro KOJIMYeCTBa MPHUBOAUT K TOBBIIMICHHIO BSI3KOCTH M YBEIWYEHUIO
COJIEp>KaHUsl MEXaHUYECKUX MPUMECEH B MpHUCaIKaXx.

KapbOonaranueil HelWTpanbHOro cynb(oHaTa AMOKCHUIOM yriepofa B NPUCYTCTBUU
M30bITKa THAPOKCHAA KallblUg, MPOMOTOpAa — METaHOolla, Macia-pa30aBUTElNs, PAaCTBOPUTENS —
Tonyona mpu Temmeparype 40-45°C B Teuenme 1 u momydens! cpexme- (tmma C-150) u
BbIcOKoIenounble (tuna C-300) mpucaaxu.

Tabauua 1
Du3uKo-xumuyeckue c80UCmMea HelimpaibHbIX CYIbHOHAMHBIX NPUCAOOK
HcxomHoe chipbe, cocTosmiee U3 Maccosast noms, %
o Brixong
cMmecH, % mac o Illenounoe
HEHTpaTbsHOrO
cyabQoHara, % mac AR, cyibdoHara MEXaHUYEeCK
POJIYKT % mr KOH/r Y .
macio M-8 K UCXOJTHOH CMeCH KaJIbIIUs uX IpuMecei
KOHJICHCAIIUU
70 30 89 20.5 40.7 0.04
60 40 92 22.4 45.9 0.05
50 50 94 24.0 49 0.1
macio M-8 69 13.5 12 0.8
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CocraB 1 cTpyKTypa Ccyab(hOHATOB NOATBEPKICHBI METOJaMU 3JeMeHTHOro ananu3a u K-
crekTpockonuu. ColiepKaHue Kaiablus ONpenersuii Ha MeTtaui-aHanuzatope MP- 4200AES. MK
cnektpel cauManu Ha cnektpomerpe NICOLET 1S-10. Cogpepikanue akTHBHOTO BEIIECTBA B
MPHUCAJIKaX OMPEAESIM METOIOM >KUKOCTHON aIcOpOIIMOHHON MUKpOXpoMaTorpaduu.

B UK cnekrpax cynb(hoHATOB MPUCYTCTBYIOT MOJIOCH moriouienus B oonactu 1050-1070 u
1160-1250 cm™, BosHuKaomue B pe3yJIbTaThl BAJICHTHBIX CHUMMETPUY- HBIX U ACHUMMETPUYHBIX
konebanuii cBsizeit S=O rpynmel SOz, Hambomee XapakTep- HBIM IS CHEKTPOB INEIOYHBIX
cynb(OHATOB ABIsETCSA MpHUCYTCTBHUE TosIoc B obsactu 850-880 u 1400-1500 eM, oTHOCAIMXCA K
KoNeGaHusIM HoHa kapoonara COs”.

Hccnenoanne (GU3NKO-XMMHUECKUX U (YHKIIMOHAIBHBIX CBOMCTB MPHUCATOK IMPOBOIIIN
CTaHJIAPTHBIMU JTA0OPATOpPHBIMU MeTonaMu [6] . Moromue CBOHCTBA OMpEENIsId Ha YCTAaHOBKE
I13B o 'OCT 5726-2013, aucneprupyromnime CBOMCTBa - MpU 250°C no MeToauKe, ONMCAHHON B
pabote [7], mpoTUBOKOPPO3UOHHEIE CBOICTBa — Ha mpudope IK-HAMU npu 140°C B Teuenue 25
gy o ['OCT 20502-75, crabunbHOCTh MPOTUB OkuciieHust — Ha npubdope JIK-HAMMU B Teuenne 30 u
npu 200°C 1o I'OCT 11063-77. CTaGHIBHOCTD KOIIONIHOMN JUCTICPCUU MICIIOYHBIX CYIh(OHATOB
OLICHUBAJU TI0 METO/1Y, 3aKII0YAIOIIEMYCs B PA3JIOKEHUH MPUCATO0K B MpUCyTCcTBUU 15% BOJBI TpU
110 °C B teuenme 4 4 [8]. CTaGUIBHOCTD KOJUIOWIHON JMCIIEPCHH YCTAHABIHBAIIA 110 yMCHBIICHHIO
IIEIOYHOCTH MPUCAJKH, BEIPAXKEHHOU B % OT UCXOHOM.

[Tonyuennsie npucaaku [1CKy (veitrpansnas), [1C-150, (cpennemenoynas) u [1C-300y,
(BBICOKOIIIEIOYHAST) TPEACTABISIOT BA3KHE JKUAKOCTH TEMHO-KOPHYHEBOT'O [IBETA, XapPaKTEPUCTUKH
KOTOPBIX TOKa3aHbl B Tabn. 2, 3 u 4. Tam ke aid CpaBHEHUS MPEICTABICHBI aHAJIOTUYHBIC
MoKasarenu ToBapHbIX HePTIHBIX cynbdoHaToB C-150 u C-300, a Taxxke 3apyOeKHBIX aHAIOTOB —
npucanok OJIOA 246B, Xaiitek 6060M u Kornoko C-300, uCTIBITAHHBIX B aHAJIOTHYHBIX YCIOBHSIX.
CuHTe3UpOBaHHbBIC MPUCAIKH WMEIOT XapaKTEPHYIO IS CyJlb(OHATOB MULIECIUIAPHYIO CTPYKTYPY.
OHu 00537a10T BBICOKMMH (U3MKO-XMMHUECKUMU M (YHKIHMOHAJIbHBIMU cBoWcTBaMu. [lpu
BBeJleHUU pa3paboTaHHBIX Npucagok B Macno M-11 B koHueHtpauuu 5% 3HAUUTETHHO
YIYy4IIAIOTCS €ro MOIOIIUE, JIUCHEPTUpYIOUIUe, HEHTPaIu3ylolue, IPOTUBOKOPPO3ZHUOHHBIE
CBOMCTBA U CTAOUIILHOCTh MPOTHB OKHCIICHUS.

Tabauya 2.
Xapaxmepucmuku HellmpaibHbIX CYIbHOHAMHBIX NPUCAOOK
Hetitpanpabie cynbdoHaTh
Hoxasatenmt TICK HCK OJIOA 246 B

Brixon, % K HCXOAHOMY CBIPBIO 92 70 -
Ilenounoe uncno, mr KOH/r 22,4 16,5 23
Maccosas pois, %

Cyab(hOHATa KaJIbIIHs 45,9 40,1 41,1

KaJIBIIHS 2.3 2 -

MEXaHWYEeCKUX MpuMeceit 0,05 009 0,1
3onbHOCTH cynbdaTHas, % mMac 8.9 8,3 8,6
Morowue cBoiicTBa Ha ycraHoBKe [13B, Gawisl 0,5 0,5 0,5
Jlucneprupyromas crocoduocts mpu 250°C, % 45 40 40
CTabuIbHOCTD M0 UHAYKIMOHHOMY TIEPUOTY
0CaJIKo00pa30BaHus, 0CaI0K, Yo 0.3 3.5 i

*Macno M-11 ¢ 5% npucaoxu

CormocraBineHue CBOMCTB IPUCAJOK IOKA3AJI0, YTO HEWUTPAIbHBIM IMOJYCHHTETH- YECKUU
cynb(oHAT mMMeeT 0Oosee BBICOKOE COJEpXaHME AKTUBHOIO BEIECTBAa, MEHbBILEE COJAEpIKaHUe
MEXaHWYECKUX NpUMECe M JIydllue JAUCHEPTrUpYIOIIME CBOWCTBA IO CPAaBHEHHIO C
COOTBETCTBYIOUIIMM HePTAHbIM cyinboHaToM Kanbluss HCK, mnogydeHHbIM 1O CHOXHOH U
MHOTOCTaIuiHON TexHosoruu, u npucaakoir OJIOA 246B. Kpome Toro, monydeHHas mpucaaka B
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OTJIMYUM OT AHAJIOTOB TPOSBISET AaHTUOKHUCIHUTENbHbIE CBOMCTBA. CHHTE3MpPOBaHHBIE CPEIHE- U
BBICOKOIIIEJIOYHBIE MTPUCA/IKK 10 MOIOIIUM CBOWCTBAM HAXOIATCS HA OAHOM YPOBHE C TOBAPHBIMH
npucagkamu C-150 u C-300, a mo aucneprupyromyM, IPOTUBOKOP- PO3MOHHBIM CBOWCTBAM H
CTaOMIBHOCTH MTPOTHB OKHUCIICHUS MTPEBOCXOIAT HX.

Tabauuya 3.
Xapaxmepucmuxu cpeOHeweouHbiX CYIbQOHAMHBIX NPUCAOOK
CpenHenenoyHble Cyab(pOHATHBIE TPUCAIKN
IlokazaTenu Xaiitex
I1C-150, C-150 6060M
Ilemounoe uncmao, mr KOH/r 153 151 142
MaccoBast 10151 cyb(oHaTa KarbIus, % 33,2 31,5 30,1
3onbHOCTh cynbdaTHas, % 23,7 22,8 23,1
MaccoBas 1ot MexaHHYeCKuX rpumeceit,% 0,04 0,08 0,05
Moromiue cBojicTBa Ha yctaHoBKe I13B, Gasmbl - 0 0 0,5
Jlucneprupyiomas croco6uocts mpu 250 °C, % 70 60 60
Koppo3ust Ha CBHHIE, I/M° 58 79 85
C1abuipHOCTH 1O MHYKIHOHHOMY TIEpHOJTY
0CaJIkooOpa3oBaHUs:  0CajmokK, % 0,4 0,7 0,9
Kommonnnas crabunpHOCTD, % 80 75 76
"Macno M-11 ¢ 5% npucadku
Tabnuuya 4.
Xapaxmepucmuku 8blCOKOWEIOUHBIX CYIbOOHAMHBIX NPUCAOOK
Bricokomenoynsle cyabQOHATHBIEC TPUCATKI
[Tokazatenu KOHOKO
I1C-300, C-300 C-300
Ienounoe uuncno, mr KOH/r 309 303 300
MaccoBast 10151 cyab(oHaTa Kabiust, % 32,1 30,9 33
3onbHOCTE cynbdaTHast, % 44,0 42,9 41,4
MaccoBasg 1011 MEXaHUYECKUX HpI/IMeceI‘/'I,% 0,06 0,09 -
Moroiue croiictBa Ha ycranoBke [13B, Gaib . 0 0 0
Jlucnieprupyroras criocobrocts mpu 250 °C, % 77 70 70
Koppo3sus Ha cBuHILE, /mM” 47 90 42
CTaOuiIbHOCTD 0 HHAYKIIHOHHOMY TIEPUOY 0.1 03
0CaIK00OPA3OBAHHS: OCAMIOK, Yo ' ' ]
Komnonanas crabuasHOCTD, %0 95 90 91

"Macno M-11 ¢ 5% npucaoxu

Tak, nucneprupyromue cpoictBa npucagok I1C-150g u I1IC-300, coctaBmstor 70 u 77%

COOTBETCTBEHHO, B TO BpeMs Kak jyist ipucagok C-150 u C-300 stu mokazarenu paBHbl 60 u 70%.
ITpu BBeneHuu B Maciao M-11 pa3paboTaHHBIX TOTYCHHTETHYECKHUX CYIb()OHATOB B KOHIIEHTPAIIUU
5% KOpPpO3HOHHOCTH Macja cHmkaetcst ot 180 go 58-47 /™M, a st HeTsHBIX cynbdonaToB 10 90-
79 /M. [TonydeHHble pe3ynabTaThl CBHUIETENBCTBYIOT O TOM, 4YTO HOBBIE MOJIUPUKAIUN
CyIb(OHATHBIX TPHCATOK TIO0 HEKOTOPBIM TIOKA3aTeNIIM KadecTBa IPEBOCXOMIAT 3apyOemHBIX
ananoroB. KonmougHasi cTabuiIbHOCTh K JEHCTBHIO BOJBI OMBITHBIX mpucanok [1C-150,, u  TIC-
300, cocrapisier 80 1 95% cooTBeTcTBEHHO, a I Mpucagok Xairek 6060M u Koroko C-300 atr
IIOKa3aTeiau paBHbl 76 u 91%.
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Habmiogaemass MHOTO(YHKIIMOHANBHOCTh M BBICOKas A(PQPEKTUBHOCTh pPa3pabOTaHHBIX
NPUCAIOK OOBACHIETCS HAMYUEM B UX CTPYKTYpPE alKHI(PEHOIb- HOTO (hparMeHTa B COYECTAHHUH C
Cyb(OrpyImnoi u UX BHYTPUMOJIEKYISIPHBIM CHHEPTH3MOM.

Crnenyer Takke OTMETHTh, YTO B IIPOIECCE MOMYYEHHs MHPEMIOKECHHBIX CYIb()OHATOB
3HAUUTENIBHO CHWXKAeTcs oOpa3oBaHue KHUCIOro ryapoHa (Ha 15-20%), yBenuuuBaeTcsl BBIXOJ
IEJICBBIX MPOYKTOB U YIIyUIIAaeTCs MX MOKA3aTEeH.

Takum  oOpa3oM, TIOKa3aHa  BO3MOXKHOCTh  TMOJXy4eHHS  J(PPEKTHBHBIX  MHOIO-
(YHKIIMOHATIBHBIX MPHUCAJOK C PA3IMYHON INEJIOYHOCTHIO Ha OCHOBE CMecH HEe(TSHOro Macia u
poaykToB KoHAeHcanuu goaenmi u ankui(Cig-Cso) henoma ¢ popmanbaerunnom. PazpaboranHbie
MOJYCHUHTETHYECKHE CyIb(OHATBl MOTYT OBITh HCIIONIB30BaHBl B  KauyecTBE  MOIOIIe-
JHMCTIEPTUPYIOIIET0 KOMIIOHEHTA MPHU CO3JaHHHM MOTOPHBIX Maces, paboTOCIIOCOOHBIX B JKECTKHX
YCIIOBUSIX.
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S

XULASO
COXFUNKSIYALI ASQARLAR SURTKU YAGLARINA OLAVO KiMi
Mbommadova P.S, !/aliyeva S.M, Giilsliyev 1.C,
Sadirzads 1.0., Salmanova K.O

Acar sozlar: neft yaglar, alkilfenollar, kondensasiva moahsulu, ¢oxfunksiyaliliq, yarimsintetik
sulfonatlar.

Mineral yagin texniki dodesilfenolun alkil(Cig- Cs0) fenolla birge kondenslosmo mohsulunun qarisigt
osasinda sulfonat tipli yuyucu-dispersedici asqarlarmm nisbston sade alinma texnologiyast islonib-
hazirlanmigdir. Alinmis orta vo yiiksok galovili yarimsintetik kalsium sulfonatlar1 yiiksak fiziki-kimyoavi vo
funksional xassalora malik olub, neft monsali omtos C-150 vo C-300 asqarlarindan vo xarici analoqglar olan
Hitec 6060M vo Conoco C-300 sulfonatlarindan {istlindiir. Analoglardan farqli olaraq yaradilmis
coxfunksiyali agqarlar siirtkii yaglarinin yuyucu, dispersedici, korroziyaya va oksidlogsmays qarst xassalorini
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MHnozogyHkyuonanbHvle NPUCAOKU K CMAZOYHBIM MACAAM

ohomiyyatli doracads yiiksaldir vo miiasir motor yaglarinin hazirlanmasinda asqarlar paketinin tarkibinda
istifads edils bilor.

SUMMARY
MULTIFUNCTIONAL ADDITIVES FOR LUBRICATING OILS
Mammadova P.Sh.,Valiyeva S.M., Gulaliyev 1.J.
Sadirzadeh 1.4., Salmanova K.A

Key words: petrol oils, alkylphenols, condensation product, additives, multifunctionality, semi

synthetic sulfonates.

A simplified technology has been developed for obtaining sulfonate-type detergent-dispersant
additives based on a mixture of petroleum oil and the products of condensation of technical dodesylphenol
and alkyl(Cg-Cso)phenol with formaldehyde. The obtained medium- and high-alkaline semi-synthetic
calcium sulfonates have high physico-chemical and functional properties and are superior to commercial oil
sulfonates S-150 and S-300, as well as foreign analogues - additives HiTech 6060M and Konoko S-300. In
contrast to analogs, the developed sulfonates as multifunctional additives significantly improve detergent,
dispersant, anticorrosive properties, stability against oxidation of lubricating oils and can be used to create
additive packages for modern engine oils.

Daxilolma tarixi: [lkin variant 12.11.2021
Son variant 02.12.2021
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Dimetilfenollarin istifads sahalari genisdir. Onlar asasinda insektisidlor, polimer materiallar,
vitaminlor, dorman preparatlari, otirli maddoslor istehsal olunur [1.2]. Onlarin etil vo propil
toromolorindon polimer kimyasi iiclin boyiik ohomiyyat kosb edon monomerlorin sintezindo genis
istifado olunur [3-5]. Fenol, krezol va ksilenollarin vinil va allil téromalarinin alinmasinda isladilon
fenollarin etil- vo propil- homologlar1 dehidrogenlogsma prosesi naticasinds bu monomerlarin aldo
olunmasi {iglin olverigli iisullardan bolke do birincisi sayilir. Bu sahado universitetds do
moaqsadyonlii tadqgiqatlar aparilir [5-6].

Mogalado 2.6-dimetil-4-etilfenolun 2.6-dimetilfenol vo etanol ssasinda sintezinin vo onun
dehidrogenlogsma reaksiyasinda todqiq edilmis oksid katalizatorlarinin aktivliyinin naticolori verilir.

Tacriibalor axar novlii katalitik reaktorda aparilmis, alinan mohsullarin analizi xromotoqrafik vo
spektral iisullarla hayata kecirilmigdir. Ksilenollar va onlarmn etil tdromalarinin qarisigr xromatoqrafik
yolla {izorindo dimentilftalat olan xromosorb W ils doldurulmus kalonda fordi izomerlors ayrilmisdir.
Daha effektiv ayrilma 18 kiitlo % dimentilftalat saxlayan xromosorbda bas verir. Xromatoqrafik
kalonun olgiilori 36m X 4.0mm, analizin soraiti iso asagidaki kimidir: T-133°C, qazdastyict olan
heliumun sarfi 80ml/daq, diaqramin siirati Smm/daq, verilon niimunanin miqdart 1mkl.

Vinilksilenollarin analizi zamani1 maye faza olaraq polietilenqlikolsuksinatdan (15.0 kiitlo%)
vo yaxud polietilenglikoladipinatdan (10.0 kiitlo%) istifado edilmis, inert dasiyic1 kimi tselit 545
gétiiriilmiis, analizin temperaturu 190°C, kalonun 8lgiilori 2.0mx4.0mm olmusdur.

Miixtalif katalizatorlar istirakinda 2.6-dimetilfenolun etanolla alkillosma reaksiyasinin
naticalari 1-Ci codvalds verilir. Gorlindilyii kimi alkillogsmoa prosesindo kobaltferrit katalizatorundan,
vanadium-xrom-aliiminium (VXA) oksid sistemindon vo Pb,HSVM seolitindon istifado edilmis vo
onlarin katalitik aktivliyi vo xassalori forqli olmusdur. Alinan alkilatlarin ¢iximi daha ¢ox ferrit
katalizatoru istirakinda, on az iso Pb,HSVM seoliti gotiiriildiikds alds olunur.

Alman reaksiya mohsullari igorisindo istiinlilyii 2.6-dimetilfenolun 4-etil toromaesi toskil
edir. Onun c¢evrilmis 2.6-dimetilfenola goéro hesablanmis ¢iximi1 daha ¢ox kobaltferrit sistemindo
(90.5%) toskil edir. Vanadium-xrom-aliiminium sistemi istirakinda 2.6-dimetil-4-etilfenolun
selektivliyi 88.5%, Pd,HSVM olan halda iso 87.0% olur.

Alkillosma prosesinda 2.6-dimetil-3-etilfenol da alinir vo ona goro reaksiyanin selektivliyi
daha ¢ox vanadium-xrom-aliiminium oksid sistemindo miisahido olunur (12.5%). Pd,HSVM orta
movqge (9.5%), CoFe 04 y-Al,O3 katalizatoru istirakinda isa bu gostarici 5.5% toskil edir. 2.6-
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dimetilfenolun konversiyasina goaldikdo bu gostarici katalizatorlar {izro asagidaki sira iizro azalir
Pd,HSVM >V XA >CoFe,04 }/-A|203.
Cadval 1.
Miixtalif katalizatorlar istirakinda 2.6-dimetilfenolun etanolla alkillosmasinin naticalari
T=360°C, v = 1,0st™,v = 1:1 mol/mol

Gostoricinin ad1 Katalizatorun torkibi
V,05-3.0
Cr,05-7.0 1.0Pd,HSVM 2755'%'_(:?;?284
Al,05-90.0 Y2
Alkilatin ¢rximu, kiitlo % ilo 90.5 89.5 92.0
Cevrilmis 2.6-dimetilfenola gora
hesablanmig reaksiya
mohsullariningiximi
2.6-dimetil-4-etilfenol 88.5 87.0 90.5
2.6-dimetil-3-etilfenol 12.5 9.5 5.5
2.6-dimetilfenolun konversiyasi, % 46.5 51.0 40.0

Aparilmis todqiqatlar hor {ii¢ katalizatorun 2.6-dimetilfenolun etanolla alkillogmaosi
reaksiyasinda 2.6-dimetil-4-etilfenolun yiiksok ¢ixim vo selektivliklo alindigini vo bu mohsulun
tomizliyinin 98.0-99.0% oldugunu gostarir.

Tadgigatin novbati moarhalosinde aldigimiz 2.6-dimetil-4-etilfenolun miixtolif katalizatorlar
istirakinda dehidrogenlosmo reaksiyasi todqiq edilmisdir. Katalizator kimi nikel-domir-xrom (NDX)
oksid sistemindon vo onun kalium karbonatla modifikasiya olunmus (KNDX) vo ya mislo
soklidoyisdirilmis (MNDX) niimunolorindon istifado olunmusdur. Dehidrogenlosmo prosesindo
durulagdirict kimi su, holledici kimi iso benzol gotiiriilmiisdiir. Bu onunla alagodardir ki, bark halda
olan etilksilenollar1 holl etmok, alinan reaksiya mohsullarinin sonraki emalini sadslosdirmok vo
proses zamani bas veran texnoloji omoliyyatlar1 asanlasdirmaq lazim golir. ilkin todgiqatlar
naticasinds hoalledici kimi maye parafin karbohidrogenlordon (heksan, heptan), biratomlu spirtlordon
(metanol, etanol) vo arenlordon (benzol, toluol) istifado edilmis vo son noticodo aromatik
karbohidrogenloro iistiinliik verilmisdir. Belo ki, digor holledicilor gotiiriilon zaman reaksiya
soraitindo qismon do olsa, yan cevrilmoloro rast golinir. Dehidrogenlosmo soraitindo biratomlu
spirtlor alkillosma, maye parafin karbohidrogenlori iso parcalanma reaksiyalarina qismon
meyillidirlar.

Cadval 2.
Miixtalif oksid katalizatorlart istiraki ila 2.6-dimetil-4-etilfenolun dehidrogenlaosma
reaksiyasinin naticalori
Reaksiyanin soraiti: T= 520°C, v = 1,5st™
2.6-dimetil-4-etilfenolun suya va benzola olan mol nisbati 1:12:1

Mohsulun va gostaricinin adi Katalizatorun torkibi, kiitlo% ila
. NiO-31.74 NiO-31.7
F@;gfgfo Fe,05-31.74 Fe,05-31.7
Cr203-36.0 Cr203‘35.52 CI’203-35.1
Cu0-1.0 K,0-1.5
1 2 3 4
Alinmigdir, kiitle % ilo
Fenol 0.2 - -
Krezollar 0.8 0.7 0.4
Ksilenollar 2.2 1.8 1.0
2.6-dimetil-4-etilfenol 51.8 49.8 60.0
2.6-dimetil-4-vinilfenol 40.2 43.5 35.6

28




Qarayeva I.E., Sirinov P.M., Abdulazimova Z.U., Sirinova S.R.

1 2 3 4
Dimer 1.1 0.8 1.0
Trimer 0.3 - -
Identifikasiya olunmamis maddolor 1.2 15 1.0
Qaz+ itgi 2.2 1.9 1.0
2.6-dimetil-4-etilfenolun konversiyasi, % 48.2 50.2 40.0
2.6-dimetil-4-vinilfenola gora
reaksiyanin selektivliyi, % 84.6 87.9 90.1

2 sayli codvoldon goriindiiyii kimi, har ti¢ katalizator istirakinda alinan katalizatlarin torkibi
osason eynidir. Katalizatlarin torkibinds fenol, krezol vo ksilenollara, ¢evrilmomis 2.6-dimetil-4-
etilfenola, 2.6-dimetil-4-vinilfenola vo onun dimeri vo trimerino rast goalinir. Qaz halinda alinan
maddolor igarisinds metan va digar karbohidrogenlor do olur. Katalizatorlar istirakinda 2.6-dimetil-
4-etilfenolun konversiyasi asagidaki sira {izro azalir MNDX > NDX> KNDX.

2.6-dimetil-4-etilfenolun dehidrogenlogmasindon alinan 2.6-dimetil-4-vinilfenolun gevrilmis
xammala goro hesablanmig ¢iximi daha ¢ox kalium karbonatla modifikasiya olunmus nikel-domir-
xrom oksid sistemi istirakinda sldo olunur vo 90.1% togkil edir. Asagi natico iso NDX {i¢lii oksid
katalizatoru gotiriildiikdo alinir (84.6%). Baslangic 2.6-dimetil-4-ctilfenola goro hesablanmis
ciximlar asagidaki kimidir. NDX-40.8%, MNDX-44.1%, KNDX-36.1%.

2.6-dimetil-4-vinilfenolun 2.6-dimetilfenol osasinda sintezi ikimarhalali olub, asagidaki
sxema asaslanir.

o il o
HO—< O + C,HsOH K HO—< O — C,H; _K}ll_l_> HO_< O —CH=CH,
> / -H, | /

}SH3 |CH3 CH,

Aparilmig todqgiqatlar noticosindo birinci morhaloni daha yiiksok selektivliklo kobaltferrit
katalizatoru (90.5%), yiiksok ¢iximla (44.3%) i1so Pd-HSVM seoliti aparmaq iqtidarindadir. Ikinci
morhalays goldikds daha alverisli selektivliyi KNDX katalizatoru, yiiksok ¢iximu is9, yuxarida geyd
etdiyimiz kimi, MNDX oksid sistemi niimayis etdirir.

Beloliklo, aparilmig todqiqatlar noticosindo 2.6-dimetil-4-etilfenoldan 2.6-dimetil-4-
vinilfenolun 2 morhalali prosesi vasitasilo alinmasinda somoarali katalitik sistemlor miioyyon edilmis
va galacokda moaqgsadyonlil tadqiqatlarin aparilmasi tiglin zomin yaranmigdir.
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PE3IOME
CHUHTE3 2,6- ITUMETUJI- 4- STUJ®EHOJIA U UCCJIEJOBAHUE AKTUBHOCTHU
OKCUIHBIX KATAJIU3ATOPOB B PEAKIINU EI'O JETHJAPUPOBAHUSA
Tapaesa U.3., IlTupunos II.M., A6oynazumosa 3.Y., llupunoea II1.P.

Knrouesvle cnoea. 2,6- oumemunghenon, smanon, anxkuiuposanue, 2,6- oumemun- 4- smunghenonn,
Oezuopuposanue, 2,6-Oumemun 4- SUHUIDEHON, OKCUOHBIL KAMATUZAMOPD,
AKMUBHOCMb, CeNeKMUBHOCHIb.

IIpuBoasTCS pe3ynbTaThl cHHTE3a 2,60-TUMETHI-4-3THind)eHoNa alKWIUPOBaHHEeM 2,0-KCHIIEHONA
STUJIOBBIM CITUPTOM B IPUCYTCTBUM Pa3IUYHBIX KaTanu3aTopoB. [loka3zaHa BeicOKas celieKTUBHOCTH (90,5%)
obpazoBanus 2,6- gumMeTHna- 4-stundeHona Hax karamumszatopom  CoFe,Op y AlLOs; mnposemeno
KaTaJUTHYECKOe JNEeTUApUpoBaHue 2,6- auMeTni- 4-3TwideHona B MPUCYTCTBUH BOABI, OEH30/Ia U HUKEIh-
xene3o-xpom (HXX) okcumHoro karanmsaropa U €ro MOJIU(UIMPOBAHHBIX OKCHUIAMH MEIU U KaJlvs
o6pasuoB. Hannydinas ceinekTuBHOCTh 00pa3oBanus 2,6-aumetnn 4-sunundenona (90,1%) mocturnyra B
npucyTcTBun HXKX okcumHOTrO KaTanuzaropa, MOTUGBHUIIPOBAHHOTO OKCHAOM Kallusi, 3 HAUBBICIINI BBIXOT
(44,1%) wabmromaeTcsi HaJ MEIbCOAEPIKAIIEH OKCHAHOW cucTeMoi. IIpemsiokeH NBYXCTaaUUHBIA CIOCOO
CUHTE3a BHHHUJIKCHJICHOJIAa HAa OCHOBe 2,6-muMerwidenona. Hawnydmas cenekTuBHOCTH oOpasoBaHus 2,6-
numeti-4-suamnpenona (90,1%) Obula JAOCTHrHYTa B NPUCYTCTBUHM OKcuAHOro Karamusaropa NilCr,

MOAU(HUIIMPOBAHHOTO OKCHIOM KW, a CaMblil BEICOKUHN BbIXOJ (44,1%) Habmomancs B cucTeMe OKCHIOB,
COJIEpIKAIIUX ME/Ib.

SUMMARY
SYNTHESIS OF 2,6-DIMETHYL-4-ETHYLPHENOL AND STUDY OF THE ACTIVITY OF
OXIDE CATALYSTS IN THE REACTION OF ITS DEHYDROGENATION
Garaeva |.E., Shirinov P.M., Abdulazimova Z.U., Shirinova Sh.R.

Key words: 2,6-dimethylphenol, ethanol, alkylation, 2,6-dimethyl-4-ethylphenol, dehydrogenation,

2,6-dimethyl 4-vinylphenol, oxide catalyst, activity, selectivity.

The results of the synthesis of 2,6-dimethyl-4-ethylphenol by alkylation of 2,6-xylenol with ethyl
alcohol in the presence of various catalysts are presented. A high selectivity (90.5%) of the formation of 2,6-
dimethyl-4-ethylphenol was shown by the catalyst CoFe204 Al203 by catalytic dehydrogenation of 2,6-
dimethyl-4-ethylphenol in the presence of water, benzol and nickel-iron-chromium (NilCr) oxide catalyst
and its samples modified with copper and potassium oxides. The best selectivity for the formation of 2,6-
dimethyl 4-vinylphenol (90.1%) was achieved in the presence of NilCr oxide catalyst modified with
potassium oxide, and the highest yield (44.1%) was observed over a copper-containing oxide system. A two-
stage method for the synthesis of vinylxylenol based on 2,6-dimethyl phenol has been (is) proposed.

Daxilolma tarixi:  Ilkin variant  26.10.2021
Son variant 02.12.2021
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BiTKi YAGLARININ SULFAT TOROMOLORININ DUZLARININ VO
KOMPLEKSLORININ MUXTOLIF QATILIQDA MOHLULLARINDA
ISIGIN DINAMIK SOPOLONMOSI USULU ILO HISSOCIKLORIN
OLCULORININ TOYINI

ABDULLAYEVA MINAY® BILAL quz1
Sumgqayit Dovlat Universiteti, k.e.i., dissertant, Sumqayit 5., Azarbaycan
bilalgizi@inbox.ru

Acgar sozlar: giinabaxan yagi, amidlar, sulfat toromalori, duzlar va komplekslor, isigin dinamik
sapalanmasi.

Hazirda borpa olunan xammallar osasinda rogabst qabiliyystli reagentlorin yaradilmasi
sahasindo genis todqiqatlar aparilir. Belo reagentloro su sothindon va torpagdan neft mohsullarin
y1gic1 maddolori do aiddir [1, 2].

Qeyd olunan tip maddoslor korroziya inhibitorlari, bakterisidlor, inhibitor-bakterisidlor
yaradilmasi istigamatinds do todqiq olunur [3-7].

Olkomizds osason giinobaxan yagi istehsal olundugundan bu yag asasinda sintez aparmis vo
asagidaki 11 mohlulu hazirlamisiq.

Mohlul Nel. Giinabaxan yaginin MEA-Is 1:1 mol nisbatindo amidinin sulfolasma mohsulunun
kalium duzunun 10%-1i mahlulu (90% iPS 10% su)

Mohlul Ne2. Giinabaxan yaginin MEA-Is 1:1 mol nisbotindo amidinin sulfolasma mohsulunun
oktilamin kompleksinin 15%-1li mohlulu (90% IPS 10% su)

Mohlul Ne3. Giinobaxan yaginin DEA-Is 1:1 mol nisbatindo amidinin sulfolagma mohsulunun
MEA kompleksinin 10%-1i mahlulu (90% IPS 10% su)

Mohlul Ne4 Giinobaxan yaginin DEA-1o 1:3 mol nisbatinds amidinin sulfolagma mohsulunun
Na duzunun IPS-do 10%-1li mahlulu

Mohlul Ne5 Giinobaxan yaginin oktilaminlo 1:1 mol nisbatindo amidinin sulfolasma
mohsulunun trietanolamin kompleksinin 10%-1i mahlulu (70% IPS 30% su)

Mohlul Ne6 Gilinobaxan yaginin oktilaminlo 1:1 mol nisbotindo amidinin sulfolagma
mohsulunun oktilamin kompleksinin 10%-1i mohlulu (90% IPS 10% su)

Mohlul Ne7. Giinobaxan yagmin oktilaminlo 1:1 mol nisbatinds amidinin sulfolagsma
mohsulunun Na duzunun 10%-li mohlulu (90% IPS 10% su)

Mohlul Ne8. Giinsbaxan yagmin oktilaminlo 1:2 mol nisbatindo amidinin sulfolagma
mohsulunun Na duzunun IPS-do 10%-li mahlulu

Mohlul Ne9. Giinobaxan yagmin oktilaminlo 1:2 mol nisbatinds amidinin sulfolagsma
mohsulunun trietanolamin kompleksinin 10%-1i mahlulu (70% IPS 30% su)

Mohlul NelO. Giinabaxan yagiin oktilaminlo 1:3 mol nisbatindo amidinin sulfolasma
mohsulunun oktilamin kompleksinin 10%-1i mohlulu (60% IPS 40% su)

Mohlul Nell. Giinabaxan yagimin oktilaminlo 1:2 mol nisbatindo amidinin sulfolagsma
mohsulunun oktilamin kompleksinin 10%-1i mohlulu (70% IPS 30% su)

Hazirlanmis mohlullarin torkibindoki hissociklorin 6l¢iilori vo miqdart Yaponiyanin Horiba
sirkatinin 4B-550 cihazinda 8yranilmisdir (24,5°C temperaturda).

Hor bir mohlul {i¢iin asagdaki notico alinmisdir.

1 nomrali niimuny iigiin.
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Bitki yaglarinin sulfat téramoalorinin duzlarinin va komplekslorinin miixtalif qatiligda
mahlullarinda isigin dinamik sapalonmasi tisulu ilo hissaciklorin él¢iilarinin tayini

Hissaciyin dl¢iistiniin orta gqiymati = 5.8 nm

Sixligin paylanmasinin orta cobri qiymoti = 5.7 nm

Paylanma oyrisindo hissacik 6l¢iisiiniin maksimumu = 6.1 nm

Diffuziya omsali = 6.428 1E-11(m?/s)

0 nm-don 5.7 nm-o kimi hissaciklorin paylanmasi miisahido olunmur. Hissociklorin 6l¢iisiiniin
paylanmasi 5.7 nm-don baslayib. Orta qiymoti 5.8 nm, maksimum qiymot 6.1 nm-do geydo
alimmigdir. 6.1 nm-don 1000 nm-o kimi hissociklorin paylanmasi miisahido olunmur.
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Diameter (nm)

2 nomrali niimuna iigiin.

Hissaciyin 6lgiisiiniin orta qiymoti = 7.8 nm

Sixligin paylanmasinin orta cabri qiymaeti = 7.6 nm

Paylanma oyrisinds hissacik 6l¢iisiiniin maksimumu = 8.0 nm

Diffuziya omsali = 4.7932 E-11(m?/s)

0 nm-don 7.6 nm-o kimi hissaciklorin paylanmasi miisahids olunmur. Hissociklorin 6l¢iisiiniin
paylanmasi 7.6 nm-don baglayib. Orta qiymoti 7.8 nm, maksimum qiymot 8.0 nm-do geydo
alinmigdir. 8.0 nm-don 1000 nm-9 kimi hissaciklorin paylanmas1 miisahide olunmur.
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Diameter (nm)
3 nomrali niimunay iiciin.
Hissaciyin dl¢iisiiniin orta qiymati = 7.0 nm
Sixligin paylanmasinin orta cabri qiymati = 6.9 nm
Paylanma oyrisindo hissocik 6l¢lisliniin maksimumu = 7.2 nm
Diffuziya omsali = 5.2803 E-11(m?/s)
0 nm-don 6.9 nm-o kimi hissaciklorin paylanmasi miisahido olunmur. Hissaciklorin 6l¢iisiiniin
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paylanmast 6.9 nm-don baglayib. Orta qiymoti 7.0 nm, maksimum qiymot 7.2 nm-do geydo
alimmuisdir. 7.2 nm-don 1000 nm-9 kimi hissaciklorin paylanmasi miisahido olunmur.
26.00 =

—
=
©
o

o4

Ean |

[
Undersize

FETYTSITA FYYSTTTTTY FFTYYTST) FYTYSTETTY FVTETTYS|FAYTYSTET: YSTETIIT FETYTVSIEL FAVSTSTITy FUTYIVIT)

; (.]1(.%)
77777/
V.

o

o

T ) g T & @ | T R T U 7 .
1.0 10.0 100.0 1000 6000

Diameter (nm)

4 nomroali niimuna ii¢iin.

Hissaciyin 6lgiisiiniin orta qiymoti = 7.6 nm

Sixligin paylanmasinin orta cobri qiymoti = 7.4 nm

Paylanma oyrisinds hissacik dl¢iisiiniin maksimumu = 8.0 nm

Diffuziya omsali = 4.9261 E-11(m?/s)

0 nm-don 7.4 nm-o kimi hissaciklorin paylanmasi miisahids olunmur. Hissociklorin 6l¢iisiiniin
paylanmasi 7.4 nm-don baglayib. Orta qiymoti 7.6 nm, maksimum qiymot 8.0 nm-do geydo
alimmigdir. 8.0 nm-don 1000 nm-o kimi hissociklorin paylanmasi miisahids olunmur.
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Diameter (nm)

5 nomrali niimuna iiciin.

Hissaciyin dl¢iisiiniin orta qiymati = 7.7 nm

Sixligin paylanmasinin orta cabri qiymoti = 7.5 nm

Paylanma oyrisindo hissacik dl¢iisiiniin maksimumu = 8.0 nm

Diffuziya omsali = 4.8286 E-11(m?/s)

0 nm-don 7.5 nm-2 kimi hissaciklorin paylanmasi miisahide olunmur. Hissaciklarin 6l¢iisiiniin
paylanmasi 7.5 nm-don baglayib. Orta qiymoti 7.7 nm, maksimum qiymot 8.0 nm-do geydo
alinmigdir. 8.0 nm-don 1000 nm-9 kimi hissaciklorin paylanmasi miisahide olunmur.
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Bitki yaglarimin sulfat téramalarinin duzlarimin va komplekslarinin miixtalif gatiligda
mahlullarinda isigin dinamik sapalonmasi tisulu ilo hissaciklorin él¢iilarinin tayini
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Diameter (nm)

6 nomroli niimuny iiciin.

Hissaciyin 6lg¢iisiiniin orta qiymoti = 7.2 nm

Sixligin paylanmasinin orta cabri qiymati = 7.0 nm

Paylanma oyrisinds hissacik 6l¢iisiiniin maksimumu = 7.2 nm

Diffuziya omsali = 5.1750 E-11(m%/s)

0 nm-don 7.0 nm-o kimi hissaciklorin paylanmasi miisahids olunmur. Hissociklorin 6l¢iisiiniin
paylanmasi 7.0 nm-don baglayib. Orta qiymoti 7.2 nm, maksimum qiymot 7.2 nm-do geydo
alimmigdir. 7.2 nm-don 1000 nm-o kimi hissociklorin paylanmasi miisahids olunmur.
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Diameter (nm)

7 nomrali niimuny ticiin.

Hissaciyin dl¢iisiiniin orta qiymati = 7.5 nm

Sixligin paylanmasinin orta cabri qiymati = 7.3 nm

Paylanma oyrisinds hissacik 6l¢iistiniin maksimumu = 8.0 nm

Diffuziya omsali = 4.9525 E-11(m?/s)

0 nm-don 7.3 nm-2 kimi hissaciklorin paylanmasi miisahide olunmur. Hissociklarin 6l¢iisiiniin
paylanmasi 7.3 nm-don baglayib. Orta qiymoti 7.5 nm, maksimum qiymot 8.0 nm-do geydo
alinmigdir. 8.0 nm-don 1000 nm-a kimi hissaciklorin paylanmasi miisahide olunmur.
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Diameter (nm)

8 nomrali niimunay iiciin.

Hissaciyin 6lgiisiiniin orta qiymoti = 5.8 nm

Sixligin paylanmasinin orta cabri qiymaeti = 5.7 nm

Paylanma oyrisinds hissacik 6l¢iisiiniin maksimumu = 6.1 nm

Diffuziya omsali = 6.4007 E-11(m?/s)

0 nm-don 5.7 nm-o kimi hissaciklorin paylanmasi miisahids olunmur. Hissociklorin 6l¢iisiiniin
paylanmasi 5.7 nm-don baglayib. Orta qiymoti 5.8 nm, maksimum qiymot 6.1 nm-do geydo
alimmigdir. 6.1 nm-don 1000 nm-o kimi hissociklorin paylanmasi miisahids olunmur.
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Diameter (nm)

9 nomrali niimunay iiciin.

Sixligin paylanmasinin orta cabri qiymati = 6.9 nm

Paylanma oyrisinds hissacik 6l¢iisiiniin maksimumu = 7.0 nm

Diffuziya omsali = 5.4641 E-11(m?/s)

0 nm-dan 6.8 nm-o kimi hissaciklorin paylanmasi miisahido olunmur. Hissaciklorin 6l¢iisiiniin
paylanmasi 6.8 nm-don baglayib. Orta qiymoti 7.0 nm, maksimum qiymot 7.0 nm-do qeydo
alimmigsdir. 7.0 nm-don 1000 nm-9 kimi hissaciklorin paylanmasi miisahido olunmur.
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Bitki yaglarinin sulfat toramalorinin duzlarimin vao komplekslorinin miixtalif gatiligda
mahlullarinda isigin dinamik sapalonmasi tisulu ilo hissaciklarin ol¢iilarinin tayini
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10 nomrsli niimuna ii¢giin.

Hissaciyin 6lgiisiiniin orta qiymati = 9.0 nm

Sixligin paylanmasinin orta cabri qiymati = 8.8 nm

Paylanma oyrisinds hissacik 6l¢iisiiniin maksimumu = 9.2 nm

Diffuziya smsali = 4.1577 E-11(m?/s)

0 nm-don 8.8 nm-o kimi hissaciklorin paylanmasi miisahido olunmur. Hissaciklorin 6l¢iisiiniin
paylanmasi 8.8 nm-don baglayib. Orta qiymoti 9.0 nm, maksimum qiymot 9.2 nm-do qeydo
alimmigdir. 9.2 nm-don 1000 nm-o kimi hissociklorin paylanmasi miisahido olunmur.
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Diameter (nm)

11 némrali niimuna ii¢iin.

Hissaciyin dl¢iisiiniin orta qiymati = 6.2 nm

Sixligin paylanmasinin orta cabri qiymati = 6.0 nm

Paylanma oyrisinds hissacik 6l¢iistiniin maksimumu = 6.3 nm

Diffuziya omsali = 6.0298 E-11(m?/s)

0 nm-don 6.0 nm-2 kimi hissaciklorin paylanmasi miisahide olunmur. Hissociklarin 6l¢iisiiniin
paylanmasi 6.0 nm-don baslayib. Orta qiymoti 6.2 nm, maksimum qiymot 6.3 nm-do geydo
alinmigdir. 6.3 nm-don 1000 nm-o kimi hissaciklorin paylanmasi miisahide olunmur.
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Bitki yaglarinin sulfat toromoalorinin duzlarinin va komplekslorinin miixtalif qatiliqda
mahlullarinda isigin dinamik sapalonmasi tisulu ilo hissaciklorin ol¢iilarinin tayini

PE3IOME
ONPEAEJEHUE PASMEPA YACTUL METOAOM JTUHAMUYECKOI'O PACCESIHUSA
CBETA B PACTBOPAX COJIEM 1 KOMILIEKCOB CYJIb®ATHBIX TIPOU3BOHBIX
PACTUTEJIBbHBIX MACEJI PA3JIMUHON KOHIIEHTPAIIUN.
Ab6dynnaesa M.b

Kniouesvie cnoea: nooconneunoe macno, amuovl, CyIb@amnpou3gooHvie, COMU U KOMNIEKCH,
QuHamuueckoe paccesmue cemad.

IlomydeHsl pasznuyHbBIe aMHUIONPOM3BOJHBIE IOACOJIHEYHOIO Macia, Cyjib(aTupoBaHbI u
CHUHTE3MPOBaHbl MX pa3iudHble colu M KoMIulekchl. ['otoBunu 10 n 12,5% pacTBOpsl CHHTE3MPOBAHHBIX
coJIell ¥ KOMIUIEKCOB B pa3nuuHbIX pacTBoputeisix (IPS, cmecs IPS-Boxa). Pasmep wactull B 3Tux pacTBopax
ONpENesUICd IUHAMHYECKAM pPAaCCESHHEM CBeTa. YCTAaHOBJICHO, YTO MHHHMMAJIbHBIA IUAMETP YaCTHI]
coctaBisieT 5,8 HM, a MakCUMalbHBIA - 9,2 HM, B 3aBUCUMOCTH OT pacTBOPHUTENS U MPUPOABI
CUHTE3UPOBAHHBIX COJIEH U KOMIUIEKCOB.

SUMMARY
PARTICULAR THROUGH DYNAMIC DISTRIBUTION OF LIGHT IN SOLUTIONS AND
COMPLEXES OF VEGETABLE OIL SULFAT DERIVATES IN DIF-FERENT CONCENTRATION
Abdullayeva M.B

Key words: sunflower oil, amides, sulfate derivatives, salts and complexes, dynamic scattering of light.
Various amide derivatives of sunflower oil have been obtained, sulfated, and their various salts and
complexes have been synthesized. 10 and 12.5% solutions of the synthesized salts and complexes were
prepared in various solvents (IPS, IPS-water mixture). The particle size in these solutions was determined
by dynamic light scattering. It was found that the minimum particle diameter is 5.8 nm, and the maximum
- 9.2 nm, depending on the solvent and the nature of the synthesized salts and complexes.

Daxilolma tarixi: [lkin variant 27.10.2021
Son variant 17.11.2021
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CONUB BOLGOSI MINERAL VO TERMAL SULARININ KiMYOVi
TORKIBi VO AGIR METAL, URAN iONLARININ SORBSiYA USULU
ILO CIXARILMASI

QODIROVA GULBONIZ ALLAHVERDI quz1
Lonkoran Doviot Universiteti, dosent
gadirova@gmail.com

Acgar sozlor: uran, mineral va termal, pH, sorbsiya, Fe**, Co**, Mn**!, sorbent, Na-bentonit.

Tobii mineral vo termal sularin istifadoyo verilmomisdon ovvol kimyoavi vo bioloji
torkibinin Oyronilmosi, onlarin torkibindon arzu olunmayan komponentlorin c¢ixarilmast on
mithlim masalslordon biridir vo aktualdir.

Respublikamizin conub bolgosi mineral vo termal su monboloriylo ¢ox zongindir.
Fosillordon asili olmayaraq, miixtolif monbolordon olan termal vo mineral sularin bir sira
kimyavi xarakteristikalar1 doyismoz olaraq qalir. Bir sozlo bu gobildon olan sularin kimyavi
torkiblori iqlim goraitindon asili olmayaraq sabitdir. Kimyovi torkibin doyismosi yalniz yerin
altinda bas veron tektonik doyisikliklorlo baglidir. Termal vo mineral sularin istifadoyo
verilmasi li¢lin onlarin torkibindo anion vo kationlarin miqdari, bir-birino miinasibati, sinif vo
qruplarin toyini, biogen elementlorin, bir sira metal ionlarinin, oksigena kimyovi tolobatini,
oksigena bioloji tolobatin, mikrob odadinin, bulanligligin, PH-1n, oksigenin miqdar1 toyin
edilir.

Todqgiqatda istifado olunan materiallar vo metodika.

Todqgiqatin  gedisindo miixtalif  fotokolorimetrlordon, bir sira titirloms vo atom
absorbsiya {isullarindan istifado  olunmusdur. [1-6]. Tadqiqatin aparilmasinda hor bir
komponentin toyini li¢lin mixtalif nov reaktivlordon istifado olunmusdur.

Bu  sistemin  hidrokimyavi rejiminin formalagmasindaki  ganunauygunluglari
aydinlagdirmaq iiclin aliman qiymatlor miiqayiso edilmis, naticalor c¢ixarilmis va bu
naticolordon istifado edilorok todqiqatda islodilmis sularin keyfiyyoti miioyyonlosdirilmisdir.
Zaman vo mokandan asili olaraq suyun keyfiyyotino tosir edon amillor aydinlagdirilmigdir.
Uran, domir, mangan, kobalt ionlarinin sorbsiya iisulu ilo c¢ixarilmasi miimkiinliyii
miloyyonlosdirilmisdir.

Tadgiqgatlarin sorhi Respublikamizin Lonkoran bolgosindoki mineral vo termal sularin
miqdar1 kifayot doracodadir. Onlarin torkibinin Gyronilmesi, mineral va sair sorvatlordon
istifado edilmosi ilo baghdir. Bu boélgonin sulart kimyovi torkibina gore forglonirlor. Lonkoran
bolgosinin sulart  kimyovi torkibino goro hidrokorbanatli-sulfatli, sulfatli-xlorlu, hidrogen
sulfidli, azot qazli, metan torkibli olurlar. Sularin  torkiblorinin  miixtolifliyi  onlarin
Oyronilmasinin zaruriliyini siibut edir.

Todqiq olunan su niimunolorinin  analizi Lonkoran Ddvlot Universitetinin - kimya
laboratoriyasinda aparilmigdir. Termal vo mineral sularin pH, minerallasma doracosi,
temperaturu, torkibindoki kation) Mg2+, Ca®* vo s.), anionlarin (Cl',SO42', HCOg'Z) miqdarlar1 toyin
edilmigdir. Alinan naticolor asagidaki cadvalde gostorilmisdir.

Cadvel molumatlarindan goriindiiyli kimi, orazide 15 monbodon bulagdan gotiiriilmiis su
niimunolorinin kimyoavi gostoricilori eyni olmamisdir. Soraitdon asili olaraq su niimunslorinin
pH-1, zaif turs, turs, neytral vo galovi yoniimli olmusdur. Bir s6zlo todqiqatda istifade olunan
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sularin pH, 5.14-7,20 intervalinda doyismis olur. ©On yiiksok tursuluga Astara Yanar bulaginin
(pH=5,15), on yiiksok goloviyo meylilik iso (Masalli) Mado suyu (pH=7,15) vo Sofa bulagidir.
(pH=7,20.) Buradan  goriindiiyii kimi termal sularin PH-1 soyuq sularin pH-dan koskin
forglonir. Aydin olur ki, analizin noticolori sularin minerallasma doracasinin forgli olmasini
siibut edir. Beloliklo, on yiiksok minerallasma doracosine Donuz iiten (17,3 /1), Isti su (Masall1,
14,8 g/1), isti su (12,69 q/l) aiddirler. Bu sular yiiksok temperatura (50-65°S) malik oldugundan
onlarda minerallarin holl olma miqdarlart da ¢oxdur. Homginin, codvoldon goriindiiyii kimi,
anionlarda HCO3 anionunun miqdar1 conub zolaginda daha az vo ya yox daracesindadir, CI°
ionlarinin miqdar1 iso azdir. Soyuq mineral sularda Ca®, isti sularda iso Mg2+ ionlarinin
miqdart daha ¢oxdur. Belo bir miqgdarin doyismosi temperaturun homin ionlarin hall
olmasina tosiri ilo aydinlagdirmaq olar.

Cadval.

Azarbaycamin conub bélgasinin dagotoyi mineral va termal sularimin bazi kimyavi gostoricilori.

Mineral Kation vo anionlarin miqdari, mq/l

bulaglarm adi | Ca* Mg* | CI' | SO/ | HCO® | COs* | Uran | Fe** Mn?%* Co*

Isti su bulag
1. |(Havzava 2250 | 24.06 | 2069 | 40.0 | 45.8 5.8 | 3x107 | 3x10®° | 1.5x10° | 2x10°
termal)

Qosa bulagl | 1750 | 31.04 | 8300 | 324 | 226 | yox. | 2x107 | 2x10° | 1.5x10° | 1x10”

Qosa bulag Il | 1610 | 34.01 | 8200 | 30.4 | 20.8 | yox. | 2x107 | 35x10°| 1x10° | 3x10°

isti su bulagi1 | 1310 | 22.01 | 6150 | 26.0 | 19.00 | yox. | 2x10" | 4x10° | 1x10®° [1,5x10”

Isti su bulagi 11| 1184 33 [8220 | 29.0 | 20.01 | yox. | 3x10" | 45x10° | 2x10° | 3x10”

2
3.
4. |Hirkan bulagi| 1550 | 29.08 | 7750 | 34.8 | 17.00 | yox. | 1x10" | 2x10®° | 3.5x10° [2,5x10°
5
6
7

Isti su bulag

1800 | 20.01 | 2608 | 56.0 | 17.00 | yox. | 3x107 | 2x10° | 5x10* | 3x10°
(termal)

Ejf;;agl 1200 | 35.08 | 6503 | 33.1 | 32.01 | yox. | 2x107 | 25x10° | 0.54x10* | 6,5x10°

9. |Yanar bulagr | 1220 | 22.01 | 7270 | 42.1 | 4401 | 47 | 2x10" |35x10°| 1x10° |12x10”

10. [Ceyran bulagi | 1733.8 | 17.7 | 8952 | 431 | 247 | 2.7 |15x107| 2x10° | 1x10° | 6x10°

11. |Osman bulagi | 1888 | 12.08 | 6054 | 41.1 | 21.0 | 2.3 [ 2x10" | 3x10° | 2x10° | 5x10°

Donuz iiton

12. . 2189.8 | 5.7 |10688| 36.0 36 7.7 | 8x107 | 4x10° | 1x10®° | 4x10°
Bulagi(termal)

13. ﬁ;‘”s;l)bmag‘ 2089.8 | 4.40 |10523| 26.0 | 26 8.9 | 6x107 |45x10°| 2x10° | 3x10°

14. gﬁ‘jgl suyu 1988.0 | 6.1 |10258| 305 | 305 | 6.2 | 2x107 | 3x10° | 3x10° | 1x10°

15. | Sofa bulag 1808.0 54 |11725| 24 24.0 5.4 | 5x107 | 45x10°| 4.5x10° [2,5x10°

Tocriibi noticoloro osason aydinlasdirilmisdir ki istor termal, istorso do mineral sularin
torkibindo agir metal ionlarinin (Fe3+, Mn?*, C02+) izloring, eloco do wuran ionlarina rast
golinir. Uran ionlart UO; (CO3)34', UO,(OH); ", UO2(CO3), z kompleks formalarinda olur.
Tocriibi olaraq miioyyonlosdirilmisdir ki, termal sularda uranmn migdart 1-107-8-107 ma/l
arasinda doyisir. Uranin miqdarinin mineral sularla miiqayisads ¢ox olmasi temperatur amili
ilo izah olunur.

Beloliklo, todqgigatin aparilmast miihiim vo mogsadouygun olmusdur. Conub bdlgosinin
mineral vo termal sularmmin keyfiyystinin Oyronilmoesi vo bir sira  Xiisusiyyatlorinin
aragdirilmasi, bu sistemlorin formalagmasindaki qanunauygunluglarin askar edilmasi, ona tosir
edon inqgrediyentlorin toyini conub bolgosindoki termal vo mineral sularin istifadosi iiglin
boyiik ohomiyyat kosb edir. Belo ki, geyd etdiyimiz masololorin arasdirilmasi mineral vo
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termal sularin  dinamikasinin  Oyronilmosi soraitini  yaradir vo ona tosir edon amillori
aydinlasdirir.

Todqiqatlar osasinda miiqayisolor arasdirilmis, noticodo bozi komponentlorin ¢ixarilmasi
ticlin tocriibalor qoyulmusdur.

Mineral vo termal sularin istifadoys verilmomisdon 6nco onlarin torkibindon agir metal
ionlarinin (Fe3+, Mn*, Co®* vo s.) vo uran birlosmalorinin  ¢ixarilmasi tigiin sorbsiya
isulundan istifado etmok daha olverislidir. Ciinki, bu komponentlorin miqdar1 todqiqatda
istifado  etdiyimiz sularin torkibindo ¢ox cuzidir. Uran (235U) birlosmolori iso arzu
olunmayandir. Bu maoqsadlo tobii vo sintetik sorbentlordon istifado etmok olar. Lakin tobii
sorbentlordon, o climlodon sedit vo gil mineralli tipli aliimosilikatlardan istifado etmok, bir
sira stiinliikloro malikdir. Belo ki, onlar daha ucuzdurlar, tobii ehtiyatlar1 daha coxdur vo
bir ¢ox hallarda regenerasiyasina ehtiyac duyulmusdur [7-9].

Todqiqatin gedisindo mineral vo termal su niimunslorinin uran birlogsmalorindon vo agir
metal ionlarindan tomizlomok 1iiglin Na- bentonitdon istifado olunmusdur. Cadval
molumatlarindan ~ gériindiiyii kimi gotiiriilon su niimunelorinin torkibinde Fe®*, Co?*, Mn%,
UO,(COs);* ionlarina ciizi miqdarda tosadiif olunur. Qeyd olunan ionlarin miqdarlarinin
qadagan olunmus miqdardan asagi olmasi belo insan orqanizmi iiglin tohliikolidir.

Laboratoriya soraitindo miixtolif monbslordon (cadvel) gotiirtilmiis su niimunolori Na-
bentonitlo (100 ml:1 q) nisbatindo asagidaki sokildo gostorildiyi kimi aragdirilmigdir vo daha
sonra tomizlonmis suda yuxarida qeyd olunan ionlarin miqdarlar1 analitik {sulla toyin
olunmugdur. Tomizlonmis suda todqiq olunan sularin torkibindo agir metal vo uran ionlari

askar olunmamusdir.
B \
};

S
——

\L 3 \ mineral va ya tamizlanmis su

termal su

Sakil. Mineral va ya termal suyun cirklondiricilordon tomizlonmasi iigiin
istifado> olunan qurgunun sxemi.
1 —mineral va ya termal suyun ¢ona verilmasi;
2 — N,- bentonitin ¢ona alavasi;
3 — tomizlanmis suyun filtro (stizgaca) Otiiriilmasi vo tomizlonmis suyun c¢ixarilmasi;

4 — ¢okiintiintin ayrilmasi.

Belolikls, aparilan todqiqatin noticesi  gostorir ki, uran, domir, manqan, kobalt
birlosmolorini mineral vo termal sularin torkibindon tam konarlagdirmaq miimkiindiir vo
onlar1 tomizlonmis halda istifadoyo vermok olar. Prosesin gedisindo alinan c¢okiintiilori iso
miixtalif mogsaslor ii¢lin istifads etmok olar.
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Naticalor:

1. Respublikamizin conub bolgesindo olan mineral vo termal sularin torkibindo olan bir
sira komponentlorin miqdar1 miioyyanlosdirilmisdir. Bu sularin torkibinds cilizi miqdarda
Fe3*, Co®", Mn** vo UO, (CO3) 2 ionlarin olmasi fakti askar olunmusdur.

2. [lk dofs> olaraq Modifikasiya olunmus Na- bentonitdon istifado etmoklo sorbsiya
iisulu ilo Fe**, Co*, Mn** vo UO,(CO3);* ionlarini mineral vo termal sularin torkibindon
tamamilo konarlasdirilmasina nail olmaq miimkiindiir.
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PE3IOME
XUMHUYECKHUIN COCTAB MUHEPAJIBHBIX U TEPMUYECKHX BOJ FO)KHOI'O PETHOHA
N YJAJIEHUE TAXKEJIBIX MOHOB METAJJIOB METOJIOM COPBLIUHA
Taoupoea I' A.

Knroueswle cnosa: ypan, munepanvno-mepmuveckutl, pH, copoyus, Fe3 +, Co2 +, Mn2 + 1, copbenm,
Na-6eumonum.

OnpeneneH XUMAYECKHI COCTaB MHHEPAIBHBIX M TEPMAIFHBIX BOJ| I0XKHOTO PETHOHA PECITyOIHNKH |
pa3paboTaHbl 3aKOHOMEPHOCTH H3BJICUEHHUS MOHOB ypaHa M TSDKEIbIX MeTauioB Na-OeHTOHHTOM
COpPOLIMOHHBIM METOJIOM. Y CTAHOBJICHO, YTO KOJIMYECTBO COCAMHEHUN ypaHa, jKejie3a, MapraHiia u KobajibTa
B MUHEpaIbHBIX U TEPMAILHBIX BOJAaX MOXHO CHHU3UTH Oojiee 4eM B 15 pa3 ¢ moMomipi0 COpOIMOHHOTO
MeToJ1a. Pe3ypTaThl MpoBeIeHHOTO UCCIIEA0BaHMUS TIOKAa3bIBAIOT, YTO COSIMHEHMS ypaHa, JKene3a, MapraHiia,
KOoOaJibTa MOKHO TMOJIHOCTBIO MCKJIIOYMTh U3 COCTaBa MUHEPAJIbHBIX U TEPMAIBHBIX BOJ M MPUMEHSATh MX B
OYUIICHHOM BHJIE. A 0CaJIOK, ITOJIyYEHHBIN B TPOIIECCE, MOXKHO MCTIOIB30BATh IS Pa3lIMYHBIX IENIEH.
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SUMMARY
CHEMICAL COMPOSITION OF MINERAL AND TERMIC WATER OF THE SOUTHERN
REGION AND REMOVAL OF HEAVY IONS METALS METHOD OF SORBTS
Gadirova GA

Key words: uranium, mineral-thermal, pH, sorption, Fe3 +, Co2 +, Mn2 + 1, sorbent, Na-bentonite.

The chemical composition of mineral and thermal waters of the southern region of the republic and the
regularity of extraction of uranium ions and heavy metals by Na-bentonite sorption method are determined.
It has been established that the amount of uranium, iron, manganese and cobalt compounds in mineral and
thermal waters can be reduced more than 15 times with the help of the sorption method. the results of the
study show that compounds of uranium, iron, manganese, cobalt can be completely excluded from the
composition of mineral and thermal waters and used in purified form. And the sediment obtained in the
process can be used for various purposes.

Daxilolma tarixi: [lkin variant 23.09.2021
Son variant 15.10.2021
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Otuz ilo yaxin bir miiddstde Cabrayil rayonunun orazisi horbi-texnogen tasiro moruz qalmus,
biitiin yasayis montaqolori mohv edilmisdir. Tobii vo antropogen landsafta ciddi ziyan doymisdir.
Bunlar yenidon qurulmali vo borpa olunmalidir. Orazido landsaft planlagsdirma islorini hoyata
kegirmok iiclin potensial imkanlar diizgiin qiymotlondirilmali vo torpaqdan somarali istifads
olunmalidir.

Cobrayil rayonu orazisindo insanin tosorriifat foaliyyoti tarixi ¢ox qodimdir. Xiisusilo,
okingilik madoniyyati, tarixin ¢ox dorinliklorine gedib ¢ixir. Lakin orazide tesorriifat foaliyystinin
istigamoti dofolorlo doyismisdir. Bunun baglica sobabi orazinin tobii potensialinin diizgiin
qiymatlondirilmamasi ils bagli olmusdur.

Horbi-texnogen tosir naticosinds isgaldan azad olmus biitiin arazilorin, o ciimlodon Cabrayil
rayonunun tosorriifat saholori dagidilmis vo torpaq, bitki Ortiiylino boylik ziyan doymisdir.
Torpaglarda agir horbi texnikanin horokoti, onun deformasiyasina, su-fiziki xassolorinin
pozulmasma gotirib ¢ixarmigdir. Demoli, torpaqlar fiziki deqradasiyaya moruz qalmisdir.
Miiharibadon sonra minalardan tomizlonms islori torpaglarin kimyavi ¢irklonmasino sabob olmus vo
kimyavi deqradasiyaya moruz qalmisdir. Torpaqlarinn bioloji deqradasiyasina bir illik, ¢oxillik ot
bitkilorinin, agac vo kollarin qiritlmasi va har ils arazids yanginlarin téradilmasi sabab olmusdur.

Tahlil vo miizakiralor. Cabrayil rayonu Kigik Qafqazin conub-gorq hissosindo yerlogsmokloa,
geomorfoloji baximdan arid-denudasion dagliq, akkumulyativ-denudasion plato vo akkumulyativ
diizenlikdon ibarotdir. Orazids yura, tabasir yash vulkanogen, ¢cokmo vo sorqe dogru dordiincii dovr
cokiintiilori yayillmisdir. Orazinin miiasir torpaq Ortiiyiliniin formalasmasinda bu ¢okiintiilorin boyiik
tosiri olmugdur. Xiisusils, Cobrayilin meyilli diizonliklori okingilik iiclin olverisli relyef soraitino
malikdir. Bu diizenliklor Incogay, Corokongay, Qozlucay vo digor quru ¢ay doralori vasitosilo
parcalanmigdir. Cabrayil rayonu orazisindo genetik torpaqsiinasliq istigamotdo aparilmis
todqgiqatlara [1, 2, 3, 4] osason relyefdon asili olaraq asagidaki torpagomologotiron siixurlar
yayilmisdir: eliivial-deliivial, karbonatl deliivial, deliivial-proliivial, proliivial-alliivial.

Torpaq moxsus oldugu iglimin “giizgiisii” hesab olunur. Eyni zamanda I.V.Fiqurovski
(1926) geyd etdiyi kimi torpaq vo bitki Ortiiyii orazinin iglim sferasina, onun riitubstino vo istilik
dovranina boylk tosir gostorir. Cabrayilin Arazboyu diizonliyini o, miilayim isti vo yarimriitubatli
kontinental vilayato aid edir. [5] Miiqayise li¢lin qeyd edok ki, Azerbaycanin Hadrut yasayis
montaqasi ilo Cabrayil sohori arasinda yliz metr miitloq hiindiirliik forqi var. Bunun noaticosidir ki, on
isti yay olan iyulun orta temperaturu 23,6°C (Hadrut) oldugu halda, bu gosterici Cabrayilda 24,7°C
togkil edir. Orta illik yagintinin miqdar1 Hadrutda 560 mm, Cabrayilda iso ondan 100 mm azdir.
Belo forgli iqlim gostaricilori fonunda Hadrutda karbonatli dag-meso qohvayi torpaqglar formalasdigi
halda, Cabrayilda dag boz-qohvayi (sabalidi) torpaq tipi inkisaf etmisdir. Belo iglim soraitindo
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Caobrayilda osason dag kserofitlori (friganoidlor), yovsanli yarimsohralar (quru ¢ol elementlori) vo
subasar conub bitkiliyi zonas1 togokkiil tapmisdir.

Cabrayil rayonunun miiasir torpaq Ortiiyliniin formalagmasinda iglim vo relyef ¢cox bdyiik
tosiro malik olmugdur. Ona goéro do Yuxari Qarabagdan forqli olaraq, Arazboyu diizonliyi vo
dagotoyin ohato edon Fiizuli, Caobrayil, Zongilan rayonlarinda miinbit okin sahoalori daha genis
orazini Oziindos birlosdirir. Cabrayilda torpaq-cografi todqigatlar 50-ci illorindon baslamais, lakin son
30-35 ilds arazi miiharibs zonas1 oldugundan burda tadqiqat islori dayandirilmigdar.

Aparilmis todqgiqatlara osason orazido asagidaki torpaglar yayilmisdir: dag-meso karbonatli
qohvayi; bozqirlasmis dag-qohvoyi; dag boz-qohvoyi (sabalidi); ¢omon boz-gohvoyi (sabalidi);
alliivial-goman.

Verilon torpaq tiplerindon an genis yayilmis dag boz-qohvayi (sabalidi) torpaqlardir. Orzaids
torpaglarin biitiin yarimtiplorino tosadiif olunur. Hatta, Arazboyu akkumulyativ diizonliyin 2-ci, 3-
cii terraslarinda ¢comon-boz gahvayi (sabalidi) torpaqglar formalagmisdir. Dag boz-gahvayi (sabalidi)
torpaglar rayon orazisinin 75-80 %-in ohato etmoklo, doniz soviyyesindon 150-200 m-don baslamis
600-650 m hiindiirlitys godor yayilmisdir. Bu torpaglarin konturlart hiindiir hissalordo bozqirlagsmis
qohvoyi dag-meso vo gorbdon, sorqdon vo conubdan alliivial-gomon vo c¢omon boz-gqohvoyi
(sabalid1) torpaq konturlari ilo sarhadlonir.

Dag boz-qohvayi (sabalidi) torpaqlarin tam inkisaf etmis voziyystds humus horizontunun
qalinligr 50-60 sm toskil edir. Simal-qorbdon conub-sorq istiqgamoto dogru yiiksok taksonomik
saviyyada dayisikliklor bas verir vo eyni zamanda humus horizontun galinligr 30-40 sm-5 qodor
azalir.

Cadvaldon goriindiiyli kimi (cadvel 1), dag boz-qshvayi (sabalidi) torpaqlar gilli, agir
gillicali torkiba malikdirlor. Fiziki gilin (< 0,01 mm) miqdar iist horizontda 74,21+£17,65 % toskil
edir. Asagi qatlara dogru eyni gostorici zaif forqlo azalir. Lil fraksiyasinin komiyyati iso 31,32+5,56
% olub, profil boyu ¢ox ciddi forglonir.

Humusun miqdar1 boz-qohvayi (sabalidi) torpaglarda relyefdon, hidrotermik soraitdon asili
olaraq doyisir. Doniz saviyyasindon 500-600 m hiindiirliiklords vo simal ekspozisiyasl zoif meyilli
yamaclarda onun miqdar1 3,8+0,6 % oldugu halda, Arazboyu quru ¢dl vo yarimsohra soraitinde bu
torpaglarda humus 2,0£2,5 %-0 godor azalir. Bu torpaglarin miisbat xilisusuiyyetlorindon biri do
humusun torpaq profili iizro {ist qatdan asag1 qatlara dogru todricon azalmasidir. Umumi azotun
miqdari torpagin akkumulyativ horizontunda maksimum 0,28, minimum 0,16 % toskil edir.

Boyiik Qafqaz conub yamacinda oldugu kimi, Kicik Qafqazin conub-sorq hissssinds do
udulmus osaslardan kalsium vo maqgnezium {istiinliik togkil edir[6]. Humus horizontunda udulmus
osaslarin demak olar ki, orta hesabla 85-90 %-i kalsiumun payimna diisiir. Quru qaligin miqdari
asagidir. Isgaldan Onco bu todqgigatlardan ovvallor taxilgiliq, sonralar iiziimgiiliikdo istifado
olunurdu. Bu torpaqlar iiziimgiiliik {igiin komiyyat vo keyfiyyst baximdan olverisli hesab olunur.
Cabrayil rayonu orazisindo alliivial-comon torpaqglart Arazboyu diizonlikds vo Arazin sol gollarinin
orta vo agagl axinlarinda formalagmigdir. ©halinin maskunlagmasi da, demok olar ki, bu istigamatdo
getmigdir. Bunun baslica sababi bu torpaqlarin miinbit olmas1 vo quru ¢ay boyu orazilorin yeralti
sularla zongin olmast ilo olaqodardar.

Alliivial-gomon torpaqlarin formalasmasi1 Araz ¢ayir vo onun sol qollariin relyefin yiiksok
hissolorindon gotirdiklori materiallarin hesabinadir. Masalon, Araz vadisinin eyni adli torpaqlari
profilindo goriinon qirmiz1 vo kofe rongdo gillorin miisahido olunmasina sobab ¢ayin yuxari axin
hovzasinda yayilmig eyni torkibli vo rongds olan gillordir. Yaz aylar1 Arazin sulari homin gillorin
hesabina bu rongi alir. Araz vadisindo vo hovzasinds vulkan daslar1 vo kiillorinin alliivial ¢okiintiilor
arasinda miisahido olunmasi Qarabag vulkanik yaylasindan vo Qarabag silsilosindon Arazin sol
gollarinin vasitasilo gatirib ¢okdiiriilmiis alliivial, alliivial-deliivial ¢okiintiilordir.

Cabrayil rayonu orazisinin alliivial-comon torpaqlarinda qrunt sularin darinliyi 0,9-3 m aras1
doyisir. Arazin godim terraslarinda vo onun sol qollarinda dorinlik artir.
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Cadval 1.

Qarabagin boz-gahvayi (sabalidi) torpaqlarinin bazi fiziki-kimyavi va morfoloji gostaricilorinin
riyazi-statistik tohlili

Tomggln . Genetik Niimunslorin X+ 8% 4 ST 3 LSk s v, %
gostoricilori | horizont | say1 (n-1) max | min
1 2 3 4 5 6 7 8 9 10
Ay 5 91,84 | 56,58 | 74,21+ 17,63 | 74,21 | 578 | 12,98 | 17,49
Fiziki gil A; 5 79,92 | 59,33 | 69,63 +10,30 | 69,63 | 3,69 | 8,25 | 11,84
(<0,01 mm, %) B 5 75,52 | 58,69 | 67,1 £8,41 67,1 | 3,13 | 6,98 | 104
’ ’ B/C 5 74,24 | 58,74 | 66,49+ 7,75 | 66,49 | 3,22 | 7,19 | 10,72
C 5 70,16 | 59,45 | 64,81+5,36 | 64,81 | 3,22 | 692 | 10,68
Ay 5 36,88 | 25,76 | 31,32+5,56 | 31,32 | 2,26 | 5,06 | 16,16
Lil fraksiyasi A, 5 41,60 | 28,42 | 35,01 +6,59 | 35,01 | 2,54 | 567 | 16,19
(<0,001 mm, B 5 40,40 | 28,54 | 34,47+5,93 | 34,47 | 2,37 | 529 | 15,35
%) B/C 5 38,40 | 24,80 | 31,6+6,8 316 | 269 | 603 | 191
C 5 37,52 | 29,84 | 33,68 +3,84 | 3368 | 1,34 3 8,9
Ay 5 4.4 3,1 3,7+£0,6 3,8 0,33 | 0,74 19
A; 5 2,9 1,4 2,2+0,8 2,2 0,30 | 0,66 49
Humus, % B 5 2,3 0,3 1,5+£0,8 1,3 0,17 | 0,39 30
B/C 5 1,9 0,3 1,2+0,8 11 0,30 | 0,67 61
C 5 11 0,42 0,9+0,2 0,76 | 0,11 | 0,24 32
Ay 5 0,28 | 0,16 | 0,22+0,06 | 0,22 | 0,02 | 0,05 | 22,7
A; 5 0,15 | 0,22 | 0,14+0,02 | 0,24 | 0,014 | 0,006 | 10
Azot, % B 5 0,12 | 0,07 | 0,10+0,03 0,10 | 0,01 | 0,025| 25
B/C 5 Oy« |« | Wy« |« »
C 5 «C » |« » |« I« » |« » |« »| « »
ca* Ay 5 32,31 | 21,74 | 27,03+5,29 | 27,03 | 1,95 | 435 | 16,1
(100 qr.miitlog A; 5 33,17 | 18,43 | 25,8+4,37 258 | 3,34 | 7,47 29
quru to'rpaqda B 5 33,07 | 15,33 | 24,42 +8,87 | 24,42 | 6,65 | 2,97 27
ma/ekv.) B/C 5 27,68 | 13,80 | 20,74+6,94 | 20,74 | 2,63 | 587 | 28,3
' C 5 27,58 | 16,02 | 21,8+5,78 21,8 | 2,22 | 4,96 | 22,75
Mg?* Ay 5 8,39 | 451 | 645+194 | 645 | 083 | 1,85 | 28,7
(100 gr.miitlog A; 5 10,22 | 3,61 | 6,92+331 6,92 | 1,13 | 253 | 36,6
quru to.rpaqda B 5 7,33 | 251 | 4,92+241 492 | 0,86 | 1,93 | 44,68
ma/ekv.) B/C 5 8,87 | 1,00 | 4,69+394 | 469 | 147 | 3,28 | 70,0
' C 5 8,57 | 1,80 | 5,194+3,39 519 | 124 | 2,77 | 534
Na* (100 qr Ay 5 162 | 0,30 | 096=+0,66 | 09 | 0,25 | 0,57 | 59,4
miitloq quru. A; 5 1,26 | 0,20 | 0,73+0,53 0,73 | 0,21 | 0,48 | 65,8
torpaqda B 5 1,40 | 0,60 1,00+ 0,4 1,00 | 0,15 | 0,34 | 34,0
ma/ekv.) B/C 5 1,94 | 0,60 1,27 +£0,67 1,27 | 0,26 | 0,58 | 45,67
' C 5 1,50 | 0,10 0,8+0,7 0,8 0,25 | 0,55 | 68,75
Ay 5 9,51 | 0,90 | 5,21+4,31 521 | 156 | 3,48 | 66,8
co A; 5 793 | 1,92 | 4,93+3,01 493 | 1,17 | 2,62 | 53,14
%_123’ B 5 11,68 | 3,19 | 7,44+425 7,44 | 1,47 | 3,28 | 44,09
B/C 5 11,79 | 1,02 | 6,41 +5,39 6,41 | 1,97 | 4,4 | 68,06
C 5 11,32 | 856 | 9,94+ 1,38 9,94 | 0,645 | 1,29 | 12,98
Al 5 2162 | 2,04 | 11,83+9,79 | 1183 | 3,6 | 8,07 | 68,2
CaCQO; A2 5 18,02 | 4,25 | 11,14+6,89 | 11,14 | 2,89 | 6,46 | 58,0
(COz-yo goro) B 5 26,57 | 7,25 | 16,91+9,66 | 16,91 | 3,36 | 7,52 | 44,47
%-lo B/C 5 26,83 | 2,32 | 14,57+12,26 | 14,57 | 4,42 | 9,89 | 67,87
C 5 25,72 | 19,45 | 22,59+3,14 | 2259 | 1,47 | 294 | 13,0
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Quliyev 1.0., Agayev T.D., Abdulov K.S.

Arazboyu zonada alliivial-coman torpaqlarin mexaniki torkibi c¢ox doyisken olur. Bu
torpaglarin iist qatlarinda mexaniki torkib gilli vo agir gillicali olsa da, bozon homin qatlarda qum
fraksiyalarinin miqdar1 ¢oxalir. Son illor ¢aylar {izerinds tikilon su anbarlar1 bu qidalanma rejimini
xeyli doyisdirmisdir. Alliivial-comon torpaqlarin iist akkumulyativ horizontunda timumi humusun
komiyyati 3,4 %-o godor yiiksalo bilir. Caylarin gotirdiyi materiallarin tosirinden formalagdiglar
iiclin, bazon profilin asag1 qatlarinda da humusun miqdar1 yiiksok olur. Bu torpaqlarin uducu
kompleksi asaslarla doymusdur. Udulmus osaslardan kalsiumun miqdart digor osaslarla miiqayisado
istiinliik toskil edir. Bu torpaglar Arazboyu zonada formalasdiglar1 miitlog hiindiirliikk asagi
diisdiikco torpaq daxili prosesdo udulmus natrium kationunun konsentrasiyast yiiksolir.
S.G.Hosonov (1969) geyd edir ki, bu torpaglarda udulmus natrium miqdar1 udulmus osaslarin
cominin 7,43-don 15,66 %-o qadarini toskil edir. Bu gostarici sorakotlogsmonin getdiyini oks etdirir.

Otuz illik isgaldan azad olmus Cobrayil rayonunun torpaq fondu okingilik {ig¢iin ¢ox
olverislidir. Bu hom do torpagin miinbitlik xassolori ilo vo orazinin alverisli cografi xiisusiyyatlori
ilo baghdir. Orazido landsaft planlagdirma islorini hoyata kegirorkon bu amillor nozordon
qagmamalidir. Digor miithiim bir masolo ondan ibaratdir ki, rayonun godim tarixo malik okingilik
madoniyyati olub. Bu modeniyyast insanlarin uzun illor sinaglarindan, tocriibslorindon kegib galib.
Planlagdirma islori aparilarkon bunlar1 da unutmag olmaz.

Diismon torofindon viran edilmis bu orazilords, o ciimlodon Cabrayil rayonunda da hor sey
yenidon qurulur. Bu zaman sohvlora yol vermomak ii¢iin birinci ndvbado miinbit torpaq sahslorinin
diizgiin vo somorali istifade olunmas: on plana ¢okilmolidir. Infrastruktur, yasayis montaqalarinin
yerlari elo secilmoalidir ki, miinbit torpaqglara az ziyan doysin.

Digor bir masalo, biitovliikde isgaldan azad olmus orazilorin tobii-cografi potensiali diizgiin
qiymoatlondirilmali vo bundan istifado edorok bir sira iri dovlet ohomiyyatli layiholori hoyata
kecirmok olar. Bu layihslorden biri do srazinin yeraltt vo soth sularinin diizgiin qiymotlondirilmasi
vo ondan somorali istifadedir. Bir mithiim layihoni diqqote ¢okmok istordik. Hokori cayr Kigik
Qafgazin on iri ¢aylarindan biridir. Bu ¢ayin ¢ox bdyiik potensial imkan1 var. Hokari cay1 iizorindo
on samarali layihalorden biri Lagin-Qubadli rayonlar1 serhadinds iri su anbarinin insasi ola bilor. Bu
su anbarindan Cobrayil rayonunun okin sahslorinin 75-80 %-i suvarilmaya colb edilo bilor vo
belsliklo Qubadli, Cabrayil vo Zongilanin arid orazilorinin madoni landsafti tam doyiso bilor. Cay
tizorindo ardicil olaraq kaskadlar yaratmaqla, bdlgonin elektrik enerjisino olan tolabatinin xeyli
hissasini 6domak olar.

Notica.

1. Cobrayil rayonu orazisindo landsaft planlasdirma islorinin totbiqi zamani, nozoro alinmali
on mithiim komponent boz-qohvayi (sabalidi) vo alliivial-gomen torpaq tip ve yarimmtiploridir. Hor
iki tip vo onun miixtalif yarimtiplori fiziki-kimyavi xassolorina vo qida maddslari ilo tominatina
g0ra kond tosorriifat: tliglin alverisli torpaqlardir.

2. Rayonun diizon vo dagotoyi bdlgoalorinin torpaqlari horbi-texnogen tosir naticosindo
deqradasiyasinin biitiin tiplorine (fiziki, kimyovi, bioloji) maruz qalmisdir. Bu torpaqlarin potensial
imkanlarini va neqativ tasirlori nazars alaraq, diizgiin vo somarali istifads olunmalidir.

3. Orazids torpaglardan yiiksok mohsuldarliq oldo etmok vo semiarid soraitdo sohralasma
prosesinin qarsisini almaq ti¢lin biitovliikds regionun potensial imkanlar diizgiin qiymatlondirilmali
va torpaglarin siini suvarilmasi genislondirilmolidir.
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PE3IOME
OLHEHKA NIOYBEHHOI'O ®AKTOPA B JIAHAIMA®THOM IVIAHUPOBAHUN
JAKABPANJIBCKOI'O PAUOHA
Kynuee U.A., Azaee T./l., Aooynoe K.I11I.

Knwuesvie cnoea: 6oenHno-mexHo2eHHbIl, AHMPONO2EHHBI, Oezpadayusl, Kcepogum, @puearouo,
CeMUAPUOHDBLI, CeMUSYMUOHDL

B crarbe aHanmm3upyooTcs o0mue (QHU3MKO-XMMHYECKHE CBOWCTBA M IUIONOPOJME IOBYX HambOoiee
PaclpoCTpaHEHHBIX M BaXKHBIX U CEJIBCKOTO XO35ICTBA TUIIOB MOYB OCBOOOXKAECHHOTrO [IxeOpanibcKoro
paiioHa - cepo-Oyphix (KalTaHOBBIX) M AJLTFOBUAIBHO-TYTOBBIX MOYB. OTMEYaeTcs, YTO OYCHb BaKHO
YUUTHIBATh 3€MENbHBINH (DakTOp NMpU MpOBeICHUN JaHAMAPTHO-TUIAHUPOBOYHBIX Pa0OT MO BOCCTAHOBJICHHUIO
TEPPUTOPHUH, OIyCTOIIEHHOW apMSHCKOW OKKymarueid okoio 30 mer. B crarbe Takke oOcyxmaercs
Jerpafgauusi 3eMeilb B Ppe3yJbTaTe BOCHHO-TEXHOTEHHOTO BO3ACHCTBHA M CIHOCOOBI CHWXKEHHS €ro
BO3JICUCTBUSL.

SUMMARY
ASSESSMENT OF SOIiL FACTOR IN LANDSCAPE PLANNING OF JABRAIL DiSTRICT
Guliev I.A., Agaev T.D., Abdulov K.Sh.

Key words: military-technogenic, anthropogenic, degradation, xerophyte, friganoid, semiarid,
semigumid

The article analyzes the general physicochemical properties and fertility of the two most common and
important for agriculture types of soils in the liberated Jebrail region - gray-brown (chestnut) and alluvial
meadow soils. It is noted that it is very important to take into account the land factor when carrying out
landscape planning work to restore the territory devastated by the Armenian occupation for about 30 years.
The article also discusses land degradation as a result of military-technological impact and ways to reduce its
impact.

Daxilolma tarixi: [lkin variant 08.04.2021
Son variant 20.09.2021
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GEODEZIK TOMINATIN MAHiIYYOTI VO DOQIQLIK TOLOBLORI
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Acgar sozlar: geodezik tominat, koordinat sistemi, dl¢gma texnologiyalari, doaqiqlik taloblari, orta
kvadratik sahv

Miistoqillik illarindo 6lko iqtisadiyyatinin daha siiratli inkisafi mogsadilo ¢coxsayli 6lkodaxili
va transmilli neft, qaz, noqliyyat vo digor sahalords bdyiik hocmli kommunikasiya layiholori hoyata
kegirilir. Tacriibi olaraq Yerin fiziki sothinds istonilon ndv foaliyyot zamani on vacib masalalordon
biri miivafiq telimatlarin toloblorine uygun soviyyads yerina yetirilon iglorin geodezik tominatidir.
Molum oldugu kimi, istonilon ndv tosarriifat-sonaye obyektinin inga edilmasine onun xarito tizorindo
layihosinin tutulmasi ilo baslanilir. insa edilmo morholosinds iso homin layiha elementlarinin
geodezik 6lgmo iisullart ilo naturaya kogiiriilmosi zorurati yaranir. Naturaya ko¢iirmo omaliyyatinin
tocriibi olaraq yerino yetirilmosi homin orazido miivafiq geodezik tominat osaslarini yaratmadan
geyri-miimkiindiir [2, s.4].

Geodezik tominatda baza rolunu qobul edilmis vahid koordinat sistemi oynayir [3, S.5].
Koordinat sisteminin yer iizorindo maddi dastyicist iso miixtalif metodlarla qurulmus geodeziya
sobakoaloridir. Geodeziya gobokolori 6z aralarinda miixtalif mongoya, sixliga vo doqiqliyine malik
olmalari ilo forqlonir. Hal-hazirda Miistoqil Dovlatlor Birliyi (MDB), uzaq vs yaxin xarici 6lkslar, o
climlodon, Azarbaycan Respublikasi (AR) arazisindo hom klassik (optik alotlorla), hom ds, miiasir
geodeziya dlgmo texnologiyalart ilo (elektron vo lazer asasli geodeziya alotlori, peyk navigasiya
sistemlorindon istifadoyo osaslanmis texnologiyalar) qurulmus geodeziya sobokealori mdvcuddur.
Layiholorin hoyata kecirilmasinin biitiin morhalalorinda: layihonin tutulmasi, icrasi vo istismart
zamani klassik vo miiasir geodeziya tominati sistemlorindon birgo istifado lisullarinin islonmaosi
vacib va aktual mosalolordondir.

Geodezik tominat icra edilon layithenin novii, obyektin 6lciilori (uzunlugu, sahasi) vo onun
yerina yetirilmasino qoyulan doqiqlik tolablori, eloca do, obyektin yerlogdiyi mokandan asili olaraq
miixtalif xiisusi yanasma tisullarini tolob edir.

Umumi halda iso geodezik tominat mokanda (fozada, yer sathinda, su hdvzesindo, yeraltl
islordo) har hansi bir layihonin icrast zamani onun layihs elementlorinin (sociyyavi noqtalorinin,
dongs noqtalorinin, uzunluq vo bucaq elementlorinin) naturada miivafiq geodeziya alatlori vo 6lgmo
metodlar1 i1lo texniki doqiqlik toloblorine uygun sokildo verilmosindon (koordinatlarla
gostorilmosindon) ibaratdir. Basqa s6zlo, mokanda bas veran istonilon foaliyyatin icra ndqtslorinin
koordinatlanmasi-geodezik tominati labiiddiir. Geodezik tominatin ohamiyyatini belo bir misalla
izah etmok olar.

Forz edok ki, donizde geofiziki todqiqatlarla neft-qaz yatagi askar edilmisdir. ©gor homin
yatagin yeri koordinatlarla geydiyyata alinmamissa, onda onun sonraki morholods istismarini hoyata
kegirmok praktiki olaraq qeyri-miimkiin olar, yoni koordinatsiz homin yeri tapmagq, askar etmok
mimkiin olmaz. Ona goro do, Yerin fiziki sothindo istonilon foaliyyatin sonlugu tocriibi olaraq
geodezik tominatla (baglanma ilo) tamamlanir.

Geodezik tominatin doqiqlik normalar1 osason Ddvlot normativ sonadlorindo (CHUIT vo
DUST) vo tolimatlarda gotirilir. Bir sira avadanliglar iigiin doqiqlik toloblori onlarmn istismar
parametrlorino uygun olaraq layiho tolablori soklinds verilir. Bozi hallarda geodeziya tominatina
daqiqlik taloblari no layiho, no do normativ sonadlorde aydin sokilde gdriinmadiyinden qurasdirma
islorinin daqiqliyina qoyulmus limit qiymaotlori osasinda hesablamalarla miioyyanloasdirilir[1].
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Miixtolif nov islorin geodeziya tominatina qoyulan ¢oxsayli doqiqlik toloblorino baxmayarag,
onlar1 qruplasdiraraq is ndvlori iizro orta kvadratik sohvlorini géstormok olar. Digor torofdon sohvlor
dord qrup: plan voziyyati lizro; yliksoklik voziyyeti lizro; diizxoatlilik kriterisi lizro; saquli voziyyatlor
tizro gostorilir. Geodeziya 6lgma naticolorinin hansi doqiqliys malik olmasini bilmek layihonin
naturaya diizgiin kogiiriilmosi iiclin olduqca vacibdir. Bununla layiho elementlorinin 6lgiilmiis
giymatinin onun haqiqi qiymatine no doracods yaxin olmast miioyyonlosdirilir.

Dovlot normativ sonadlorindo iso dlgmalari asasin yol verilon sohv qiymatlori ilo (bozon ona
icazo verilon sohv do deyilir) saciyyslondirirlor. Olgmolar iigiin sohvlerin yol verilon qiymatlori
(icazo verilon qiymsatlori) ehtimalla olagoli sokilds toyin edilir. Belo ki, dlgmoalor sohvlori
nozoriyyasinds isbat edilir ki, verilmis 6lgmolor sirasinda tosadiifi sohvlorin 68,3% saytr 0 < 4+m
intervalinda ; 0 = +2m araliginda yerloson sohvlorin say1r iimumi 6lgmalorin 95,4%, 0 = £3m
araliginda iso 99,7% sayim togkil edir( m 6lgma naticalorinin orta kvadratik sohvidir). Yuxarida
qeyd edilonlor basqa s6zlo o demokdir ki, verilmis 6lgmalor sirasinin 100 sayda 6lgmolor sohvindon
yalniz besi 2m hoddini asar vo ya ona borabor qalar, eloco do, 1000 sohvdon yalniz {igii 3m
hoddindon bdyiik vo ya ona berabor olar. istehsalatda bir ¢ox geodeziya islorinds, o ciimlodon
kommunikasiya xatlorinin salinmasinda, 6lgmolorin daqiqliyine qoyulan tslablori artirmaq maqsadi
110 Ayol verilon = 2M qiymoti gotiiriiliir. Bu hoddi asan 6lgma sahvlori kobud sohvlor adlanir vo homin
0lemo naticolori hesablamalardan uzaqlasdirilir [1].

Bozi hallarda 6lgma doqiqliyini orta kvadratik vo yaxud yol verilon hadd sohvinin miitloq
qiymati ilo deyil, nisbi sohvla saciyyslondirmok daha dogru olur. Masalon, har hans1 masafonin orta
kvadratik sohv qiymatinin m=1m olmasi, homin masafonin na deracads doqiq 6l¢iildiiyii haqda fikir
yiirlitmok imkan1 vermir. Belo ki, bu sohv s=400km ii¢lin ¢ox yaxsi oldugu halda, s=100m iigiin
olduqgca kobud sayila bilor. Qeyd edok ki, geodezik tominat zamani adaton, tors masolo hall edilir,
yoni normativ sonadlordo miivafiq dlgmalora qoyulmus doaqiqlik tolablori asasinda uygun 6lgmo
alatlori vo 8lgmo metod vo texnologiyalari segilir. Umumon, 6lgmo iisullari, metodikalari, texnoloji
sxemlori homin dovriin texniki 6l¢mo vasitolorine hesablanir. Bu sahads yeniliklorin bag vermasi ilo
yeni 6l¢gmo tisullar1, metodiklar1 va texnoloji sxemlorin islonib hazirlanmasi zorurati meydana ¢ixir.

Hal-hazirda geodeziya 6lgmo vasitolori sahasindo ingilabi sigrayisla inkisaf bas vermisdir.
Yoni elektron osaslhi teodolit, taxeometrlor, rogomli vo lazer nivelirlor, GPS vo QLONASS peyk
naviqasiya sistemlarindon istifadoys osaslanmis 6l¢mo texnologiyalari, onlara dair coxsayli proqram
tominatlari, miixtalif sociyyali geodezik masalolorin avtomatik hallini tomin edon paket-programlar
va sairo bu kimi vasitolor meydana golmisdir[4,6]. Biitiin bu yeniliklori kéhna tolimatlar, normativ
sonadlar ¢argivasinde yerlosdirmok geyri-miimkiindiir va diizgiin olmazdi. Bu o demokdir ki, miiasir
alotlorlo oldo edilon yiiksok doqiqliyo malik 6lgmo noticolorini asagl doqigliye malik corgivoyo
salmagqla onlarin keyfiyyoti asag1 salinmis olar. Digor torofdon miiasir geodeziya dlgma vasitolorine
hesablanmis tolimat vo normativ sonadlorin hazirlanmasi olduqca vacib vo aktual masololordondir.

Ona gors do, belo hallarda % nisbi sohvi gostarilir.

Noatica. 1. Son dovrlords geodezik tominat asason GPS peyk 6lgma texnologiyast va elektron
taxeometrlorlo (Total Station) hoyata kecirilir. Layihalor iso ilk ndvbads topoqrafik xaritslor, yoni
iifliqi miistovi tosvir lizorinds tutulur. Ona gors do geodezik tominat zamani elektron taxeometr vo
yaxud GPS-lo yer sathindo alinmis 6lgmo naticolori ilo xoritadoki layiha elementlori arasindaki
forglonmalor nozors alinmalidir.

2. Azorbaycan orazisindo yerino yetirilon vo perspektivdo aparilacaq transmilli
kommunikasiya layihalori digor tosarriifat obyektlorinden 6z hondasi va texnoloji xiisusiyyatlori ilo
kaskin forqlonir. Ona gora do, bu kimi layihalorin hoyata kecirilmasi zamani geodezik tominat
masololori xiisusi yanasma vo hall {isullarinin islonib-hazirlanmasi tolobini irsli siirtir.
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PE3IOME
CYIIHOCTBb I'EOJAE3UYECKOI'O OBECIIEUEHUSA U
TPEBOBAHUS K ET'O TOYUHOCTH
Tanviooe A. T

Knrwouesvie cnosa: ceodezuueckoe obecneuenue, cucmema KOOPOUHAmM, U3MepumensHvle MmexHoI0uu,
mpebosanusi K MOYHOCMU, CPEOHEK8A0paAmuYecKkas NoSpeuHoCms

B nanHOi#l cTaTthe paccMaTpUBaeTCs CYIIHOCTb I'€0Je3MYeCKOro oOecrnedeHus U TpeOOBaHMS K €ro
TouyHOCTH. OTHUM M3 BaXHEHIIMX BOIPOCOB MPH MPOBEACHUHN JIIOOOTO BUA ACATEIHLHOCTH Ha (PU3HMUECKON
MOBEPXHOCTH 3eMITU SIBISICTCS T€0JIe3MUeCKoe 00ecTieueHIE BBITIONHAEMBIX pab0T HA YPOBHE TOYHOCTHBIX
TpeOOBaHUI COOTBETCTBYIOLIMX HMHCTPYKUUi. B reomesnueckom oOecriedeHu posib 0asbl UrpaeT eouHas
CHUCTEMa KOOpAWHAT. A MaTepHalIbHbIM HOCUTEIEM CHCTEMBI KOOPAMHAT Ha 3eMIIe ABISAIOTCS Te0AE3NUECKIE
CeTH, IOCTPOCHHbIE Pa3InYHBIMU MeToaMu. HecMOTps Ha pa3nudHble BUIbl HHKEHEPHBIX Pa0OT MOXKHO HX
CTPYNIIMPOBATh U OLIEHUTh TOYHOCTHU II0 CPEIHEKBAAPATUYECKHUM MOTPELTHOCTAM, MPENbABIIEMBIM K UX
reojie3uueckoMy obecrieueHuio. J[ns mpaBUIBLHOTO BBIHECEHUS MPOEKTa B HATYpy KpailHe Ba)KHO 3HaHHE
TOT0, C KAKOW TOYHOCTBIO JIOJKHBI OBITH TIOTYYEHBI PE3yJbTaThl T€0Ie3HIECKUX U3MepeHuil. Ha ocHoBaHnmn
TpeOOBaHUM K TOYHOCTH, NMPEIBSBISEMbIX K HM3MEPEHHUSM, BBIOMPAIOTCS COOTBETCTBYIOIIME CPEICTBA U
METOJIbl U3MEPEHMS.

SUMMARY
THE ESSENCE OF GEODETIC SUPPORT AND REQUIREMENTS FOR ITS ACCURACY
TalibovA. T

Key words: geodetic support, coordinate system, measurement technologies, accuracy requirements,
average square error

This article discusses the essence of geodetic support and the requirements for its accuracy. One of the

most important issues in carrying out any type of activity on the physical surface of the Earth is the geodetic

support of the work performed at the level of the accuracy requirements of the relevant instructions. In

geodetic support, the role of the base is played by a single coordinate system. And the material carrier of the

coordinate system on Earth are geodetic networks constructed by various methods. Despite the various types

of engineering works, they can be grouped and evaluated for accuracy by the standard errors imposed on

their geodetic support. For the correct rendering of the project in nature, it is extremely important to know

with what accuracy the results of geodetic measurements should be obtained. Based on the accuracy
requirements for measurements, appropriate means and methods of measurement are selected.

Daxilolma tarixi: [lkin variant 30.03.2021
Son variant 27.04.2021
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HNPUMEHEHMUME PE3YJIbBTATOB UMUTALIMOHHOT O
MOAEJUPOBAHUA I'TIC B PEAJIBHBIX ITPOU3BOACTBEHHBIX
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cemu Ilempu

Paccmampusaromest 6onpocvl  8nedpenus pe3yibmamos UMUMAYUOHHO20 MOOCIUPOBAHUS 2UOKOUL
nPOU3600CMBEHHOU CUCMEMbL 8 PEAIbHbIX — NPOU3BOOCMBEHHbIX cucmemax. Paccmompenvt 6binoninenbvle
pabomol aemopamu npu ucciedosanuu I'TIC memodamu umMumayuoHHO20 MOOEIUPOBAHUs 00 IMAna
UCNBIMAHUU U 6HEOPEHUSL 6 PEAbHbIX NPOU3BOOCMEECHHbIX YCI0BUSX: 0OOCHOBAHbI YeNecO0OPA3HOCHb
NPUMEHEHUs.  UMUMAYUOHHO20 MOOCIUPOBAHUS NPU UCCIe008AHUU HA DMANe CUCEMOMEXHUYECKO20
NPOEKMUPOBanust u 6vl00p 011 3moco npozpammuozo komniekca RAO-studio; smanvl umumayuoruwix
9IKCHEPUMEHMOB, BOCHPOU3BEOCHUe PEe3YIbmamos UMUMAyuu Memooamy aHUMayuu u YnpaeieHue
OUHAMUYECKUX NPOYECCO8 C UCNOAb308AHUEeM 8peMeHHoU cemu [lempu, nokazamo, 4mo KOMRbIOMEpHble
IKCHEPUMEHMbL UMUMAYUOHHOU MOOEIU NPOBOOSIMCSL 8 UOEAbHOU cpede, Oe3 Yuema GHEUHUX U 6HYMPEHHUX
so3Mywerull; npeonodxcen areopumm ynpasnenus I'TIC ¢ ucnonvzosanuem pe3yivmamos uMumayuOHHbIX
IKCNEPUMEHMOB U C YUENOM B03MYUCHUL, HA OCHOB8E NPOOYKYUOHHBIX NPABUL.

B pesynbrare aHanusza 3TanoB pa3BUTUS IPOU3BOJICTBEHHBIX CHUCTEM, C TOYKU 3pEHUS
«CTENEHU HEONPEEIEHHOCTH» U «Pa3HOBUJIHOCTEN» COCTaBa 3JIEMEHTHOM 0a3bl, MOKHO CAENaTh
BBIBOJ O TOM, 4YTO HMX D3BOJIOLMOHHBIA IPOLECC Pa3BUBACTCA HM3 OTHOCUTEIBHO IPOCTBIX K
KAaTeropuu JIOCTATOYHO CJIOXHBIX IPOM3BOJCTBEHHBIX CHCTEM, a HMEHHO: aBTOMAaTHYECKHE
JUHUM—THOKHE  MPOU3BOJACTBEHHBIE  MOJIYIU—THUOKHE  MPOU3BOJICTBEHHBIE  CHCTEMbI—
KOMITBIOTEPU3UPOBAHHBIE UHTETPUPOBAHHbBIE ITPOU3BOJCTBA — BHUPTYaJIbHbIE ITPOU3BOJICTBA U AP.
SIcHO, YTO C pacHIMpeHHeM pPa3HOBUAHOCTEH HIIEMEHTHOM 0a3bl, TakXke MOBBIIIAIOTCS
3¢ PeKTUBHOCTD U (HYHKIIMOHAIbHBIE BOZMOXXHOCTH MPOU3BOJICTBEHHON CUCTEMBI B 11EJIOM. [1]

OnbIT NPOEKTUPOBAHUS MPOU3BOACTBEHHBIX CHCTEM JI0 3Tana IMOKHMX HPOM3BOJICTBEHHBIX
cucreM (I'TIC) moxazan, 4To UX HCCIEAOBAHHWE HA 3Talle CUCTEMOTEXHUUYECKOIO MPOEKTHPOBAHUS
(TexHMYecKOe 3a/laHhe, OHCKH3HOE€ M TEXHUYECKOEe NPOEKTHPOBAHWE) C TOUKHU 3pEHHUs
11e71€cC000pa3HOCTH UX CO3/JaHUS C NMPUMEHEHHEM AaHATUTHYECKHX MOJAEIUPYIOUIUX alIapaTos,
TaKUX KaK KOHEYHbI€ aBTOMATHI, MapauIeNbHO-(YHKINOHUPYIOIINE ACHHXPOHHBIE IPOLECCHI,
MPOAYKIIMOHHBIE MpaBuia, GpeliMOBBIE U JIOTHYECKUE MOJIEH, aBToMaTuyeckue cetu lletpu u np.,
obecrieynBaeTcsl TOJIydeHHE JOCTAaTOYHOM MH(pOpMalUU AJs JNalbHEHIIEro MpoI0JIKEHUs TAIOB
rpolecca NpOeKTUPOBAHUSI.

I'TIC no cpaBHEHMIO C MPEABIIYIIUMH 3TallaMUd aBTOMAaTH3al[MH MPOU3BOACTBEHHBIX CUCTEM
CO3/1aeTCsl C UCMOJb30BAaHUEM pAa3IMUYHOIO Ha3HAUEHUS MEXATPOHHBIX YCTPOWCTB, KOTOpPbIE
obsieryaroT (pU3MYECKHil Tpya 4eloBeKa W IMOBBIIIAIOT €ro (YyHKIHOHATIbHBIE BO3MOXHOCTH BO
BpPEIHBIX U1l 4YeloBeueckoro opranusma ycioBusix. B coctaB I'TIC Takke BXOAST OCHOBHBIE H
JIONIOJTHUTENbHBIE 000PYI0BaHNs, aBTOMAaTUYECKH YIPABIIsieMble TPAHCIIOPTHBIE CUCTEMBbI, CTAaHKH C
UITY, pabGouux s4eek, CHUCTEMbl yIpaBieHUs Ha 0a3e KOMIBIOTEPHOW TEXHUKH M JIp.
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[lepeuncinennsie anementsl [TIC  wumeror Mexay coOON CIOXHBIE CBSI3M W JOJKHBI
(GyHKIIMOHUPOBATh BO B3aMMOJIEUCTBUU BCEX KOMIIOHEHTOB B BUJE JUHAMUYECKHMX MEXATPOHHBIX
CHCTEM C OOIIMMHU pabOYMMHU 30HAMHU, COOJIOJICHUEM MPUHIIUIIOB ACHHXPOHHOCTH U Napaljiesin3Ma.
[Tostomy, I'TIC oOTHOCATCS K KAaTeropu CJlOKHBIX IPOU3BOACTBEHHBIX CHCTEM W I HX
HCCJIEIOBaHMs BBIIIE IIEPEUYUCIECHHBIE MOJECIMPYIOIIME ammapaTbl HE IO3BOJIAIOT IOJYyYUTh
KEJaeMbIl pe3yNbTaT U TpedyeTcsl MpuMeHeHUe HOBBIX 3 ()EeKTUBHBIX MOAX0A0B. OIHUM U3 TaKUX
IIOJIXOJIOB SIBJISIETCS IPUMEHEHUE METOJI0B UMUTALIMOHHOTO MOJIEIUPOBAHUSI.

B cratbe oOcyxmaercs MocienoBaTeNbHOE HCIHOIb30BAaHUE METOJla HMHUTAIMOHHOTO
MozenupoBanus i uccienoBanuss I'TIC m ucnosnb3oBaHMe pe3yibTaTOB MMMTALMKM Ha dTamnax
UCIBITaHUS U BHEAPEHUS B pealbHOM OOBEKTE.

IlocranoBka 3amaum. TpeOyercss paccCMOTpPEHHE BONPOCOB IPAKTHUECKOIO NPUMEHEHUS
METOJIOB UMUTAIIMOHHOTO MOJIEJIMPOBAHMUS, B LIEIISX OLIEHKH 11eJIeCO00Pa3HOCTH MTPOESKTUPOBAHUS U
co3llaHusi KOHKpeTHOro 00bekTa B Buae [TIC, Ha Tamne cuCTeMOTEXHHYECKOTO MPOEKTUPOBAHUS U
UCIOJIb30BaHUE PE3Yy/IbTATOB MMHTALIUMU HA 3Tallax UCIBITAHUS U BHEJPEHUS B PEabHOM OOBEKTE.

JUis pemieHWs IOCTABJIEHHOM 3aJaud aBTOpaMH  BBIIOJHEHBbl HIKEIEPEUHUCICHHbIE
UCCIIEIOBATENIbCKUE U TMPAKTUYECKUEe paloThl, pe3yibTaTbl KOTOPBIX OOCYKJaluch Ha
MEXTyHAPOAHBIX HayYHO-TIPAKTUIECKUX KOH(PEPEHIMIX U OIMyOJIMKOBAHBI HA CTPAHUIAX BEIYIIHX
Hay4YHO-TEXHUYECKHUX KYPHAIIOB.

[TocnemoBarenbHO paCCMOTPUM BBHITIOJHEHHBIE aBTOPAMU HAYYHBIE U TIPAKTUYECKHE PAOOTHI.

B pabote [2] o60ocHOBaHO HccleA0BaHUE U OLIEHKA 1efiecoodpazHocT npoektupoBanus [ TIC
C HCIIOJIb30BAaHUEM METO/I0B MMUTAIIMOHHOTO MOJEIMPOBAHUS HA 3Tale CUCTEMOTEXHHUYECKOIO
npoektupoBanus. Ilokazano, uro I'TIC oTHOCUTCS K KaTeropuu CIOKHBIX CUCTEM M COCTOUT W3
MHOXECTBa JUHAMHUYECKHX MEXaTPOHHBIX  YCTPOHCTB, KOTOpble (YHKIHOHHPYIOT  BO
B3aMMOJICHCTBUM JUIS JOCTMDKEHHUS KOHEUHOM IenM B pealbHOM MacmTabe BpEeMEHHU.
CnenoBatenbHO, UAEH MPOEKTUPOBLUIMKOB HA HAYAJIbHOM 3Talle MPOEKTUPOBAHUS B OOJBIINHCTBE
CllydaeB HE ONpPABJABIBAIOT ce0s MpPU HCIBITAHUM HATypallbHO DPEATU30BAaHHBIX  (DU3MUECKUX
mopeneit. CkazanHoe ermie Oonee ycyryomnsercs npu Baeapenun ['TIC B peabHBIX MTPOU3BOICTBAX.
OtmeueHo, uTo S()(PEKTUBHBIM TMOAXOAOM SBJSIETCS HCCIEAOBAHUE MPOEKTUPYEMOro OOBEKTa
KOMITBIOTEPHBIMHU SKCIIEPUMEHTAMHU C HCIIOIb30BAaHUEM METOJ0B UMUTAIIMOHHOTO MOJEINPOBAHMUS.
JUig pemeHus IOCTaBJIEHHOM 3alaud IMPENIOKEHO HCIOJIb30BaHUE IPOrPAMMHOIO KOMILIEKCA
RAO-complex, mpegHa3sHa4eHHOTO ISl Pa3pabOTKH M OTIAIKH MMUTAIIMOHHBIX MOJETICH Ha SI3bIKE
PZIO. C wucnonb3oBaHueM HMHCTpYMEHTOB cpeiasl RAO-complex mpemioxeHa u paspaboTaHa
apXUTEKTypa MHCTPYMEHTA aBTOMATU3HUPOBAHHOTO MO/IETUPOBAHUS.

B paGortax [3+6] ¢ yuerom TpeGoBanmii RAO-studio Ha mpumepe KOHKPETHOro OOBEKTa
«['TIC pe3ka pyJTOHHBIX aTIOMUHUEBBIX METAIIUYECKHUX JHCTOB Ha JIUCTHI TpebyeMoro pasmepa u
JUCTOB Ha KapTOYKH, U O4MCTKa UX noepxHocTtu»(nanee B Tekcre ['TIC) mocnemoBaTenbHO
pelIeHbl cleAyrolue 3afaud: pa3padoTKa KOHIENTYaJbHONM MOJENM Yy4YacTKa, HPHUHITOIO B
KauecTBe OOBEKTAa WCCIENOBAaHUA, pa3paboTka CTPYKTypHO-KHMHemaTudeckoit cxembl [TIC;
pa3paboTka apXUTEKTyphl HHCTPYMEHTa aBTOMATH3HPOBAHHOIO MOJICIMPOBAHUS; pa3paboTka
umutaronnoii mozenu ITIC ma s3eike PJIO ¢ wmcmonb3oBanmeM 3aknagok RAQO-studio;
pa3paboTtka anroputma ympasinenus [TIC B Bume BpemenHoit cetu IleTpu ¢ ucmoib30BaHHEM
3aknagok RAO-studio; pa3paboTka 00001IeHHON CTpYKTYpbl cuctemsl ympasieHus [TIC B
JIEWCTBYIOIIEM MPOU3BO/JICTBE.

AHanu3 TOJY4eHHBIX pe3ynbTaToB HcciaenaoBanus [TIC wmerogamMmm HMMUTAIMOHHOTO
MOJIETTMPOBAHUS MIO3BOJISIET CIENATh CIEAYIOLINE OCHOBHBIE BBIBOJBI.

1. BeiOOp Ui pelieHusi MOCTABICHHOHM 3ajaud MporpaMMHOro komiiekca RAO-studio,
MpeAHa3HAYEHHOTO JJIs1 pa3pabOTKU M OTJIAJIKH UMUTAIIMOHHBIX Mojenel Ha si3bike PJ1O, koTophIit
MO3BOJISIET BOCHPOM3BOAMTh Ha KOMIBIOTEPE IUHAMHKY IPOEKTHPYEMOIro OOBEKTa, MPUHSATHE
pElIeHUI CIOKHOM CHUCTEMOM YIPABIICHHMs, PELIECHUE 3aJa4d CHCTEMHOIO aHaliu3a M CHHTE3a,
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MOJTHOCTBIO OTpaBAbIBal  ce0sl U MOXKET OBITh MCIOIB30BAH JUISI MOJCITUPOBAHUS M HCCIEIOBAHUS
I'TIC OTHOCUTENBHO CIOXKHBIX CTPYKTYP U Ha3HAYECHMUSI.

2. Pe3ynbTaThl ~ KOMIBIOTEPHBIX  OKCHEPUMEHTOB  C  HCIIOJB30BAaHHEM  METOJOB
MMUTALMOHHOIO MOJIETMPOBAHUS W BOCHPOU3BEACHUE pPE3yIbTAaTOB HMHTALMM AHUMALUEH,
MI03BOJISICT 3aKA3YMKY M MCIOJHUTEI HA HAYaJIbHOM 3Tale NPOEKTHUPOBAHUS  IEPECMOTPETH
HEKOTOpbIE IYHKTBl ~ TEXHMYECKOro 3aaaHus. Kpome 3TOro JaeMoHCTpaluedl pe3ylibTaToB
UMHUTALUU TPEINoIaraeMoro oObeKTa Ha HA4YaJbHOM JTare MPOEKTUPOBAHMS O00EeCTIeYrBaETCs
BOTYM JIOBEpUs UCIIOJTHUTENIO CO CTOPOHBI 3aKa34uKa.

3. C y4yeToM mpuHIUNA ACKOMITO3UIIMK (pa30reHne onucaHus 00bEKTa Ha COCTABHBIC YaCTH
C LIETIBI0 UX Pa3esIbHOTO MCCIIeIOBAaHUSl C YUETOM COrJlacoBaHMs MpUHUMaeMbix pemieHuit), ['TIC,
COCTOAIIAsE W3 YETHIpEX THOKWUX MNpom3BOACTBEHHBIX Mmoayieh (I'TIM), kaxaplii U3 KOTOPBIX
MMUTALMOHHBIM MOJIEJINPOBAHUEM HCCIIEYETCS HE3aBUCUMO Apyr oT npyra. CienoBarenbHo,
NpoeKTHbIE Tporenypsl kaxaoro [TIM, ¢ yderom TpeOOBaHMH  NPUHIMIIA JEKOMITO3HUIIHH,
BBITIOJIHAIOTCS Pa3AEiIbHO U B KOHTEKCTE 00benuHstoTes B Buae I'TIC u uccnenyrorcs B KOMILIEKCE.

4. Tlocne oxkOHYATENbHOW OTJAIAKUW MMHUTAIIMOHHOM MOJENN BOCIHPOU3BEIECHUEM IUHAMHKHU
aHUMaIlMe, SKCIepT WM BbICOKOKBAIM(UIMPOBAHHBIN CHEIHATUCT B JaHHOW oOiacTw,
onpenensier y3kue Mecra B [TIM wu mnpenbsBiaser pekoOMEHAAIMU MO HUX YCTPaHEHUIO.
OIHOBPEMEHHO C YUYE€TOM CTENEeHH 3arpy3ku KomnoHeHToB ['TIM, pyHKIMOHANBEHO 3aKOHYEHHOM B
Ka)X/IOM LIUKJIe, TPUHUMAETCS perieHue 06 r¢pextuBHOM BbiOOpe 3nemenToB ['TIM.

5. UccnenoBanne I'TIC WMUTAIIMOHHBIM MOJCIMPOBAHUEM OCYIICCTBIIICTCS 0e3 ydera
BHYTPEHHUX W BHEIIHUX BO3MYLIEHUH BO BpPEMs KOMIIBIOTEPHBIX SKCIIEPUMEHTOB. YIIPABJICHHE
dbyukuonupoanrem ['TIM B peanbHOM BpeMEHU OCYIIECTBIsIETCS BpeMeHHOU ceThbio [lerpu, B
KOTOPOMW TAaK)K€ HE YUUTHIBAIOTCS PA3IMYHOIO XapaKTEpa BO3MYILICHHUS.

Kak BuaHO W3 aHamu3a pe3ysbTaToOB, BCE IIPOLECCHl IPOUCXOIAIIME BO BpeMs
KOMIIBIOTEPHBIX 3KCIIEPUMEHTOB HIMUTALIMOHHON MOJIENIN, OCYIIECTBIISIOTCS B UICAILHOM cpeze 0e3
yueTa BHEIIHUX (M3MEHEHHE: TeMIEepaTypbl, NaBJICHHS BO3AyXa, JJIEKTPUUYECKHX MapaMeTpoB,
BIQXHOCTh M Jp., cpenbl rae Qynkuuonupyetr [TIM) u BHyTpeHHMX  (aBapuiiHble, HE
MPEelyCMOTPEHHBIE MPOU3BOACTBEHHBIE MPOCTOU U [Ip.), BO3MYIIECHHH, KOTOpHIE CYIIECTBEHHO
noBIUSAIOT Ha npomsBomuTenbHOCTh [TIC m e€ OesonmacHOMYy (YHKIMOHHUPOBAHHUIO B IEJIOM.
CnenoBarenbHo, i obecrnieueHus: 3¢ dextuBHOro  pyHkuuonuposanus [TIC B peanbHBIX
MIPOM3BOJICTBEHHBIX YCIOBUSIX TpeOYyeTCsl yUWUThIBaThb YCTPAaHEHHE 3TUX BO3MYILIEHUH B cuUcCTEMe
YIPABJIEHUS BCETO KOMILIEKCA.

B pabote na nmpumepe I'TIM pe3ku cTaHIapTHOTO IUIOCKOTO MeTajuinyeckoro jucta (1) Ha
muct (2) tpeGyemoro pazmMepa (B 3aBUCUMOCTH OT TpeOOBaHUIM MPOU3BOJICTBA) U NE€peayuu JIUCTa 2
K paboueit 30ne caeayromero ['TIM, paccmarpuBaetcs obecnieuenne GyHkurnonupoanus ['TIM B
peanbHOM OOBEKTE.

CrpykrypHOo-KuHemaruueckas cxema ['TIM (puc.1) cocTouT M3 creayromux MeXaTpOHHBIX
ycTpoiicTB: TunboTuHHas HoxHUNa (I'H), tpancmoptHas cucrema (TCl1,2), mnoabemHO-
no3urmonupyomuit Manunysstop (I1I1IM) u npomsrinenHsiii podot (ITP).

TCZ ne JumcT2 [Nl JumcTl

A

TC1

Puc. 1. Cmpykmyprno-kunemamuueckas cxema I’ TIM
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C ucnonws3zoBanuem BpemeHHOU cetu [lerpu I'TIM (GyHKIHMOHUPYET CIEAYIONUM 00pa3oM:
Jlucrl mo TCI1 moctymnaer k pabodeit 3oue ['H; ocymectBisercs peska Jluctl Ha JInct2, KOTOpHIii
no TC1l nepememaercs k noszuuuu [IIIM; T1P cxBarsiBaer Jluct2, moBopaunBaercs Ha 180° u
nepemeniaeT Jlucr2 k paboueit 30ue TC2.

Hns pynkunonuposanust [TIM B peaqbHOM 00bEKTE pa3paboTaH aJrOpUTM YIpPaBICHHS Ha
OCHOBE IMPOJYKIIMOHHBIX MpaBuil. B mensx dbopmupoBanusi mpoAyKIMOHHBIX MPaBUII 3KCIEPTaMU
MOCJIE BU3YAJIBHOTO OCMOTpA pe3yibTaTa HMUTAIUM OIPEACNISIOTCS MO3UIHMH, TJE JOJKHBI
YCTaHABIIMBATBHCS  CEHCOPBI JUIA WACHTHUKAUK Tekymux cutyanuid. B T'TIM, urbopmanmm
MOCTYMAIONINE U3 PA3IMYHBIX CEHCOPOB W CUTHAJBI IS YIPABJICHUS MEXaTPOHHBIX YCTPOMNCTB
Ha3bIBAIOTCS T00anbHOM 0a3oi naHHbIX. Ha ocHOBe mHQOpMaIuii, mOCTyHaloUMX B Pa3IuYHbIX
CUTYaIusx, GOPMUPYIOTCS MPOAYKIIMU, KOTOPBIE CO3/1al0T 0a3y 3HAHHWHA M AITOPUTM YIIPABICHUS
I'TIM.

B nannom citydae rinoGanbHas 0a3a JaHHBIX CO3AETCS B BUJE :

X3 — TCI BrmoueHna; X, — I'H Brmtouena ;X3 - IHIIM BkitoueH ;X4 — pyka MaHUITYJIsITOpa B
HCXOJIHOM ITOJIOKEHUU; Xs5- PyKa MaHUIYJIATOPAa B KOHEYHOM nosioxkeHuu ;Xg— Ha TC1
nmeercs Jlucrl; X7 — B paboueii 3one ['H naxomautcs Jluctl; Xg— B padoueii 30He I1IIM HaxomuTcs
Jluct2; Xg— pabouas 3ona TC2 cBobonna; Xi9— 3axBar 1P orkmtouen; Xi; — pabouas 3ona [1T1IM
cBobonHa; U; - Bkimrouenue TC1; U, — Bximrouenne I'H ; Us — Bkmrouenue I1TIM; Uy — BKIIOUEHHE
pyku IIP Bnepen; Us — Bkirouenue nosopora pyku 11P; Us— Bkimtouenue 3axsara [1P

Ha ocHoBe mH(popmanuu rinobanbHON 0a3bl HaHHBIX (opMynupyercs 0a3a 3HaHUN B BUIE
NPOJYKIMOHHBIX IPaBWI C MCHONB30BaHMEM Jorndeckux onepauuid W, WKW, HE (7) nu
nmiutukanui B Buge «ECJIN. .., TO...».

(P1) ECJIM na TCI umeercs Jlucrl

51 pabouas 3ona ['H cBoOO1HA

" pabouas 30na [11IM cBoOGOIHA

141 I'H orxmrouena

TO obecnieunBaetcs ycnosue BkiroueHus: TC1

(Pl) (Xe & X & 1 Xo & 1 X3) = U,
(P2) ECJIM TI'H orkmtouena
n umeercs Jluctl B paboueit 3one T'H
141 pabouas 3on1a [1IIM cBoOoHa
TO  obGecneunBaercs ycnoBue BkimoueHuss ['H
(P2) (-| X & X7 & 1 X3) = U,
(P3) ECJIM otkmouen [TIIM
n umeetcs Jluct2 B paboueii 3oue [I1IM
" pyka IIP B HCXOAHOM I1OI0KEHUU
TO obGecneunBaetcs ycnoue BirodeHus [1IIM
P3) (-| X; & Xg & Xy) => Us
(P4) ECJIM wumeercs Jluct2 B paboueii 3one [1I1IM

n IIIIM BxItOUYEH
n 3axBar [IP orkirouen
n pyka IIP B ©CXOAHOM I1OJI0KEHUH

TO obecrnieunBaeTcs yclioBUE BKIIOUeHUs pyku [1P
(P4) (Xg & X; & Xi0& X4) => U,
(P5) ECJIM  3axsat IIP Bkitoden

" pYyKa MaHMITYJISATOPA B UCXOAHOM IOJIOKEHUH
" pabouast 3ona TC2 cBoOOIHA
n I'H oTkirouena

TO obecneunBaercs ycaoBHE BKIIOUEHHUS TOBOPOTA PYKU
P5) (-| X0 & X4 & Xg) => Us
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8 PeabHbIX NPOUIBOOCMBEHHBIX CUCTNEMAX

(P6) ECJIM pyka MaHUIYJISTOPA B UCXOIHOM IMOJIOKEHUU

n umeercs Jluct2 B padoueii 3one [11IM
n [ITIM BKJIIHOUYEH
" I'H oTkimouena

TO obecrieunBaeTcs ycaoBue BKiIoUeHus 3axpara [1P
(P6) X; & X3 & X3) => Ug
AnanorudHoM o0pa3oM (HOPMUPYIOTCS YIPABISIIONINE CHTHAIBI OTKIIOYCHHUS MEXAaTPOHHBIX

YCTPOMCTB.

Takum oOpasoM, wuaeHTH(UKanued 12-TM TeKymMX CcHTyauuid #u  (HOopMUpOBaAHHEM

YIPaBJISAIONMUX BO3JICHCTBUNA B IUKINYECKOM pexkume pyHkimonupyet ['TIM.

[Ipu ucneitanun u BHeapenuu ['TIC B peanbHbIX 00BbeKTax TpeOyeTcsi TakkKe YYHTHIBATH

¢dbyakunonupoanue ['TIM  o6mmmu padourmu 30Hamu B komruiekce ['TIC.

1.

2.
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XULASO
CiS-in IMITASIYA MODELLOSDIRILMOSININ NOTiCOLORININ
REAL ISTEHSALAT SISTEMLORINDO TOTBIQi
Ohmadov M.A., Ohmadova S.M.

Acar sozlar: imitasiya modellasdirilmasi, animasiya, CIS, produksiya qaydalari, Petri sabakalori
Mogalodo  ¢evik istehsal sisteminin imitasiya modellosdirilmosinin noticolorinin real istehsal

sistemlorindo hoyata kegirilmosino baxilir. CIS-in imitasiya modellosdirmo metodlar1 ilo real istehsal
soraitindo smaq vo totbiq morholosindon ovvol miiolliflor torofindon goriilon islor nozoro alinir:
sistemotexniki morholods imitasiya modellagdirmasindan istifadenin mogsedouygunlugu vo bunun iiciin
RAO-studiya program kompleksinin secilmosi asaslandirilmigdir; imitasiya eksperimentlorinin marhalolari,
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animasiya metodlarindan istifado edorok imitasiyanin noticolorinin vo zaman Petri sobokalorindon istifado
edorok dinamik proseslorin tosviri; imitasiya modellosmasinin kompiiter eksperimentlorinin xarici vo daxili
tasirlor nazors alinmadan ideal bir miithitds aparildig: gostorilir; produksiya qaydalarina asaslanaraq imitasiya
eksperimentlarinin naticolori vo tosirlor nozoro alinaraq CiS-in idare olunmast iiciin alqoritm toklif olunur.

SUMMARY
IMPLEMENTATION OF FPS SIMULATION RESULTS IN REAL
PRODUCTION SYSTEMS
Akhmedov M.A., Akhmedova S.M.

Keywords: simulation, animation, FPS, production rule, Petri nets

The issues of implementing the results of simulation of a flexible production system in real production
systems are considered. The work performed by the authors in the study of FPS by methods of simulation
modeling before the stage of testing and implementation in real production conditions is considered: the
expediency of using simulation modeling in research at the stage of system engineering design and the
choice for this software complex RAO-studio are substantiated; stages of simulation experiments,
reproduction of simulation results by animation methods and control of dynamic processes using a temporary
Petri net; it is shown that computer experiments of the simulation model are carried out in an ideal
environment, without taking into account external and internal disturbances; an algorithm for the control of
the FPS is proposed using the results of simulation experiments and taking into account disturbances, based
on production rules.

Daxilolma tarixi: [lkin variant 22.04.2021
Son variant 20.05.2021

57



Sumgqayit Dévlot Universiteti — “ELMI XOBORLOR”— Tobiot vo texniki elmlor bélmosi

Cild 21 Ne 4 2021

UOT 519.71 DOI 10.54758/16801245_2021_21 4 58

KADRLAR SOBOSI UCUN Z-9SASLI QORAR QOBULETMO
MOSOLOSININ HOLLI

CABBAROVA KONUL IMRAN quz1
Azarbaycan Dévlat Neft va Sanaye Universiteti, 1.f.d., dosent
konul.jabbarova@mail.ru

Acar sozlar: VIKOR indeksi, Z-adad, faydaliliq oliisii, toassiifliik olciisii

Coxmeyarli kriteriyali gorarlarin gobul edilmasi (BQXD) on vacib todqigat tisullarindandir
[1]. Kadr yenidonqurulmasi vo ixtisasli kadrlarin segilmosi istonilon togkilatin inkisafi {igiin
zoruridir. Lazimi vozifoys uygun insanin sec¢ilmosi kadr se¢cimi zamani qorarlarin qobul edilmosi
ticlin osas magamdir. Kadrlarin secilmasi prosesi ligiin MCDM-nin bazi lisullari istifads edilo bilor.
[1] isdo personalin se¢cim meyarlarini siralamaq tiglin PROMETHEE metoduna asaslanan model
hazirlanmigdir. Bu aspektdo PROMETHEE metodundan istifadonin mogsadi meyarlarin
ohomiyyeotini  qiymotlondirmok. [2]-do  kadr resurslarmmin  secilmosi metodologiyasinda
qiymatlondirma vasitalorinin, hom do se¢im meyarlarinin normallasdirilmali oldugu vurgulanir. Bu
maqsadls heyatin se¢imi prosesindo bas veron yiiksokqiymatli vaziyystlorin garsisini almagq {i¢iin an
uygun namizadlorin geyri-salis se¢imi toklif edilmigdir. [3]-do kadr se¢imi masalosine Entropy—
KEMIRA yanagmasi totbiq edilmisdi. Metod iic meyar qrupu {ligiin istifado olunur. Cokilor,
elementlorin sayin1 maksimuma catdirmaqdan ibarat olan optimallagdirma problemini hall etmoklo
hesablanir [3].

Coxmeyarli qorar gabuletms iisullart bir neco alternativlorin optimal se¢imi ¢ox miirokkob
ola bilon insan resurslarinin idars olunmasi tiglin ohomiyyatli dostok tomin edir [4]. Bu asason geyri-
solis mantigo asaslanan ¢goxmeyarli qorargobuletms tisullarina aiddir. Bu isullar insan resurslarinin
idaro edilmosindo {stiinliiklo istifado olunur. Qorarlarin gobul edilmosinin ¢oxkriteriyal
metodlarindan biri ciit miiqayisalordon olds edilon analitik iyerarxik prosesdir (AHP) [5]. [6] - da
geyri-solis AIP-TOPSIS metodunun kadr se¢imi moasalasina tatbiqi nazorden kegirilmisdir. Noticalor
gostorir ki, miixtolif bolgalorde bazi dayisikliklor yerli dayarlorin se¢im prosesing tosir gostora
bilocayini gostorir.

Real problemlor, adston, hom qeyri-daqiqlik, ham do informasiyanin qismon diizgiinliiyii ilo
xarakterizo olunur. Lakin bu ¢oxmeyarli qorar gobuletms tisullar1 {izro mdvcud islords nozoro
almmir. Buna goros professor L.Zadonin Z-adodlor nozoriyyosi toklif etdi. Bu moqalods Z-
informasiyaya osaslanan kadr se¢imi masalosino VIKOR modelinin tatbigina baxilir.

2. TORIFLOR

Torif 1. Diskret Z-adad [7-10]. Diskret Z-odod Z = (A B) -nizamlanmus ciitliikdiir. Burada A
X tosadiifi doyisoninin ala bilocoyl qiymotlora geyri-salis mohdudiyyat rolunu oynayan diskret
geyri-solis ododdir X IS A. B iso A-nin ehtimal &lgiisiine qeyri-solis mohdudiyyst rolunu oynayan

vo mansubiyyat funksiyast 4 :{b,...,0.}—>[0,1], {b,...,b,.} = [0,1] diskret geyri-solis adoddir:

P(A) = 3 14 4)P(x) is B. )
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Torif 2. Diskret Z-adadlar iizorinds riyazi amalliyyatlar [7-10]: Forz edok ki. X, and X, -nin
diskret Z-odadlorls tosvir olunan qiymoti Z, =(A,B)vo Z,=(A,B,)-dir. Z,=2,*Z,, *e{+,—,-,/}-
nin hesablanmasini nozardon kegirok. Birinci marhalodo A, — A * A, miioyyon olunur.

Ikinci morhalode B, -ni toyin edok Biz elo Z,vo Z, adadlorini aliriq ki, p, va p, “deqiq”ehtimal

paylanmalart molum deyildir.Miigayisodo geyri-solis mohdudiyystlorlo ifado olunan monsubiyyat
funksiyalar1 agagidaki kimidir:

1, (P = 1t (iuﬂ (%) pl(m] (P =, [iﬂ% (%) p2<x2k)j - 2)

Ehtimal paylanmalart p; (X, ),k=1..,n X, =X, + X, ehtimal geyri-miioyyonliyi yaradir.
Istonilon miimkiin p,, p,, ciitlilyii gotiirsok, p,,, = p, © P, konvolusiyasi asagidaki kimi toyin edilor:
Pros (X) = Z Py (%) Py (%), VX € X153 % € X, X, € X, (3)

Xy +Xp =X

P,,s -in qiymatini nazors alsaq, A, -ehtimal dl¢iisiiniin qiymati asagidaki kimi hesablanar:

P(AD) = Y. 4, O Py () @

Lakin p, vo p, geyri-solis konvolusiyalarini yaradan qeyri-salis mohduudiyyatlorlo tasvir
olunur:

Mo, (Pr) = MaX ey oo —popy MiN{us, (1), 44, ()} ®)

P,y -do informasiyanin geyri-solisliyi B,, diskret geyri-soalis ododi kimi P(A,) geyri-salisliyini
yaradir. Mansubiyyat funksiyasi x,_ asagidaki kimi hesablanir:

’uBlz (blZS) = Sup(/up1ZS ( plZs )) (6)
by, = Z Pizs (Xk);uAlz (%) (7)
k
Noticado Z,, =Z,*Z, Z,, =(A,,B},) kimi alinir.

Z-odadin skalyar ododo Vurulma51(z =4z, A€ R) Z =(AA, B)) kmi tayin edilir [10].

Torif 3. Z-adadlarin Qeyri-salis Pareto optimalliq (QSPO) prinsipi asasinda miiqayisasi
[11]. Qeyri-solis Pareto optimalliq (QSPO) prinsipi ¢oxmeyarli alternativlorin Pareto optimalliq
dorocasini miioyyan etmoys imkan verir. Biz bu prinsipi ¢goxmeyarli alternativlorin Z-ododlorinin
miiqayisasino totbiq edirik- bir meyar doyisonin giymotinin 6l¢iisii, o biri etibarliliq Sl¢iisii ilo
olagadardir. Iki z,=(A,B) Vo Z,=(A,B,) Z-odadlorin miiqayisasino osaslanan bu iisula uygun
olarag, do(z,) vo do(z,) Z=adadlorin optimalliginin {imumi doracasini gostorir. Bu daracalor
komponentlorin  istlinliiklorlo  birge qiymatlorina  osasoen hesablanir (0 —minimum, 1 -
maksimumdur), hansi ki, Z-adalordon biri 0 birindan tstiindiir. ©gar do(z,) > do(Z,)-S9, Z, Z,-don
ustlindiir.

Taorif 4 [13]. Z-adadlar arasinda masafy. zZ, =(A,B,)vo Z, = (A,,B,) arasindaki mosafo
asagidaki kimi toyin olunur:

oz |
m+14

1 n
D(Zmzz)=mk§,{
harada ki, a. =minA*, a¥ =max A“, b, =minB“, b} = maxB“.
MOSOLONIN QOYULUSU VO HOLLI.
Z- informasiya osaslanan ¢goxmeyarli gorar gobuletma masalasini nozardon kegirak. Forz eadk
ki, kimya firmasi1 yeni onlayn menecer iso gotiirmays ¢ahsir [13]. Firmanin kadr sobosi, fayda
giymotlondirmo meyarlart kimi bir neco miivafiq segmo test toklif edir. Bu tapsiriqda Subyektiv

59

+

by, —bs,,

+

bi;, —bs,,

L L R R
By~ Qog | T | g, g,



Cadval .

Subyektiv
meyarlar

Bacariq testlori

Z-giymatli gorar matrisi

meyarlar
Bilik testori

Kadrlar sobasi tigiin Z-asasli qarar gabuletma masalasinin halli
Obyektiv

tohliikasizlik daxildir. Bacariq testlori pesokar vo kompiiter bacariglarindan ibarstdir. Miisahibalor
panel vo tokbatok miisahibolor daxildir [13]. Siyahida 5 ixtisasli namizad var. Subyektiv vo

obyektiv meyarlar (burada yalniz komiyyat malumatlari) cadvalds verilmisdir. Cadval 1 va Cadval
2-do Z-odadlorlo f;; =(A;,B;) tesvir olunan subyektiv vo obyektiv meyarlar verlmisdir. Hod bir

(miisahiba) va obyektiv (bilik, bacariq testlori) meyarlar var. Bilik testlorino dil, professionalliq vo
subyektiv va obyektiv meyarlarin ¢okilori Codval 3-da gostarilib.
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Cadval 2.
Meyarlain vaciblik ¢akilori
No Meyarlar Cokilar
G Dil testi 0.066
C, Professionalliq testi 0.196
C, Tohlikosizlik testi 0.066
C, Professional bacariglar 0.130
Cs Kompiiter bacariqlar 0.130
Cs Panel musahibo 0.216
C, Tokbatok miisahiba 0.196

Z-informasiyaya osaslanan VIKOR iisulunun algoritmindon istifade edorok qarsiya qoyulmus
mosaloni hall edok. Birinci addmda hor bir meyar iiciin on yaxs1 vo on pis noqtolori
miioyyaonlogdiririk. f7=(0.98 099 1)(0.8 09 1) , f =(0 0.01 002)(08 09 1) (daha etibarh

noqtalar istifade olunur).
Ikinci addimda har bir alternativ iigiin R, = (A, ,By) toassiifliik 6lgiisii miioyyon olunur:

R:max[w.M} i=1..n. 4
i j ( fj+ _ fj—) c

(4)-do istifads olunan biitiin riyazi amaliyyatlar Torif 2-don istifado etmoklo hoyata kegirilir.
R =(A,,Bg)-nibiitiin f,i=1,..,n liciin hesalayaraq, asagidaki naticolori alariq:

R, = (0.104 0.116 0.129)(0.48 0.65 0.88);

R, =(0.110 0.122 0.135)(0.47 0.65 0.88);

R, =(0.08 0.09 0.106)(0.47 0.640.89);

R, =(0.121 0.134 0.149)(0.420.57 0.78);

R, =(0.106 0.118 0.131)(0.47 0.64 0.87);

Ugiincii addimda, S, = (A, ,B; ) faydaliliq 6lgiisiiniin qiymatlonini hesablayiriq:

n fij+ - fij+ .
S, =jzl:[wj ﬁ] i=1..n (5)

ij
Alinmis natico asagidaki kimidir:
S, - 0.50.550.625)(0.410.57 0.78);

S, =(0.52 0.57 0.654)(0.42 0.57 0.78);

S;=(0.430.50.573)(0.42 0.58 0.78).

S, = (0.50.57 0.632)(0.42 0.57 0.79).

S, =(0.49 0.58 0.633)(0.410.57 0.77).

Dérdiincii addimda, biitiin alternativlor ti¢iin Q = (A, ,B,) VIKOR indeksini hesablamaliyiq:
eSS gy &R (6)

(§"-S) (R"-R")
Torif 3-0 osason Z-adadlorin QSPO prinsiping osaslanan miigayiso iisulundan istifas etmoklo
S™, S*,R, R*tapilir:
S” =miinSi;S+ =miaxSi;R‘ =miin R;R" =miaxRi .

1-v)

S™, S*,R",R* -nin hesablanmis qiymatlori agagidaki kimidir:
R*=(0.110 0.122 0.135)(0.47 065 0.88) ,
R™=(0.08 0.09 0.106)(0.47 0.64 0.89)
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Kadrlar sobasi iigiin Z-asasli garar gabuletma masalasinin halli

\6)

S*=(052 057 0.654)(0.42 057 0.78) ,

ST =(043 05 0573)(0.42 058 0.78) .

VIKOR indeksinin hesablanmis qiymotlori asagidaki kimidir: g =(-48 035 103)(008 02 0.45);

Q, =(-55 05 118)(0.17 024 0.46);

Qy=(-7.35 0 7.35(016 028 052).

Q =(-495 05 106)(008 0.19 0.44)

Qg =(-495 057 106)(007 019 0.44).

Besinci addimda, Torif 3-0 asason R,S,Q Olgiilorini qiymotlori miiqayiso olunur vo uygun
oOl¢iilorin ardicil diiziilmiis qiymatlori Codval 3-do gostarilib.

Cadval 3.

R,S,Q dlgiilorinin nizamlanmis giymatlori
Q
f, f
f

ol 2
w

3

—

il
—

-

5

4 fl

o

— | = | —
~

— | = | =
o

)

=~

f
) f

)

Altinci addimda, VIKOR algoritming asasen C1 vo C2 sartlori yoxlanilir [14]. For brevity, we
don’t describe them here (they are described in details in [14]). C1 ¢orti ddenilir. indiQ, vo Q,nin

qiymotlori arasinda forqi tapiriq. Bunun tglin Torif 4-don istifado etmoklo D(Q,Q,) mosafasini
tapiriq. Alinan natico D(Q',Q%) =5.96 > % =0.25 olur. Bu onu gostarir ki, f, kompromis holldir.

Natica. Bu isdo biz kompromislorin miigayisasi (VIKOR) iisulunu insan resurslarmin idaro
olunmasi masalasing tatbiq edirik. Altenativlorin biitiin doyari Z-odadlorlo tasvir olunur. Faydaliliq,
toossiif dlgiilori vo VIKOR indeksinin hesablanmis Z-odadli giymotlori Pareto optimalligi qeyri-
solis prinsipi ilo siralanir. Nohayat, VIKOR metodunun iki sortlorini yoxlanilir. Alman naticalor bu
yanagmanin effektivliyini gostorir.

ODOBIYYAT

1. Afshari, A.R., Anisseh, M, Shahraki, M.R., Hooshyar, S. PROMETHEE use in Personnel
selection .In: Proceedings of the International Conference on Ict Management For Global
Competitiveness and Economic Growth in Emerging Economies -ICTM, (2016).

2. Timar, D.R., Balas, V.E. Decision making in Human resources selection methodology. In: 2nd
International Workshop on Soft Computing Applications, pp. 123-127. IEEE Xplore, (2007).
DOI: 10.1109/SOFA.2007.4318316.

3. Krylovas, A., Dadelo S., Kosareva N., Zavadskas E.K. Entropy—KEMIRA Approach for MCDM
Problem Solution in Human Resources Selection Task. Int. J. Inf. Tech. Decis. 16(05), 1183-
1209 (2017). doi.org/10.1142/S0219622017500274.

4. D'Urso, M. G., Masi D. Multi-criteria decision-making methods and their applications for
human resources. Int. arch. photogramm. remote sens. spat. inf. sci. VI, 31-37 (2015).

5. Afshari A.R., Nikoli¢ M., Akbari Z. Personnel selection using group fuzzy AHP and SAW
methods. Journal of Engineering Management and Competitiveness. 7(1):3-10
(2017).d0i:10.5937/jemc1701003A.

62


https://www.researchgate.net/profile/Ali_Afshari
https://publons.com/journal/98945/proceedings-of-the-international-conference-on-ict/
https://publons.com/journal/98945/proceedings-of-the-international-conference-on-ict/
https://www.worldscientific.com/doi/abs/10.1142/S0219622017500274
https://doi.org/10.1142/S0219622017500274
https://www.researchgate.net/profile/M_Durso
https://www.researchgate.net/profile/Daniele_Masi
https://doaj.org/toc/2334-9638
https://doi.org/10.5937/jemc1701003A

Cabbarova K.I.

6. Kusumawardani, R.P., Agintiara, M. Application of Fuzzy AHP-TOPSIS Method for Decision
Making in Human Resource Manager Selection Process. Procedia Comput. Sci. 72, 638 — 646
(2015).

7. Aliev, R.A., Alizadeh, A.V., Huseynov O.H.: The arithmetic of discrete Z-numbers. Information
Sciences 290, 134-155 (2015).

8. Aliev, R.A, Alizadeh, A.V., Huseynov, O.H.. Jabbarova KI. Z-number based Linear
Programming. International Journal of Intelligent Systems 30(5), 563-589 (2015).

9. Aliev, R.A., Huseynov, O.H.: Decision theory with imperfect information. Singapour: World
Scientific (2014).

10. Aliev, R.A., Huseynov, O.H., Aliyev R.R., Alizadeh, A.V. The Arithmetic of Z-numbers.

Theory and Applications. Singapore: World Scientific (2015).

11. Aliev, R.A.; Huseynov, O.H.; Serdaroglu, R. Ranking of Z-Numbers and Its Application in
Decision Making. International Journal of Information Technology & Decision Making, Vol.
15, Issue 6, pp. 1503-1519 (2016).

12. Aliev, R. A.; Pedrycz, W.; Huseynov, O.H.; Eyupoglu, S.Z.. Approximate Reasoning
on a Basis of Z-Number-Valued If-Then Rules. EEE Transactions on Fuzzy Systems,
Vol.25, Issue: 6, 1589 — 1600 (2017).

13. Shih, H.-Sh., Shyur, H.-J., Lee, S.E. An extension of TOPSIS for group decision making. Math.
Comput. Model. 4, 801-813 (2007).

14. Chatterjeea, P., Chakraborty S.: Comparative analysis of VIKOR method and its variants.
Decision Science Letters 5(4), 469-486 (2016).

PE3IOME
PEIIEHUE ITPOBJIEMbBI IPUHATHA Z-OBOCHOBAHHBIX PEIIIEHAM
JJIs1 OTAEJIA KAJIPOB
JDicaboaposa K. H.

Knroueswie cnosa: MCDM, unoexc VIKOR, Z-yucno, mepa coxcanenus, mepa nonesHocmu

OrneHka ¥ Moa00p MepcoHalia — 3TO JCHCTBUTEIBLHO HEOOXOIAMMBIN BHJ JEATSIILHOCTH IS JIH0OOM
KoMmaHuu. HekoTopbie mpo01eMpl XapaKTepU3yIOTCsl KaK HEYETKOCThIO, TaK M YaCTUYHOU JTOCTOBEPHOCTHIO
nH(pOpMAIHH.

B nanHoO# paboTe MBI MPUMEHSEM OJMH M3 YacTO MCMONb3yeMbix MeTogoB VIKOR st Takoro tuma
3ana4y. Bce 3HaueHUs anbTepHATUB OMMUCHIBAIOTCS Z-4UCIaMH, MPOBEPstoTcs ABa ycaoBus Meroaa VICOR.
[lomy4ueHHBIE Pe3yNbTATH CBUIAETEIHCTBYIOT 00 3(hEKTUBHOCTH TAKOTO MOIXOIA.

SUMMARY
SOLVING THE PROBLEM OF MAKING Z-INFORMED DECISIONS FOR THE HR
DEPARTMENT
Jabbarova K.I.

Key words: MCDM, VIKOR index, Z-number, regret measure, utility measure

Personnel assessment and selection is a really essential activity for the any company. Both fuzziness
and partial reliability of information are characterized some of problems.

In this paper, we use one of the commonly used VIKOR methods for this type of task. All values of
alternatives are described by Z-numbers, two conditions of the VICOR method are checked. The results
obtained indicate the effectiveness of this approach.

Daxilolma tarixi: [lkin variant 08.05.2021
Son variant 05.06.2021
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Introduction. One of the main areas of practical application of fuzzy inference systems is the
solution of control problems for various objects and processes. In this case, the construction of a
fuzzy model is based on a formal representation of the characteristics of the system under study in
terms of linguistic variables. Since, in addition to the control algorithm, the main concepts of
control systems are input and output variables, they are considered as linguistic variables when
forming the rule base in fuzzy inference systems. In the general case, the purpose of control is to
determine the values of control variables based on the analysis of the current state of the control
object, the implementation of which makes it possible to provide the desired behavior or state of the
control object. At present, to solve the corresponding problems, the general control theory is used,
within the framework of which various algorithms have been developed for finding the optimal
control laws for objects of different physical nature.

The fuzzy control model is based on replacing the classical control system with a fuzzy
control system, which is used as a fuzzy inference system. In this case, the fuzzy control model is
built taking into account the need to implement all stages of fuzzy inference, and the inference
process itself is implemented on the basis of fuzzy inference algorithms. In the presented work, a
decision-making model has been developed for blowing the channel of aluminum evaporators.

Establishing a rule base for the control and regulation of channel formation in aluminum
evaporators. The module for the formation of a channel for aluminum evaporators includes:
hydraulic press GP-200; industrial robot (PR); bell opening device; storage for defective
evaporators. The module works as follows: if there is an evaporator blank on the table of the lifting-
positioning device, the PR grabs the evaporator blank and moves the bell opening device to the
table; the latter turns on and at the end of the technological operation, the PR moves the evaporator
blank to the position of the hydraulic press; after installing the blank of the evaporator on the die die
of the hydraulic press, the PR returns to its original position; then the punch of the hydraulic press
and the syringe is turned on; while the syringe moves to the bell of the evaporator; at the end of
these operations, the water pump is turned on and the evaporator channel is inflated under pressure;
on a signal from a contact pressure gauge, when the set pressure is reached, the water pump, the
syringe and the actuator of the die punch are sequentially turned off; when the punch reaches its
initial state, the PR arm moves to the blowing position of the hydraulic press, grabs the evaporator
and moves the latter to the position of the finished products; then the cycle is repeated similarly to
the above.

The rule base of fuzzy inference systems is intended for the formal presentation of empirical
knowledge or the knowledge of experts in various problem areas. Fuzzy inference systems use the
rules of fuzzy productions, in which conditions and conclusions are formulated in terms of fuzzy
linguistic statements of the following form [1]:

RULE «#»: IF 4, IS a, AND A4, IS o, AND...AND 4, IS «
64

TO 4, IS «,;
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here - the names of linguistic variables, - their values, which correspond to individual linguistic
terms from the base term-set of individual linguistic variables.

Input and output linguistic variables are considered given if basic term-sets with the
corresponding membership functions of each term are defined for them [2]. In this case, trapezoidal
membership functions are used as membership functions of terms. To form the rule base of fuzzy
production systems, input and output linguistic variables are defined. The following should be
formally used as an input linguistic variable [3]: "evaporator water pressure"; "hydropress pressure
efforts"”.

Formally, the “water pump valve” should be used as the output linguistic variable.

The base of fuzzy products for the control and regulation of channel formation in aluminum
evaporators consists of the following rules:

Rule 1: IF the water pressure in the evaporator channel is large negative AND the pressure of
the hydraulic press is large, THEN turn the valve of the hydraulic press water pump
at a large angle to the right;

Rule 2: IF the water pressure in the evaporator channel is negative average AND the
hydraulic press pressure is negative average, THEN turn the valve of the hydraulic
press water pump valve a small angle to the right;

Rule 3: IF the water pressure in the evaporator duct is negative small AND the pressure of the
hydraulic press is negative small, THEN turn the valve of the water pump of the
hydraulic press at a small angle to the right;

Rule 4: IF the water pressure in the evaporator channel is negative, close to normal AND the
pressure force of the hydraulic press is negative, close to normal, THEN leave the
valve of the hydraulic pump water pump unchanged,

Rule 5: IF the water pressure in the evaporator channel is normal, close to normal AND the
pressure force of the hydraulic press is normal, close to normal, THEN leave the
valve of the hydraulic pump water pump unchanged;

Rule 6: IF the water pressure in the evaporator channel is positive, close to normal AND the
pressure of the hydraulic press is positive, close to normal, THEN leave the valve
of the hydraulic pump water pump unchanged,

Rule 7: IF the water pressure in the evaporator channel is positive small AND the pressure of
the hydraulic press is positive small, THEN turn the valve of the water pump of the
hydraulic press at a small angle to the left;

Rule 8: IF the water pressure in the evaporator channel is positive average AND the hydraulic
press pressure is positive average, THEN turn the valve of the hydraulic press water
pump valve a small angle to the left;

Rule 9: IF the water pressure in the evaporator channel is positive large AND the hydraulic
press positive pressure is large, THEN turn the valve of the hydraulic press water
pump at a large angle to the left.

To fuzzify the input variables "evaporator water pressure”, "hydraulic press pressure”, a

trapezoidal membership function is used, which is given by the following expressions [4]:

0,if x<a;

X;a,if a<x<b;

b-a
f(x,a,b,c,d) =<1, if b<x<c;

9-X 4 cox<d:

d-c

0,if d <x
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where a,b,c,d - some arbitrary real numbers satisfying the condition a <b <c <d.We will use

the following sets as the term-set of all input linguistic variables:
T = (negative large; negative mean; negative small; negative, close to normal; normal, close
to normal; positive, close to normal; positive small; positive mean; positive large).
As a term-set of output linguistic variables, we will use the set
T1 = (large angle to the right; small angle to the right; no change; small angle to the left; large

angle to the left).

Fuzzifications of input and output linguistic variables are presented in tables 1-3.

Table 1.
The result of fuzzification of the input linguistic variable "evaporator water pressure”
Term name a b c d X J769)
Negative small 10.000 15.000 20.000 25.000 10.550 0.110
Negative mean 10.000 15.000 20.000 25.000 11.000 0.200
Negative large 10.000 15.000 20.000 25.000 12.000 0.400
Negative, close to 10.000 15.000 20.000 25.000 14.000 0.800
normal
Normal, close to 10.000 15.000 20.000 25.000 17.000 1.000
normal
Positive, close to 10.000 15.000 20.000 25.000 21.000 0.800
normal
Positive small 10.000 15.000 20.000 25.000 23.000 0.400
Positive mean 10.000 15.000 20.000 25.000 24.000 0.200
Positive big 10.000 15.000 20.000 25.000 24.500 0.090
Table 2.
The result of fuzzification of the input linguistic variable
Term name a b c d X LX)
Negative small 1.000 2.000 7.000 8.000 1.125 0.125
Negative mean 1.000 2.000 7.000 8.000 1.355 0.355
Negative large 1.000 2.000 7.000 8.000 1.595 0.595
Negative, close to 1.000 2.000 7.000 8.000 1.825 0.825
normal
Normal, close to 1.000 2.000 7.000 8.000 3.695 1.000
normal
Positive, close to 1.000 2.000 7.000 8.000 7.125 0.875
normal
Positive small 1.000 2.000 7.000 8.000 7.525 0.475
Positive mean 1.000 2.000 7.000 8.000 7.735 0.265
Positive big 1.000 2.000 7.000 8.000 7.925 0.075
Table 3.
The result of fuzzification of the input linguistic variable
Term name a b C d X LX)
1 2 3 4 5 6 7
Large angle to 0.510 0.650 0.900 1.000 0.525 0.107
the right
Large angle to 0.510 0.650 0.900 1.000 0.545 0.250
the right
Small angle to 0.510 0.650 0.900 1.000 0.565 0.393
the right
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1 2 3 4 5 6 7

Small angle to 0.510 0.650 0.900 1.000 0.595 0.607
the right

Without 0.510 0.650 0.900 1.000 0.755 1.000
change

Small angle to 0.510 0.650 0.900 1.000 0.925 0.750
the left

Small angle to 0.510 0.650 0.900 1.000 0.945 0.550
the left

Large angle to 0.510 0.650 0.900 1.000 0.965 0.350
the left

Large angle to 0.510 0.650 0.900 1.000 0.985 0.150
the left

Conclusion. A fuzzification procedure for all subconditions of input linguistic variables has
been implemented. The degrees of truthfulness of conditions in the rules of fuzzy production are
determined. The activation procedure was carried out and the values of the degrees of truth of the
subconclusions for each rule were found. The value of the membership function of linguistic
variables is calculated. As a result of defuzzification, the quantitative values of the output variables
were determined.
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XULASO
BUXARLANDIRICIDA KANALACMA PROSESINO NOZAROT UCUN
QEYRI SOLIS NOTiCO CIXARMA MEXANIZMi
Atayev Q.N.

Acgar sozlar: produksiyalar qaydasi, mansubluq funksiyasi, kanalagma prosesi.

Mogaloado buxarlandiricilarin aliiminium istehsalinda kanalagma prosesinin idarsolunmasinin
qorar qabuletmo modeli islonmigdir. Qeyri-salis produksiyalar sistemino osaslanan qaydalar bazasi
yaradilmigdir. Qaydalar bazasinin giris vo ¢ixis lingvistik doyisonlorinin monsubluq funksiyasi
trapesiya sokilli geyri-salis interval soklinds secilmigdir. Produksiyalar qaydasina daxil olan giris vo
¢ixis lingvistik doyisonlorinin fazzifikasiyasi reallasdirilmisdir. Moantiqi natico ¢ixarmaq tglin
Mandani alqoritmi totbiq edilmisdir. Giris linqvistik doyisenlorinin  aktivizasiyasi va
akkumuliyasiyas1 proseduralar1 reallasdirilaraq, ¢ixis linqvistik doyisoninin komiyyat gostaricilori
tapilmisdir.
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SUMMARY
MEXAHU3M HEYETKOI'O BBIBOJA 1JIsI KOHTPOJISA OIIEPALIMA PA3YBKHU
KAHAJIA UCITAPUTEJIS
Amaee I'.H.

Knwoueswvie cnosa: npooykyuonnvie npasuna, GyHKyus RPUHAOIENCHOCMU, pA30YEKA KaAHAA.

B craTtpe onmncaHa MoJ€eb NPUHATHS PELICHUM 110 YIIPABJICHUIO U1 KOHTPOJISL IPOLIECCOM B
pa3qyBKe KaHajla aJlOMUHUEBBIX ucnapurenceid. ba3a mpaBun co3naHa Ha OCHOBE CHCTEMBI
HEYETKUX NpoAyKUMuid. DyHKIUS NPUHAIUIEKHOCTH BXOJHBIX U BBIXOJIHBIX MEPEMEHHBIX 0a3bl
npaBua  Obula BbeIOpaHa B BHJIE TpaleLUEBUAHOTO HEYeTKoro uHTepBasia. IlpousBenena
¢daz3udukanuss BXOAHBIX U BBIXOJHBIX JIMHIBHCTUYECKUX IEPEMEHHBIX, BKJIIOUEHHBIX B 0azy
IPONYKIMOHHBIX MpaBui. JUIA  JIOTMYECKOTO BBIBOAA IPUMEHEH alroputM MaHzaaHu.
KonnyecTBeHHBIE TIOKA3aTeNN BBIXOJHOW JMHTBUCTHUYECKOW MEPEMEHHON ObUIM HaieHBl MyTeM
BBITIOJHEHUS NTPOLIEyp aKTUBALUU U aKKYMYJISIUU BXOJHBIX JTMHIBUCTUYECKUX NIEPEMEHHBIX.

Daxilolma tarixi: [lkin variant 15.09.2021
Son variant 24.11.2021
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JNHAMHNYECKHUX UHTEJIVIEKTYAJIBHBIX CUCTEM

T'YCEHH3AJIE ITAXJIA CYPXAM robi3el

Cymeaumckuil 20cy0apCmeeHHblll YHUsepcumen, 00YeHm
shahla.huseynzade@gmail.com

Knrwouesvle cnosa: ounamuueckue cucmembsl, Heuenmkue COCMmOAHUA, uCKyCCWl@eHHblZZ uHmeIjieKnt,
YHUB€EPCYMbl HeYemKux napamwempoae, JIUHZe8UCMUYEeCKUe napamempbul,
npodykuuonnble npaeuia.

Ilpeonooicen nodxo0 Kk mamemamuyeckou opmanuzayuu NpeocmasieHus OUHAMUYECKUX
UHMENIeKMYANbHbIX — CUCTEM, YHUMbIBAIOWUX COBPEMEHHOE COCMOSHUE GHEOPEHUsl UCKYCCMBEHHO20
UHMENLIeKMA 8 OUHAMUYECKUE CUCTEMDbL, C YETbl0 YCIMPAHEHUs UMEIOUe20 CYUeCmEeHHO20 PA3IUYUsL MENCOY
PEANbHLIMU U MAMEMAMUYECKU NPeOCMAaBIeHHLIMU 1A00PAMOPHbIMU 00bEKMAMU.

BBenenne. 3akons! ¢yHkiuonupoanus J{C OMUCHIBAIOTCS B OCHOBHOM Kau€CTBEHHBIMU,
COBMECTHO C HUMM U KOJIMYECTBEHHBIMU IIapaMeTpaMH, KOTOPbIE U3-3a CJIO0KHOCTH OTPaHUYUBAIOT
M OYEHb YacTO HE pa3pelmaroT MNPUMEHEHHE TPAJAULMOHHBIX aHAJIMTHYECKUX METOJ/IOB
IIPEJICTABICHUSI, HO IO3BOJISIOT 33JaBaThCsl MOCPEICTBOM IMPOAYKLIHMOHHBIX MU 3MIHUPHUYECKUX
MpaBUJl C MPUMEHEHUEM JIMHIBUCTUYECKHX IapaMeTpoB. B CBsI3M ¢ 3TUM €O BpeMEHEM
KJIACCUYECKHE CTPOrME€ MaTeMaTHMYeCKHE METOJbl TEPAIOT aKTYaJbHOCTb, TAaK KAaK CTAHOBSTCS
HeaJieKBaTHBIMU ©  HedpexTuBHbIMH  crocobamu  monenupoBanus JAC. OpgHum  u3
MPEMSITCTBYIOUINX MPUMEHEHUIO COBPEMEHHBIX MPUIIOKEHUN UHTEIUIEKTYaIbHOTO MOJEIUPOBAHUS
cnoxkHbeIXx JIC B mpoOieMHBIX 00JacTsX, SBIAIOTCA MpoOJieMbl (POPMaTIbHOIO MaTeMaTHYECKOTO
MpeICTaBiIeHUsT cpelbl (QYHKIMOHMPOBAHUS W PA3IUYHBIX €ro COCTOSHUH M JEHCTBUIA,
MPOUCIIEANINX MEXKAY HUMHU MPHU pa3pabOTKe CUCTEMBI.

B HauanbHOE BpeMsl CBOEro CYIIECTBOBAaHHUS HWHTEIJIEKTyaJbHbIE CHCTEMbl OBLIH, B
OCHOBHOM  JMHAMHYECKMMH U  OTHOCWIMCh K  aBTOMaTU4eCKOMY  IPOEKTHPOBAHHIO
(YHKIIMOHUPOBAHMSI TEXHUYECKUX CUCTEM. ODTH pabOThl MOJOKWIM HAdyajlo HCCIEIOBAHUIM IIO
JUC u craBuiaM HeKOTopble (yHIAMEHTAIbHbIE BBIBOJBI: CO3JaHME TEXHUYECKHX CHCTEM,
YMEIOIIMX HPHUHSTH IOJIE3HbIE PELICHUS] M BBINOJHATH IMPU 3TOM COOTBETCTBYIOIIWE JEUCTBUS
BO3MOXXHO TOJIBKO C Pa3BUTBIMH CHUCTEMAaMH aBTOMATUYECKOIO HMHTEUIEKTYAJIbHOTO YIIPABIICHUS.
Nwmerotcst cnenyronue ocHoBHble Tumbl JIUC [1]: — nuHamudeckue SKCHEPTHBIE CUCTEMBI, —
MHOT'OareHTHBIE CHCTEMBI; — PACIpPEEICHHbIE MHTEIIEKTyanbHble cucteMbl; — UCY; — cucremsl
noaaepxkkor npuHatus pemennit. Kaxapiii u3 tunos JIMC umeroT cBou 001acTH MPUMEHEHUS U
OTJIIMYUTENbHBIE TPU3HAKU. [IpolieccaMmn 0co00 HYXJAIOMIKUMCS B HHTEIUIEKTYaJlbHOM YIPaBICHUU
SIBJIIIOTCSI BBITIOJTHEHUS] — TIEPEMEIIEHUsSI TPEAMETOB, paCIpeeICHUE PECYPCOB, TPAHCIIOPTUPOBKH
Ipy30B, OOEBBIE OIEPALIUH, IEPEBO3KH MACCAKHUPOB, MOJIETOB B AAJbHUE PACCTOSHUS, OOHAPYKEHUS
HeXKeNaTebHbIX BTOp)KeHUM M Jp. COBpeMEHHBbIE BBICOKHE TEXHOJOTHHU CO3/al0T OCHOBBI JJISt
TEOPETUYECKUX MCCIEAOBAHUN IO BOMNpPOCAM YIMPABIEHUS TEXHOJOTMYECKMMM IIpOLecCaMHM Ha
HOBbIX npuHIUnax [2] UCY HeoOXoauMBbl MPU BHITIOJHEHUH PabOT OMACHBIX JJIA YEJIOBEKa, KaK B
riyOMHe CKBaXMH W MHOTHX JPYTUX JeWCTBUI B B HeolpeneleHHbIX cpenax [3]. B Hacrosiee
BpeMs MPAKTUYECKU HET CUCTEM YIIPaBIIEHUs, TJI€ BEPXHUI YPOBEHb YIpaBJICHUs MPEACTABISAETCS
cnoxknoit JIMC. Takast cucrema Ooyiee HaJeXHa, HO CIOXHA JUIsI MOAETUPOBAHUSA, T.K. COIACPKUT
MHTEJJIEKTyaJIbHbIE aITOPUTMBI ypaBieHus [4].
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Jns  ynpaBieHHs JAWHAMHYECKUMH IpoleccaMu TpeOyeTcss TeXHOJIOTHs, CrnocoOHas
CIPaBUTHCA C MX BO3pPACTAIOUICH CIIOXHOCTHIO. MammHHoe o0ydeHue, 00paboTka ecTeCTBEHHOTO
S3bIKa U POOOTOTEXHHKA — BCE ATO MOTCHIHAIbHBIE WHCTPYMEHTH Tpanchopmammu JC [5].
[IporHo3upyromee u TUOKOE MOAECTUPOBAHUE IMPU NPEKTHUPOBAHUM SBJISETCS BKIAIOM IS
YCIEHMIHBIX ~ pa3pabOTOK B NPOMBIIUICHHBIX — obnactax.  HeoOxomumbl  cTaOWIIBHBIE,
MHTEJUJICKTYaTU3UPOBAHHBIE U BHICOKOABTOMATU3UPOBAHHbBIE paboune MpOIecChl, TOIXOIAIINE s
pabotbl co cnoxubiMu cuctemMamu [6]. Ilpu uccnenoBanum QyHKIMOHUpPOBaHMS CIOXHBIX J[C
(TEXHUYECKHUX, YKOHOMUYECKUX, OPraHU3alMOHHbBIX, TEXHOJOTHYECKHX, COLIUAIbHBIX, XUMUYECKHX,
HKOJIOTUYECKUX H JIp.) ¥ pa3paboTKe CUCTEM YIPAaBICHHUS TaKUX CHCTEM, HEOOXOIMMO IPUMEHEHNE
MOJX0/10B U MeTOA0B Teopuu NU.

C uenplo oLEHUBaHUS NMOTEHLMAIbHBIX npenMyiectB BHenpenus MU B JIC, onpenenen
HeOOJIbIION 00BEM HAYUHBIX TPY/IOB, MOCBAIIEHHBIX ’TOMY HAMPABJICHUIO M aHAJIM3a [IPOBEICHHBIX
paboT OmpeaeNnuiI: 4To UCCIeIOBATEIH C/IENadl Ha JAaHHBIM MOMEHT B OTHOIIECHUH IPEACTABICHUS
u moaenupoBanus [IUC u yto TpeOyet nanpHeiiero usydeHus. PaccMoTpensl omyoInKoBaHHbIE B
MOCJICHUE TOJbl HCCIENOBATENbCKUE pPA0OTHI M IpEACTaBiIeHa KJAacCU(UKALMS HayYHBIX
MaTepHualoB MO TPEM KPUTHUYECKUM CTPYKTYPHBIM ITapaMeTpaMm: YPOBEHb aHAIIUTUKH, aITOPUTMbI U
METO/]Ibl UCKYCCTBEHHOT'O UHTEJIEKTa, CEKTOP U OTPACIb IPUMEHEHUS.

OCHOBHBIM 3aKJIIOUEHHEM MPOBEIEHHBIX uccinenoBanuii B odnactu [AUC saBnsercs To, 4TO
cioxxHoe mnoseneHue JIC eme Janekd OT NOCTPOEHHBIX MPOTOTHIIOB, HCIIOJIB3YyEMBIX B
KOMITBIOTEPHBIX J1a0opaTopusix. CylecCTBEHHOE pa3Iu4ue HMMEETCs MeXAy JeHCTBUEM U
BOCIIPUATHEM, MEXAY PpACCYKICHUSIMH W MaTeMaTHYECKHUMH ONEpalusMU, MEXIY 3aMETHO
MPHUCYTCTBYIOIIMMHU JACHCTBUTEIBHBIMUA U J1a0opaTopHbIMU NoBeAeHUsMU. JIC ¢ moAKpernyieHueM
WU npoxoauT yepe3 BOCHPUATHE, PACCYKICHUE U AEUCTBUA U, TaKuM obpa3om, IV C 3aBTpamiHero
nHs Oymer roroBa uH(opmupoBaTh 0 moBeaeHudn OY HE TONBKO Ha OCHOBE aHaju3a
IE€HEPUPOBAHHBIX JAHHBIX M MOJIEIMPOBAHUS, HO U HAa OCHOBE 3KCIEPHUMEHTAIbHOIO Iu3aiiHa
MbllUIeHUs. MHTemnekTyanbHas TeopeTHudecKass OCHOBA IOJAYEPKUBACT AKTUBHOE BOCHPUSTHE,
JMHAMHYECKOE IJIaHUPOBAHUE U HCIOJIb30BAHUE CTPYKTYPHBIX 3aKOHOMEPHOCTEW KaK KIHOYEBBIX
omnepauuii s pa3yMHOTO NOBEACHUS B HEONPEAENICHHBIX, U3MEHSIOMMXCSI BO BPEMEHH Cpefax.
Takoil myaH 3ajad MO3BOJIET M3Yy4aTh IMOKHE M 0000IIaeMble, HO KOHTPOJIUPYEMBIE MOJEIU
MOBEJICHHUS M, B CBOIO OYepe/ib, OHU MO3BOJISIOT HMCIOJIb30BATh CTOJIBI MHTEIEKTa — THOKOCTD,
npeAcKa3aHue u 00001IeHne CBOUCTB [7].

JIC — ynoBnerBopsitoT npuHUMaeMoMy onpenenennto J[C, oqHOBpeMEHHO, UX AMHAMHUKA
ONHUCHIBAETCSl NPOAYKUMOHHBIMU mpaBuiamu MC, a cocTosiHUS ONUCHIBAIOTCS BPEMEHHBIMHU
napamMeTpamH, 3aBUCSIIUMUCS OT NEPEMEHHBIX KOJUYECTBEHHOTO (OTHOCHUTEIIBHO BPEMEHH) U
Ka4eCTBEHHOTO (OTHOCUTEJILHO JIOTUYECKUX COOTHOIICHUH ) XapaKkTepa.

VYuuTteiBas BhIIIECKA3aHHBIE, OCHOBHBIE acmekThl 0 BHeApenuu MU B JIC, dopmansao JJUC
MO>KHO MPEICTaBUTh HAOOPOM:

DIS = {I\/IT, SSUl,VIl,Iv UO,vOI ,0V,STF ,OD} ,
rie:
e MT (moments in time) — MHOKECTBO MOMEHTOB (MHTEPBAII OIPEICIICHHUS ) BPEMEHH;

e SS (set of states) — MHOXECTBO HEYETKHX COCTOSHUIA,
e Ul (universes of input parameters) — yHuBepcyMbI BXOHBIX TTAPaMETPOB;

e VII (values of input impacts) — MHO’KECTBO HEUETKUX 3HAYCHUN BXOHBIX BO3JCHCTBHIA;

e 1V (input values) — HermycTO€ MHOKECTBO JOMYCTUMBIX HEUETKHX BXOJIHBIX MapaMeTpOB,
KOTOpBIC B OT/ICIBbHBIE MOMEHTBHI BPEMEHH T'€HEPUPYIOT KOHKPETHBIC HEUSTKHUE 3HAUCHHUS
BXONHEIX Bo3aeiicteuii. IV xMT —>VII;

e UO (universes of output parameters) — yHuBepcyMbl BBIXOAHBIX MTApaMETPOB,;

e VOI (values of output impacts) — MHOXECTBO HEYETKMX 3HAUCHHI BBIXOJIHBIX BEJIHUNH;
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e OV  (output values) — MHOXXECTBO HEYETKUX BBIXOIHBIX MAapaMETPOB, KOTOPHIC B
OT/ICJIbHBIC MOMEHTBI BPEMEHU TCHEPHPYIOT KOHKPETHBIC HEUCTKHX 3HAYCHUUN BBIXOIHBIX

genmuuH: OV x MT —»VOI ;

e STF (state transition function) — mnepexomHas QyHKIMS COCTOSHHS,  KOTOpas C
M3MECHCHHEM MOMEHTOB BPEMEHH OTOOpaXKaeT HEUCTKUX BXOJHBIX MApaMETPOB 3aBUCHMO
OT COCTOSIHHIM CHCTEMBI:

STF : MT xMT xSSx IV ;
e OD (output display) — oTtobpakenue, KOTOpoe B KOHKPETHBIE MOMEHT BPEMEHHU 3aBUCHMO
OT COCTOSIHHSI CHCTEMbI OIpEICISeT HEYCTKHX 3HAYEHUH BBIXOJHBIX BEJUYHH:

OD:MT xSS —»VOI .
3akiaroueHnue. Pa3zpaborana MaTeMaTrudecKkas dhopmanm3anus MpEeICTaBICHUSA
JTMHAMHYECKHUX MHTEIUICKTYalbHBIX cucTeM. [Ipemioxernas popmMain3amnusi MOXKET ObITh MOJIE3HOM
nmpu MojenupoBaHnun CIOXHBIX JIC cucreM, (QyHKIIMOHUPYIOIIUX B HEONpPEIEICHHOH cpeje,
0COOCHHO TIpY OOJIBIIUX PA3MEPHOCTSAX 3JIEMEHTOB CHUCTEMbBI, MHOXXECTB HEUETKUX COCTOSIHUU U
BXOJIHBIX BO3JIENCTBUH.
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XULASO
DINAMIK INTELLEKTUAL SiSTEMLORIN TOQDIiM OLUNMASININ
RiYAZi FORMALLASDIRILMASI
Hiiseynzada S.S.

Agar sozlar: dinamik sistemlor, qeyri-salis vaziyyatlor, siini intellekt, qeyri-salis parametrlorin
universumlari, lingvistik parametrlar, produksiya qaydalari.

Stini intellektin dinamik sistemlors totbiq edilmosinin miiasir vaziyyati nozors alinmagqla, haqiqi

obyektlor vo riyazi olaraq toqdim olunan laboratoriya obyektlori arasindaki shomiyyatli forqi aradan

qaldirmaq maqsadi ilo dinamik intellektual sistemlarin taqdim olunmasinin riyazi formallasdiriimasi {igiin bir
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yanasma toklif olunmusdur. Toqdim olunan formallagdirma qeyri-muayyan mubhitds faaliyyot gdstoran
miirokkob dinamik sistemlorin modellagdirilmasinds faydali ola bilar.
SUMMARY
MATHEMATICAL FORMALIZATION OF THE REPRESENTATION OF DYNAMIC
INTELLIGENT SYSTEMS
Huseynzade Sh.S.

Key words: dynamic systems, fuzzy states, artificial intelligence, universes of fuzzy parameters,

linguistic parameters, production rules.

An approach to the mathematical formalization of the representation of dynamic intelligent systems is
proposed, which takes into account the current state of the introduction of artificial intelligence into dynamic
systems, with the aim of eliminating the significant difference between real and mathematically represented
laboratory objects. The presented formalization can be useful in modeling complex dynamic systems
operating in an uncertain environment.

Daxilolma tarixi: [lkin variant 29.07.2021
Son variant 15.09.2021
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BAZASININ YARADILMASI
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Sumgqayit Doviat Universiteti,
sabina-1975mm@mail.ru

Acar sozlar: cevik istehsal sistemi, avtomatlasdiriimis idaraetmoa sistemi, verilonlor bazasi, biliklor
bazast.

CiS-in  avtomatlagdirilmis  idaroetmo  sisteminin layiholondirilmasi prosesinin ilkin
moarhalasinds onun informasiya-6lgma va idaraetmasSinin aktiv elementlorinin axtarigi vo sec¢ilmasi,
verilonlor bazasinin yaradilmasi, idarsetmo alqoritminin modellagdirilmasi  kimi ¢oxmorhalsli
proseduralardan vo omoliyyatlardan ibaratdir [1, 2]:

1. Texnoloji avadanliglarin amoliyyatlarina uygun olaraq vericilorin vo icra mexanizmlorinin
tiplorinin va sayiin toyin edilmasi.

2. Sonaye robotlarinin  vo manipulyatorlarinin  yerdoyisme vo  yiiklomo-bosaldilma
omoaliyyatlarina uygun olaraq vericilorin vo icra mexanizmlarinin tiplorinin vo sayinin toyin
edilmosi.

3. Sonaye robotlarinin tohliikasizlik omoliyyatlarina nozarot edon texniki gérmo sisteminin
tipinin vo mévgeyinin toyin edilmasi.

4. Texnoloji avadanliglarda, sonaye robotlarinda, manipulyatorda, xiisusi modullarda vo
avtomatik noqgliyyat xotlorinde normativ tozyiq, emaletmo doracosi, otraf miihitin
ritubatliliyi, temperatur parametrlorino nozarst edon manometr, riitubotlilik vericisinin,
termociitiin tiplorinin va sayinin toyin edilmasi.

5. Istehsal xottindo hazir mohsulun keyfiyyot standartlarina nozarot sisteminin
miioyyaonlosdirilmasi.

Yuxarida qeyd olunan informasiya-6lgmo vo idaroetmo elementlori, onlarin  CIS-in
avtomatlagdirilmis idarosetms sistemi ilo qarsiligl interfeysinin iyerarxik qurulusu toklif edilir (Sokil 1).

Sokil 1-don goriindiiyii kimi, CIS-in aktiv elementlorinin somorali idars edilmosi iigiin vacib
layiho mosalolorindan biri AIS-in informasiya-6lgmo vo idareetmo vasitalorinin (vericilorin, icra
mexanizmlorinin, tonzimlayicilorin, texniki nozarat, proqramlasdirilan maentiqi kontroller vo
komunikasiya sistemi) se¢ilmosi vo CIS-in AlS-inin verilonlor bazasmin idarsetmos sisteminin
yaradilmasidir [3]. Bu mogsadls, ilk olaraq todqiq olunan istehsalatin spesifikasi, onun aktiv
elementlarinin texnoloji amoaliyyatlarinin névlori, mohsulun keyfiyyatino nozarat prinsiplori tohlil
edilorak, relyasion tisulla verilonlar bazasi qurulur (Cadval 1).

CiS-in aktiv elementlorinin texnoloji is prosesindo xatti vo firlanma yerdoyismo harokotlorine
gora vericilorin se¢ilmasi daha doqiq vo etibarli tomin olunur. Bununla olagadar olaraq, CiS-in osas
aktiv elementi olan, sanaye robotunun yerina yetirildiyi texnoloji amaliyyatina goro, tam xota toyin
olunur:

AZ:ZAS+ZA¢S[A]’ 1)
i=1 i=1
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Verilonlar bazasinin yaradilmasi

Istehsalatin avtomatlasdirilmis idaraetma sisteminin informasiya-6lgmo elementlarinin
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@ CiS-in xarici miihitinin,
havanin, mayenin 6l¢ii-nazarat

‘ ' saviyyasi

Tazyiqin olgulmasi ugun
vericilar
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1

olgma sistemlari

Temperaturun olguimasi ugiin
vericilar, gevricilar, goxnoqtavi

Samyyatln olgtiimasi tigun
vericilar, gevricilar, nazarat va
ugot sistemlari

rfl ?ﬁ

| {Eﬂ%
4

]

Saviyanin olgulmasi ugun
kontaktli va kontaksiz olgu
cihazlan

Elektmpnevmatlk
movgelagdiricilar

Cakinin olgulmasi ugln
tenzovericilar, konveyyer
gokilari, coki dozatorlan

i0 0
i |

& Ja Ji

Saviyyasi

Texnoloji prosesin
muhafizasi Ugun sas va
harakat vericilari

Texnoloji prosesin idara
edilmasi uglin tanzimlama
texnikasi

|

Texnoloji prosesin qeydiyati ugln
olgl, monitoring parametriarinin va
verilanlarin yaziligi reqistratoru

CiS-in aktiv elementlorinin (SR,
manipulyator, avtomatik naqgliyyat
sistemi, texnoloji avadanliqlar)
AiS-nin sensorlar saviyyasi

CiS-in AiS-nin idaraedici

Sokil 1. CIS-in avtomatlagdirilmis idaraetma sistemi ilo informasiya-ol¢ma,
nazarat elementlorinin iyerarxik qurulusu

Cadval 1.
Kod CiS-in aktiv | AIS-ininformasiya- AIS-in AIS-in AIS-in texniki
elementi o0l¢mo elementi idarsedici tonzimloma nazarat elementi
elementi elementi
Alll Texnoloji Ompliyyatin Avadanligin
avadanliq baslangicini va sonunu texniki nozarat
geyd edon verici (2 sistemi
adad) Proqramlag-
Al12 | Sonaye robotu Xatti, bucaq dirtlan Texniki gormo
yerdoyismo vericisi (4,| montiqi sistemi
2 adad) kontroller
Al13 Avtomatik Tortibati Siirat Tortibatin
naqliyyat xatti | movqelosdiron verici tonzimlayicisi keyfiyyotinin
(2 odod) (1 odod) nozarati sistemi
All4 Soba Termociit Termoton-
zimlayici
(1 odad)
Al115 Kompressor Havanin tozyiqini
Olgon verici
Al16 Istehsalatin Termoton-
temperatur zimlayici
rejimi (1 adad)
All7 Istehsalatda Gorginlik
gorginlik rejimi tonzimlayicisi
(1 adad)
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burada, AS—xatti yerdoyigsmo harokotindon asili yaranan xota; A¢- firlanma yerdoyismo horokatindon
_ As, K;=1.2 —ehtiyat omsalidir.

Al, Ah, ¢ yerdoyismoalordon asili olaraq movqelosdirma xatast X, Y vo Z koordinatlarina
uygun toyin edilir.

Z koordinatina paralel xatti yerdoyigmolor {i¢lin imumi movgelogdirmo xotas1 asagidaki kimi
toyin olunur:

asil1 yaranan xata; [A]

Ahsinp K AhK_  2.0451.2
Az=—""p" "D = 32768
burada, AD-15B tipli verici ligiin Dn=32768-vericinin diskret ¢gevirmados impulslarmn sayidir (cadval 2).

—0.000033 m=0.033 mm (2)

Cadval 2.
Icra mexanizminin Isci Nominal Porsenin diametri Por@enin
tipi hocm ﬁﬂanma. dg=dc (mm) uzunlugu
momenti L (mm)

E32G18-22 20 490 80 520
E32G18-23 40 980 100 555
E32G18-24 80 1250 120 660
E32G18-25 160 1500 140 700
E32G18-26 240 1800 155 720

Y vo —Y koordinatlarina uygun xotti yerdoyismolor {igiin iimumi movqelogsdirmo xotasi

asagidaki kimi toyin olunur:
A= AlycospK, | AlK,  0.7:1.2

y= = =0.000026 mm = 0.026 mm 3)
Dy Dy 32768
CiS-in idaroetmo elementlorindan biri do icra mexanizmlaridir. Bu elementin segilmosi iigiin
montiqi vo riyazi iisullarla modelinin qurulmasi tolab olunur. Bu magsadls sanaye robotunun har-bir
harokat trayektoriyasina uygun icra mexanizminin normativ parametrlori tayin olunur.

Z koordinatina uygun dénme horakati li¢lin sonaye robotunun icra mexanizminin se¢ilmasi
mogsadi ilo porsenin sahasi vo porsenin aq4 giris vo a, ¢ixis kegid kosiklarinin sahalari toyin edilir vo
mantiqi sortlorlo yoxlanilir:

Ogor

_ 755py _ 75505 _ P _
1= ¥, = los05 72 vo a, = F; =6.4 (4)
burada F =10.5 H, onda porsenin ag4 giris v a, ¢ixis keg¢id kasiklorinin sahalori asagidaki formada

toyin edilir:
u . (5)

ag:7’ ac:Qag’

burada, V; =0.5 m/s - «RIMP- 401» tipli sonaye robotunun Z oxu boyunca xotti yerdoyismo
stiratidir; Vo =0.5 m/s - «RIMP- 401» tipli sonaye robotunun Y oxu boyunca xatti yerdoyismo
siiratidir; V3 =120 %s - «RIMP- 401» tipli sonaye robotunun Z oxu astrafinda donma siiratidir; F—icra
mexanizminin giiclidiir.
Moantiqi-produksiya tisulu ilo icra mexanizmin se¢ilmasi alqoritmi asagidaki kimi ifads olunur

[4]:

dgar (intigalin giris va ¢ixis kanallar1 borabordirsa),

Onda (magistralda tozyiq pm = 0.5 Mpa).

Ogor (icra mexanizmin porsenin dayaniqliq sorti

s =y, [TO°M: =o.5\/1000'0'003 —0.24<0.25 (6)
Fi, 10.5-1.2
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Istehsalatin avtomatlasdirilmis idaraetma sisteminin informasiya-6lgmo elementlarinin
Verilonlar bazasinin yaradilmasi

sanaye robotunun sarbastlik doracasine gora 6danilirss (burada, F =10.5 H, V,=0.5 m/s),
9dgar (intiqalin silindri birtaraflidirss),
Onda (Q =0.5=u=10.5 & 1/ x =1.5) A (icra mexanizmin porsenin sahasi
Sp=_1 _15_5234m2)
X a2 6.4
Ogor (intiqalin silindri ikitoraflidirsa),
Onda (2=1=u=9.5& 1/x =0.95)A (icra mexanizmin porsenin sahasi
Sp=_1 _095_415m2)
X a2 6.4
li = {4l, 4h, ¢ 10 }; mi =Ail0pi =0.005*1.2*0.5=0.003
burada Ai =7Rb%*=3.14*0.04*0.04=0.005 m* sonaye robotunun irali vo ya geri horokot edon
bandinin kasiyinin sahasidir (Rb =0.04 m); 10 =1.2 m bandin uzunluqudur; pi=0.5 irali vo ya geri
harokat edon bandin materialinin tutumudur.
Sanaye robotunun intigalinin g ac girig vo ¢ix1s diametrlorini toyin etmok ticlin agsagidaki

montiqi algoritm tortib edilir.
_u 105
Ogor g~ a, 72

a.=€2,5,=0.5-0.146 = 0.073

= 0.146

Onda (intigalin g e giris vo ¢ixis diametrlori

d =d _ /ac: /0.07320_15 m).
g c P 3.14

Almmis diametrlorin qiymaotlori (round(dg)—dsg)—min, (round(dc)—dsc)—min sartlori ilo
yoxlanaraq E32G18-26 standart pnevmatik intigal cadval 2-don segilir.

Relyasion iisulla yaradilan CIS-in idaroetmo elementlorinin verilonlor bazasi vo CIS-in aktiv
elemntlorinin vericilorinin, icra mexanizmlorinin secilmasi {igiin riyazi vo mantiqi-produksiya
iisullar1 layiha olunan idarsetms sisteminin informasiya-6l¢mo vo icraetma proseslorinin doqiqliyini
vo etibarli@ini artirmaga imkan verir.
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PE3IOME
CO3JAHUE BA3bI JAHHbBIX UH®OPMAILIMOHHO-UBMEPUTEJBbHBLIX 9JIEMEHTOB
JIJ1SI ABTOMATHU3UPOBAHHOM CUCTEMBI YIIPABJIEHUSI TIPOU3BOJCTBEHHOI'O
HOPEAIIPUATHUSA
Anueea C.b.

Knwouesvie cnosa: cubkas npou3eoOCMEEeHHAs CUCHEMA, ABMOMAMMUSUPOGAHHAS  cUCieMA

ynpaenenus, 6aza 0auHbIX, 0a3a 3HAHULL.

Ilyrem aHanm3a BOMPOCOB CO3JAaHWS WH(POPMAIMOHHOTO OOECIeUeHHs] Ha 3Tanax MPOSKTUPOBAHUS
ABTOMATU3MPOBaHHBIX cucteMm ympasieHus (ACY) rubkux npousBojactBeHHbIX cucteMm (I'TIC) Obutn
OTpE/ICTICHBI 1Ie)Ib CTaThH W OCHOBHBIC NPOOJIEMBI UCCIICNOBaHUsA. [l pelleHus BOMpoca O CO3JaHUU
nH(popmarmorHoro odecnieuenus npu npoektupopanuu ACY I'TIC pensimnoHHBIM METOA0M ObUTH BBIOPAHBI
MH(OPMAITMOHHO-U3MEPHUTEIbHBIC U yrpaBiswomue 3eMeHTel ACY u co3nmana 0a3a JaHHBIX B TaOJIMYHOU
¢dopme. Co3naHHas peNSIIMOHHBIM METOJOM 0a3a MaHHBIX 3JeMeHTOB ynpanieHus [TIC u TouHbIi BBIOOP
JATYNKOB, HWCIIOJIHUTENBHBIX MEXaHU3MOB akTuBHOro dneMenta [TIC (Ha mpuMepe NPOMBIILIEHHOTO
poboTa) 00eceUnBaIOTCSI MATEMATHYECKUMU M JIOTHKO-TTPOH3BOJICTBEHHBIMU METOIAMHU.

SUMMARY
CREATION OF DATABASE OF INFORM-MEASURED ELEMENTS FOR AUTOMATED
CONTROL SYSTEM OF A MANUFACTURE ENTERPRICES
Aliyeva S.B.

Keywords: flexible manufacture system, automated control system, database, knowledge base.

By means of analyzing the issues of creating information support at the design stages of automated
control systems (ACS) of flexible manufacture systems (FMS), the purpose of the article and the main
research issues were identified. For the issue of creating of information support at the design of FMS ACS by
relational method information-measuring and control elements of the active elements of ACS were selected
and a database in tabular form was established. The database of control elements of the FMS created by the
relational method and the exact selection of transmitters, execution mechanisms of the active element of the
FMS (on an example of an industrial robot) are provided by mathematical and logical-production methods.

Daxilolma tarixi: [lkin variant 19.05.2020
Son variant 11.10.2021
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SONAYE ROBOTUNUN IDARDETM®O SiSTEMi UCUN ANALOQ TiPLi
ELEKTROMAQNIT VERICILORIN SECILMOSi VO KONSTRUKTOR
LAYIHOLONDIRILMOSI
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Acar sozlar: sanaye robotu, analoq tipli elektromaqnit verici, verilonlar bazasi, avtomatlagdiriimig
idaraetma sistemi, SCADA, konstruktor layihasi.

Avtomatlagdirilmis istehsal miiassisalorinin vo onlarin texniki sistemlorinin layihoalondirmo
prosesindo onun birbasa ¢evikliliyino, etibarliligina, mohsuldarligina vo biitovlikds sistemin
somoaraliliyina tosir edon moasalo onlarin idarsetmo sisteminin islonmosidir. Layihalondirmo
tocriibasi gostarir ki, miirokkob texniki sistem hesab olunan sonaye robotu (SR) miixtalif toyinath
istehsal modullarinin, robototexniki komplekslorinin, texnoloji avadanhiqlariin qarsiligh
funksional, informasiya, tominedici alagolorin hesabina faaliyyat gostorir [1]. SR-in qurulusunun
miirokkobliyini, ¢oxsaylt qarsiliglt alagolorini, ¢coxcesidli mohsullarin dasinmasint nozoro alaraq,
onun avtomatlasdirilmis idarsetma sisteminin informasiya tominatinin qurulmasinda informasiya —
6lgmo sistemlori soviyyasindo informasiya-axtaris vo se¢im altsisteminin (IASA) yaradilmasi tolob
olunur [2, 3]. Bunun {i¢iin SR-in miixtolif totbiq saholorino goéro avtomatlasdirilmig idarsetmo
sisteminin IASA-nin tatbiqi noticasinde analoq tipli elektromaqnit vericilor (ATEV) global saboka
sistemindon axtarilaraq, segilir vo sahalora gora verilonlor bazasinin idaraetms sistemi yaradilir.

SR-in idaraetma sistemi li¢ciin ATEV-in verilonlor bazasinin yaradilmasi.

ATEV-in verilonlor bazasmin idaroetmo sistemindo (VBIS) masingayirma, cihazqayirma,
metalurgiya vo s. sanaye sahalori lizro texnoloji avadanlqlar, sonaye robotlari, manipulyatorlar vo
nogliyyat xottlori iiglin xiisusi elektromaqnit vericilorin ayri ayr1 verilonlor bazalart (VBey ;)
formalasir. ATEV-in informasiya- axtarisi, seg¢ilmosi vo verilonlor bazasinin formalasmasi
algoritminin blok — sxemi sokil 1-do tosvir olunur.

Molum oldugu kimi SR-in avtomatlagdirilmis idaroetmo sisteminin layiholondirmo
prosesindo qoyulan standartlara osason texniki tapsiriq, texniki toklif, eskiz layihasi, is¢i layiho,
smnaq vo istehsalatda totbiqi morhololorindo hoyata kecirilir [4]. Bu moerhalolordon daha
ohomiyyatlisi, yaradiciliq noqteyi nozordon yiiksok intellekt tolob edon, yeni informasiya
texnologiyasinin vo kompiiter texnikasinin genis istifade imkanlarinin nazars alinan morholo — SR-
in idaroetmo vo nozarst sisteminin avtomatlasdirilmis texniki toklif morholosidir. Ciinki texniki
toklif morholosindo totbiq sahasino goro doqiq secilon elektromaqnit vericilor, sonraki eskiz
layiholondirmo morholasindo AIS-in somarali arxitekturasimin qurulmasina, idaroetmo alqoritminin
modellagdirilmasine vo proqramin kompiiter eksperimentlori ilo diizgiin qiymaetlondirilmasing
imkan yaradir.

SR-in avtomatlagdirilmis idaroetmo sisteminin arxitekturasinin informasiya — O6l¢mo
altsistemi soviyyosindo ATEV-in verilonlor bazalarinin togkili iiglin asagidaki prosedurlar hoyata
kegirilir [5]. Texnoloji avadanliglarin amasliyyatlarina uygun olaraq segilon elektromaqnit vericilorin
tiplori, texniki gdstaricilari, totbiqg mdvgelari va say1 toyin olunur.

Sonaye robotlarinin tohliikesizlik herokst trayektoriyasinin is¢i zonasina nozarat edon
elektromaqnit vericilarin tiplari, texniki gostaricilori va yerlosdirilms mdvqeylori miioyyan edilir.
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Istehsalatin nagliyyat xatlorinin harokotlorini tonzimloyon elektromaqnit vericilorin tiplori,
texniki gostoricilori vo yerlogdirilmo movgeylori miioyyon edilir.

ATEV-in informasiya-axtarisi vo

secilmosi

A 4

ATEV-in totbiq saholori:

avtomatlaedirilmaci.

Masingayirma, metallurgiya istehsalat proseslorinin
> avtomatlagdirilmasi; kimya miiessisslorinnin

Totbiq sahalorine gora

VBIS

Masinqayirma sonayesi izro
istehsalat proseslorinin
avtomatlasdirilmasi

sorti

VB1 VB2 VBn
Masingayirma SR-i
_ (mexaniki y1gim
Yox ATEV-in Ho sahosi) {igiin
secilmosi > ATEV-lor

SR-in avtomatlagdirma
sxemi

Sakil 1. Totbiq sahalorina gora SR-do ATEV-in informasiya- axtarisi, se¢ilmasi va verilonlor bazasinin
formalasmasi alqoritminin blok-sxemi

SR-in avtomatlagdirma sxemi TUg¢iin ATEV-in se¢cim prosesi bu sahado olan hazir
layihoalorinin miiqayisali tohlilindon baslanilir. Nozore alsaq ki, ATEV-in mdvcud layihalarinin
genis tohlili aparilaraq [6], sonraki morhalodo onlarin segilmosi {igiin montiqi — modellogdirmo,
riyazi optimallagdirma {isullarindan, kompiiter eksperimentlorindon vo virtual layiholondirma

prosedurundan istifade etmok daha moagsadouygundur.
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Sanaye robotunun idaraetma sistemi ti¢iin analoq tipli elektromagnit vericilorin se¢ilmasi
va konstruktor layihalondirilmasi

SR-in avtomatlagdirilmis idaroetmo sistemi li¢iin segilon =~ ATEV-lorlo komunikasiya
vasitolorinin, idaraedici sistemla (programlasdirilan mantiqi kontroller), operativ olago vasitslorinin,
komokei vo servis avadanliglarinin, montaj vo kabel materiallarinin, informasiya-idaroetma
kompleksinin, lokal vo global soboko vasitolorinin sazlanmasi prosesi tomin olunur. Bu morholodo
robototexniki kompleksin avtomatlagdirilmis idaroetmo vo nozarast sisteminin SCADA-ilo ATEV-
lorin vizual informasiya olagolori, operator vo dispetger modullarinin kompanovkasi vo slaqo
kanallarmin qurasdirilmasi islori hoyata kegirilir. ATEV-lordon idarsedici sistemo informasiyanin
oOtiirtilmasi, toplanilmasi vo emal edilmasi mosalolori nazardon kegirilir.

SR-in avtomatlagdirilmis idaroetma sisteminin arxitekturasinin vericilor soviyyasindo ATEV-
ilorin istehsalatin texnoloji prosesino goro modellosdirilmasi produksiyali tosvir tisulunun, semantik
vo freym sobokali evristik modellorinin, geyri-salis ¢oxluglar nazoriyyasinin modellori asasinda
formalasir. Istifado olunan montiqi simvollar, implikasiyalar vo qaydalar idaroetmo vo nozarot
elementlorinin optimal se¢ilmosini, etibarli vo ¢evik sokildo texnoloji avadanligin, sonaye
robotunun, manipulyatorun vo avtomatik nogliyyat xottinin idaroedici alqoritminin yaradilmasini
tomin edir.

SR-in avtomatlagdirilmis idaroetmo sisteminin arxitekturasinin informasiya — Ol¢mo
soviyyasinda ATEV-in konstruksiyasinin layiholondirilmasi, hissolorin materialinin secilmasi vo
osaslandirilmasi, elektroenergetik xarakteristikalarinin todqiqi, idaroedici tosirlorin, signallarin
komunikasiyasinin vo soboko marsrutlarinin todqiqi ligiin ododdi hesablama, optimallagdirma,
matris, inteqrallama vo differensial hesablama tisullar ils riyazi tominatin modellari qurulur.

Avtomatlasdirilmis idaroetmo sisteminin arxitekturasinin informasiya — 6lgmo soviyyasindo
ATEV-in verilonlor, biliklor bazasinin idaraetma sistemlori vo onlarin alatlori (verilonlor va biliklor
bazasi, informasiya-axtarig altsistemi) MS Access proqraminda qurulur [7]. Verilonlor vo biliklor
bazasinin idarsetma sistemlori alsti ilo tomin olunan informasiya toyinath altsistems alqoritmik vo
riyazi masalalorin halli naticasinds adadi, mantiqi, matn va qrafik tipli verilonlor daxil edilir. Cadval
va sorgular proqram sahalorindon ibarat MS Access sistemindo verilonlor bazasi relyasion coadval
isulu ilo iglonilir (sok. 2). Axtaris omoliyyatt sorgu blokunda agar ifadosinin daxil edilmosi
naticosindo hoyata kegirilir. Acar molumati odadi (texnoloji omaliyyatlarinin yerina yetirilmasinin
dovrii qiymeotini oks etdtrir), matn (emoliyyat ndviinii) vo moantiqi (produksiya amrlori) sokildo
kombinasiyali ifads ilo daxil edilir. Noticods verilonlor bazasindan secilon idaroetms sisteminin
omoliyyatlar1 sorgu ifadosinin qiymatlorina uygun cadval soklinds oks olunur (sok. 3).

SR-in avtomatlasdirilmis idaroetmo sisteminin arxitekturasinin informasiya-axtaris
saviyyasinda ATEV-lorin se¢ilmasi, konstruktor layithalondirilmasi, materialin se¢ilmasi, komputer
eksperimentlori iiclin proqram tominat1 asagidaki altsistem sahalorini 6ziinde oks etdirir:

1. Idaroetmo alqoritmlarinin program modulu;
2. CiS-in idarsetmo elementlorinin verilonlor bazasiin vo informasiya-axtaris program

modullari;

3. Riyazi vo algoritmik tsullarla yaradilan modellorinin realizosi {iglin program modullari
(MathLab);

4. Animasiya vo virtual kompiiter todqiqati modellorinin reoalizo edon program modullar
(Labview);

5. SR-in avtomatlasdirilmis idaroetmo sisteminin lokal sobokods isini tomin edon TRACE
MODE program modulu.

6. SR-in avtomatlagdirilmis idarsetms sisteminin imumi arxitekturasi ilo inteqrasiyasini tomin
edon program modulu (SCADA).

7. SR-in idaroetmo sistemin tohliikosizliyini, emal edilmosini, arxivlosdirilmasini,
defragmentasiyasini, formatlasdirilmasini, dispetcer edilmasini, sazlanmasini va digar xiisusi
program alatlorils qarsiliqli slageni tomin edon Windows omaliyyat sistemi.
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Sokil 2. SR-in avtomatlasdirilmis idaraetmo sisteminin SCADA arxitekturasinda ATEV-lorin
verilonlar bazaswin idaraetma sistemi
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Sakil. 3 ATEV-in verilonlor bazasindan sorgusu va onun naticasi olaraq segilmosi
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Sanaye robotunun idaraetma sistemi ticiin analoq tipli elektromagnit vericilorin se¢ilmasi
va konstruktor layihalondirilmasi

SR-do miirokkab texnoloji, funksional slagsli istehsal modullari, saholori olduguna, xiisusi xassali
aktiv elementlor istifado edildiyino goro sonaye robotlarinda, naqliyyat xatlorindo, xiisusi texnoloji
modullarda sistemin kompleks sokildo ¢eviklik prinsiplorini tomin etmok ii¢lin avtomatlagsdirma
sxeminin idaraetma, nozarot elementlori, totbiq olunur.

SR-in  mexatron idaroedici  elementlorinin  avtomatlasdirilmis  segilmosini  vo
layihalondirilmasini tomin etmok ft¢iin kompiiter — grafika sisteminin, verilonlor vo biliklor
bazasinin idarasetma sisteminin, texnoloji tohlil program sistemlorinin imkanlarindan istifade olunur.

SR-in idaroetmo sisteminin ATEV-lorini standart elementlorin kompanovka qurulusunda
dogiq movqelordo yerlosdirmok, tohliikkosiz mosafolorini toyin etmok, istehsal saholorinin,
modullariin optimal is¢i zonalarin1 hesablamaq tigiin ilkin giris parametr ¢oxlugu miioyyon edilir:

Mk sri €{ Mkq sri» Mkq sr2, ---, Mkq srn} | =1N,

SR1 SR1 SR1
V'Matev 1j €M™ atev 11, M aTEV 12, o0 M7 ATEY MY
SR2 SR2 SR?
V'Matev 2j €M™ atev 21, M atEV 22, .. M7 ATEV 2M}
SRN SRN SRN
V' Matev g €M™ atev N1, M7 ATEY N2y <o M ATEY N

burada Mkq sri — SRi-do kompanovka quruluslarinin ¢oxlugu; MSRIATEv_ij — SR-in  kompanoka
qurulusunda analoq tipli elektromagnit vericilorin mévcudlugu ¢oxlugu, J = 1,N,J = 1, M.

SR-in idaroetma vo funksional xassalorindon asili olaraq, ATEV-in verilonlor vo biliklor
bazas1 osasinda asagidaki coxluqlar formalagir:

- Matev m_i — ATEV-in konstruktor hesabat modeli, mexaniki hesabat modeli; kinematik,
funksional, dinamik va struktur tahlil modellari.

- Matev.imj — verilonlor bazasimnin yaradilmasi modellori; informasiya-axtaris vo segim
modellori.

- Martev im_s— texniki sonadlorin tortib edilmosi; layihonin toqdimati; 2 vo 3-6l¢iilii kompiiter-
grafika sistemindo layihonin islonmosi modellari; alqoritmik v riyazi mosalslarinin realizo
edilmasi modellori.

ATEV-in layiholondirmo morholasindo hazirlanan qrafik-texniki sonodlor, spesifikasiya
molumatlari, animasiya tadqiqat modellori, riyazi vo alqoritmik modellarinin naticaloring osason
vericinin laboratoriya soraitinde sinaqlart hoyata kegirilir. Sonaye robotunun misalinda ATEV-lorin
yerlosdirilmo movgelori vo ATEV-in iimumilosdirilmis konstruktor cizgisi sokil 4-ds verilir.

SR-in standart elementlorinin idaroetmo sistemi tli¢iin ATEV-lorin axtarist1 vo sec¢ilmasi
altsistemdo formalasan montiqi vo evristik biliklor, konstruksiya formalarinin, kinematik,
kompanovka sxemlorinin, méhkomlik hesabatinin vo is¢i zonalarinin toyin olunan gdstoricilori
osasinda altsistemdo axtaris sisteminin alqoritmik aloti yaradilir. ATEV-inin konstruktor layiho
islorinin samorali yerino yetirilmasini [8] tomin etmok iiglin kompiiter qrafika sistemi vasitosilo
eskiz sonodlorinin tortib edilmasi prosedurlar1 avtomatlagdirilir. Kompiiter qrafika sistemindo
layihag¢i torafindon daxil edilon giris informasiya emal olunaraq ATEV-in taesviri {iglin tolob olunan
formatda, proyeksiya sahalorinds 2-6l¢iilii qrafik elementlorinin se¢ilmasi, asas ¢akilis sahasinda
totbiq edilmasi amoliyyatlart yerina yetirilir. ATEV-in tosvirine osason ¢ixarilis bloku konstruktor
sanadlarinin ragam verilonlorini generasiya edir vo amr formasinda malumati qrafik qurguya, qrafik
displeys va ya basqa periferik qurgulara otiirtir.

ATEV-in konstruktor sonodlori {izorinds diizolis, yenilosdirmo vo basqa obyektlor {izorindo
cokilis, redakts, Olgiilorin yerlosdirilmasi iigiin verilonlor bankina miiracist edilir. CAD sistemindo
¢okilon ATEV-in handasi formasi iki va ya ti¢ 6l¢iilii tasvirlarlo verilir.
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SR-in qolu,

tutqact va harakat = -
edan gévdasind> [y
ATEV-larin

mdovaelari

Sakil. 4. ATEV-lorin sanaye robotunda yerlogdirilma movgelari vo ATEV-in 2-ol¢iilii
va aksonometriyasumin iimumilosdirilmis konstruktor cizgisi

Natica:

1. Totbiq sahalorino goro SR-do ATEV-in informasiya- axtarisi, segilmosi vo verilonlor
bazasinin formalagmasi alqoritminin blok-sxemi toklif edilmisdir;

2. SR-in avtomatlagdirilmis idaroetmo sisteminin SCADA arxitekturasinda vericilorin
verilonlar bazasinin idaraetma sistemi yaradilmisdir;
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Sanaye robotunun idaraetma sistemi tigtin analoq tipli elektromaqgnit vericilorin se¢ilmasi
va konstruktor layihalondirilmasi

3. Vericilorin sonaye robotunda yerlogdirilmo mdvgelori vo 2-6l¢iilii vo aksonometriyasinin
iimumilosdirilmis konstruktor layihasi islonmisdir.

ODOBIYYAT

1. lllexor U.C. AnropuT™m B3auMOJACHCTBUSA MPOTPAMMHOIO KOMIUIEKCA JUIsi aBTOMATHYECKOTO
MPOCKTUPOBAHUS TEXHOJOIMYECKUX IIPOLECCOB M TMPOU3BOJACTB B MAIIMHOCTpOCHUH. /[
N.C.Ilexos, A.I'.SIanmesckas. Apromatu3sanus. CoBpemennbie TexHonoruu, —2013,— Ne5, —C.
22-26.

2. 3unuenko lO.B., T'onoGopoarko A.A. O030p COBPEMEHHBIX CHCTEM aBTOMATH3HMPOBAHHOIO
npoekTupoBaHusi. OMCKUH TOCYIapCTBEHHBIN TexHW4Yeckuii yHuBepcurter, —2016, —Ne 4(21), —
c.68-71.

3. AxmenoB M.A., MamenoB J[Ix.®., TarmeBa T.A. AJTOpUTMHYECKOE U TMPOrPAMMHOE
obecrieueHre aBTOMAaTU3MPOBAHHOTO MOHMCKA U BHIOOPA AIIEMEHTOB MPOCKTHUPYEMOTO OOBEKTA.
OOnacti TPUMEHEHHsST W HOBBIC TEXHOJOTMH 0Opa3oBaHus. MeXIyHapoaHas Hay4YHO-
TexHu4deckas kondepenmus. — ['smxka. — 2014. —5-6 urons, —. 15-1

4. Hopenkos H. I1. OcHOBBI aBTOMAaTU3HPOBAHHOTO MPOEKTUPOBAHUSA: y4ueb. A By30B. — 4-€ u3f.,
nepepadborano u gononHeHo — M.: MI'TY um. H. 3. baymana, —2009. — 430 c.

5. Mameno JIx.®. 3amaum u oTanbl  pa3pabOTKHM  aBTOMATH3UPOBAHHOTO BHIOOpa U
MPOCKTUPOBAHUS THOKMX MPOU3BOACTBEHHbIX cuctem./ Mamenos Jx.®. /I Penaxius
TeXHU4YecKol nureparypsl «M3natenbctBo bakunckoro ynusepcureray. — 2002, —baky, —C.175.

6. Ohmodova S.N. Eyni vaxtda {i¢ parametri Olgon intellektual verici. / S.N.Ohmoadova,
C.F.Mommadov, T.A.Tagiyeva // Elmi Xoborlori. Tobiot vo texniki elmlor bolmasi. —2014, —
Vol. 14, No.4,-S. 45-49.

7. 9hmodov M.A., Mommoadov C.F., Heydorov X.M. ,Avtomatlasdirilmis layihslondirmo
sistemlorindo verilonlor bazasi vo biliklor bazasi. Azarbaycan respublikasi Tohsil Nazirliyi Elmi-
Metodik Suras1 «Avtomatika vo robototexnika bolmasinin 21.05.2007-ci il tarixli 6 nomrali iclas
protokolu ils tasdiq edilmisdir», SDU-nun nogri, —2007, —164 s.

8. ©hmodov M.A., Hiseynov A.H., Mommodov C.F. Avtomatlagdirilmis layiholondirme
sistemlorinin ~ osaslart. Azarbaycan respublikast Tohsil Nazirliyi Elmi-Metodik Surasi
«Avtomatika vo robototexnika» bolmosinin 14.02.2003. Dearslik. —Baki, «Sumgqayit»
nagiriyyati, —2003, —s. 242.

9. Mommadova, S. T. Q. Neftcixarma avadanliglarinin idarsetmo sistemindo istifade olunan analoq
tipli elektromaqnit vericilorin secilmasi vo layihoalondirilmosi / §. T. Q. Mommaoadova // Elmi
xabarlor. Tabiat va texniki elmlor bélmasi. — 2021. — Vol. 21. — No 2. — P. 75-81.
https://elibrary.ru/item.asp?id=46287067

PE3IOME
PABPABOTKA U IPOEKTUPOBAHUE 3JIEKTPOMATHUTHBIX JATUUKOB
AHAJIOT'OBOI'O TUIIA AJ51 CUCTEMBbBI YIIPABJIEHUS TIPOMBIINIJIEHHBIMHUA
POBOTAMM
Banuesa b.A.

Knwouesvie cnosa: npomviunenuviti pob6om, aHAN0208blll INEKMPOMASHUMHBIL O0amyuux, 06a3a
OAHHBIX, asmoMamu3upo8aHHasl cucmema VApaeieHusl, SCADA,
KOHCMPYKMOPCKUU NPOEKM.

[Ipennoxkena oOmas CTpyKTypHas cxema IOMCKa (OpMHUPOBaHHMS 0a3bl JaHHBIX aHAJIOTOBBIX
9JIEKTPOMAarHUTHBIX JaTYMKOB Il BBIOOpa HWH(POPMALMOHHO-U3MEPHUTENIBHBIX 3JE€MEHTOB CHCTEMbI
YIOpaBieHHs] TPOMBIIIIEHHBIX pPOOOTOB MO THUMAM M oOiacTsM npuMeHeHHs. bplna cosmaHa cucrema
yhnpaBiieHHsi 0a3aMy JIaHHBIX aHAJOTOBBIX JJIEKTPOMArHWUTHBIX JIATYMKOB IS aBTOMATH3UPOBAHHOU
CHCTEMBI YIPaBJIEHUS IPOMBIIIIEHHBIM pPOO0TOM Ha 6a3e apxutekrypsl SCADA.
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Pa3paboTaH KOHCTPYKTOPCKHI MPOEKT JJIsl OTIPEICICHUS TIO3UIUI aHAJIOTOBBIX 3JIEKTPOMArHUTHBIX
JaTINKOB B TIPOMBIIUIEHHOM pOOOTEe © 0000meHHass cxemMa JBYMEpPHOW U aKCOHOMETPHUYECKOH
MPEICTaBICHUH MPOCKTA.

SUMMARY
DEVELOPMENT AND DESIGN OF ANALOG TYPE ELECTROMAGNETIC
SENSORS FOR INDUSTRIAL ROBOT CONTROL SYSTEM
Valieva B.A.

Keywords: Industrial robot, analog electromagnetic sensor, database, automated control system,
SCADA, design project
A general block - scheme of the search with the formation of a database of analog electromagnetic
sensors for the choice of information-measuring elements of the control system of industrial robots by types
and applications is proposed. A database system of analog electromagnetic sensors was created for an
automated industrial robot control system based on the base of SCADA architecture.
A design project was developed to determine the positions of analog electromagnetic sensors in an
industrial robot and a generalized scheme of two-dimensional and axonometric representations of the project.
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Agentlorin proqramlasdirilmasi {iglin universal dillor (Java, C++ , Visual Basic vo s.),
danisiglar vo biliklor miibadilosi dillori (KQML, agentspeak, April), ssenarilor dillori (Tcl/Tk,
Python, Perl 5 vo s.), ixtisaslagmis dillar (telescript, COOL, Agent0, agentk va s.), simvol dillor vo
montiqi proqramlasdirma dillori (Oz, congolog, IMPACT, Dylog, Concurrent METATEM, Ehhf vo
s.), eyni zamanda digor dillor vo agent layihasi vasitalori totbiq oluna bilor [1]. Sokil 1-do
agentlorarasi kommunikasiya dillorinin klassifikasiyasi toqdim olunmusdur:

Agentlararasi kommunikasiya dillari

| l

Prosedur Deklarativ
Java Tcl Kommunikativ | Mazmun dillari
v
Moantigi
TeIeScript KQML antiqi Malumat
FIPA ACL

v 4 A J

KiF SL XML

Sakil 1. Agentlorarast tinsiyyat dillorinin tasnifati

Java, 6z kodunu magindan asili olmayan sokilds tortib edon arxitekturadan asili olmayan bir
dil oldugundan, bu qrupun vasitalori ilo hazirlanmis totbigetmalor bir ¢ox digor platformalarda
isloyo bilor. Vasitolor arasindaki forq, biitlin vasitolorin  KQML-don istifado edorok nitq
mesajlasmasina dostok vermomasidir. Catismayan cohati agentlorin sosial davranisini toyin etmok
ti¢lin klasslarin olmamasidir.

Ikinci qrup instrumental vasitolor, osason miirokkob dinamik agent strukturlarmin
layiholondirilmosi vo miihitlorin realizasiyasi {icliin nozords tutulub, baxmayaraq ki, mobil
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totbigetmalor yaratmaq ti¢iin ayrica niimunalor var (Telescript, Agent Tcl). Eyni zamanda agentlor
BDI modelins uygun olaraq layiholondirilir. Kommunikasiya TCP / IP protokolu vasitosilo hoyata
kecirilir. Bununla belo, bu ciir vasitolor agentlor arasinda koordinasiya vo omokdasliq ii¢lin zoif
imkanlara malikdir vo mohdud sayda platformada igloyirlor, ¢ilinki programlasdirma dili unifikasiya
olunmamisdir[2].

Kommunikasiya dillorinin ¢oxu (Agent Communication Language - ACL) nitq {insiyyatino
osaslanir (nitq horokotlori standart acar sozlori ilo ifado olunurlar). Belo dillorin iglonmasine iki
yanasma molumdur — prosedur vo deklarativ. Birinci yanasmada kommunikasiya tolimatin yerino
yetirilmasi zamani bas verir. Dil Java vo ya TCL(Tool Command Lanuage) komokliyi ilo
layihoalondirilir. Deklarativ yanasma zamani kommunikasiya tosvirlor asasinda hoyata kegirilir [3].
Deklarativ yanasma agentlorin iinsiyyot dillorinin yaradilmasi {iciin daha genis yayilmigdir ki,
bunlarin da icindo KQML-agentlorin qarsiligli foaliyystinin strukturlasdirilmis dili daha cox
taninmigdir. Bu dil miixtolif coxagentli sistemlordo vo onlarin proqramlagdirilmasi miihitlorinds
(masolon, Agent-K, LALO, Java(tm) Agent Template (jatlite)) linsiyyat dili kimi istifads olunur.

Agentloraras1t mesajlasma yaratmagq ti¢lin mozmunun 6ziinii tomsil edon dils ehtiyac duyulur.
Adoton, bu magsadla bilikleri mentiqi ifadalarle (LISP kimi sintaksislorden istifade edarok) toqdim
edon “mentiqi dillordon” vo informasiya elementlorinin tiplorini tosviri {i¢iin qaydalar
miioyyanlosdiron “informasiya dillorindon” istifada edilir. Tipik mantiqgi mozmun dili — KIF
(Knowledge Interchange Format) dilidir ki, bu dil siini intellekt sistemlori arasindaki biliklor
miibadilosini asanlagdirir. Bu dil Amerika elmi-tadqiqat layihslorindo multiagent sistemlordo
biliklorin tosviri ligiin istifado edilmisdir vo dilin sintaksisi Common LISP osasinda qurulmusdur.
KIF formati miixtalif sistemlora ontologiya (miixtolif predmet oblastlarinin biliklorini tosvir edon
strukturlar haqda miixtolif sistemlor arasindaki razilagsma) miibadilosi aparmaga imkan veran vo bu
sistemlorin hesablama {istiinliiklorindon istifads edon deklarativ dildir.

Ikinci montiqi mozmun dili FIPA torafinden toklif olunan SL (Semantics Language) dilidir.
SL ciimlalori zehni miinasibatlor vo harokatlor montiqi ile ifade olunurlar. Agentin zehni modeli ii¢
primitivlo toqdim olunur: ominlik, geyri-miioyyonlik, se¢cim. SL maontiqinin osas xassosi
modellosdirilmis agentlors onlarin zehni miinasibatlorine uygun olmasina asas verir.

KIF vo SL dillerindon fargli olaraq, XML dili informasiyanm mentiqi ifado soklindo tosvir
etmir, basqa struktur tipindon istifado edir. XML-agentlor sorguya goro ixtiyari verilonlor
monbayindan informasiyani vermok

qabiliyyatino malikdir [4]. Smoliyyat sistemi
Multiagent  sistemlorin ~ program Agent sistemi

realizasiyasi tigiin hom agentlorin Mahit .

foaliyyatinin vo mihitin vaziyyatinin e

program tosviri, hom do onlarin qarsiligh arent

foaliyyot vo 1§ prosesinin izlonmasi vo
nozarati liglin bir sira alotlor toplusuna malik
xlisusi program sistemlorindon istifads edilir.
Belo sistemlor agent platformalar1 adlanir.

Agent platformasi, agentlori yarada,
sorh edo, iso sala, horokat etdiro vo mohv edo
bilon bir program Ortiiytdiir. Agent 3 3 3
platformas1 agentin foaliyyati ii¢lin zoruri olan Kemmunikisiya infrastrukturu
tictin miihiti tomin edir. Eyni zamanda agent
platformas1 agentin 6zii kimi, sistemin
foaliyyot gostordiyi qurumu vo ya $oxsi toyin Sakil 2. Agent sistemi.
edon salahiyyatla olagelondirilir [5].

NMahit

agent

agent

agent agent

agent
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Program agentlarinin yaradilmasi iigiin programlagdirma dillori
va program platformalarinin tatbiqi

Agent sistemi ad vo linvana goro unikal sokildo miioyyon edilir (Sokil 1). Bir masinda bir
neg¢a agent sistemi yerlosdirilo bilor. Agent sisteminin tipi bir sira agent parametrlorini tosvir edir.
Masalon, agent sistemin tipi "aglet" olarsa, bu agent sistemin IBM sirkati torofindon yaradildigi,
agentlori totbiq etmok {iciin dil olaraq Java-n1 dostokladiyi vo agentlori ardicil formaya ¢evirmok
iiclin Java Object Serialization-dan istifado etmosi demokdir.

Multiagent sistemlorin yaradilmasi iiglin yetorinco bdyiik platforma toplusu vardir vo bu
toplu getdikco artir. Buraya netlogo, starlogo, Repast Simphony, Eclipse AMP, JADE, Jason
daxildir. Bu platformalarin 6zlori forqli sokilde hoyata kegirilmisdir: ayrica layiho miihitlorinden
yerlosdirilmis plaginlora vo qosulmus kitabxanalara kimi. Onlar miixtalif paradigmlorin mévcud
olan miixtalif dillori kimi, ham ds xiisusi olaraq proqram agentlorinin qurulmasi ii¢lin yaradilmis
dillor kimi (masalon, Jason layihasi sistemindo agentspeak) istifado oluna bilorlor.

Alatlorin hacmi baximindan platformalar sade vo miirokkab platformlara boliine bilor: Sade
platformalar (netlogo, starlogo) kicik, lakin giiclii alotloro malikdir ki, yetorinco miirokkob
programlari cald yazmaga imkan verir, lakin bdyiik sistemlorin yazilmasi zamani bu alstlor catmaya
bilorlor. Onu genislondirmak, 6z layiholorinlo tamamlamaq imkanlari adoton mimkiin olmur.
Belaliklo, modelin formalizasiyasi vo saxlanmasi ti¢iin sado sistemlordo uygun golso do, realizasiya
iiclin miirokkab do olsa, istifadosi ¢otinlik yaratsa da, bdyiik imkanlar1 olan sistem se¢gmok daha
uygundur.

Bir ne¢a agent platformalarini nozordon kegirak.

Java-agentlorin iglonmoasi platformasi JADE (Java Agent Development Framework)
intellektual agentlor {iciin multiagent sistemlorin vo olavalorin FIPA standartlarina uygun olaraq
yaradilmasi tigiin istifado olunur vo agentlorin foaliyyst gostordiyi mihiti 6ziinde saxlayir. Agentlor
bu miihitin idarssi altinda geydiyyatdan kecir vo isloyirlor, burada yaratma, mohvetmao, qarsiliqh
harokat, agentlorin axtarisi nazordon kegirilir (sokil 2).

Jade muhiti

d Mahdud
Kataloqlar Agentlarls resurslu gqur- Kommunika-
xidmati idara gular tgun siya
: sistemi genislanma kanah
kL ¢ Y Y
dnwvanlarin Mesajin
Axtans verilmasi . Platforma 6fu:iru'.i_lrnasi' |
) adlandirilmas)h nin isa Mesajin
qgeydiyyat: silinmasi salinmasi alinmas:
H Agentin .

. dayandinl- : sruridlmesi
masi Agentin go-
aktivliasdi- bul edilmasi
rilmasi

Sakil 3. Jade platformasi

JADE Java RMI, Java CORBA IDL, Java Serialization vo Java Reflection API-nin
imkanlarindan istifado edilmoklo biitiinliiklo Java programlasdirma dilinde yazilmisdir. O, FIPA
spesifikasiyalarindan yararlanmas1 vo sistemds sohv diizaltma (debugging) vo yerlosdirma
(deployment) fazalarina sahib olanbir sira alotlorin (tools) komokliyi sayasindo multiagent
sistemlorin islonmasini sadolosdirir. Bu agent platformasi miixtolif omoliyyat sistemli kompiiterlor
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aarasinda yayila bilor vo mosafodon GUi-interfeys ilo konfiqurasiya etmok olar.Bu platformanin
konfiqurasiya prosesi yetorinco ¢evikdir: onu hotta programi yerina yetiron zaman da doyismok olar,
bunun {i¢iin sadoco olaraq agentlori bir masindan digorino yerlosdirmok gorokdir. Bu sistem tigiin
tok tolobat masinda Java Run Time 1.2 qurasdirilmasidir.

Netlogo layihoalondirmoe miihitins baxagq.

Netlogo programlasdirma dili starlogo dilindon téroma sayilir vo starlogo da 6z névbasinda
Logo dilinin bazasinda yaradilmigdir.

Netlogo miihitindo model yaratmaqla layihogi virtual Alom yaradir. Bu virtual Alomin osas
elementlori agentlordir:
«Loko» (Patches);
[ 0«Tisbagan(Turtles);
[ [«Miisahidogin(Observer);
[10«Baglantilary (Links).
“Lokoa” - burada dérdbucaqli sahads ikidlgiilii alomdos “tisba\a” agentlar “yasayirlar”.
“Miisahidagi” virtual alomdo bas veron doyisiklikloro nozarst edir vo agentlorin “hoyatina” qarisa
bilor. “Tisbagalar” arasinda baglanti qurula bilor.
Netlogo virtual alomin konsepsiyasi sokil 3-do gostorilmisdir. Bu sokildo baglantilar oks etdirilmir.

Patches
\
Bt

L The Observer

/World view

Turtles or Agents

Sakil 4. Netlogo miihitindo multiagent sistemlor.

Agent modelinin koduna prosedurlar toplusu daxildir. Kodun niimunosi sokil 5-do
gostaorilmisdir:
®aiin Peaaktuposate Cpeactea Yeenuuenne Tabbr MNMomouws
[ Vrepdeiic | Mndo | Koa |

2o L 4 I [Mpoueaype: + | [7] aBTOMaTMUECKM OTCTYN

Haitti TMposepka

to setup
clear-all
create-turtles 100
ask turtles [ setxy random-xcor random-ycor ]
reset-ticks
end

to go
move-turtles
tick

end

to move-turtles
ask turtles [
right random 360
forward 1

end

Sakil 5. Agent miihitinin kodu.

Multiagent sistemlorin islonmasi iigilin ayrica molullar1 olan platformalara baxaq. Ayrica
gosulan modullar halo 6z kitabxanalar1 deyil, onlarda sistemin yazilmasi ii¢iin layiho vasitolori
vardir, belo ki, onlar istifadagi ilo qarsiligh foaliyyst metodlar1 toplusuna malikdirlor. Lakin onlar
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avtonom sistemlor deyillor, oksino mdvcud layiho vasitolorino modul kimi qosulurlar. Bu,yetorinco
yaxs1 Usuldur, ¢iinki bir sira standart inkisaf alotlorini yalniz agent osasli modellogsdirmo iigiin
hazirlanmis xiisusi alotlorlo birlosdirmayo imkan verir. Bu alotlor sinfino Jason vo Eclipse AMP
sistemlori daxildir.

Bu sistem sinifinin taninmis tomsilgisi, layiho sistemi (IDE) Eclipse-o qosulan Repast
Simphony hesab olunur. Birincisi, belo bir totbiq miihitin mévcud imkanlarindan istifado etmoyo
imkan verir vo yeni programlasdirma dillorini Syronmoys ehtiyac yoxdur. lkincisi, agent
sistemlorini inkisaf etdirmok {i¢iin toqdim olunan metodlar agentlorin yazilmasi iizorindo
comlogmoya vo eyni zamanda oyani vo maraqli vasitolordon istifado etmoyo imkan verir.
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PE3IOME
SI3BIKU ITPOI'PAMMMPOBAHUA AJI51 CO3JAHUSA ITPOI'PAMMHBIX
AT'EHTOB U IIPUMEHEHMUE ITPOT'PAMMHBIX IIVTAT®OPM
Canumoea M.P.

Knrouesnle cnosa: azenm, acenmckue niameopmot, JADE, netlogo

B cratbe paccMaTpuBarOTCS areHTHBIE IUIATQOPMBI, UCTIONB3YEMbIE ISl CO3JaHHUsI MHOTOAr€HTHBIX
cucrteM. PaccMaTprBaroTCs HECKOJIBKO areHTCKuX Iiardopm. M3 HUX W3y4eH mpUHIHIT pabOThI IaT(opMbl
Jade, ommcana cTpykTypHas cxema. 3aTeM paccMaTpuBaeTcsi cpena mpoekTtupoBanHus netlogo. Konmenmms
BHPTYyaJIbHOTO MUpa netlogo oObsCHIETCS TeM, Kak OH onuchiBaeTcsi. OToOpaxaercs KoJ MoJenu areHTa. B
paboTe TakXkKe JaeTcsi KpaTKUi 0030p MIaThopM C OTAEIBHBIMU KPOTaMU I pa3paboTKH MYJIbTHATEHTHBIX
CHCTEM.

SUMMARY
PROGRAMMING LANGUAGES FOR CREATING SOFTWARE AGENTS
AND APPLICATION OF SOFTWARE PLATFORMS
Salimova M.R.

Keywords: agent, agent platforms, Java, JADE, netlogo

The article discusses agent-based languages, agent-based platforms used to create multi-agent
systems. Several agency platforms are under consideration. Of these, the principle of operation of the Jade
platform has been studied, a structural diagram is described. The netlogo design environment is then
discussed. The concept of the netlogo virtual world is explained by the way it is described. The agent model
code is displayed. The dissertation also provides a brief overview of platforms with separate moles for the
development of multi-agent systems.
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ASINXRON GENERATORLU KULOK ELEKTRIK
QURGUSUNUN RiYAZiI MODELI

'HOSIMOVA ASURA RZA qiz1
HACIBALAYEV NADIR MiRZOBALA oglu
Sumgqayit Doviat Universiteti, 1,2 — dosent
n.hacibalayev@mail.ru

Acar sozlar: kiilok seli, kiilok ¢arxi, generasiya sistemlari, kiilok miihorriki, parlorin dénma bucagt,
gorginlik tonzimlayicisi, kondensator batareyalari, riyazi model.

Qazint1 halinda olan tobii yanacaqlarin golocokds tiikonmo tohliikesi vo istilik elektrik
stansiyalarindan, atom elektrik stansiyalarindan kiilli miqdarda istiliyin otraf miihito atilmasi ekoloji
tohliiko yaratdigina goro, qazint1 halinda olan yanacaqlardan asili olmayan, onlara alternativ olan
enerji monbalorindon istifads etmo texnologiyasini inkisaf etdirmoklo enerji istehsalini artirmagi
giindomo gotirir. Borpa olunan enerji monbolorindon enerjinin alinmast kifayat qodor baha basa
golir,lakin bu texnikanin inkigaf etdirilmasi yeni texnologiyanin totbiqi ilo yeni is yerlorinin
acilmasina imkan verir, inkisaf etmis Olkolori — Avropa 6lkslorini, Yaponiyani, ABS$-1 vo son
onilliklords Cini calb edir.

Borpa olunan enerji monbolorindon istifads edilmaklo elektrik enerjisinin istehsalinda ¢ox
boylik pay hidroenergetikanin payina distir, lakin boyiik giiclii su elektrik stansiyalarinin tikilmo
potensiali tilkonmokdodir vo hal-hazirda vo golocokds kigik giiclii su elektrik stansiyalarinin
tikilmosi vo istismari ilo elektrik enerjisinin alinmasina daha c¢ox diqqet yetirilir.Eyni zamanda
barpa olunan enerji resurslar1 icorisinda kiilok energetikasini inkisaf etdirmoklo enerji balansinda
onun paymin artirilmasi nazords tutulur, c¢iinki kiilok energetikasi biitiin diinyada borpa olunan
tomiz enerji monbayi kimi qobul edilmaklo, ondan elektrik enerjisi alinmasi texnologiyasi kimi ona
olan tolabat artir.

Molumdur ki, kiilok elektrik qurgularinda elektrik enerjisi hasil etmok ii¢lin vo onlari elektrik
sobokosino paralel qosulmasini tomin etmok {i¢iin miiasir kiilok elektrik qurgularinin miixtalif
generasiya sistemlori movcuddur. Belo generasiya sistemlorindon biri kiilok miiharrikinin porlarinin
dénmao bucagini doyismoklo (kiiloyin siiratindon asili olaraq tonzimlomoklo) istifads edilon sistemdir
ki, belo sistemdo kiilok elektrik qurgusunun firlanma tezliyi vo giicii kiilok siirotinin nominal
gqiymotindon yuxart hadlordo porlorin donms bucaginin doyisdirilmasi ilo nominal qiymoti asa
bilmir.

Kiilok elektrik qurgusu kiilok selinin kinetik enerjisini gqobul edorak onu elektrik enerjisino
cevirir. Kiilok miihorrikinin firlanan valinin mexaniki enerjisini elektrik enerjisina ¢evirmak ii¢lin
generatordan istifado edilir. Kiilok elektrik qurgularinin generatorlarina onlarin xiisusiyyastlorini
nozoro almagla xiisusi toloblor qoyulur. Bu toloblordon on ohomiyyatlisi ondan ibarstdir ki,
bildiyimiz kimi generator kiilok carxinin firlanmasi ilo haroksto gotirilir. Belo firlanma zamam
yarananis rejim kiiloyin siirotindon asilidir vo kiiloyin siirati isa sabit deyildir [1].

Kiilok siiratinin doyisma soraitinds vo bu doyismo ilo slagodar generatorun firlanma siirotinin
genis diapazonda doyismosi zamani onun tolob olunan xarakteristikalarini tomin etmok
lazzimdir.Bundan basqa onun tolob olunan xarakteristikalarinin tomin olunmasi {i¢iin, yoni
qorarlasmis is rejimindo islomoasino ondan qidalanan tolabatcgilarin yiikii do tosir gdstorir [2].
Demali, rotorun firlanma siiratinin va yiikiin doyismasi soraitinds generatorun ¢ixisinda gorginliyin
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stabil qiymatini tomin eymak lazimdir. Bunun {iglin gorginliyi tonzimloyin qurgudan istifade etmak
miitloq vacibdir. Belo tonzimlomo {i¢iin adoton ya gorginlik tonzimloyicilori, sinxron generatorlu
kiilok elektrik qurgularinda iso tosirlonma dolaginda ceoroyani tonzimloyon gorginlik
tonzimloyicilorindon istifado olunur. Bu iso generatorun tosirlonmo dolaginda slave enerji itkilorino
gotirib ¢ixarir.

Kiilok elektrik qurgularinda totbiq etmok iigiin yararli hesab edilon elektrik masinlarinin
analizindon moalumdur ki, hom tiplorine, hom do konstruksiyalarina gors miixtolifdir. Hal-hazirda
kiilok elektrik qurgularinda {i¢ tip generator-sabit coroyan, sinxron vo asinxron generatorlar1 totbiq
olunur. Bu generatorlarin iistiin vo ¢atismayan cohotlorinin miiqayisesinden aydin olur ki, miixtalif
Olkolorin miixtolif firmalar1 torofindin hazirlanan kiilok miihorriklorindo osason iki tip
generatordfan-sinxron vo asinxron generatordan istifado edilir [4].

Asinxron generatorlar1 daha sado konstruksiyaya malik olmasina baxmayaraq, ovvallor kigik
hondesi  Olciilii kondensaor batareyalarinin olmamasi sababindon az istifado olunurdu. Bu
kondensator batareyalar1 generatorun tosirlonmasino reaktiv giiciiniin kompensasiyasini tomin edir.
Hal-hazirda yigcam hocmli kondensatorlarin vo gorginliyin yeni stabillogdirmo sistemlorinin
yaradilmasi ilo bu problem hoall edilmisdir [2]. Boylik giiclii elektrik sobokasing isloyon kiilok
elektrik gqurgusunun va stansiyanin iso buraxma, tormozlanma reimlarini, eloco do ¢ixis giiciiniin
rogsini (doylinmalarini, doyismosini) zoiflotmok maoqgsadi ilo idaro olunmani todqiq etmok iigiin
modellogdirmo masalalorine baxilmalidir. Asinxron masini bazasi asasinda riyazi model, belo kiilok
elektrik qurgularinin elektrik sabokasi ila birgs islomasinin qiymstlondirilmasine imkan verir. Kiilok
elektrik qurgusunun va stansiyasinin elektrik sobokasi ilo birgs igo qosulmasi zamani onun statiki vo
dinamiki rejimlorinin qiymatlondirilmasi layihslondirme zamani nozors alinmalidir.

Hal-hazirda kiilok elektrik qurgusunun va stansiyasinin soboka ilo birgs islomasi zamani onun
statiki rejimlorinin qiymaotlondirilmasi iiclin standart metodlar islonmisdir. Lakin els rejimlor vardir
ki, mosalon kommutasiya rejimlori, onlarin qiymsatlondirilmasini standart metodlarla aparmaq
miimkiin deyil, ona goro do soboko torkibinds olan kiilok elektrik qurgusunun uygun dinamiki
modellarindan istifadasini talob edir. Belo model aydindir ki, elektrik sabakasinin, transformatorun,
xottin vo asinxron masini bazasinda qurulmus kiilok elektrik qurgusunu 6ziinds birlosdirir (sok.1).

Sokil.

Kiilok elektrik qurgusu ozliiylinde kompleks qarsiliqh tesir sistemi tasovviiriinli yaradir vo
onun tonliklori fozada torponmoz «,f,0 oxlart {lizro tonliklor sistemi kimi yazilir [3]. Elektrik
sobakasing isloyan asinxron generatorlu kiilok elektrik qurgusunun dinamiki proseslorini ifads edon
tonliklor sistemi asagidaki kimidir:

Dinamiki proseslorini ifado edon tonliklor sistemi asagidaki kimidir:

p\Psa =U v r‘s{,sm ; i,sa:k’sa ¥ sa+k,asr'\Pm ;
pYs=Us-Ii's Usp=kasVep T Ko Wi
p\Pm = '\Prﬁ *Or 'rr{ra ; ira = k’ar'\Pm + k,asr'\Psa ; (1)
p¥p= Vi "0 - Iy g =K o Wrp + Koo Wp ;
ijwl’ = MkM - MEM ; MkM = \Pm'{rﬁ - \Prﬁ'im ;
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burada: Usy, Ugs, 1505 U sp s e » 0> Psa» Psp» Yia » ¥ip — uygun olaraq a,p oxlari iizra stator

vo rotorun gorgunliyi,coroyanlari vo maqnit seli ilismoloridir. rs , I, — statorun vo rotorun aktiv
miiqavimatlori; My, — kiillok mihorrikinin  horokotetdirici momenti; Mg, — asinxron masinin
elektromagnit momenti; T; — siirlismonin S=1-don S=0-ra qodor doyismosinds siirstlonma
miiddotidir.

Transformatorun va elektrik verilisi xattinin, statiki kondensator batareyalarinin tonliklori a
va B koordinat sistemindos asagidaki kimi yazilir:

Transformator vo xatt iigiin

€so- Usa= (RAk + rXT)'isa + (XXT + Xsis)'pisa

€sp - U p= (RAk + rxT)'i s (XXT + Xsis)'pi B (2)
Statiki kondensator batareyalar1 ligiin
pUsa: Xc'i”sa
PU s =Xc'1" s 3)
burada: k', :; Ko = ’AC—4 ki = ; Ay = Xs'Xr - X2 Kimi tayin olunur. i'g, i - asinxron

generatorun stator dolagindan axan coroyanin toplananlari; i"s,, 1’ - Statik kondensator
batareyalarina axan coroayanin vektorunun proyeksiyalaridir; Xs , X: , Xm - Statorun, rotorun va stator
Vo rotor konturlar1 arasindaki qarsiliqlt induktiv miigavimatloridir; R,k ,lxr ,Xx- asinxron masinin,
Xottin vo sistemin aktiv vo induktiv miiqavimotlori; esis ,Xsis — Sistemin e.h.g-si vo induktiv
miigavimatidir.

Bu halda coroyanlar iga=1"3q +1"sq,1sp=1sp T 1"sp kimi toyin olunur.

Verilmis tonliklor sisteminin halli shomiyyatli doracads ¢otinlik yaradir, onlar va elektron
hesablama masininda, ya da “MATLAB”-da hoall edilmolidir. “MATLAB”-da toadqigat aparmaq
ticlin sxemin ayri-ayr1 elementlorinin bloklar1 istifade edilmokls - yoni kiilok elektrik qurgusunun
150 buraxma blolu va kiilok elektrik qurgusunun rotorunun verilmis firlanma siirati aninda sabokoyo
qosmagq tli¢iin idara blokunun sxemi tortib olunmalidir.Yaradilmis modelin dogrululugunun
qiymatlondirilmasi, kiilok elektrik qurgusunun is rejimlorinin tocriibi yolla todqiqi zamani 6ziinii
gostorir.
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PE3IOME
MATEMATHUYECKASI MOJEJIb BETPOBOH SJIEKTPUUYECKOM YCTAHOBKH (BJY)
C ACUHXPOHHBIM I'EHEPATOPOM
Tawumosa A. P., I'aoscubanaee H.M.

Knroueswvle cnoea: nomox gempa, 8empoxonecO, CUCHEMbl 2eHEPUPOBAHUS, 8eMPOOBU2AMENb, V2Ol
HAKIOHA JIOnacmel, pe2yisimop HAnpsicenus, KOHOEHCAmOpHvle bamapeu,
Mamemamuieckas Mooeb.

B cratee paccMOTpeHBI BOMPOCHI IS MOYICHUS dJEKTPUIECKOW SHEPTUN OT BETPOBOI YHEPTHH C
ucnonb3oBanueM BDY ¢ acHHXpoHHBIM TeHepaTopoM. [Ipou3BeneH CpaBHUTEIBHBIM aHanW3 M BhIOpaHa
BDY ¢ konzmeHcaropHbIMH OaTapessMd Ha 0a3e acHHXPOHHOTO TeHeparopa. 3aTeM COcCTaBlieHa
MatemaTtmyeckass Monmenb BJY, mng wccnemoBaHHMS ITycKa, TOPMOXKEHHS, a TakKe ISl YMEHBIICHUS
KoJieOaHUH BBIXOJHON MOIIHOCTH MIPY YIIPaBICHUH.

SUMMARY
MATHEMATICAL MODEL OF A WIND POWER PLANT (WPP) WITH AN ASYNCHRONOUS
GENERATOR
Hashimova A. R., Hajibalayev N.M.

Key words: wind flow, wind wheel, generation systems, wind engine, blade rotation angle, voltage

regulator, capacitor banks, mathematical model.

The article discusses the issues of obtaining electrical energy from wind energy using a wind turbine
with an asynchronous generator. A comparative analysis was carried out and a wind turbine with capacitor
banks based on an asynchronous generator was selected. Then a mathematical model of the wind turbine was
compiled to study starting, braking, and also to reduce fluctuations in output power during control.
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