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NCCIEAOBAHUE HECTAIIMOHAPHBIX BOJIH B HEO/JJHOPO/HbIX
PEOJIOTHYECKHX CPEJIAX TP MAJIOA BA3KOCTHU

'KYPBAHOB HABU TAIIABIT oray
2EABAI[)KAHOBA BYCAJISI TAM3A ro13b1
SAJIMEBA YJIbBUSI CAHTAH rbi3nI

Cymeaumckuii 2ocyoapcmeennwiil yrusepcumem, l-npogeccop,2-0ooyenm, 3-cm.npenodasamens
vusalall@gmail.com

Knwouesvie cnosa: nanpsicenue, niomHocms, peraxcayus, npeoopasosanue Jlannaca, uzobpascerue,
ko3 puyuenm Ilyaccona, ynpyeocms, HeOOHOPOOHOCHb, 8A3KOYNPY2OCHIb.

B cmamve uccredyemca 3aoava o pacnpocmpanenuy HeCMAYUOHAPHLIX OUHAMUYECKUX GONH 8
HEOOHOPOOHOM Peolo2UYecKOM Cloe, K020a NJIOMHOCMb U QYHKYUA PeNaKcayuy Mamepuana cios 3aeucsim
om KoopOuHam. 3adaua peuieHa ¢ NOMOWbI0 UHMEeZPAaIbHO20 npeobpasosanus Jlaniaca 0is NPOU38OILHBIX
HACeO0CMEeHHbIX QYHKYull npu manou esazkocmu. Illpu evluucienuu opucuHanra npeonoaodlceHo, Hmo
koapuyuenm Ilyaccona sgisemcs nocmosunvim. Pewenue nonyueno 6 guoe psoa, nepaulil wieH Komopozo
coomeemcmeyem DYHOAMEHMANbHBIM PEUEHUSM MEeopUU Ypy20Ccmu, 0OCMAlbHble YleHbl pada GO3HUKAIOM
3a cuem @askoynpyeocmu mamepuana. Ilokasano, 4umo 601HbI 3amMyxXaiom no KCNOHEHYUATLHOMY 3aKOHY C
meyeHueM GPeMeHU.

MHorue 3aa4u MPUPO/IbI, CBSI3aHHBIE C PELICHUEM MPOOIEM CEHCMOIOTHH CEHCMOCTOMKOCTH
TEXHUYECKUX CHUCTEM TMPHUBOASTCA K HCCICJOBAHUIO BOJHOBBIX IPOIECCOB C yYETOM
HEOAHOPOJHOCTH M PEOJIOTHUYECKHX CBOMCTB cpennl [1,6]. OmHako, WcclieoBaHHWE 3TOM 3aavd
MPUBOAUT K 3HAYUTEIILHBIM CJIOKHOCTSIM MAaTEMaTHYECKOTO XapakTepa. AHaJIOTHYHAas 3ajada JJis
yIIpyroro MOJyNpoCTpaHCTBa peuieHa B pabortax [1,5], a B pabotax [2,3] uccrnemoBaHa, Korna
IJIOTHOCTh 3aBUCUT OT KOOPAWHATHI, 8 QYHKIIMS pejlaKCcallui HE 3aBUCUT OT KOOPIUHAT.

B nannoii pabote uccneayeTcs 3aaya 0 pacpoCTpaHEHUH HEeCTAI[HOHAPHBIX JMHAMHYECKHUX
BOJIH B BSI3KOYIIPYrOoM cjioe, Korja (DyHKIMS pejakcalud W TUIOTHOCTh MaTepualia 3aBHCST OT
KOOpP/IMHAT, HalpaBJIEHHBIX B IN1yOb MaTepuaina [1].

[ycTh K TMOBepXHOCTH HeogHOpoaHoro crmos Y > 0, Haxomsmierocs B MOKOE, B MOMEHT

t = 0 npuknagsiBaeTcs Harpyska
Torna McclenoBaHHE HAMPSKEHHO-Ae()OPMALMOHHOTO COCTOSHHS CIOS B HOCIEAYIOIIME
MOMEHTHI BpeMEHH MAaTeMaTHIECKH CBOIUTCS K PEIIEHUIO CUCTEMBl YPaBHEHHUIA
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R(y.t)=R(t)L+ay), R,(y.t)=R,(t)+ay) ply)=py(L+ay)".
rie o - HampsbKeHUe, O, -TJIOTHOCTb, u(y,t)— nepemMelneHre, h— TonmmHa CcjIos, a U K

nocrosunsre, R (y,t)u R,(y,t) - dynkuun o6bemMHol U cyBurosoii penaxcamun, f(t) - 3anannas

GbYHKIMS, XapaKTepU3yIOLIas BHEITHIOI HarpysKy.
[Ipumensis uHTErpanbHoOe peodpaszosanue Jlamnaca no BpeMeHu t k ypaBHeHUIO (2) ¢ yueTom
(4) u (5) nomygaem:

d%u(z.p) , kduzp) £, o) g

dz? z dz a (6)
31ech BBEIEHO 0003HAUYEHNE
_ 2
pR,(p)+ > PR.(p)
- p2 — 1 3 1
z=1+ay, B*(p)==—, C%(p)=
(p) () (p) py

P - mapametp mpeobpaszoBanus Jlamnaca, U(Z, p)-H306pa>KeHHe byHKIIUN u(y,t), ﬁl(p) u

ﬁz( p) n3zobpaxenue no Jlamnacy GpyHkimit Rl(t) uR, (t)COOTBeTCTBeHHo.
Pemenue ypaBHeHus (6) B o01IeM BHI€ UMEET BHI:
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1-k
3necs 1,(z) u K, (z) monudummposannsie dynxmmn Beccens. V:T; A u B nocrosHHBIE
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AKV(ﬁ + Blv(ﬁj ~0=>B=-A—2/
a a

G
o) L) ) o

0(z, p)= Az" K(z

rae z, =1+ ah. Toraa pemenue (7) npuHUMAET BULL:

N3 ycnosus (1) monyqaem:
5=(pﬁl +3psza—U= f(p)
3 oy
ou f(p)

- — — >
ay (pR1+3pR2j
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Pemenue nocraBieHHOM 3a1aun paKkTUUYECKH MOTy4YE€HO B M300pakenuu Jlammnaca.
JU1d BBIUMCIIEHNs OpUTHHAJA CHadajga pacCMOTPUM clenyromue ciydau. [Ipeanonoxum, 4ro
kodpduuuent Ilyaccona v - sBiseTcss MOCTOSHHBIM. Torjpa peojorudeckue (QyHKIUU OyayT

IPONOPLIMOHAIBHBIMY, T.€. Rl(t)=77R(t)1 rne 77:_3(1-4_-;/)
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[Tonygyaem

rIe

ITocie 3Toro JJIA I/I306pa)KGHI/I5I PELICHUS ITOJTydaeM:
1

3 v by (> RO _Ponny) [ROL
)= cf(p)z 2 F\’~O ¢ | pR(p +Z! P R p) _e L) pR(p)] (11)

u(z,p
( pp \PR(D)|"

OTCIO,I[a BHUAHO, YTO OKOHYATCIBbHOC PCIICHUSA ITOCTaBJICHHON 3aJa4yu CBOJHUTCA K

BBIYUCJICHUIO OPUT'MHAJIIOB (1)yHKIII/II71
_P7j
R 0 I pR
pR

rue n=y; 7/2—2nh+y, 7/3—2nh—y,

Cnaugana npesmonoxkum 4to, o = f(t)=o,H(t) rme o, = const, H(t) - pynxims

~

Xesucaiina. Torna o = f (p) =%y IIPU 9TOM ISl (D, (y, p) IOJTy9YaeM:
P

_ o py.
1/ pR (12)

[IpencraBnsss SKCHOHEHIMAIBHYIO @yHKumo B Buae wuHrerpana @Pypee, ¢ yyeToM
pR(p)z E(l—d’(p)) MOJTyJaeM:

- cos[;ty‘jdxl
ZO'OJ' c J_
7Ep Y p?+ 22 —A’T(p)

@i, p)=

rze F(t)-su:[po penakcanuu, £ > 0 HEeKOTOPBINA MabIi TapaMeTp (MHOTIA & = OF\: =),
0

R,.- penakcuposaHHOe, R,-HepenakCHpOBaHHOE 3HAUEHHE (PYHKIUH R(t). Paznaras 3HameHnaresnb

B psijl, IOJTy4aeM:

- 20,7 1 % (p)
A i’p = + 44
7. ) nEp![ R (Y i

m 92m~(m)
+£ AT (p) 1 cos(%)d}t



Hccneoosanue HeCcmayuoHAapHbIX 60JIH 6 H€0()H0p0aHblxpQOJZOZI/l'-leCKMX cpec)ax npu MAnoU 83K0CmuU

rae T :Jr(r)sin Ardz; T, :J'F(r)cosﬂrdr.
0

OTcro1a MOciie HHTETPUPOBAHMSI HAXOIUM:
& %
- 2 f =~ n g
; (7i , p) = ﬂ{zexp(—%jz (Er(p)) + x/;[Lj X

7Ep | 2 o cp
xK%(py'J( )in(gl“ )+ +J_(L]%K (%Jx

- cp

( p )ZZZI e 2)'( )) +...+

A
22(ma) f(p ) OS(?jdﬂ,
2 2 \m+l 2 2
(o7 + 2] (p+ Ey ,zj +/12(1—;9ch

31ech, nepexons K oOparHOMY IIpeoOpa3oBanuio Jlamnaca, HaX0uM:

o.(2,t)= %{H(t —ﬁj(t —%J *ni;gmrn(tﬁ(;—zl)(tz —Z—f]H(t —ﬁ] +0,(t)*

Y

o0
+8n+1j'
0

*gngnrn(t)Jr (_215)2 (tz _z_iszH(t—%}&(t)*iﬁg”ﬂﬁﬂ..ﬁ

Ay
HE 1 Cos(cj
5"”1].{[ 0,.(c)dz * exp( —&l ltj xsin i[l—zgrc jt}—dl
0Lo0

/1[1— 1 grcj
2

roe o (t) - nenbTa pyHkuus dupaka; K, (z) - pynkuus MaknoHnanbaa. 37ech BBEACHBI CIIEIYIONINE
0003HaUECHUS;

jf(r)sin At-7)dz
0,(t)= 4] 0,(z)sin At - Hi~

o

1[0 )sin Alt—z)dz

)4 peH_IeHI/Iﬁ BUJIHO, YTO BOJIHA 3aTyXacT I10 3KCIIOHCHLIUAJIBHOMY 3aKOHY U HepBBIﬁ YJICH
CYMM COOTBETCTBYECT Q)yHHaMeHTaIII)HI)IM pPEIICHUAM TCOPHUU YIIPYTOCTHU, a OCTAJIBHBIC YJICHBI psAda
BO3HHUKAIOT 3a CUCT BA3KOCTHU MATCpUalia CPpCAbI.
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XULASO
OZLULUK KiCIK OLDUQDA QORARLASMAYAN DALGALARIN
QEYRI-BIRCINS REOLOJi MUHITDO ToDQIQi
Qurbanov N.T., Babacanova V.H., Oliyeva U.s.

Acar sozlar: gorginlik, sixliq, relaksasiya, Laplas cevirmasi, tasvir, Puasson amsall, elastiklik, geyri —

bircins, ozliielastiklik.

Mogqalodo miihitin sixligi vo relaksasiya funksiyasi koordinatlardan asili oldugda qeyri-stasionar
dinamik dalgalarin 6zliielastik layda yayilmasi masalasi arasdirilir. Masaloa ixtiyari reoloji funksiyalar ti¢iin
Laplasin inteqral ¢evirmosinin komoyi ilo hoall olunmusdur. Orijinalin hesablanmasinda nozora alnir ki,
Puasson omsali sabitdir. Masalonin hoalli sira goklindo alimir, belo ki, siranin birinci hoddi elastiklik
nazariyyasinin fundamental holline uygun, diger hadlori iso materialin 6zliielastikliyino osason yaranir.
Zamanla dalgalarin eksponensial ganununa gore sonmasi gostarilir.

SUMMARY
STUDY OF NON-STASIONARY WAVES IN INHOMOGENEOUS
RHEOLOGICAL MEDIA WITH LOW VISCOSITY
Gurbanov N.T., Babajanova V.H., Aliyeva U.S.

Key words: tension, density, relaxation, Laplace's transformation, image, Poisson's coefficient,

elasticity, heterogeneity, viscoelasticity.

The article studies the problem of propagation of non-stationary dynamic waves in an inhomogeneous
rheological layer, when the density and relaxation function of the layer material depend on the coordinates.
The problem is solved using the integral Laplace transform for arbitrary hereditary functions at low
viscosity. When calculating the original, it is assumed that the Poisson's ratio is constant. The solution is
obtained in the form of a series, the first term of which corresponds to the fundamental solutions of the
theory of elasticity, the remaining terms of the series arise due to the viscoelasticity of the material. It is
shown that the waves decay exponentially over time.

Daxilolma tarixi: [lkin variant 31.05.2021
Son variant 21.06.2021
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Kniouesvie cnosa: osouunvie numelinvie MOOYISAPHbIE OUHAMUYECKUE CUCTEMbl, MEPMUHANbHbIE
onmumaivHvle ynpasieHus,  3aoaya bonvya, 6Oynesvie u nceedobynegvie
@yuryuu, Heobxooumoe yciosue ONMUMAarbHOCMU YAPAGIeHU.

Paccmampusaemces 3a0aua mepmMunanibho20 ONMUMAibHO20 ynpaesienus u sadada Bonvya 0nst 00H020
KIACCA OBOUYHBIX UHEUHbIX MOOYJAPHLIX — OUHAMUYECKUX cucmem. Hcnonv3ys nowsmue npou3eo0HOU U
oughghepenyuana Oynesvlx u ncegdodynevlx GyHKYULl, HAXOOUMC He0OX00UMOe YCaosUe ONMUMATbHOCTU
VApasneHus.

Beenenne. Monynsapubie quHamudeckue cucreMsl (M/IC) oTHOCATCS K KilacCy AUCKPETHBIX
YIPABISIOMINX JUHAMHYECKUX cucTeM [1-4]. OHM MIMPOKO MPUMEHSIOTCS B KOMITBIOTCPHOM TEXHU-
K€, CUCTEeMax JMarHOCTUKH, KOJUPOBAHUU U JEKOJIMPOBAHUM JUCKPETHBIX COOOLICHUH, B KPUIITO-
rpaduu, MOJCIUPOBAHUH, YIIpaBIeHUU 00beKTOB M T.A. [1, 3—11]. B HEKOTOPHIX MPUMEHEHHUSIX
MJIC crankuBaroTcs HaXOKIEHUS ONTHUMAIbHBIX IIpoueccoB. K Takum 3agayaM OTHOCHUTCS 3ajayda
ONTUMAJIBHOIO CUHTE3a, 33/1a4ya ONTUMAJIBHOIO YIpaBiIeHUs U T.J. 3ajadya ONTUMAJIbHOTO CUHTE3a
UMeEET TEOPETUUECKUN U NMPUKIAJHON XapaKTep U K HACTOSALIEMY BPEMEHM Pa3IMYHbIE aCIEKTBI
ATOW 3a/la4uM JUIsl HEKOTOPbIX KilaccoB ABOMYHBIX MJIC, 3aaHHBIX B BHUJE JIBYX3HAUHOI'O aHaJIora
nonuHoma Bonreppa, uccienoBansl goctatouHo [12-23]. A 3agaya onTHMaIbHOTO YIPABICHUS IS
MJIC wuccrnenoBaHa HejocTtaTouHo. B maHHOM paboTe, UCHOB3YSl MOHSATHS MPOU3BOIHBIX
OyJIeBbIX M MCEBAOOYNEBbIX (YHKIMH, MONYy4YE€Hbl HEOOXOAMMBIE YCIOBUS ONTHUMAJIBHOCTH VIS
HEKOTOpOro KJlacca 3a7ayd ONTUMaJIbHOTO yrpaBieHus ABonyHbix MJIC.

Paccmorpum ¢yukumro f(X,...,X,), rme X, e B, a=1nu B={0,1}, T.e. MHOXECTBO €CTb
OuHapHOe MHOXecTBO. Ecmm mms Beex (X, X,) € B" =Bx...xB  ynosnersopsercs
f(X,....x,)€B, rorna ¢ynkuus f(x,...,X,) HazpiBaeTcst OyneBoil ¢yHkuMen. SIcHO, 4TO BO

MHOXkecTBe B" cymiectByror 2" n— MepHBIX HAGOPOB.
ITponsBoxanas OyneBbix QyHKIWHA f(X;,...,X,) 10 IEPEMEHHOH X; TOHUMAETCS B CIETYIOIINM

cmeicie [24]:

M: F (X ey X g0y Xy X0 ) @ F (XL Xi 4,0, X g ey X))

xi

Jinst nuddepennmana Of (X1’---’Xn) oyneBoit pynkmmu f (X,..., X, ) cripaBeauBo [6]
Fox)=d Y T & & GF@), (1)

a=l 1<jj<.<j,<n ale '-'axj{Z
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Derizuee O, I'acannvr HU.

rae &; €{0L}, k=L a. fcno, uro ecnu dynkuus f(X,...,X,) ecTb nuHeHHas QyHKIMSA, TOTA B

dopmyie (1) cMmemnranHble MPOU3BOJHBIE OTCYTCTBYIOT U 1M03TOMY (hopmyna (1) umeer cienyromuit
BUJI:

of

&(le---’xn)ZZy@(av GF(2).

a=1
Beex (X,...,X,) € B"

X,) Ha3bpIBaeTCs ICEBIOOYIEBOM

Paccmotpum pynkmmoo @(X,,...
X,)€R , Torma Qynxuus
¢byHkmen, rae R ecTh MHOXKECTBO BEIIECTBEHHBIX YHCEL.

[TpousBoHbIe NCEBAOOYIEBBIX (QYHKIUH ¢:B" — R NOHMMArOTCS B CIIEAYIOIIEM CMBICIIE
[25]:

,X,) TIe X, €B, a=1n. Ecom s
(X,

ynosnersopsiercs  f (X,,...,

OP(Xyyes X))
—_— = yeey X _,
8X (D(Xl a-1

a

1 a+1’ n) ¢(X11 _1101X "Xn)'

e

Beskas mceBmoOyneBast (QyHKIMsS JHHEWHA 1O Kaxaomy aprymenty. ClieoBaTeinbHO, IS
muddepennmana ncep1o0yneBoi GyHKIUU CIPaBEIIUBO

N

a=11<j;<.<j,<n W s

S la

=0; &; e{0-1}, ecmm X,

5x

oS (@)

rae &; €{0,5}, ecmu X; =1. OueBuzno, uToO

. = Signdx. -|5Xi| =-X -|5Xi| . [TosTomy B manbHeimem B (2) Oyaem mpemmnosarars, uro &k, € {01}

200)

OX
3agaya TepMHUHAJBHOIO ynpasiaenusi. Paccmorpum cnenyrouryro MIC

x[n+1]= f (x[n],u[n]), X[0]=a, 0<n<N, GF(2), (3)

rae X[n]€e GF™(2) - Bekrop cocrosuus, U[nN]e GF'(2) - BekTOp BXOAHON MOCIEI0BATENLHOCTH

s Xisgaeees X0 ) = QX0 X1, 0, X 10000 X0)]

==X [p(X,-., X

win ynpasneHus. N >1— 3ajaHHOe HaTypalbHOE YMCIO, a— M —MEPHBIM 3aJaHHBI BEKTOp Haj
none GF(2), f()—3ananHas nuHeliHas QyHKIUS.

3amaya ontuManbHoro ympasineHus MJIC (3) 3axmrodaeTcs B ONPEAENIEHUH TaKOIo
u[n] e GF'(2) , xotopoe ¢ ydeTrom (3) MUHUMH3HUPYET 3aJaHHbIH TICeBI00YIeBbIN (yHKIIHOHAT
| =D(X[N]). 4)
3amaya (3),(4) ectp 3amava TepMuHaigbHOrO ynpasienus. [lycts f () u d(-) TakoBsl, 4TO MX
CMeEIIaHHbIe TPOU3BOAHBIE paBHBI HYI0. IlycTh

of, (dn].uln)) &, (n.uln])

ox[n oX,[n

of (x[n], uln]) _ i .

O[N] | ,
ofyy (X[n],uln])  &f, (x[n], uln])
ox[nl T ax,In]
of,(x[n],uln])  &f,(x[n], uln])
awn] " au[n]
of (x[n], un]) _ oo(x[n]) _ [ o@(x[n))  oP(x[n])

ou[n]

ot Ol uln])

of, (x[n], uln])

au,[n]

ou,[n]
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ox[n]

{

ox,[n]

" Oxy[n]

)



Heobxooumoe yciaosue onmumaivHocmu ynpaesieHusl 6 HEKOmopblx 3a0a4ax onmuUMaIbHo20
ynpaejeHus O0BOUYHBIX TUHELUHBIX MO()yJZﬂprlx OUHAMUYECKUX cUCmeM

Hycts u” ={u’[0],...,u’[N —1]} ecTh onTHMaNIbHAs MOCIEA0BATENLHOCTD,
X ={x[0]...., X [N]}- cooTBercTByIOmas eii mocneq0BaTENLHOCTh COCTOSHMI U U - HeKoTopas
M3MEHEHHAs BXOHAs OCIIEN0BATENbHOCTh, TaKas 4TO
G[k] = u'[K], k = n, 0<k <N —1: G[n] = u"[n] ® &[],
e QU] = (SU ], U D). Torzia X ={X[01,..., X'[N], K[ +10,.... X[NT}-
B cuity ycsosuii, Hanaraembix Ha T () cripasenmuso:
Rn+1@x[n+1] = o [n+1] = TEUID 501 GE2).
ou[n]
3neck omepanus yMHOXKeHHss o MOd 2 3ameHeHa OOBIYHOM olepaluedl yMHOXeHus. B cuiy
ycioBuii, HanmaraeMeix Ha O(-) crpaBeIMBO

OD(x[N])

O(X[N]) - D(X[N]) = oXIN]

X'IN]=0, ()

o (X" [k —1],u"[k —1])
ox[k —1]

[TpaByro yacTh COOTHOIIEHHUS (5) MOKHO MEepenucarh B CIEAYIOLIEM BUJIE

K[K]® X [K] = X [K] = XTk-1], GF@2), k=n+2,....N .

oD (X" [N]) [ of (X' [N —1],u’[N ) e
OX[N] OX[N -1]

_0®(X'[N]) [of (X[N =1],u"[N —1]) of (x'[N —2],u’[N —2]) X n—-2]t=

OX[N] OX[N —1] oX[N —2]
_ 0®(X'[N]) [ of (X[N —1],u"[N —1]) &f ('[N —2],u’[N -2]) X [n—2]-

oXIN] XN —1] XN -2]

A KIn+1,u n+Y) -5x*[n+l]} _
ox[n+1]
_O(CIND) [ (CIN U IN-1)) o (KT + ' nel)) AHCILUTD gl )
OX[N] OX[N —1] ox[n+1] au[n] '

3nech omepanus ymHOkeHHs 1o MO 2 3ameneHa oGbluHON omepanueil ymMHOXkeHHsA. BBenem
CIIETYIOIIYIO CONPSKCHHYIO CUCTEMY
OD(X[N of (x[n],u[n
iy = C2UARD iy ppn 4 TR UND
ox[N] ox[n]

rne P=(P,,-..,P,)- M-mepusrii Bextop Hax GF (2). Torna (6) 3amumercs B Buze
of (x[n],u"[n])
ou[n]

y n:N_Z)N_Sl"'IllO! (7)

p'[n+1] Su'[n]=0. (8)

Beenem auckpernyto ¢pyHkuuio ['amunsToHa [26]
H(p"[n+1,x"[n],uln]) = > p;[n+1]- f,(x"[n],u[n]). (9)
-1
U3 (9) BugHO, uTO (8) MOXKHO 3aMKCaTh B BUC
OH (p"[n+1],x"[n],u”[n])

ou[n]
Takum 00pa3om, cripaBeIMBa CleAyoIIas TeopeMa.

A’[n]=0. (10)

12



Dernizuee O.I., I'acannvr H U,

Teopema 1. Ilycte f(X) mu ®(X[N]) Takue, 4T0 MX CMEIIAHHBIC YACTHBIC IMPOU3BOJIHBIC
paBubl Hymo; U ={u’[0],...,u’[N —1]} - onTuManbHas BXOAHAs MOCNEIOBATENLHOCTD 3a1auu (3),
4), a x ={x7[0],..,x[N]} coorBercrBylomas el IOCIeIOBATENLHOCTh COCTOSHHS;
p  ={p[N]...., p'[0]} - onTumansHOE pemienue conpskeHHoro ypasHenus (7). Torma mis Bcex
n=0,...,N —1 cnpaBemnmBo cootHomienue (10).

Sleno uro, ecnu pynkims T (X) nuneiina, a pynkumonan d(-) cenapaGenbHbINA GyHKIMOHAT,

TOI'/Ia UX CMEIIaHHBIC YACTHBIE MPOU3BOHBIC PABHBI HYJIIO.
3. 3agaya ontumasibHoro ymnpasJenusi boasna. [Iycts Tenepr MJIC 3aana ypaBHeHUEM
(3), a byHKIIMOHAT KayecTBa €CTh CICAYIOIINNA (QyHKIIMOHAI

= O(qND + X, fo (K] (1)

rae @ u f; - ecTb cenapabenbHble ICeBAOOYIEBbIE (DYHKIIMOHATIBI.

3amaua ontumansHoro ympasienus (3),(11), ectp 3amaua bonpma. g HaxoxaeHus
HEO0OXOIMMOTO YCIIOBHS ONTHMAIBHOCTH ynpasieHus 3amaun  (3),(11), mpuBemem ee k 3amade
TEPMHUHAIILHOTO YIpaBiieHus. J{Jis 3Toro BBeieM 0003HaueHUs

Xo[n+1] = f,(x[n],u[n]), x[0] =0, GF(2). (12)
SIcHo, uToO,
X [N]= Z fo (X[K], ulk]). (13)

Ha ocnose (12),(13) BBeeM ClIeAYIONIHE BEKTOPHI:
X[K] = (%o [K], X [K],.... X, [K]),
f (X[K],ulk]) = (fo (x[K1,ulK1), f, (XK1, ULKD),..., f, (X[K],u[K)).

IlycTs,
O(X[N]) = D(IN])+x%,[N], (14)
X[n+1] = f (X[n],u[n]), GF(2), (15)
X[0]=(0,3,,a,,...,a) e GF™(2). (16)

Takum obpasom, 3amada bomsua (3),(11) mpuBoaMTCS K 3ajaue TEPMHHANBHOTO YHpaBIEHHS
(15),(16),(14).
ycts, U ={u’[0],..,u’[N-=1]} - mnocnenOBaTEeNLHOCT, ONTUMATLHOIO  yIPABIECHMS,
X" ={X"[0],...,x[N]}- cooTBeTCTByrOmasi UM MOCICIOBATEILHOCTb COCTOSHHS, a U - HEKOTOpas
MU3MCHCHHAs BXOJAHAA ITOCICOIOBATCIIBHOCTh U
U[k]=u'[k], d[n]=u"[n]®d&u"[n],
re, '] = (U], SCTA]) . Torzia X ={X[0],..., X [N], KN +1],..., XINT}-
B cuity yciosuii, Hanaraemsix Ha T () cnpasenmuso:
fn+1@x n+1 = [n+1 = FELU D g1 GEe),
ou[n]
of (X [k =1],u’[k =1])
X[k —1]
k=n+2,..,N.
3nech omepanus yMHOeHHs mo Mod 2 3ameHeHa OOBIYHOM omepanueil yMHOXeHHs. B cuiy
ycioBHii, Hanaraembix Ha @ (-) crpaBeaIMBO

K K]® X' [k] = & [K] = X [k-1], Gf (2),

13



Heobxooumoe yciaosue onmumaitbHocmu ynpaejileHusl 6 HeKonopovlx 3a0a4ax onmuUMAaIbHo20
ynpaejieHus O0BOUYHBIX TUHELHBIX MO()yJZﬂprlx OUHAMUYECKUX cUCmeM

JD(X[N])
oX[N]

[paByto yacTb cooTHOmIeHUs (17) MOXKHO MepenucaTh B CICAYIONIEM BUJIE:

O(XIN]) - @(X'[N]) = & [N]20. 17)

0@ (X"[N]) [ of (X"[N —1],u’[N -1]) 'af(i*[n+l],u*[n+1])x (18)
OX[N] OX[N —1] ox[n+1]
5 of (X"[n],u’[n]) Su[n]
au[n] '

3nech omepanus yMHOXKeHHs 1o MOd 2 3amMeHeHa OOBIYHON oOmepanueil yMHOXKEHHS.
BBeneM crenyonnyro ConpsyKeHHYI0 CUCTEMY:

o (DEINDY o o OF (XIN],uln])
p[N]‘[—ax[N] ] oty = pin+ay LTI

rae, Bektop P =Py, Pyreess Ppy)| Hax GF(2) ects (M + 1) -mepHbiii BexTOp.

, n=N-LN-2..10, (19)

SIcHo, uTO BTOpOE paBeHCTBO (opmylibl (19) MOKHO 3anHcaTh B BUJIE:

e (Inluln))
pi[n]—g, p,~[n+1]—ax[n] ,i=01...,m.
Torma dopmynsr (18) MokHO 3amucarth B CIIe/IyIOmHIM BUJIE:
i+ TELUIND germpso. (20)

ou[n]

Beenem auckpernyto ¢pyHkuuio ['amunbpToHa:
H (P n+10,x[n.uln]) = > p; [n+1]- f, (X"[n],uln]). (21)

13 Gpopmyasl (21) BumHO, uTo Gopmyibl (20) MOXKHO 3amucath B BUE:
oH (p [n+1],X"[n],u"[n])

auln] ou [n]>0,
rae
OH(P' [n+1, X’ [n],u’[n]) _(oH(P [n+1, X' [nJ,u’[n]) oH (P [n+1, X [n],u’[n])
au[n] B ( oum au, [n] j '
SIcHo, uTO
ID(X[N]) _( ®(XIND) +%,[N] @(XINT)+x,[N] ~ D(X[N]) +%,[N] ) _
X[N] _( % [N] ’ ax[N] % [N] J_
:(1 O(IN]) @(x[N])]:(l cD(x[N]))
" ox,[N] T ox[N] " OX[N]
ITosTomy
1
_ P [N] 1
PNI=L KMNJ'
PmIN]
[MTockosbky ﬁ[N]:(%} MOJTyYUM, YTO p[N]=(%J :

14



Denizues O.I., I'acannvr H.U.

3anumeM BbBIPa’XXCHHA

of (x[n], u[n]) _
ox[n]

SIcHo, 9TO

o, Oqnl.ulnD)

of (x[n], uln])

B OTKPBITBIM BUE:

ox[n]
ofo(x[n],uln])  fo(x[n],uln])  &fy(x[n], uln])
X, [n] ox,[n] T O%gn]
of (x[n],uln])  of,(x[n],uln])  of (x[n],uln])
%o[n] ox,[n] S Ox,In]

o, (4l uln))  of,, (dnl,uln])  &f, (x[n], uln)

%,[n] ox,[n] X, [N]

of, (nl.ulnl) _ oy (Inl.uln) _ o

[Toaromy

of (x{n].u[n]) _| O

ox[n]

Ilpu N=N-1LN -2,..

X, [n] %[n] %,[n]

AT R e AC WD)

ox,[n] ox,[n]
of, (x[nl,u[n])  of, (x[n],uln])
il ax,n]

o L CnLuln])  of, (dn],un])
ol 7 axIn]

.10 naxonum Beipaskenns p[n]:

oiN 17" — pyng SO -TLuN -2)

XN -1]
of (XN =1, u[N =1])  &f,(x[N —1],u[N -1])
X, [N 1] ) ox [N —1]
of (XIN =1, u[N =1])  &f, ([N —1],u[N —1])
=(L p,[N]..... P, [N] ox,[N —1] T IN 1] _
of (XN —-1J,u[N-1])  &f (X[N —1],u[N —1])
ox,[N -1] ox. [N -1]
:(1,§pi[N]af‘ (X[glxl_[ﬂ’f[l']\' = gpi[N]af‘ (X[al\)l(_[ﬂ’i[l?l =
Otcrona nosy4um, 4ro
po[N _1]:11

pl[N _1] = Zm: P;

Of (N ~1,u[N 1) _

[N16f0(x[N —1uN-1))
T ax[N-1] ’

[N
ox [N -1]
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+i _[N]afi(X[N —1],u[N -1]) _ 8f0(x[N —1],u[N -1]) .
e ! ox [N -1] ox,[N —1]

N of; (XN —1], u[N 1)
+2nlN ax,[N —1] ’

[—

NJPOIN AN ) r g0 OIN -DLUIN 1))
ox._ [N —1] ox._ [N —1]

pm[N _1]:ipi
196 OIN —IJ,u[N —1]) _ &f ([N —IJ,u[N -1J) /< p_[N]afi(X[N —1J,u[N -1J)

DL v Yy oN-1 o, IN—1]

ofN g7 = HoCCIN =L UIN 1D -y e O (CIN ~ZJ,u[N —1))
oX[N —1] XN —1] '

[pomomxkas, Takum obpasom, it K =N —2,N — 3,...0 nonyuum, uro:

po[k] =1,
X of; (x[k1,ulk]) of, (X[k],u[k])
p,[K]= ; P [k +1] ox[K] = Po [k +1] ox[K] +

m of. (X[K],ulk])  of, (XIK],u[K]) <& of. (x[K], u[k
Splo .(g[xjkt]:[ D_o (2[Xl[]k;x[ D% (g[xjkl][ D

AU _ | oGl ulkD)

pm[k]=§pi[k+1] ra =Pl

n of. (X[K,u[K])  of,(X[K],u[k]) & of. (X[K], u[k
SplesdL ][ku][ D_t0 ][kL;[ D, $p e ][ku][ )

HJIK MMOJIYYHM, YTO

of o (x[K],u"[K]) r of (CIKLUKD

K]" = k+1
plk] oxK] + plk +1] ox(K]
U3 BeIen3iosxkenHoro BuaHo, 9to st moobix K =N, N —1,... Oects
1

_ py[K] ( 1 J
k]= . = )

pLk] : o[K]

P K]

ITo cooTtHotreHu 0 (21) MOKHO MOTYYUTH CIEAYIOIIEE:
H(p"[n+1],x"[n],un]) = Z p; [n+1]- f;(X"[n],uln]) =P, [n +11- f, (X" [n],uln]) +
+ Zm: p; [n+1]- f, (X" [n],uln]) =pg[n +1]- f, (X" [n],un]) + zm: p;[n+1]- f;(X"[n],uln]) =
= fo (x"[n],uln]) + i pi[n+1]- f, (x"[n],uln]) =H (p"[n +1], x"[n], u[n]).

Takum 06pa30M, AOKa3aHa Cljieayromas Teopema:
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Teopema 2. Tlycte Oynesas (ymkums [ (X) numeitnas, a nceBnoOynesbie (QyHKIHH
®(x[N]) u f () cenepabenpnrie; u” ={u’[0],...,u'[N—1]} - onTumambHas BXOAHAs MOCe-
noBarenbHOCTh 3amaun  (3),(11), a X ={X*[O],...,X*[N]} COOTBETCTBYIOIIAsE €H  Toc-

nenoBatensHocTs  coctosHus; P ={p[N],..., p [} - onTuMansHOE peleHHEe CIEIYIOIIEro

COIIPSA’KEHHOI'O YPAaBHCHUA

o, (CIKLUTKD) FAROCIKLU'IKD
P[] = v + plk +1] I k=N-1,..,10,
(ao(CIND) Y
p[N]—(—aX[N] J

Torma nng scex N=0,...,N —1 cnpaseanmuBo cooTHOMmIEHNE
oH (p [n+1],x"[n],u’[n])
ou[n]

rae H(p"[n+1],x"[n],uln]) = f,(x"[n],uln]) + Zm: p[n+1]- £ (x"[n],uln]).

k=1
4. 3akawuenne. B pabore, moimydeHbl HEOOXOAUMBIE YCIOBUS ONITUMAIBHOCTH YIIPABIICHUS,
KOTOpBIE SIBIISIOTCS ABYX3HAYHBIM aHanorom npuHiuna [loHTpsruna. 3Tu HEOOXOAUMbBIE YCIOBUS
ONTUMAJIBFHOCTH MOTYT OBITH 0000MIEHBI U st ApyTUX KitaccoB MJIC.

a'[n]=0,
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XULASO
IKILIK XOTTi MODULYAR DiNAMIK SiISTEMLORIN BOZi OPTIMAL iDAROETMO
MOSOLOLORINDO IDAROETMONIN ZORURI OPTIMALLIQ SORTLORI
Feyziyev F.G., Hasanli N.I.

Acar sozlor: ikilik xatti modulyar dinamik sistemlor, terminal optimal idaraetma, Bolsa masalosi, bul
va psevdobul funksiyalar, idaraetmonin zaruri optimallig sartlori.

Bir sinif ikilik xatti modulyar dinamik sistemlor ii¢iin terminal optimal idara-etmas masoalosine baxilir.
Bul va psevdobul funksiyalarinin téroms vo diferensiali anlayislarindan, diskret Hamilton funksiyasindan vo
gosma sistemdon istifado etmoklo optimal idaroetmo massalosinds idarsetmonin zoruri optimalliq sortlori ta-
pilir. Sonra bir sinif ikilik xotti modulyar dinamik sistemlor iiciin Bolsa mosolosine baxilir. Xiisusi
isarolomadan istifado etmoklo Bolsa mosalasi terminal optimal idarsetmo masolosine gatirilir vo belslikla,
Bolsa masolesinds idarsetmonin zoruri optimalliq sortlori tapilir.

SUMMARY
A NECESSARY CONDITIiONS FOR OPTIMALITY CONTROLS iN SOME PROBLEMS OF
OPTIMAL CONTROL PROBLEMS FOR BiNARY LINEAR MODULAR DYNAMIC SYSTEMS
Feyziyev F.G., Hasanli N.I.

Key words: binary linear modular dynamic system, terminal optimal control; the Bolza problem,
boolean and psevdoboolean functions, necessary conditions for the optimality of control
The problem of terminal optimal control for one class of binary linear modular dynamical systems are
considered. Using the concept of the derivative and differential of boolean and psevdoboolean functions, the
discrete Hamilton function and the adjoint system, a necessary conditions for the optimality of control is
find. Next, the Bolza problem for one class of binary linear modular dynamical systems are considered.
Using the spesial notation, the Bolza problem is reduced to the problem of terminal control and in this way,
the necessary conditions for the optimality for Bolza problem is find.

Daxilolma tarixi: [lkin variant 20.06.2021
Son variant 12.07.2021
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Osason allilfenollarin alinmasinda istifado olunan propilfenollarin dehidrogenlosma prosesi
[1] allilkrezol vs allilksilenollarin sintezinds totbiq olunmamig vo bu sahads elmi molumat praktiki
olaraq ¢ox azdir.

Mogalodo  2-propil-5-metilfenolun katalitik dehidrogenlosma reaksiyasinin todgiginin
naticalori 6z oksini tapmusdir.

Baslangic maddo kimi gotiiriilon 2-propil-5-metilfenol m-krezolun 1-propanolla alkillosmo
reaksiyasindan alinnus vo Katalizator kimi Pd-HSZM gétiiriilmiisdiir. 360°C temperaturda xiisusi
yiiklomonin 1,0 st™ giymatinds aparilmis tacriibads 3-metilfenolun 1-propanola olan mol nisboti 1:1
toskil etmisdir. Alinan reaksiya mohsullar1 igarisinds 2-propil-3-metil, 2-propil-5-metil vo 4-propil-
3-metilfenollara rast galinir ki, onlarin da bir-birinden ayrilmasi daqiq rektifikasiya ilo miimkiindiir.
Alinan mohsullar igarisinda stiinlityii 2-propil-5-metilfenol toskil edir ki, ona géra reaksiyanin
selektivliyi reaksiya soraitindan asili olaraq 72,0-88,0%, ¢ixim iso 34,0-41,7% toskil edir.

2-propil-5-metilfenolun katalitik dehidrogenlosmo reaksiyasinin todgiqi torpanmoz layh
katalizator olan reaktorlu laboratoriya qurgusunda hoyata kegirilmis, tocriibalor 1 saat orzinds
aparilmis vo alinan mohsullarin analizi xromotoqrafik vo spektral {isullarla yerino yetirilmisdir.
Maye xromatoqgrafik faza kimi 5% Apiezon L va 5% dimetilftalat gotiiriilorok xromaton H tizarina
hopdurulmus vo gostordiyimiz ardicilligla xromatoqrafik kalona (50%+50%) yerlosdirilmisdir.
Kalonun 6lgiilori 3,6 m x 4,0 m olub, helium dasiyicisinin sorfi 50 ml/dagigo toskil edir. Analizin
temperaturu 80-130°C intervalinda gétiiriiliib, ovvolco programlasdiriimis qaydada 5°C/dagigo
siiratlo artirilmigdir. Analiz zamani nisbi xata ~3,0% olur. Alinmis mohsullarin 1Q spektrlori M-80
(Almaniya) cihazinda NMR spektrlori iso Tesla sirkotinin (80 MHs) BS487B spektrometrinda
cokilmisdir.

Dimer, trimer vo oligomerlorin omoalo golmasinin gargisini almaq {iglin reaksiya qarisigina
clizi miqdarda stabilizator (mononitroarenlar) oalava edilmis onlarin fordi qaydada ayrilmasi vo
analizi kapilyar xromotografiya yolu ilo Xromateks-Kristall-5001 cihazinda va ya kimyavi tisullar
ilo hoyata kegirilmisdir.

Todgigatlarda xrom oksidi asasinda hazirlanmis ikili, Gigli vo daha miirokkab katalitik
sistemlordon istifado edilmisdir. Ovvalki illordo aparilmis elmi aragsdirmalar noticasindo [2]
mioyyan edilmisdir ki, 2-metil-4-propilfenolun dehidrogenlosmo reaksi-yasinda daha yiiksok
aktivlik vo selektivliyi ikili sistemlordo CoO-Cr,03, i¢lii sistemlords iso NiO- Cr,O3- Al,Os
niimayis etdirir. Bela ki, CoO-Cr,O3 istirakinda 2-metil-4-propilfenolun dehidrogenlosmasindan (T-
540°C, 9-1,0 st*, alkilfenolun suya olan mol nisbati 1:8) 81,4% selektivliklo va 25,4% ¢iximla 2-
metil-4-allilfenol alinir. Uglii katalitik sistemlor gétiiriildiikdo homin reaksiyada 2-metil-4-allilfenol
81,7% selektivliklo vo daha yiiksok ¢iximla (30,0%) alinir. Bu gostaricilor NiO- Cr,03- Al,O3
katalitik sistemi istirakinda asagida gostorilon soraitdo olde olunur: T-540°C, 9-1,0 st™, 2-metil-4-
propilfenolun suya olan mol nisbati 1:8 dir.
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2-metil-4-propilfenolun dehidrogenlosmasi reaksiyasi ticiin se¢ilmis bu katalitik sistemlor
istirakinda 2-propil-5-metilfenolun dehidrogenlosmasi do todqiq edilmisdir. Alinan noticalor 1.6
sayli cadvoalds verilir. Goriindiiyli kimi hor iki katalizator istirakinda alinan katalizatorlarin kimyavi
torkibi praktiki olarag eynidir. Reaksiya mohsullarina 2-allil-5-metilfenol onun dimeri va trimeri
homginin 2-propil-5-metilfenolun dealkillosmo mohsullari olan fenol, krezollar va ksilenollar aiddir.
Qaz halinda almman maddolor C;-C3 karbohidrogenlori olub, Kkatalizatorun torkibindon asili
olmayaraqg eyni migdarda amala galir.

Ikili oksid sistemi (CoO-Cr,03) istirakinda 2-propil-5-metilfenolun konversiyasi, iiclii oksid
katalizatoru (NiO- Cr,O3- Al;,O3) olan halla miigayisads 4,5% az olur va 30,5% toskil edir. Osas
reaksiya mohsulu sayilan 2-allil-5-metilfenolun ¢evrilmis 2-propil-5-metilfenola gora hesablanmis
ciximi Uglii oksid katalizatoru gotiirildiikde 84,6% olur ki, bu da ikili oksid katalizatoru ils
miigayisada 2,2% coxdur. Qeyd etmok lazimdir ki, Giglii oksid katalizatoru istirakinda aparilan
dehidrogenlosmo reaksiyasinda alinan mohsullar igarisindo ksilenollara rast golinir ki, bu
birlosmoalor CoO-Cr,0O3 oksid katalizatoru olan halda amals golmir. Cox giiman ki, miirokkob oksid
sistemi istirakinda daha dorin ¢evrilmolor, o ctimladon 2-propil-5-metilfenolun depropillosmasi
noticasinds alinan krezollarin disproporsionlagsmasi da bas verir.

CHj H3 CHj
OH ——> OH ——> 05 OH +05 OH
_C3H6 )
| CHs

Katalizatorlarin katalitik vo istismar Xxassalorini yaxsilagdiran {isullardan biri onlarin
modifikasiyasidir. Modifikator vo promotorlarin az miqdarda katalitik sistemlora daxil edilmasi
onlarin qurulusunun gisman do olsa doyismasine tursu-osasi xassalorin tonzimlonmasina sobab olur.
Bozi oksid katalizatorlarinda bu moagsadlo kaliumlu birlagsmalardon istifads olunur. Qeyd edilir ki,
bu birlosmalor vanadium torkibli katalizatorlarin sulfat tursusu istehsalinda xassoalorini yaxsilasdirir
vo ferritlorin aromatik vo parafin karbohidrogenlorin dehidrogenlogsmo reaksiyasindaki aktivlik
xiisuson do selektivliyini artirir.

Bunlar1 nazors alarag, ikili vo {iglii oksid sistemlorimizin kalium karbonatla modifikasiyasi
apartlmis vo Kkatalitik sistemdoki kalium oksidi-promotorunun qatiliginin  proseso  taSiri
Oyronilmisdir. Promotorun katalizatordaki qatiligr 0,1-0,33 kiitlo % sorhaddindo doyisdirilmis vo
alinan naticalor 1-ci sokilds 6z oksini tapmigdir.

Goriindiiyti kimi hor iki katalizatorda promotorun 2-propil-5-metilfenolun dehidrogenlosmo
reaksiyasina tasiri eynidir. Belo ki, CoO-CrOs sistemindo omolo goalon 2-allil-5-metilfenola gora
selektivlik 82,4% oldugu halda promotorlu katalizatorlarlarda bu gostarici 84,8% (0,1% K,03) daha
sonra 87,4% (0,2% K;0)-o qalxir. Promotorun gqatiligimnin sonraki artimi (0,3-0,33% K;0)
allilkrezola goro selektivliyo (88,0%) praktiki olaraq tesir etmir. 2-propil-5-metilfenolun
konversiyasina galdikda promotorun ikili oksid sistema daxil edilmasi avvalca onu 1,5% asagi salir
(0,2% K30) va kalium oksidin katalizatordaki qatiliginin 0,33%-o qaldirilmas1 konversiyani daha
0,5% azaldir vo 28,5% toskil edir.

Uclii katalitik sistemo (NiO-CryO3-Al,03) promotorun daxil edilmosi onun katalitik
xassalorine analoji qaydada tosir edir. Promotorsuz katalizator istirakinda prosesin asas mohsula
gora selektivliyi 84,6%, 0,2 kiitla% K,0O olan haldaki selek-tivliyi 88,2%, promotorun gatiligini 0,3-
0,33 kiitla%-o qaldirdiqda iso 2-allil-5-metilfenola goéra selektivliyin comi 1,0% artimi miisahido
olunur. Sonuncu halda 2-propil-5-metilfenolun konversiyasi 28,5% toskil edir ki, bu da torkibindo
0,2 kiitlo% KO olan oksid katalizatoru ilo miiqayisodo 2,5% azdir. Basqa sozlo desok, {iglii
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oksidsisteming daxil edilon promotorun qatiligini 0,2%-don 0,3+ 0,33 % -9 galdiril-mas1 mogsadli
mohsulun selektivliyini ciizi artirsa da, onun ¢iximimi asagi salir. Bu hal ikili oksid sistemi
istirakinda aparilmis dehidrogenlogsmao prosesina do aiddir.

Tadgiqatin ndvbati marhalasinds tarkibinds 0,2 kiitla % kalium oksidi olan NiO-Cr,03-Al,04
katalizatoru istirakinda 2-propil-5-metilfenolun dehidrogenlosmo reaksiyasina temperatur, hocmi
stirot xammaldaki propil krezolun suya olan mol nisbatinin tosiri dyronilmis vo alinan noaticolor 1
sayl1 cadvaldo 6z oksini tapmisdir. Alinan naticalorin tohlilindon aydin olur ki, bu parametrlorin
prosesa tosiri miixtalif olub, bazi imumi ganunauygunluqlara da tabe olur.

Cadval 1.
Miixtalif katalizatorlar istirakinda 2-propil-5-metilfenolun dehidrogenlasma reaksiyasinin
todgiqinin naticalori
Reaksiyamn soraiti: T-340°C, 9-1,0 st™, 2-propil-5-metilfenolun suya olan mol nisbati=1:8

Katalizatorun kimyavi torkibi, kiitlo% ilo
Gostoaricinin adi Co0-27,5 Co0-27,5 NiO-11,0 NiO-11,0
Cr203-72,5 Cr203-72,5 Cr203'29,0 Cr203—29,0
K,0-0,2 Al,05-60,0 Al,05-59,8
K,0-0,2
Almmusdir kiitlo % ils,0 ciimlodon
Fenol 0,8 - 0,6 0,2
krezollar 0,7 1,0 0,8 0,7
ksilenollar - - 0,4 -
2-propil-5-metilfenol 69,5 71,0 65,0 69,0
2-allil-5-metilfenol 24.8 25,0 29,2 27,0
Dimer 1,0 0,6 1,2 11
Trimer 0,4 0,4 0,2 -
identifikasiya olunmamis maddalor 1,2 1,0 1,0 0,8
gaz+itki 1,6 1,2 1,7 1,2
2-propil-5-metilfenolun konversiyasi,% 30,5 29,0 35,0 31,0
2-allil-5-metilfenola gora reaksiyanin 82,4 87,4 84,6 882
selektivliyi

Masalon temperaturun artirilmasi, hacmi suratin azaldilmasi vo xammaldaki suyun qatiliginin
agag1 salinmasi 2-propil-5-metilfenolun konversiyasinin agagi diismosino sobab olur. Temperaturun
500°C-don 540°C-yo qaldiriimasi alinan 2-allil-5-metilfenola goro selektivliyi 90,6%-don 88,2%-0
azaldir, lakin temperaturun sonraki artimi (58OOC) bu azalmani 9,6%-o godor edir. Temperaturun
artmasi allil krezolun dimerinin alinmasini artirmaqla yanasi, propil krezolun dealkillogmosini do
coxaldir. Belo ki, 500°C-do alman fenol vo krezollara goro reaksiyanin selektivliyi 3,0% oldugu
halda 580°C-do bu gdstorici 14,0%-0 qalxir.

Verilon xammalin hocmi surstinin 0,5 st™-o azaldilmasi reaksiya garisiginin katalizatorla
kontakt vaxtini ¢oxaldir ki, bu da sonraki g¢evrilmolorin, moasalon, 2-allil-5-metilfenolun
dimerlosmosini suratlondirir vo katalizatda onun selektivliyi 11,5%-o ¢atir. Hocmi suratin 2,0 st™*-o
qaldirilmasi iso maqgsadli mohsulun selektivliyini 90,8%-o gqader artirir, lakin buna baxmayaraq bu
zaman 2-propil-5-metilfenolun konversiyasi comi 24,8% toskil edir.

Xammalda suyun parsial tozyiqinin artirtlmasi 2-propil-5-metilfenolun konversiyasini 35,0%-
don (V=1:6 mol/mol) oavvolco 31,0%-0 (V=1:8 mol/mol), daha sonra iso 29,0%-0 (V=1:10
mol/mol)-o salir. 2-allil-5-metilfenola galdikds onun selektivliyi uygun olaraq avvalca 82,0%, daha
sonra 88,2% vo sonda 89,5% togskil edir.
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Sakil 1. Modifikatorun (K,O) gatiliginin oksid sistemlor istirakinda alinan
2-allil-5-metilfenolun amalagalma selektivliyina tasiri
1. Ikili oksid sisteminda (CoO-C,,03) 2-allil-5-metilfenolun amalagalmo selek-tivliyi, %
2. Uclii oksid sisteminds (NiO-Cr,05-Al,03) 2-allil-5-metilfenolun amalagalma selektivliyi, %

Cadval 2.
Modifikasiya olunmus NiO-Cr,05-Al,O3 istirakinda 2-propil-5-metilfenolun dehidrogenlogsma
reaksiyasina miixtalif giris parametrlarinin tasirinin naticalori
Cevrilmis 2-propil-5-metilfenola gora

Reaksiyanin goraiti 2-propil-5- hesablanmis reaksiya moahsullarinin
metilfenolun ¢1ximi
0 1 Allilfenolun suya konversiyast . Fenol+
TC |05t | mol mishet ’ 2ASMF | DImer | pretilfenollar
500 1,0 1:8 18,5 90,6 5,5 3,0
540 1,0 1:8 31,0 88,2 7,0 3,5
580 1,0 1:8 44,5 78,5 6,0 14,0
540 0,5 1:8 36,5 81,5 11,5 5,8
540 2,0 1:8 24,8 90,8 5,0 2,6
540 1,0 1.6 35,0 82,0 8,5 6,5
540 1,0 1:10 29,0 89,5 6,5 2,5

Beloaliklo, aparilmig todqiqatin naticolori gdstormisdir ki, torkibinds 0,2 kiitlo% K,O olan NiO-
Cry,03-Al,03 katalitik sistemi istirakinda 540°C temperatur, 1,0 st! hocmi surot vo xammaldaki 2-
propil-5-metilfenolun suya olan mol nisbati 1:8 olan halda daha yaxsi noticolor oldo olunur.
Cevrilmis vo ilkin gotiriilmiis 2-propil-5-metilfenola géra hesablanmis 2-allil-5-metilfenolun
ciximlarr miivafiq olaraq 88,2 va 27,3% toskil edir.
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PE3IOME
HUCCIEJOBAHUE PEAKIIUN KATAJIUTUYECKOI'O JETUJAPUPOBAHUS
2-MPOMUJI-5-METUJI®PEHOJIA
Azaee A.A., @yao baxmusap, I'apaesa H.D., Mycmagaee M.M.

Knrouesvle cnoea:  Oececuopuposanue, l-nponamon, 2-nponun-5-memuncpenon, — ankuighenon,
Kamanuzamop

[MpuBonsATCST pe3yibTaThl KCCICJAOBAHMS PEAKIUH JETUAPHUPOBAHUS  2-IPOMII-5-MeTHII(eHOa
CJIOKHBIX OKCHJI KaTaln3aTopoB. B Hccle0BaHUSIX UCIONL30BAHbI JIBOMHEIC, TPOMHBIC W OoJiee CIOXKHBIC
KaTaJINTHYECKHE CHCTEMBI, MOJydeHHbIe Ha ocHOBe okcuaa xpoma (III). B mpormecce mermapupoBaHus
HAHOOJIBINYI0O AKTHBHOCTh M CEJICKTHBHOCTH CPEIH JBOMHBIX KaTAIMTHYECKUX cucTeM mpossiser CoO-
Cr,0;, a B mnpucyrctBun Tpoiiubix cucteM NiO-Cr03-Al,0;. B mpucyrcrBun  NiO-Cr,05-Al,0;3
MOTU(DHUIIMPOBAHHOTO KapOOHATOM Kajius BBIXOM 2-aJUTHI-5-MeTHa(eHoNa Ha NPOpPearupoBaBIINi U
MPOMYIIEHHBIN aTKUI(PEHON COCTAaBISET COOTBETCTBEHHO 88.2 vo 27.3%

SUMMARY
CATALYTIC DEHYDROGENATION OF 2-PROPYL-5-METHYLPHENOL
Aghayev A.A., Fuad Bakhtiyar, Garayeva |.E., Mustafayev M.M.

Key words: 2-propyl-5-methylphenol, dehydrogenation, 1-propanol, alkylphenol, catalyst.

The results are given of a study of the dehydrogenation reaction of 2-propyl- 5- methylphenol complex
oxide catalysts. The studies used dual, triple and more complex catalytic systems based on chromium oxide.
C00-Cr,05 in binary systems and NiO-Cr,03-Al,05 in triple systems show higher activity and selectivity in
the dehydrogenation process. In the presence of NiO-Cr,0;3-Al,0; modified with potassium carbonate, the
yield of 2-allyl-5-methylphenol for the reacted and passed alkylphenol is 88.2 vo 27.3%, respectively.

Daxilolma tarixi: [lkin variant 12.06.2021
Son variant 06.07.2021
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BJIMSTHUE YCJIOBUI CUHTE3A HA XAPAKTEPUCTHUKY
HAHOPA3MEPHBIX Cu-Me-Al (Me-Co, Zn) OKUCHBIX CUCTEM
U UX AKTUBHOCTH B PEAKIIUY OKWCJIEHUS Co B
BOJOPOJCOJEPKAIIEN CPEJE

JAKADAPOBA CEBUJIb TAI'A rui3bl
HUnemumym kamanusza u Heopeanuueckou xumuu um. ax. M. Haeuesa HAH Aszepbatioscana,
K.X.H., 8.H.C., OOYeHm
rsevil7@gmail.com

Knioueevie  cnosa:  mMoHOOKcuO  yenepooa,  Hamodacmuywl, — mMopgonozus, — CmMpyKmypd,
2UOPOMEPMATIbHBLU CUHINE3, HOTUOIbL, POPpMATLOE2UO.

B peaxyuu oxucnenus CO 6 moke 6000poda 6 Kauecmee KAMAIU3ANOPOS UCCIEO08AHbI
Hanopasmepuvie okuchvie cucmemwvl cocmasa Cu-Me-Al (Me-Co, Zn), nonyuennvie mepmoobpabomrot
meepobiX NPOOYKMO8 2UOPOMePMAailbH020 curmesa C yuacmuem noauonog uiu gopmansoezuda. Ocoboe
BHUMAHUE YOeNeHO UCCIe008aHUI0 GIUSHUS YCIOBULL CUHMEe3A (eMnepamypbl, cpedbl, Npupoobl Memaios)
Ha pe3ynvmupyloujue CeoUCmea (Cmpykmypa, pasmep, Mopponozus) HaHOMAmepuanlos U ux akmugHOCmb 8
peaxyuu  okucaenus CO. Omo OocmueHymo nymem UCCAEO08AHUSL NPOMENCYMOUHbIX NPOOYKMO8 U
npodykmog cunmesa ¢ nomouwpio POA, COM, UKC. Bwisenero, umo 6 cpede SMunieH2auKkons opmupyomcs
yacmuysl co cpeoHum pasmepom ~240um, a 6 cpede gopmanvoecuoa 6 ouanasoue pazmepos 8.5 - 24.01
MKM. Yemanogneno, umo OucnepcHocmv mepMooOpaboOmanHblX Hacmuy 603pacmaenm ¢ YMEHbUleHUEeM
memnepamypul cunmesa. Ilokazano gpopmuposanue nanopasmepuvix Cu-Co-Al-O kamanumuueckux wacmuy
(25~300HM) onpedenennoco XUMU4ecko2o coCmasa (Npucymcmeyem WHUHeIb) U HYNHCHOU MOp@onocu,
obecneuusaiowue 6vicokyio axmugnocms (100% npu 210~216°C) 6 peaxyuu oxucnenus CO 3a cuem
ONMUMATLHO20 COYeMANUsl (PUIUKO-XUMULECKUX CEOUCME NOBEPXHOCHIU.

OxcuaHbple cUCTeMBbl KoOaibTa, MEAM, IUHKAa IIMPOKO HCIHOJB3YIOTCS B COBPEMEHHOM
reTeporeHHOM KaTaju3€ B KauecTBE KaTalu3aTOpPOB JJIi OKHCIIEHHUS YIJIEBOJOPOJIOB, CHUHTE3a
Oumepa—Tpomniia, TOPeHUs JETYUUX OPTaHUYECKUX COECIUHEHUH, IPEANOYTUTEIBHOIO OKUCIEHUS
CO B cmecu c¢ BomopoaoM [1,2]. Pa3zpaboTka >(QQEeKTUBHBIX KATAIUTUYECKUX CHUCTEM JUIS
okucieHnss CO B BOJOPOJCOAEPKALIUX CMECAX ISl TOIUIMBHBIX DJIEMEHTOB SIBJIETCS OJHOM W3
aKTyalnbHbIX npobisieMm [3]. B HacTosmee Bpems Haubosiee pacrpOCTPaHEHHBIMH KOMMEPUYECKUMHU
KaTaJau3aTopaMu JJis 9TOW peakuu SBJSIOTCS KaTaau3aTophl, CoAepKalue 0JaropoJHble METalIbl
(moarpynma Pt) [4,5]. CtoumMocTs OnaropofHbIX METAIMYECKUX KaTalu3aTOpPOB BBICOKA U 3TO
OKa3bIBaeT 3HAUUTENIbHOE BIIMSHHE HA OSKOHOMMKY IIpolecca, B CBS3M C 4YeM, BHUMaHUE
uccienoBareyeil NpUBJIEKAET CUHTE3 KAaTaIUTHUYECKH aKTUBHBIX KOMIIO3ULHUH, COJEpKaIINX
nepexoaHble MeTaibl [6-8]. Bbicokyto akTMBHOCTH B peakuuu okucieHuss CO nposBIsOT
KaTaJIUTHYECKHE KOMIIO3UIMHM B BBICOKOJMCIEPCHOM COCTOSHUH. ['maporepmanbHOil 00paboTKOM
HUTPATOB B CPEIE IW- U TPHUOJIOB IOJIYYEHBI BBICOKOAUCIIEPCHBIE KOMIIO3ULMH, BKIHOYAIOIINE
OJTHOBPEMEHHO MeTaJlIbl, OKCH I MeTauioB [9]. B pabdorax [10,11] nccnemoBano B3auMoielicTBHE
HUTPATOB KOOaJIbTa, Kelie3a, HUKEeNs, XpoMa C BOJAHBIMU pacTBOpaMi TJIMKOJIEH (3TUIICHIIINKOIIb,
TIPONMICHIINKONb, OyTaHauon) mpu Temmeparypax g0 150°C u mokasaHo o6pasoBaHHe
IUKapOOKCUIIATOB, KOTOPHIX MYyTEM IMPOKAJIWBAHUS TPU 500°C MEPEBOJAT B OKCHJABI U (EPPUTHI.
Panee [12] wn3ydeHbl 3aKOHOMEPHOCTH NpOIECCAa BOCCTAHOBHUTEIBHOIO PpA3JOKEHUS HHUTPATOB
KoOanbTa, MEAM M QIIOMHUHUS B NPUCYTCTBHM TIOJIMOJIOB B aBTOKJaBe. I[IpuroromieHue
KaTaJu3aToOpoB TPAJAMLIMOHHBIMU METOJAaMH W3 HUTPATHBIX COJIEH CONpPSDKEHO C BBIXOAOM
TOKCHYHBIX a30TCOJEpXKAIUX Tra3000pa3HbIX MPOAYKTOB, TOIJAa KaK TEXHOJIOTHS MOJIY4YEeHUs B
aBTOKJIaBE B TUAPOTEPMAIbHBIX YCIOBHUSAX HPAKTHUECKU JIMIIEHA ATHX HenocTtaTtkoB. OnHako,
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Brusnue ycrosuii cunmesa na xapaxmepucmuxy nanopasmepuvix Cu-Me-Al (Me-Co, Zn)
OKUCHBIX cucmem U ux akmugHocmso 8 peaxyuu oxucienus Co 6 6o0opoocodeparcaweli cpede

CIIOXXHOCTh ~ B3aMMOCBSI3€M  MEXAY YCIOBUSMH CHHTE3a, JKEJIaeMbIMH CBOMCTBAaMU U
XapaKTePUCTHUKAMHU  TOJNyYEHHBIX  MAaTEpPHaliOB  SBJISETCS  OTPAHUYMBAOIIUM  (paKkTOpOM
1enecoo0pa3HOCTH MPUMEHEHHUS 3TOTO0 METO0/1a TOJTyYeHUSI.

B npencraBneHHol paboTe HCCIeI0BAaHO BIMSHUE YCIOBHI CHHTE3a (TEMIIepaTyphl, TPUPOIBI
BOCCTAaHOBUTENISI W MeTajula) Ha CBoicTBa (cocTaB, MOP(OJIOTHI0 TMOBEPXHOCTH, pa3Mep)
nanomatepuaia cocraBa Cu-Me-Al-O (Me-Co0,Zn) 1 ux akTUBHOCTH B peakuuu okuciaeHus CO B
BOJIOPOJICOJIEpIKALIEH cperie.

JKCNepUMEHTAJIbHASA YacTh. B KauecTBe MCTOYHMKOB KATHOHOB METAJUIOB MCIOJb30BaHBI
KPUCTAJUIOTHAPATBl  COOTBETCTBYIOIIMX HUTpaToB KBamupukammu «u4.1.a.»: Co(NO3)'6H,0;
Cu(NO3)2-3H,0; Zn(NO3),'6H,0; AI(NO3)3-9H,0. B kauecTBe BOCCTAaHOBHUTEIECH HCIIOIB30BAHBI:
STWJICHTJIMKOJIb, IuLepuH U dopMmanbaerua (40 00.% Boausii pactBop). i cuHTe3a HAHOYACTHUI]
HCIOJIb30BaH METOJ KOJUIOMJIHOI'O CHHTE3a B aBTOKJIABE, B YACTHOCTH, PACTBOP CMECH HUTPATOB
metamwioB (Co (Zn) /Cu /Al=1/1/3(macc.)) TepMUYECKH pa3iaraioT B Cpejie BOCCTAHOBUTEIIA, 11O
METOIIKE [12]. ITomy4yeHHBIE TBEpIBIC MPOAYKTHI PEAKIIMH TEPMOOOPAOOTaHBI MPU TEMIEPAType
500°C B Teuenne 2 yacoB. KOHEUHbIC M MPOMEKYTOUHBIC IPOLYKTH PEAKLHH OXapaKTEPU30BAHBI
¢busuko-xumuueckumu Metonamu ananuza: POA u COM, UKC. Ctpykrypa ¢asbl, pazmep u popma
YaCTHI] 10 U Tocje TepMO0oOpabOTKH M3yUYEeHbI C UCTIONBb30BaHUEM IU(PAKTOMETPA PEHTIE€HOBCKHIX
nydeit D2 Phaser (Bruker) u CKAHUPYIOWIEro JIEKTPOHHOr0 MUKPOCKOTIA Sigma VP (Carl Zeiss).

Karanutuueckue cBoiicTBa 00pa3ios H3Y4CHbI B KBAPLIEBOM PEAKTOPE MPOTOYHOTO THIla
CO CTaIMOHAPHBIM cioeM Katammsaropa (0.1 cm®). AKTHBHOCTB ONpe/ie/IeHa IO CTEIICHH KOHBEPCHH
MOHOOKcHa yrieponaa. TemmepaTypa peakiuu U3MepeHa Ha BBIXOJAE U3 KaTaliu3aropa XpoMellb-
anoMesneBoil tepmonapoil. Mcxonnas razoeas cMmech cogepxkana 1.6% MOHOOKHCH yriepojaa ¢
COOTHOILIEHUEM CO/Oz—l 32, Gamanc — Bomopon. TectmpoBanue [IPOBEICHO B TEMIIEPaTyPHOM
unrepsaiue 150- 350°C, 06BEMHOIT CKOPOCTH ra30Boii cmecr 108004,

OOcy:xaeHue pe3yabTaToB. /115 1eeHanpaBIeHHOr0 CUHTE3a MaTepuana TOH WM MHON
CTPYKTYpPBhI HEOOXOJUMO MOAPOOHO HCCIEA0BaTh (Pa30BBId COCTaB MPOMEKYTOUHBIX XHUMHUECKUX
coequHeHi. PenTrenoda3oBslii aHaIW3 MO3BOJIMI BBLSICHUTH oOpa3yromuecs ¢a3bl B cucreme Cu-
Co-Al B 3aBUCHMOCTH OT TeMIIEpaTyphl U cpefibl cuHTe3a (puc.l u 2).

4 Cu
0 -Cu2:10
N -C02.8804
© -ARO3
o $ -CoC204 2H20
A 4 -A1203 (xopyrmni)
| a -Cu
A O -CoC:O4-B(‘:O4Co
a o -Cuy(HCOO)4((CH;3):NCHO),)
<><> ¢ O A + -Al(OH);
J + ) 0 L0 ; & + A
[ :
e st il h.w Lﬂdlwm huehx PP e bl il bun ksl s st
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- 6 <'> A
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Moo Iloouﬁ o “Bo bye <>+0<><> Oooc’*’o‘oo 0
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PThein (Tounled TweThetn Theia) Wi =4 540640 2Theta (Coupled TwoTheta/Theta) WL=1
Puc.1. Penmeenogazosviii ananus npooykmos Puc.2. Penmeenogazoswiii ananus
cunmesa 6 cucmeme Cu-Co-Al, obpasosannvix npooykmoe cunmesa 8 cucmeme Cu-Co-Al,
6 cpede enuyepund, npu mezwnepamypax a- 00pA308AHHBIX 8 Cpede IMUNEHETUKOS, NPU
280; 6-330°C. memnepamype 330°C. 6 cpede enuyepuna,

npu memnepamypax: a-280; 6-330°C.
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IIpu wucnonb3oBaHuM QopMmanbpAeTyaa MeTanueckas (asa Menu He OOHapyx eHa
(IpUCYTCTBYIOT OKcajlaThl KOOallbTa W MeJd, a30TCOAEpKalllie OPraHUYECKUE COCAMHEHMS).
Hanuune coneit kapOOHOBBIX KHCIOT IMOJATBEPKAACTCS PE3yNbTaTaMHU HCCIECIOBAHUS JKUAKOTO
OCTaTKa PEaKIMOHHOTO pacTBopa ¢ HWH(]pakpacHOW crekTpockonuei (puc.3). Ha cmektpe
HAGJTIOIAIOTCS TOJIOCH! MOTIOMEHHS ¢ BOJTHOBEIM unciaoM 1636 m 1363 cM™, cooTBercTByIOmIHe
CUMMETPUYHBIM M ACCHMETPUYHBIM KapOOKCHUIIBHBIM I'PYIIIaM.
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&
g
g

2500 2000 1500 1000 500

Puc.3. UKC peaxyuonnoeo pacmeopa cucmemor Cu-Co-Al, ocmaswezocs nocie cunmesa é cpede
opmanvoecuoa.

Takum oOpa3oM, Temmeparypa 330°C IIPU CHHTE3€ B CpeAe STUJICHIVIMKOJIA U (opMalbaeruia
HE/IOCTaTOYHO BBICOKA, YTOOBI BBI3BATH TEPMUYECKOE DPA3JIOKEHHE INPENINIECTBEHHHKOB OKCHIOB
K00aJbTa, a 3TO O3HAYAET, YTO T'MIAPOKCHOKCANIATHl SIBJISIOTCS MPOMEKYTOUHBIMH COEIUHEHUSMU
npu oOpa3zoBaHMU OKCHAOB. Mukpodororpapun COM mnokas3pBaioT (puc.4), 4TO HPOAYKTHI
CHHTE3a MPEJCTABIAIOT COOOM YaCTHIIBI CO CPETHUM pazmepoM ~240 HM B cpejie STHIICHIIMKOJIS, B
nuana3oHe pasmepos 8.5 - 24.01 Mkm B cpesie hopmanbaerua.

Pa 2 =8 544 pm
Pb 2 =317.7°

g
-

Pa1=2401 pm

| 05222502 Vi tum /?"*«“ Pb1=317.9°
o oo2=emsi0.me (O & “10 -$W—
| s e A

Puc.4. COM uzobpadicenus npodykmos cunmesa 6 cucmeme Cu-Co-Al 6 cpede
IMUNEH2AUKONS (@) U hopmanvoecuda ().

[lepen kaTamUTUYECKUMU UCTIBITAHUSAMH BCE 00pa3ilbl OB MPOKAJIECHBI TIPH 500°C (2 gaca).
PentrenotasoBrie uccienoBanusi TPOKaJICHHBIX 00pa3IoB Moka3anu (GOPMUPOBAHUE COSAMHEHHIA
Co304 (Ne000431003) m CuO (Ne010895895), Torma kak pediekcoB, XapaKTEpPHBIX IS
COCIMHEHUI aNIOMUHUS, HE MPOCICKUBAIOCh. Pe3ynbTaThl HWCCIEAOBAHUN paclpeneTeHHs
DIIEMEHTOB o TUTOTIA M MTOBEPXHOCTH YJacTHIl, OTIpeIeIeHHBIX METOZOM
MUKPOPEHTI€HOCIIEKTPATFHOTO aHanu3a (Tabnuiia), ToKa3alnu HalW4he AallOMUHHUS B COCTaBe
00pa3IoB, YTO YKa3bIBACT HA PEHTTEHOAMOP(PHOCTH €€ COSAMHEHUIA.
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Buausnue ycnosuii cunmesa na xapaxkmepucmuxy nanopazmepuvix Cu-Me-Al (Me-Co, Zn)
OKUCHBIX cUcmeM u ux akmuenocms 6 peaxyuu okucrenus Co 6 600opodcodepaicaweii cpede

Tabnauua
Pacnpeoenenue ocnosnvix snemenmos 6 cucmeme Cu-Co-Al-O no niowadu nosepxnocmu wacmuy 6
3a8UcCUMOCmuU OM 80CCMAHOBUMENLHOU CPEObL.

Cpea cunTesa DnemeHThI, Macc.%
Al Co Cu 0]

3 24.6 20.2 1.9 44.4
THJICHTJTUKOJIb 6.1 135 59 215
Tmmepis 19.1 30.0 11.9 34.0
25.4 39.1 10.7 24.8
Dopmabieru 34.6 10.3 7.5 47.3
30.8 11.2 11.7 45.8

AHanu3 JaHHBIX TaOJHIIBI MOKA3bIBACT, YTO MPU CHHTE3E CHCTEM B Cpee TUJICHTJIMKOIS U
TJIMIIEPUHA Ha TIOBEPXHOCTH HAOIIOACTCS MPe0dIaiarolee KOJIMYEeCTBO KOOAIbTa M0 CPaBHEHUIO C
MEJIbIO, TOT/Ia KaK B cpejie (hopMalibJeruia UX KOJIMYECTBO MPAKTHYECKH OJIMHAKORBO.

Jlns BBISICHEHWSI BAMSHUS (DAKTOpPOB CHHTE3a Ha MOP(OJOTHIO W pa3Mep YacTHI[ IOCIe
MPOKAJIMBAaHUSI OBUIM TIPOBEICHBI 3JICKTPOHO-MHUKPOCKOIMYECKHE WCCIICIOBAaHHUS BBIOPAHHBIX
o0pa3ios (puc.5).

Puc.5. Muxpopomozpagpuu COM Cu-Co-Al-O nopowxos, nonyuennwvix 6 cpede smunenenuxons (a-330°C);
enuyepuna (6-280°C); popmansoecuda (8-230; 2-280°C) ¢ nocredyiowum npoxamusanuem npu 500°C.

Muxkpodororpapun COM mnoka3bIBalOT, UYTO B CpelAe STUWICHIVIUKONSA (OPMHUPYIOTCS
IYIIMCTbIE 3€pHA, B TO BPEeMs KaK B IPUCYTCTBUM IJIMLEPHHA YAaCTHUIBI MMEIOT MPOU3BOJIBHYIO
¢dopmy. Chepuueckue 4acTULBI, MO-BUAUMOMY, (GOPMHUPYIOTCS IMyTeM OOBbEIUHEHUS HECKOIBKHX
HaHoyacTUI] B oOfHO. JlomomHuTenbHbIe (ha3bl, HAOIIOMAaeMble B CTPYKType, OTHOCATCA K
MPEIIECTBEHHUKAM OKCHUJOB (CIIOMCTBIE CTPYKTYPBI TMJIPOKCHOKCANIATOB). Pucynok 5 cOOEpX UT
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mukpogpororpaguun COM BbIOpaHHBIX 00pa3lloB, CHHTE3UPOBAHHBIX MPH PA3HBIX TEMIEpaTypax B
cpene dopmanpaerna, U WUTIOCTPUPYIOT M3MEHYHBOCTH pa3Mepa U MOp(OJIOTMH HAHOYACTHII.
Ipu Temmepatype cuutesa 230°C, TepMOOGPaGOTAHHBIE YACTHIIBI MMEIOT CPEIHMIT pasmep 25.68~
29.5HM, B TO BpeMsl Kak IpU TeMIepaType CHHTE3a 280°C, pa3Mep 4YacTHull YBEJIUYUBAETCS U
coctaBisieT B cpeaHeMm 200-300 um. [Ipu 3TOM uyacTuibl UMEIOT chepuyeckyro (opmy, KoTopas
COCTOHT U3 BOJIOKOH, UCXOSIINX M3 OJHOM TOYKH M C MEUYEBHIHBIM CBOOOJHBIM KOHIIOM. Takum
oOpazom, HaOMIONaeTCs 4YeTKas KOppeIsUsS MEXIy TeMIepaTypoll CHHTE3a M pa3MepoM
HaHOYACTHI] MIPU CTAOUIILHOM TeMIIepaType MPOKATIKH (SOOOC).

Hanomarepuansr (12-20HM), MONyYeHHBIE B Cpeie STHICHIIMKONS mpH Temmeparype 270°C
u3 cMecu HUTpaToB coctaBa Cu-Zn-Al ¢ mocmemyromiei IpoKalIKoi Mpu TeMIepaType 400-500°C,
1o UHTepnperanuu pe3yiabratoB POA npencrasnsum coboit okcuabl: CuO (Ne 01 080 1916) u ZnO
(Ne 01 080 0075) (puc.6). CoenuiHeHUsI aTIOMHHHSI TOBETU Ce0s aHAJOTHYHO MPEABITYIINM
MCCIIIOBAaHMSIM — OHHM OKA3aJIMCh PEHTT€HOAMOP(HBIMHU.
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Puc. 6. Jugppaxmocpammvr  nopowxos, Puc.7. Temnepamyphas 3agucumocms
nonyuennvix npoxaixoii npu 500 (1) u 400°C kongepcuu CO 6 600opodcodepicaujeli cpede
(2) npodykmoe cunmesda cucmemvl COCMABA Ha Hanookcuonvix nopouikax: Cu-Co-Al-O (1)
Cu-Zn-Al (cupenesvie aunuu - CuO; zonyovie - u Cu-Zn-Al-0 (2).

Zn0).

CunTe3npoBaHHble  00Opa3lbl  MPOTECTUpPOBaHbl B peakuuu  okuciaenus CO B
BOJIOpoJIcoiepKariieii cpene. M3yuenue cpaBHUTENBbHOM akTHBHOCTH 00pasioB Cu-Zn-Al-O u Cu-
Co-Al-O B peakiuu okucnenust CO mokaszano 0oyiee BBICOKYHO aKTHBHOCTH BTOPOro oOpasia
(puc.7).

Bonee Boicokast aktiBHOCTH cucteMbl CU-Co-Al-O o0bsicHsieTcst 00pa3oBaHHEM HIMUHETbHON
crpykTypsl Co304, KOTOPAst COIEPIKUT CMECh OKTadIPHUCCKH KOOPAMHHPOBAHHEIX KaTHOHOB Co>' i
TETPAPUUECKN KOOPAMHHUPOBAHHBIX KATHOHOB Co?*, beicTpoe nepexirodeHne Mex1y HOHaMHU
Co”" /Co®* crocoGCTBYET BBICOKOI TOBIKHOCTH KHCIOPO/IA, YTO B KOHEYHOM CUETE NPUBOIMT K
osicTpoMy okucienuto CO [13]. Katuonsl Meau, BEpOSTHO, YCUIMBAIOT BBIIEICHUE PEIIETYATOrO
KHCIIOpO/1a OKCHIOB B BOCCTAHOBUTENIBHOM aTMocepe.

DKCHEpUMEHTHI 10 ONpeeNieHHI0 Katanmutndeckux cBoictB Cu-Co-Al-O B 3aBucUMOCTH OT
MIPUPO/BI BOCCTAHOBUTENS MOKa3alM, 4To creneHb okucieHus CO mpakTHYecKd He 3aBUCENa OT
JTaHHOTO TMoka3zaTens. O0pa3isl ¢ pazMepaMu dacTull oT 25-29 no 200-300uM obnagany OIU3KHUMH
KaTAIUTUYECKUMHU CBOMCTBAMH: TTOJTHAs cTeneHb KoHBepcuu CO mpu 00beMHOIM CKOPOCTH Ta30BOM
cmecn 10800 u™ mpaxTudeckn cosmamaer (210 — 216°C). Takum o0pa3om, 00pasIbl, MOIy4YeHHbIE
TUIPOTEPMAIIbHBIM IyTeM B JKUIKO(Ga3HOU cpefie, 0071a1al0T ONTUMAJIbHBIM COUYeTaHueM (U3HUKO-
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Brusnue ycnosuii cunmesa na xapaxkmepucmuxy wanopazmepuvix Cu-Me-Al (Me-Co, Zn)
OKUCHBIX cUCmeM U ux akmugnocms 6 peaxyuu oxkucienus Co 6 6o0opodcodepocaweli cpeoe

XUMHUYECKUX CBOMCTB MOBEPXHOCTU /JIs MPOSBICHUS MAaKCUMAJIbHOM aKTUBHOCTH HE3aBUCHUMO OT
MIPUPO/IBI BOCCTAHOBUTEIIS.

CTOMKOCTh K «TEpMHYECKHM yJapam» B YCIOBHUSX KaTaju3a MPOBEpEHa IyTeM
BOCIPOU3BE/ICHUSI TEMIIEPaTypHBIX 3aBUCUMOCTe x=f(7) mpu MOBTOPEHHH OMBITOB HA OJHOM H
TOM ke oOpaslle Karaau3aTopa C BBIICPKKON MPH KaxJIOH W3 UCCIEAOBAHHBIX TEMIIEpaTyp IO
MIOCTOSIHCTBA CTENEHU KOHBepcuu. Ilpu BTOpOM «TepMHUUYECKOM LHMKIE» 00paslia KaTaliu3aropa
AKTUBHOCTh OCTa€TCs Ha TOM >KE€ YPOBHE, OJHAKO, TPETHH «TEPMUYECKUN yaap» MOBBIIIAET
TeMnepaTypy JOCTHKEHHSI MaKCUMaJIbHOM cTenenn koHBepcun CO Ha 20°C (puc.8, kpuesas 2). I10,
MO-BUJINMOMY, OOBSCHSETCS HM3MEHEHHSMH CBSI3M B CTPYKType Karaimusaropa, Beayllee K
CHIDKEHHUIO TIOBEPXHOCTHOM SHEPTUU.

=
o
o

[0
o

H
o

cTeneHb KoHBepcun CO,%
N [e))
o o
N

o

150 170 190 210 230
Temnepartypa, oC

Puc.8. Temnepamypuas 3agucumocms kamarumuyeckou axmusnocmu Hanonopowka Cu-Co-Al-0O e
peaxyuu oxucaenus CO 6 6o0opodcodepacaweli cpede (kpueas 1) u Ha smom dice obpaszye
nocie mpemve2o «mepmuiecko2o yoapay (Kpusas 2).

Comocrasiienne aktuBHOCTeH 00pa3noB Cu-Co-Al-O, mnpokaieHHBIX TPU Pa3IHYHBIX
temneparypax: 400, 650, 8000C, MOKA3bIBAET, UYTO C BO3PACTAHUEM CTENEHH MPOKAIWBAHUS
Temneparypa noiaHoi kousepcuu CO Bo3pacrajna, a CEJIEKTUBHOCTh 3aKOHOMEPHO YMEHBIIANACh.
TemnepatypHast KpuBasi 3aBUCUMOCTH cTeneHn koHBepcuu CO o6pasiia, NpoKaJeHHOTo Mpu 400°C,
COBMajana ¢ aKTHBHOCTBIO oOpasua mpokaserroro mpu 500°C (puc.7, xp.1). Ipu mpokanke
obpasuoB npu 650 u 800°C TeMneS)aTypHaﬂ KpuBas ObLIa CMEIIEHa B BBICOKOTEMIIEPATYPHYIO
o0nacth, u, HauuHas ¢ 340 u 290°C, COOTBETCTBEHHO, B MPOAYKTaX pEaKLUHUU MPUCYTCTBOBAJ
HEe)XeJaTeNbHbIM NpoIyKT — MeTaH. [lafeHne n30upaTeaIbHOCTH KaTalIu3aTopa, BO3MOKHO, CBSI3aHO
c o0pa3oBaHMEM B JTHX YCJIOBMSIX pEAaKIUM IapoB BOJIbI, KOTOpPbIE B CBOIO O4Yepeab
B3anMoeicTByIOT ¢ CO, a Takke ¢ BO3MOXKHBIM U3MEHEHUEM JMCIIEPCUH KaTAIUTUYECKUX YACTHII.
B03MOXHO, YTO BBICOKOJMCIIEPCHBIE YACTUIIBI OKCHAA MEIU HAXOJATCS B COCTOSIHUM CHIIBHOTO
B3aUMOJICHCTBHUS C OKCHJaMHU KoOajibTa, 4TO O0JIeryaeT OTPBIB KHUCIOpOJa OT MOBEPXHOCTHU
KaTajgu3aTopa IpH BOCCTaHOBIEHHWU okcuaa meau [14]. IloBbliieHue teMmeparypbl HMPOKAJKH,
BEPOSITHO, CHOCOOCTBYET YKPYINHEHHUIO 4YacTUI[ OKCHJIAa MEAM, B3aMMOJEHCTBHE KOTOPBIX C
OKCHJIaMU K0OasbTa ociadiisercs U3-3a UX pa3Mepa, UTO MOHMKAET aKTUBHOCTh M CEJIEKTUBHOCTb.
CrnenoBarenbHO, ONTUMAIBHOMN TeMIIEpaTypol MPOKAIKH 00pa3lioB KaTaTU3aTOPOB MOKHO CUMTATh
350-550°C, moBBIIICHIE TEMIIEPATyPEI IPOKATKH CIIOCOOGCTBYET YKPYITHEHHIO YACTHII, BEAYIIEH K
YMEHBIICHUIO CEJIeKTUBHOCTH Tmpolecca. TakuM o00pa3oM, TOBBIIICHHAs KaTaJUTHUECKast
aKTUBHOCTb 00pa31ioB 00BSACHSAETCS BBICOKOM Tucnepcrueil KaTaTuTHUECKUX YacTHUll.

Wrak, npu rupoTepMaJbHOM BOCCTAHOBJIIEHMHM HUTPATOB METAJIOB B CPEAE IOJIMOJIOB U
dbopmanipieruia ¢ TOCHEAYIONMEH  TEPMHUYECKOM  00paboTKOW  Macchl  (OPMHUPYIOTCA
BBICOKOJIMCIIEPCHBIE YacTHIIbI B HaHOMeTpoBoM auamna3zoHe (12-300HM) ¢ TOBEPXHOCTBIO
OTIpEeIENIEHHOTO0 XMMHUYECKOTO COCTaBa U HYXHOW Mopdosorueid, crnocoOCTBYOIENH MPOSBICHUIO
MU BBICOKOW KaTaJIMTUYECKOW AaKTUBHOCTU B peakuuu okucieHus CO B Boaoponcoaepkaien
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cpene. B psme ciaydaeB JaHHBIE CHCTEMBI 110 OCHOBHBIM IIOKa3aTeisiM  (aKTHBHOCTH,
CEJICKTUBHOCTH, CTAOMJIBHOCTH) HE YCTYIAIOT KaTaJlM3aTopaM Ha OCHOBE 0JIATOPOJHBIX METAJUIOB
(MIaTUHBI, TAJUTaUs, POJHUS), a CaM METOJ NPUTOTOBJICHHS KAaTaJU3aTOPOB XapaKTEPHU3yeTCs
AKOJIOTUYHOCTBIO 33 CUET OTCYTCTBHS BEIOPOCOB B aTMOCHEDY.

Paboma evinonnena npu ¢unancosoii noooepocke «SOCARy (Ipanm NeO7 om 2014-2016e.
«Cunmes kamanuzamopos 0Jisi NOAYUEHUS U OYUCTIKU 8000P0O0OA OJisl MONIUBHBIX DJIEMEHIOBY).
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Brusnue ycnosuii cunmesa na xapakmepucmuxy nanopazmepuvix Cu-Me-Al (Me-Co, Zn)
OKUCHBIX cucmem u ux akmusrnocms 6 peakyuu oxkucienus Co 6 600opodcodepacaweri cpede

15. JIxadapoa C.T. OmeHka KaTaJIUTUYECKOW aKTUBHOCTH W CKIOHHOCTH HHUKEIEBOTO
KaTajau3aTopa Ha OCHOBE I[€0JIMTA TUMA Maba3uTa K YIJIEOTIOKEHHIO B PEaKIMH KOHBEPCHU
6uoraza B cunre3-raz // CyMrauTCKuii TOCyapCTBEHHBI yHUBEpcUTeT. HaydHble M3BECTHS.
Cepus: EcrectBenHbie n TexHudeckue Hayku. T.20, Ned. Cymraumt: CI'Y, 2020, c.35-40;
https://www.elibrary.ru/item.asp?id=44600577

XULASO
SINTEZ SORTLORININ Cu-Me-Al (Me-Co, Zn) NANOOLCULU OKSID SISTEMLORININ
XARAKTERISTIKASINA VO ONLARIN Co HIDROGEN MUHITINDO OKSIDLOSMO
REAKSIYASINDA AKTIVLIYINO TOSIRI
Coforova S.T.

Agar sozlor: dom qazi, nanohissaciklor, morfologiya, qurulus, hidrotermal sintez, poliollar,
formaldehid

CO hidrogen aximinda oksidlosmo reaksiyasinda poliollarin vo formaldehidin istiraki ilo hidrotermal
sintezin bark mohsullarinin kézardilmasi ilo alds edilon Cu-Me-Al (Me-Co, Zn) torkibinds nanodlciilii oksid
sistemlori katalizator kimi todqiq edilmisdir. Sintez sortlorinin (temperatur, miihit, metalin tobisti)
nanomateriallarin yaranan xassoalorine (qurulusu, 6l¢iisii, morfologiyasi) vo CO oksidlosma reaksiyasindaki
aktivliyina tesirinin todqiqine xtlisusi diqgst yetirilmigdir. Buna ara mohsullar vo sintez mohsullarin RFA,
SEM, IQS istifads edarak tadqiqi ils nail olunmusdur. Hissaciklarin etilen glikol miihitinds orta 6l¢iisii ~ 240
nm, formaldehid miihitindos iso 8,5 - 24,01 mikron odlgiilorinds olmasi askar edilmisdir. Miiayyan edilmisdir
ki, kozordilmis hissaciklorin dispersiyasi sintez temperaturun azaldilmasi ilo artir. Sathin fiziki vo kimyavi
xiisusiyyatlorinin optimal birlogmasi sayasindo CO oksidlogsmasi reaksiyasinda yiiksok aktivliyi (100% 210-
216°C) tomin edon miioyyon bir kimyevi torkiba (spinel méveuddur) va istonilon morfologiyaya malik olan
nanodlcilii (25-300 nm) Cu-Co-Al-O katalitik hissaciklorin formalagmasi gostarilmisdir.

SUMMARY
INFLUENCE OF SYNTHESIS CONDITIONS ON THE CHARACTERISTIC OF NANOSCALE Cu-
Me-Al (Me-Co, Zn) OXIDE SYSTEMS AND THEIR ACTIVITY IN THE REACTION OF Co
OXIDATION IN A HYDROGEN-CONTAINING MEDIUM
Jafarova S.T.

Key words: carbon monoxide, nanoparticles, morphology, structure, hydrothermal synthesis, polyols,
formaldehyde.

Nanoscale oxide systems of Cu-Me-Al (Me-Co, Zn) composition obtained by heat treatment of solid
products of hydrothermal synthesis with participation of polyols or formaldehyde in the CO oxidation
reaction in the hydrogen current have been studied as catalysts. The emphasis is on studying the effect of
synthesis conditions (temperature, environment, nature of metals) on the resulting properties (structure, size,
morphology) of nanomaterial and their activity in the CO oxidation reaction. This was achieved by studying
intermediate and synthesis products using XRD, SEM and IRS. It was found out that in ethylene glycol
environment the particles with average size ~240 nm are formed, and in formaldehyde environment in the
range of sizes 8.5 - 24.01 microns. It has been established that the dispersibility of heat-treated particles
increases with a decrease in synthesis temperature. The formation of nanoscale Cu-Co-Al-O catalytic
particles (25-300nm) of a certain chemical composition (spinel are present) and the required morphology,
providing high activity (100% at 210-216°C) in the CO oxidation reaction due to an optimal combination of
physical and chemical properties of the surface, are shown.
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IN THE PRESENCE OF IONIC LIQUIDS SYNTHESIS AND TRANSFOR-
MATIONS OF TETRABROMDIOXIALKYL SPIROCYCLOPENTADIENE
ADDUCTS

KARIMOVA SAIDA SAYYADDIN
Institute of Polymer Materials of ANAS, PhD student
saidakarimova26@gmail.com (tel: 0552870602)

Key words: hexabromcyclopentadien, maleic anhydride, imidazolium-based ionic liquids.

In the presented paper, 5,5-dioxyethylentetrabromcyclopentadiene was synthesized by the reaction
between potassium hydroxide, ethylenglycol and hexabromcyclopentadiene. Anhydride of 7,7-dioxyethylene-
1,4,5,6-tetrabrombycyclo [2.2.1] -hept-5-en-2,3-dicarboxylic acid was synthesized in the presence of
immidazolium-based ionic liquids via the reaction between maleic anhydride and obtained spirocyclic
dienes. In concentrated sulfuric acid medium bromine-containing anhydrides were obtained by hydrolyzing
of the synthesized adducts.

1. Introduction. In organic synthesis instead of volatile organic solvents non-flammable,
non-toxic, reusable ionic liquids are of interest from scientific and practical point. In Diels-Alder
reactions ionic liquids are used as solvent and catalyst. In this type of cycloaddition reactions
desired endo- or exo-adducts are obtained by using of ionic liquids [1, 2]. Also, ionic liquids do not
form by-products with reagents and reaction products.

Prior to, on the bases of hexabromycyclopentadiene (HBT) and 5,5-dimethoxy-
tetrabromcyclopentadiene (DMTB) [3,4] polybromine-containing bicyclic anhydrides, imides,
amides, ethers, nitriles were synthesized. Using these compounds flame-retardant polymeric
materials, plasticizers, biological active substances are obtained. It has been defined, bicyclic
polybromine-containing compounds could be obtain through Diels-Alder reactions. Therefore, in
order to increase the range of polybromine dienes, the synthesis of bromine-containing dienes by
placing different functional groups on the hexabromycyclopentadiene molecule and according to
these, developing the purposeful synthesis method of novel bicyclic adducts in imidazoium based
ionic-liquids are of great interest scientific and practical point of view.

2. Results and discussion
The presented paper has been devoted to the purposefull synthesis method of  5,5-
dioxyethylentetrabromcyclopentadiene based on the reaction between potassium hydroxide,
ethylenglycol and hexabromcyclopentadiene and studing its structure and contain. In add, its
investigation of the Diels-Alder reaction between 5,5-dioxyethylentetrabromocyclopentadiene and
maleic anhydride as well as N-arylmaleic imides in the presence of ionic liquids has been reported
in the paper.

Selection of the imidazolium ring as cation is based on its stability, easy synthesis, and low
viscosity against the oxidizing and reducing environment.

+
C4H9—N‘\ - _’N_CH3

e

It has been shown that in the presence of ionic liquids the yield and selectivity of the reaction
product is high [5, 6].
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In the presence of ionic liquids synthesis and transfor-mations of tetrabromdioxialkyl
spirocyclopentadiene adducts

According to numerous experiments, it has been shown that the reaction rate is high when
KOH is used during the synthesis of tetrabromspirocyclopentadiene. The reaction was carried out in
a negative 30-35°C, in diglyme medium.

B! B
T g Br. Bro
diglim
Br s + KOH + HOCH,-CH,0H — > D]
O
Br

Br” "Br
Br
1

Diels-Alder reaction between maleic anhydride and synthesized DESC in ionic liquids has
been studied. It was found that when the reaction mixture was heated at 50°C in chlorobenzene
medium for 1.5-2 h, the yield of 7,7-dioxy-ethylene-1,4,5,6-tetrabrombycyclo [2.2.1]-hept-5-en
2,3-dicarboxylic acidic anhydride (I1) was 85%.

Br

Br. Br C(\)\
D<o] [CO,O Br @ co>0
Br s O Br CO
By
The structure and content of synthesized DESC was confirmed by IR and *H NMR spectrums.
On IR spectrum of DESC the absorbtion of the C-O-C is observed in 1110-1120sm™ field.
Absorption observing on 1565-1585 sm™ belonging to v (BrC=BrC) group.
Hydrolisis of synthesized anhydride has been studied in cocentrated sulfiric acid medium. It
has been found 7,7 -dioxyethylene group of anhydride (I1) is easily hydrolyzed to keto-anhydride
(111) due to the effect of concentrated sulfuric acid [1].

Br Br
Br CO\ ot Br CO\
o —> O
/ C O/
Br co Br
Br Br

According to the experiment it was found when keto anhydride (l11) is decarbonilated in
nitrobenzene medium, tetrabrom ftalic anhydride (IV) (80-85%) and in a small amount
tetrabromcyclohexadien anhydride (V) (10-15%) are obtained.

Br Br Br
Br co Br co Br co
\O _t> \ _I_ \o
% 0 /
co / cd
Br Br Cco Br
ST Bl v BV

It has been shown 1,2,34-tetrabrombicyclo [2.2.2]-oct-2-en-5,6,7,8-tetracarboxilyc acid
anhydride (1V) is obtained by the reaction of tetrabromcyclohexadiene acidic anhydride with
maleic anhydride in [Bmim][BF,] at 90°C.

Br co Br
[
Br CO, 7/ oC CO,
\ cb / | Br \
/O —_— O\ /O
co oC Br'~co
Br
Br Br
\Y VI

When decarbonilation of keto-anhydride is carried out in exceed amount of maleic anhydride,
dianhydride is obtained in 85-90% vyield.
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In add, dianhydride was obtained from keto-anhydride in 85-90% yield when carbon dioxide

was decomposed in the presence of maleic anhydride.
Br CcO Br

Br co, / oc co,
co / BTN
/ O\ | /O
Br co oc Bl ~co

Br Br VI

The structure of ynthesized compounds has been confermed by IR spectrum. The clearity and
contents have been determined by thin layer chromotography and element analysis.

On1 synthesized anhydrides (I1, IV-VI) absorptions of carbonyl group is observed on 1850-
1855sm™ .

On synthesized spirocyclic anhydrides (Il, 1V-VI)methyn protons (CH) are observed on
4,20MHz as singlet.

3.Experimental part. 1-buthylIBis (trifluormethylsulfonilimide)-[TF,N] was taken as anion
in imidazolium based ionic liquids. Infrared spectrum of synthesized compounds were determined
by using “SPEKORT-75-IR” in the suspension of vaseline oil [7] and 'H NMR spectrum was made
in the system of “AVANCE” on 300p.h and as solvent was used dimethyl sulfoxide [7,8]. The
clearity of the substances were determined on “Silufol UV-254"

5,5-dioxiethylene tetrabromcyclopentadiene (I). 0.1 mol hexabrom-cyclopentadiene and 50
ml diglyme was poured to the reaction flask (0.5 I) which was provided mechanical agitator, reflux
condencer, dropping funnel and thermometr. After dissolution, 0.1 mol ethylenglycol containing
potassium hydroxide (0.1 mol) was added into the flask through the dropping funnel at negative 25-
30°C (external cooling) with vigorously stirring. The mixture was poured onto the crumbled ice.
Obtained crystals are washed with water until neutral. The crystalline substance is recrystallized in
the petroleum ether. 30.8 gr product was obtained. Tpe=97-98°C, R=0,58 .

C7H40,Br,4 (calculated) %:C-19,09, H-0,9, Br-72,73; (found): C-18,73, H-0,3, Br-72,33.

7,7-dioxyethylene-1,4,5,6-tetrabrombycyclo  [2.2.1] -hept-5-en-2,3-dicarboxilyc  acid
anhydride (11). 0.1mol (44gr) DESC was poured into the flask (250 ml), then 0.15 mol (14.7gr)
maleic anhydride and 2 ml [Bmim][Tf,N] was added into the flask. The mixture was stirred during
2 hours. After distilling the chlorobenzene in vacuo, the residue was recrystallized from the
mixture of ethylasetat-hexane. 44.1 gr pure crystal was obtained. Tme=255-256, R=0,60
C11HeOsBr4

Calculated %: C-24,53; H-1,12; Br-59,48;

Found %: C-24,10; H-0,93; Br-59,08.

1,4,5,6-tetrabrom-7-on-bicyclo [2.2.1]-hept-5-en-2,3-dicarboxilyc acid anhydride (I11). 30
ml solid sulfuric acid was added to the 0.01 mol adduct by dropping funnel with vigorously stirring.
The reaction mixture was stirred at 50°C within 3 hours. Then mixture was poured onto the ice.
Precipitated crystals were washed with water untill neutral and were dryed. The synthesized crystal
was boiled in chloroasetic acid anhydride. Tme=163-166°C (decomposed), R¢=0,58, CoH,04Br,

Calculated %: C-21,86; H-0,4; Br-64.78;

Found %: C-21,56; Br-64,35.

1,2,3,4-tetrabromphtalic acid (IV) and 1,2,34-tetrabrom-1,4-cyclohexadiene-5,6-
dicarboxylic acid anhydrides (V). The mixture of 0.01 mol 1,4,5,6-tetrabrom-7-on-bicyclo [2.2.1] -
hept-5-en-2,3-dicarboxilyc acid anhydride and 50 ml nitrobenzene was boiled with reflux condencer
during 5 hours. After removing nitrobenzene the residue is seperated in the column filled with
silicagel. As solvent was used benzene:hexane:ether in amount of 3:2:1. After evaporating of the
solvent first residue is recrystallized from ethylasetat:hexane and 1,2,3,4-tetrabromphtalic acid
anhydride (1V) is separated. After evaporating the solvent of the solution wich was taken from the
column residue was recrystallized from benzene:hexane and the crystal is separated. 1,2,3,4-

O/
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tetrabrom-1,4-cyclohexadiene-5,6-dicarboxylic acid anhydride (V) is obtained. M.p.=264%266°C
R¢=0.65is for (V) anhydride; and M.p.= 205-207°C, R¢=0,66 is for (V) anhydride.

CsBrs03 and CgH>Br,03

Calculated %: C-20,69; Br-68.96;

Found %: C-20,30; Br-68,45.

Calculated %:C-20.6; H-0,43; Br-68,67;

Found %: C-20,25; Br-68,28.

Anhyride of 1,2,3,4-tetrabromobycyclo[2.2.2]-oct-2-en-5,6,7,8 tetracarboxilyc acid (VI). The
mixture of anhydride of 0.01 mol 1,2,3,4-tetrabromo-1,4-cyclohexadiene-5,6-dicaboxiliyc acid and
0.06 mol maleic anhydride was heated with 3 ml pyridine and 1 ml [Bmim][BF,] during 5 hours at
90°C. Obtaining product was recrystallized from ethylasetat-hexane. Mp.= 318°C (decomposed),
R{=0,68, C1,H4Br4Os.

Calculated %: C-25,53; H-0,71; Br-56,74;

Found %: C-2,15; H-0,46; Br-56,4.

4.Conclusions. It was synthesized 5,5-dioxiethylene-1,2,3,4-tetrabromcyclopentadiene by the
reaction of hexabromcyclopentadien with ethylenglycol in the presence of potassium hydroxide.

In imidazolium based ionic liquids 7,7-dioxiethylene-1,4,5,6,-tetrabromspirocyclopentadien
[2.2.1]-hept-5-en-2,3 dicarboxilyc acid anhydride was synthesized by the Diels-Alder reaction of
5,5-dioxiethylenespirocyclopentadien with maleic anhydride. In concentrated sulfuric acid by the
hydrolisis of latter novel anhydrides were synthesized and investigated.
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XULASO
ION MAYE iSTIRAKINDA TETRABROMDIOKSIALKIL
SPIROTSIKLOPENTADIENIN ADDUKTLARININ SINTEZi VO CEVRILMOLORI
Korimova S.S.

Acar sézlar: heksabromtsiklopentadien, malein anhidridi, imidazolium asasli ion mayelor.

Toqdim olunan 5,5-ci maddoads oksietilen tetrabrom ensiklopedikadien kalium hidroksid, etilenglikol
va heksabrom ensiklopedikadien arasinda reaksiya ilo sintez olunmusdur. Anhidrid 7,7-dioksietilen-1,4,5,6-
tetrabrombisiklo [2.2.1] gept-5-en-2,3-dikarbon tursusu ion mayelorinin istiraki ilo moruq anhidridi vo aldo
edilmis spirosiklik diyen arasinda reaksiyaya goro imidazoliya osasinda sintez edilmigdir.
Konsentratlasdirilmis kiikiird tursusu miihitinds brom torkibli anhidridler sintez edilmis adduktlarin hidrolizi
ilo gobul edilmisdir

PE3IOME
CHUHTE3 U IPEBPAIUEHUA AJIYKTTOB TETPABPOMJIUOKCHUAJKIJI-
CIIUPOLIMKJIOINIEHTA/IMEHA B IPUCYTCTBUU HOHHBIX ’KUJIKOCTEHU
Kapumoesa C. C.

Kntouesvle cnosa: cexcabpomMyuxionenmaouer, MAleuHo8bill aHeUOpUuod, UOHHble HCUOKOCHU Ha
O0CHOBE UMUOA3ONUSL.

B mpencraBieHHOM cTaThe S5,5-TMOKCHUATHICHTETPAOPOMITUKIONEHTAUEH  OBLI CHUHTE3UPOBaH
peaknueil MexXay THIPOKCUIOM Kallvsl, STWICHTIINKOIEM W TeKCaOpOMIMKIOIEHTaAueHOM. AHTHIpHL 7,7-
JTUOKCcHATHIEeH-1,4,5,6-TeTpabpoMOUIIMKITO [2.2.1] rent-5-eH-2,3-1uKapOOHOBOM KHACIOTEI ObLI
CUHTE3MPOBAH B MPUCYTCTBUH MOHHBIX YKHJIKOCTECH HA OCHOBE MMUA30JIUS 110 PEAKIIUU MEKIY MaJICHHOBBIM
AHTUJPUIOM U TIOTYYEHHBIM CIIHMPOUUKINYECKUM TUEHOM. B cpeiie KOHIIEHTPHUPOBAHHOW CEPHOM KHCIIOTHI
OpomMcozepIKaIue aHTUIPHIBI TOTyYaId THAPOIN30M CHHTE3UPOBAHHBIX aITyKTOB.

Daxilolma tarixi: [lkin variant 02.05.2021
Son variant 10.06.2021

37



Sumgqay1t Dévlat Universiteti — “ELMI XOBORLOR”— Tabiot vo texniki elmlor bolmasi

Cild 21 Ne 3 2021
UOT 544.2

QUMMIARABIK VO POLIETILENQLIKOL MUHITINDO ALINMIS
GUMUS NANOHISSOCIKLORININ BOZi FIZiKi XASSOLORININ
OYRONILMOSI

HUMBOTOVA SOADOIT FAIQ quz1
AMEA akad. M. Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu, doktorant
seadet.humbetova@inbox.ru

Acar sozlar: giimiis nanohissaciklar, qummiarabik, nanokompozitlar, miigavimat, polietilenqglikol,
garginlik, poliakril tursusu, arabinoqalaktan, volt-amper

Son dovrlords nanotexnologiya sahasindo shomiyyatli doracads irslilomolor geydo alinmisdir
ki, bunlardan genis totbiq sahosi olan nanomateriallarin sintezindo polimer birlogsmalarin istifadosi
xtisusi maraq dogurur. Bu istigamotdo gedon todqiqatlar onu gostorir ki, metal osash
nanohissociklorin alinmasinda tobii, va sintetik polimerlordon genis istifado olunur. Tabii
polimerlordan istifade olunmasinda asas sabob antitoksik xiisusiyyati, otrafa zorarli olmamasi, genis
yayilmis va iqgtisadi cohatdon olverisli olmasidir. [1-4]

Cesidli reduksiyaedicilordon istifado olunmasi hasil olunmus nanokompozitin timumi tosir
etdiyi ohato arealini osaslandirir. Antioksidant reaksiyaya xas olan Rumex hymenosepalusun
qarisigindan reduksiyaedici tomsilindon totbiq etmoklo 2-40 nm o6l¢iido glimiis nanohissaciklori
sintezlasdirilmisdir [5]. SEM, UV-Vis vo FTIR spektroskopiya metodolgiyas1 vasitosi ilo tostiq
olunmusdur ki, aldo edilon glimiis nanozarraciklori sotho markozlogsmis kub vo heksoqonal kristal
qurulusa malik olmagla tibbde moaqsadouygun sokilds istifade edilmasi miimkiindiir.

Bu metodun basqa fiziki vo kimyovi reduksiya metodlarindan istiinliiklori ilo segilir, yoni
nanohissociklorin ylingiil soraitdo - asagi temperatur vo tozyiqdo, az enerji sorfi ilo, toksiki
maddolordaon istifade olunmadan, ucuz va effektiv sokilds slda edilmasi il forqlonir..

Umumi monada qeyd etmok lazimdir ki, toqdim edilon isdo qummiarabik (QA) vo
polietilenglikol (PEQ) soraitinds aldo olunan AgO nanohissociklorin  bir sira fiziki cohatlori
Oyranilib. Burada biz hoam iimumi, hom xtisusi cohotlori geyd eds bilarik.

Tacriibi hissa.

Materiallar. Sabitlogdirici magsadils isladilon orta molekul ¢okisi 200 kDa olan QA, 97%
kimyovi saflig1r 6zlindo ehtiva etmis vo Sigma Aldrichdon oldo olunmusdur. PEQ 97% kimyavi
tomizliys malik orta molekul kiitlosi 40 kDa-dur, {imumi monada iso flukadan aldo olunmugdur. Hor
ikisi tacriibalordo tomizlonmomis islodilmisdir.

Olda olunan mahlulunun sintezi. PEQ vo QA 2:1 ¢oki forqindo 100 ml deionlasmis suda 2
saat arzinda sintez edilmokls hall olunur, ardinca 5 ml 2.5x 102 M AgNO; olavas olunub daha 2 saat
otaq temperaturunda qarigdirilir. Daha sonra 2 paralel tocriibodo mohlula miivafiq olan qatiliqh
NaBH,; vo HCOOH olava edib 293 K-do qarigdirilir. Mohlulun rongi 15-20 daq. sonra saridan tiind
qohvayi va garaya kimi doyiso bilir. Mohlul dietil efiri yaxud da asetonda ¢okdiiriiliir, etanol ilo 2-3
dofs yuyulandan sonra qurudulur, adi atmosfer tozyiqindo sabit kiitloya gotirilir. Olds edilon glimiis
nanohissaciklorin 6l¢iilorine forqli-forgli amillerin tasirini dyronmok moqgsadi ilo reduksiya prosesi
293, 313, 333, 353 K temperaturlarda, m(PEQ):m(QA)=1:1, 1:2, 2:1 ¢oki nisbatlorindo, toxminon
5, 10, 20, 30 va 60 dog. araliglarinda totbiq edilmisdir.

Cihazlar. Fiziki komiyylotlori doyin etmok iiglin 6lgmoalor MS8050 Digital Multimeter.
HY3003D DC Power Supply . Elektron osillograf 2- kanal BM8020 cihazlar1 ilo aparilmigdi.
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Noticalor va onlarin miizakirasi. Isdo istifado edilon QA va PEQ miihitindo Ag0
nanohissociklorinin sintezi vo onlarin quruluslarinin miixtalif iisullarla dyronilmosi haqqinda genis
molumatlar torofimizdon dorc edilmis vo bu moqgalods alinmis homin naticolorin yenidon verilmasi
mogsado uygun deyil [15,16] Ona gorado moaqalads istifads edilon polimerlor miihitindo alinmis
kompozitlerin fiziki xiisusiyyatlorinin tadqiqi baslica moqsad dasiyir.

Xiisusiyyatlorin dyronilmasi {i¢lin 3 miixtalif niimuno hazirlanmis vo miisahido edilmisdir.

#1 QA+PEQ +Ag  (100-150 kqf/sm?) (t = 25 doq) (t = 105-110°C) (t = 20°C) otaq
temperaturu

#2-1 QA +PEQ +Ag  (100-150 kqf/sm?) (t=25 doq) (t=110-120°C) (t=40°C)

#2-2 QA +PEQ +Ag  (100-150 kqf/sm?) (t=25 daq) (t=105-110°C) (t=60°C)

[lkin olaraq hazirlanmis niimunslorin miiqavimatinin gorginlikdon asililig izlonmis vo
grafikdo gostorilmisdir.

6E+11

S5E+11

4E+11

Ohm

3E+11 #2-2

R

#2-1
2E+11
#1

1E+11

0 5 10 15 20 25 30 35
Voltage, V

Sakil 1. Néimunalarin méggavimatinin totbig olunan garginlikdan as:lilig:

Niimunalorin miigavimatinin totbiq olunan gorginlikdon asilihigr gostorilmisdir. Qrafikdon
gorindiyi kimi gorginlik disgasiiniin  kigik giymatlorinds hor 3 niimunanin miigavimati
eksponensial olaraq azalir. Lakin, toxminon 15 V-dan etibaran biitiin nimunalarin migavimati artiq
gorginliyin sonraki doyismasindan asili olmur va stabil olaraq galir.

Gorginliyin dayismasi Z=f(x,y) funksiyas: formasinda komputerin yaddasina geyd olunur,
sonra komputer grafikasi vasitolori ilo tosvir canlandirihir. Gostorilon fakt 6zii-6zliyiinds ¢ox
maraqli effektdir vo xarakter baximindan yarimkegiricilora banzarliyi yoxdur.

Sakil 2-da niimunalarin miigavimatinin temperaturdan asilihg: tadqiq olunmusdur.
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Sakil 2. Niimunalorin miigavimatinin temperaturdan asililig
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Qummiarabik va polietilenglikol miihitinda alinmuis ]gumu§ nanohissaciklarinin
bazi fiziki xassalarinin oyranilmasi

Qrafiklordon gériindiiyii kimi on ¢ox doyisikliyo #1 niimunesi moruz qalmisdir. 50°C-do
niimunoalorin miiqavimoti minimum qiymaotini almisdir. Cox mara%hdlr ki, hor 3 niimunonin
miigavimoti temperaturdan asili olaraq miixtalif xarakters malikdir. 50°C-ya qodor agor miigavimot
azalirsa, bundan sonra onlarin miigavimoti koskin artir. Bu da niimunslarin torkibinds faza kegidi ilo
osaslandirila bilar.

Niimunoslorin homginin volt-amper xarakteristikasida (VAX) todqiq olunmusdur.
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Sakil 3. Niimunalarin volt-amper xarakteristikast

Niimunslarin volt-amper xarakteristikas1 (VAX) todqiq olunmusdur. Garginlikdon asili olaraq
totbiq olunan niimunslordon axan corayan siddoti do asason xotti asililigla artmaqda davam edir.
Umumiyyatls, Skanedici tunel mikroskopu (STM) kémoyi ila sathin farqli-farqli ndqtolarinds volt—
amper xarakteristikasini ¢ixarmaq miimkiindiir. Biitiin bunlarin kémoayi ilo niimunanin lokal
kegiriciliyini miioyyon etmok asanlasir, eyni zamanda elektronlarin enerji spektrindo lokal voziyyat
sixliginin necs oldugunu dyronmok miimkiindiir. Niimunalorin volt-amper xarakteristikasini qeyd
etmok magsadi ilo STM-ds asagida gostorilon ardicilliqla amaliyyat icra edilir:

1) STM goriintiisiindo niimuns {izarindo se¢ilmis baslangic noqtasi gorarlagdirilir. Xiisusi

zond skanerin komayi ilo secilmis istigamato gatirilir.

2) Kontaktin VAX-n1 toyin etmok hodofi ilo oks rabito qisa zamanda kosilir, tunel araligina
xotti artan gorginlik totbiq olunur. Sinxron olaraq gorginliyin doyismosi ilo tunel
kontaktindan ke¢gmis coroyan qeyd olunur.

3) Oks olagonin olmadigi zamanda skanerin elektroduna oks olago kasilon zamanda olan
potensial verilir. Gostorildiyi kimi kicik gorginliklords caroyan gorginlikdon xatti asili
olur.

Natica. Polietilenglikol vo qummiarabik ilo koloidal Ag0 nanohissociklor sintez edilmisdir.
Daha sonra 3 nlimune iizorindo fiziki xiisusiyystlorino goro miixtolif asililiglar miioyyen
olunmugdur. Gostarilmisdir ki, gorginlikdon asili olaraq miigavimat garginliyin kigik giymaetlorindo
eksponensial olaraq azalir. Temperaturun tosirindon iso SOOC-ya qoder azalsa da, bundan sonra
kaskin artir. Coroyan siddati iso bunun askinos olaraq, SOOC-ya godor artsa da, bundan sonra koskin
azalir.
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PE3IOME
HCCJIEJJOBAHUE HEKOTOPBIX ®PU3NUYECKHUX CBOVMCTB HAHOYACTUI] CEPEBPA,
MHOJYYEHHBIX B CPEJIE 'YMMHWAPABUKA U NOJIUITUJIEHI JIMKOJIA
TI'ymoamoea C.D.

Kntouesvle cnoea: wnamouacmuyvl cepedpa, ymMmuapabux, HAHOKOMHO3UMbL, CONPOMUBTEHUE,
NOAUIMUTIEHSTUKOD, Hanpsoicenue, NOUAKPUNOBASL Kucioma,
apabuHo2anaKman, 80Jbm-amnep.

beun monydensl HaHoudacTHibl AgO B cpeae ryMMuapaOuka ¥ TOJUATUIICHIJIMKOMSA. Bbuto

YCTaHOBJICHO, 4YTO pa3Mepbl HAHOYACTHUI[ cepedpa, CTa0WIM3MPOBAHHBIX B Cpele T'yMMUapaOuKa U
MOJIMATHJICHTJIMKOJIS, BapbUPYIOTCS B Juarna3oHe 7-9 HM. M3ydeHbl pazinyHble (PU3MYSCKUE CBOWMCTBA
MOJIyYEHHBIX HAHOKOMITO3UTOB. BBLUIO 00HapYKEHO, YTO CHJIa TOKA, IPOTEKAIOIIET0 Yepe3 HAHOUYACTHUIIBI ITPH
COOTBETCTBYIOIINX YCIOBHAX, MPUOIU3UTEILHO B 5 pa3 BhIIIE IO CPABHEHHUIO C TIPOTEKAIOIIUM Yepe3 APYyTue
oOpa3mpl. 3aBUCHMOCTh B jauanazoHe Hampsbkenus 0-50B nwmaeiina. Taxke Oblma  uccliegoBaHa
TeMIIepaTypHasi 3aBUCUMOCTh COIIPOTUBIICHHUS 00pa3IoB U JOKa3aHO, YTO COMPOTUBIICHUS BceX 3 00pa3IoB B
3aBUCUMOCTH OT TeMIepaTypbl HMEIOT pa3nuuHblii Xxapakrep. [o 50°C mabmomaeTcss CHHKEHHE
COTIPOTHUBJICHHS, OJTHAKO ITOCIIE YKa3aHHON TeMITepaTyphbl CONPOTHBIIEHHE 00Pa3I[0B PE3KO BO3PACTAET.

SUMMARY
STUDY OF SOME PHYSICAL PROPERTIES OF SILVER NANOPARTICLES
OBTAINED IN GUM ARABIC AND POLYETHYLENE GLYCOL MEDIA
Humbatova S.F.

Keywords: silver nanoparticles, gum arabic, nanocomposites, resistance, polyethylene glycol, voltage,
polyacrylic acid, arabinogalactane, volt-ampere

Ag° nanoparticles were obtained in gum arabic and polyethylene glycol media. It has been confirmed
that the size of silver nanoparticles stabilized in gum arabic and polyethylene glycol media varies in the
range of 7-9 nm. Various physical properties of the obtained nanocomposites have been studied. It was found
that the current flowing through the nanoparticles was about 5 times higher than the other under suitable
conditions. Dependence is a line of voltage in the range of 0-50V. Also, the temperature dependence of the
resistance of the samples was studied and it was proved that the resistance of all 3 samples is different
depending on the temperature. If the resistance decreases to 50° C, then their resistance increases sharply.

Daxilolma tarixi: [lkin variant 20.07.2021
Son variant 10.09.2021
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UCCJEJTOBAHUE Y®PEKTUBHOCTU KOPPO3UOHHOM 3AIIIUTHI
HNHI'MBUTOPA MAP3A-1 B CPEJAX H,S, CO, u H,S + CO;,

IAIIAEBA CAUJIA MEMJIAH rbi3bi
Aszepbatiodcanckuti 2ocyoapcmeentblil YyHugepcumem Hedhmu 1 npomMbluLIeHHOCMU, OUCCEPMAarm

ebikib@mail.ru

Kntouesvle cnosa: cepogooopoo, yenexucavii eas, uveuboumop, MAP3A-1, koppo3us, 3alIUTHBIA
3¢ HEKT, TPaBUMETPUIECKUI METOA

BBenenne. ABapuu MO NPUYMHE KOPPO3UH METAIOB NMPHUBOJAT K OOJIBIIMM IOTEPSIM.
TexHuueckoe pa3BUTHE BO MHOTUX OTPACiIAX 3aMeUISIeTCsl N3-3a HEPEILCHHBIX PO0JIeM KOPPO3HH.
DTOT BOMPOC 0COOCHHO aKTyaJIeH I Pa3BUTHIX CTpaH ¢ OOJbIIMMU 3amacamMu MeTauia. Kopposus,
KOTOpasl B HACTOsILlee BpeMsl CUUTAETCs I100aabHOM MpobiaeMoit HeTera3oBoil OTpaciiu, OcTaeTcs
ceppe3HOi TpoOIeMoil B Hamieil cTpaHe, HapsAy C Pa3BUTHIMHU CTpaHaMH He(TSHOW oTpaciu. B
IIPOU3BOJICTBE HE(PTHU U ra3a UCHOJIb3YETCs OONBIIOE KOINYeCTBO cTainu. JloObiBaeMble HEPTH U ra3
TPaHCHOPTHPYIOTCS O TpyOompoBogaM. HedTh MpoXoauT CTaguio OYMCTKM HA CeMaparMOHHBIX
yCTaHOBKax. B 3ToM ciyyae BHYTpEeHHHME 4aCTH HMCIIOJIb3YEMbIX 000pYAOBaHUM U TPyOONpOBOAOB
MOJIBEPrafOTCs KOPPO3WH M3-32 IMOCTOSIHHOTO KOHTakTa C JABYX-Tpex(azHOW CHCTEMOH,
cojiepaKallel cepoBOJOpOa M JUOoKcun yriepona. [1-5]. Xors mpouecc KOppo3ud METalIoB B
CEpOBOZIOPOAHBIX Cpelax B HACTOSIIEE BpPEeMs LIMPOKO H3Yy4YaeTcs HCCIENOBATENIIMU, UMEHHO B
HEe(PTSIHONH TNPOMBINIJICHHOCTH UCCIEAOBAHHUS W PEIIEHHWs O3TOW MpoOJeMbl HMEIOT Kak
IPAaKTUYeCKOe, TaK M HKOHOMHYECKOe 3HaueHue [6-8]. Okcmayarauus oOopynoBaHUs B
arpecCUBHBIX TEXHOJIOTHUECKUX YCIOBHUSX, COACPKAIIMX CEPOBOJIOPOJ WM IAMOKCHJI YIIepoja,
COIIPOBOKAAETCS AKOHOMHUYECKUMH IOTEPSMH, a TaKKe SKoJIorndeckum yiepoom. IIpu stom
COKpaIaeTcs CpOK CIyXkObl 000pyIOBaHHWsS, HCIOIB3YEMOTO B arpecCMBHBIX YCIOBUSX .B
HacTosIee BpeMsl Ha MHOTHX HE(PTSIHBIX MECTOPOXKACHUAX Ul YBEIHMUEHUS TOOBIYM B HE(TSIHBIC
TIacThl 3akauymBaercsi Boja. Copeprkamias CepoBOJIOPOJ MHHEPATM30BaHHAS IUIACTOBas BOJA,
BXOJISIlIasi B COCTaB  BOJOHE(PTSIHOH 3MyJIbCUH, 00pa3yrolleicsl B CKBaXXMHAX NPU IUTETbHOU
3aKayke BOJBI, BBHI3BIBAET CEPOBOAOPOAHYIO KOPpO3uio. UTOOBI yBENWYHTH IOOBIUYy Ha CTapbIxX
HEPTIHBIX MECTOPOXIEHUAX, B IJIACTHI TAK)Ke 3aKauuBaroT razoo0pa3ubiii CO2, 4TO NPUBOAUT K
camoii omacHou kopposuu - kopposuu CO; [10-13]. Cawmbiii npocToil U 3PPEKTUBHBIH METOT
croco0a 3alIuThl YCTAaHOBOK, 00OPY/IOBAaHUI M KOHCTPYKIMH, HCIOJIb3yeMBIX MpU T00bIYe HEPTH,
ee XpaHEeHUH, TPAHCIIOPTUPOBKE 110 HEPTENPOBOAaM U NepepaboTke Ha HedTenepepadaThIBAIOIINX
3aBOJIaX - 9TO MPUMEHEHHE WHTHONTOPOB KOPPO3UH. XOTS MHTEHCHBHBIE HAYYHBIC UCCIICTOBAHMS B
00JIaCTH CHHTE3a M HCCIIEAOBAaHUS HMHIHOMPYIOIIUX COEIMHEHHUH MpPOI0JIKAIOTCSA, MOTPEOHOCTD
MIPOMBIIIJICHHOCTH B MHTUOUTOpAxX eIle He MOJHOCThIO yAoBIeTBopeHa. C Ipyroil CTOPOHBI, 4acThIe
M3MEHEHMs YCJIOBHH OKCIUTyaTalliM HCHOJb3yeMoro oOOpyloBaHMSA,a TaKXke dYpe3MepHas
arpecCUBHOCTh KOPPO3MOHHOW Cpefbl B HEKOTOPBIX CIIydasiX CHIDKAIOT d3((HEeKTHBHOCTH
MPUMEHSEMBIX HHTHOUTOPOB, @ B HEKOTOPBIX CIIydasiX 3T MHTMOUTOPHI COBEPILIEHHO OeCHoe3HbI
JUISL UCTIONB30BaHUSI B JTHUX YCIoBHsX. CremoBaTenbHO, CYIIECTBYET OoJblias MOTPEOHOCTH B
CO3JIaHMHM HOBBIX BBICOKOI((EKTUBHBIX WHTMOUTOPOB CO CJIOXHBIM JEHCTBHEM M C CHIPHEBBIM
3armacoM, KOTOpBIE MOTYT 3allUTHTh OT KOPPO3UM OOBEKTHl HEPTIHOH MPOMBIIUICHHOCTH,
000pyZI0BaHUS M MEXAHU3MBI B CPE/Iax, COJIEPKAIUX BHICOKHE YPOBHU arpeCCUBHBIX KOMIIOHEHTOB
(H2S, CO,). HecmoTpsi Ha MHOTOYHCIICHHBIC HAYYHBIC UCCICIOBAHMS U Pa3pabOTKy HOBBIX THUIIOB
MHTUOUTOPOB KOPPO3UH, pa3paboTKa BbICOKOI()(PEKTUBHBIX MHTHMOMPYIOIIUX PEareéHTOB, KOTOPhIE
MOTYT 3aIIUTUTh OOBEKTHI W O0OpPYIOBaHWS HEPTSIHOH NPOMBINIUIEHHOCTH OT KOPPO3HH TpH
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BbIcOKHMX KoHIeHTpamusx HpS, CO; u Oy, ocraercs akryanbHO# mpobiemoit. [lo atoit mpuunne
HE0OXOIMMO CO3/1aTh PEareHT ¢ TaKUMH MHOTO()YHKIMOHAJIBHBIMU CBOMCTBAMHU, YTOOBI OH MOT
pemuTh POodIIeMy KOPPO3HH BO BCEX arpeCCUBHBIX cpenax. [14-17].

Heap ucciaenoBanus - uzyyeHue 3PQPeKTUBHOCTH aHTUKOPPO3UOHHM 3aIlIUTHl MHTUOUTOpA
MARZA-1 B 1a00paTOpHBIX YCIOBUSIX.

Metogonoruss  ucciaegoBanms. J{ng  MccienoBaHUS ~ MHTEHCHUBHOCTH  KOPPO3UHU
MCTOJB30BATHNCh 00pasubl ctamu Mapku Ct3. IToBEpXHOCTh CTaNbHBIX OOpPa3LOB JOJDKHA OBITH
BhITNIaykeHa B cooTBercTBHM ¢ TpeboBanusamu ['OCT 9. 905-82 um o00bem arpeccHMBHOM
UCIBITATEIFHON CPe/Ibl JOJHKECH OBITh HE MeHee 20 cm® Ha 1 eM? miomanu MOBEPXHOCTU 00pasiia.

Jlst onpeneneHrss CKOPOCTH KOpPpo3uH cTaidbHBIX TuiacTuH Ct3 pasmepom 30x20x1 mm mo
MOTEepe MaCChl, UCCIIEJOBAHMSI POBOIMIKNCH B JIa0OPATOPHBIX yCIOBUsIX B TeueHHe 24 u 240 yacos,
npu temmneparype 25°C, npu Hopmax pacxona 3.0, 5.0, 7.0 u 10 mr / n uarndbutopa MAP3A-1.
Narn6utop MARZA-1 - 3T0 opraHWYecKoe COSIUHEHHWE C TPOWHOH CBS3bIO, COJACpIKAIIUN B
MOJIEKYJIE aTOMOB YIJIEepoa, BOJIOpPOJAA, KHUCIOpoAa, rajgoreHa U T.  DU3UKO-XUMHUYECKHE
XapakTepUCTUKU nHruoutTopa MARZA-1 npuBenens! B Tabiure 1.

Tabnuya 1.
Dusuxo-xumuyeckue xapakmepucmuxu uneuoumopa MARZA-1
HNurudurtop “MARZA-1”
1 Buemrnuii Bug IIpo3pauHas KUIKOCTh
2 IBet becrseTHsIit
3 PactBopuMocTh PacTBopuM B HEQTH, AMCTIEPTUPYETCSI B BOAC
4 | Temmeparypa samepsanns (°C) -25°
5 OrHocurensHast wiotHocTs (20°C) 896 kr/m®
6 | Temneparypa xunenus (°C) 123-125 (1mm.pyT.1ikana)
7 Kunemarnueckas BI3KOCTb (ZOOC) 5,8 mm?/s
8 Temmeparypa Bosropasus ('C) <38
9 | Kooddurment nsnyuenns n3’ 1,5570
10 | MRp 57,92
11 | DddexruBrocts 3aumthi (%) Cin=10mr/n 94-99

[ToBepxnocts mmactuH u3 cramu  Ct3  pasmepom 30x20x1 MM  momdyercs Ha
nuMoBaIbHOM CTaHKe B cooTBeTcTBUM ¢ TpeboBanusmu ['OCT 2789-73, mocne oumcTku
alleTOHOM M CIIUPTOM IPOMBIBAe€TCA TUCTHIIIMPOBAHHOW BOJOW. [l aKkTHMBalMM NOBEPXHOCTH
CTaJbHBIC IUIACTHHBI BbLIepkuBatoT B 15% pactBope HCl B Teuenne 60 cek., 3aTem
IIOCJIEIOBATEIbHO  NPOMBIBAIOT  MPOTOYHOM  BOJOM, JHCTHJUIMPOBAHHOW  BOJOW,  CyIlIar
¢buIbTpoBaNbHOM OyMaroi, BBIIEPKHBAIOT B 3KcHKarope 60 MUHYT M OIpEIeNsioT Maccy Ha
AHAIMTHYCCKUX BECAX C TOYHOCTBIO 5-10° . DKCIIEPHMEHTH MPOBOIMINCH B OIMHAKOBBIX
YCIIOBUSIX KaK 0e3 MHIHMOWTOpPOB, TaK M MapajyieNbHO JUIsl CpaBHEHHUS C UHruOutopamu. [ng
OIpeJIeJIEHUs] CKOPOCTH KOPPO3UU T'PaBUMETPUUYECKUM METOJOM U 3¢ (eKTa 3alUTHOro IeHCTBUS
HCCIIETyeMOro MHIMONTOpa B 1Ba XMMHUECKUX CTaKaHa HAJIMBAIOT MPEABAPUTENHHO PaCCUUTAHHBIN
oobem arpeccuBHOM cpensl B coorBercTBUHM ¢ 'OCT 9. 905-82 m ObIcTpo mepememuBaoT B
teuenue 300 cexkyHn 1 oOecrieueHus: 00pa3oBaHus dMYJIbCUH. J[JIs1 MpeJOTBpAIIEHUS PaCCIOCHUS
SMYJIbCUU Ha (a3bl, )KUAKYIO Cpely CHOBA MEPEMEIIMBAIOT B TEUEHHE Iojyyaca. B HEKOTOpBIX
Cllydasix B Cpely 00aBIISIOT 3MYJbraTop. 3aTeéM HCIBITATENbHYIO CpPely HACBIIIAIOT WHEPTHBIMU
razamy, TaKUMH Kak a30T M TelIUi, ¥ HaCBIIIAIOT CEPOBOAOPOJIOM H/WIM TUOKCHIOM YTIIEpOJa.
I"a3000pa3HbIil CEpOBOAOPOA MOIYYAOT B PE3yjbTaTe PEakUHMU cyabpuaa HATpHUs C COJSHOM
KHMCIIOTOM B annapare Kuma, 1 ero KoJm4ecTBo oNpeaeisator nogomerpuyecku no cranaapty I'OCT
39-234-89. OOpasmpl cTany, TOATOTOBICHHBIE B COOTBETCTBUU C TIPAaBWIIAMHU J1a0OPATOPHBIX
UCTIBITAHUN, BBOJSTCS B BBI3BIBAIOLIYIO KOPpO3HI0 cpeay Oe3 mHruburopa u ¢ j00aBIeHHEM
unruburtopa. Ilpu stom Qukcupyercss Bpemsa. s omnpeneneHUss ONTUMAIbHON 3alllUTHON
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Hccneoosanue s¢ppexmusrnocmu koppozuonnou 3awumol uneubumopa MAP3A4-1
6 cpedax HyS, CO, u HpS + CO,

KOHIIGHTpAllUd UHTUOUTOPA, OBLIO MPOBEIEHO MHOXKECTBO SKCIEPUMEHTOB, HAUMHAS OT HU3KOHU J10
BBICOKON KOHIIEHTparuu uHruourtopa. Ilo 3aBeprieHun J1a0OpaTOPHBIX HMCHBITAHHM, CTaJIbHBIE
IUTACTUHBI OBUTH YHAJIEHBl W3 OKPYXKAIOMICH Cpellbl, a TMOBEPXHOCTh OYHINEHA OT IPOJYKTOB
Koppo3ud. J{Jist 5TOro miacTUHbBI OYMIAIM BaTHBIM TAMIIOHOM B pacTBope 10% COJISTHOM KUCIOTHI U
40% ¢opmanHa, TPOMBIBAIA MPOTOYHON BOJOW U CYIIWIH B anieToHe. [[1acTHHBI BBIIEPKUBATHN B
skcukarope 10-12 dacoB, kKak 110, TaK W IOCJE SKCIEPUMEHTa I CTaOWIM3allMk Beca. 3aTeM
IUIACTUHBI CHOBA B3BCIIUBAIIH.

[ToTrepu MeTai1a pacCUYUTHIBAIMCH HA OCHOBE CJICIYIOIIETO BHIPAXKEHHUS,

Am=my,-m;

rJie My U My —Macca IIaCTUH U3 ¢t Mapku CT3 COOTBETCTBEHHO JI0 U MOCIIE YKCIIEPUMEHTA.

B xone skcnepuMeHTa noreps MeTauia pacCYMTBHIBACTCS MO TPEM CTaJIbHBIM IUIACTUHAM U
orpezenseTcs cpeaHsis Macca. [Ipu rpaBUMeTpUYECKUX UCIBITAHUSAX Kak 0€3 HHTUMOUTOPOB, TaK U C
WHTUOMTOPAaMU CKOPOCTh KOPPO3UH XapaKTEePU3YEeTCs MokasareiieM macchl Ky M paccuuThiBaeTCs

0 CJIEYIOUIEMY MaTeMaTHYECKOMY BBIPAKEHUIO.
mo-m
K,= % , T/(M>-4ac),

T
rue: My — Macca oOpasia mepe UCIBITAaHUSIMHU, (; M; — Macca o0pasiia Mmocie UCIbITaHui, T; S —

2
CpeIHsisl TUIONIAAb IMOBEPXHOCTH, pacCUMTaHHAs I TPeX 00pasloB, M*; T-IPOJOHKHTEIHLHOCTh
UCTIBITAHHS, YacC.
Ha ocHOBe ckopocTH KOppOo3uWu TIIyOMHA TPOHUKHOBEHHS ONPEHCNSAETCS CIEeIYIOIUM

o0OpazoM:

8760Ky; 1 -
107 MM/TO[,

K,=
2
rae, K, —rimyOuna nponukHoBeHus, MM / ro1, K—ckopocts koppo3uu, r / M~-uac,
2
P-TUIOTHOCTh HUCClleAyeMoro wmeramia, r / cm”, 8760 — mocrosiHHas BeNWYHMHA, BBIPAXKAET
KOJINYECTBO YacOB B TOJY.
BripakeHnue, ucnonbzyemoe Ui pacdera KodhGuimenTa 3aepKKu:
K
0
Y=
Kinh
rae, Ko —ckopocTb KOppo3uu 0€3 MHTMOUTOPOB, Kinh —CKOPOCTh KOPPO3UU B IMPUCYTCTBHU
unruduropa (r / M2~q).
3amuTtHbIi 3¢ ekt naruoutopa MARZA paccuuThiBaiu 1o cieayoueit popmyne:

Z= uloo%
K

0
rae Ko —ckopocTh Koppo3un oOpasia B cpene 6e3 naruoduropa (T / MZ-‘{), Kinh. — ckOpoCTB KOppO3UH
o0pasiua B NpUCYTCTBUU HHTHOUTOpA (T / M),

Bo Bpemsi skcmepuMeHTa TNPH BBICOKOM  JaBJICHHH YTJIEKUCIOTO Ta3a Jis (pukcanuu
CTaJbHBIX O0pa3LOB HCIOJb30BAINCH |-TUTPOBBIE IJIACTMACCOBBIE TOCYIbl C TIepMETHYHOU
KPBIIIKOM, PYYKOW M HUIIIEIBHBIM KIIAIIAHOM.

PesyabTaThl M uUX o0cy:kaeHue. JlaGopaTopHble MCIBITAaHUS MPOBOJIMINCH B PAacTBOpE
aHasiora  mactoBod  Boael  MI ¢ ucmonb3oBaHMEM — TPaBUMETPUYECKOTO  METOJa.
BricokomuHepanu3oBaHHas cpesia Obljla HAaChIIIEHAa CEPOBOAOPOJOM M YIIIEKHCIBIM ra3oM, Kak Mo
OTIENTHFHOCTH, TaK M B COYETaHWU. HachllieHWe pacTBOpa IHOKCHIIOM YIiiepoja MPOBOAMIN B
0aJyIoHEe BBICOKOTO JaBlieHHs] NMpu AaBieHHH 1 aTMm. [laBieHue B HUCHBITATENbHBIX COCYAAX
KOHTPOJIMPOBAJIOCH ~ MaHOMETpoM. ['a3000pa3HbIii  cepoBomoOpox  ObIT  TONYYEH  IIyTEM
HEMOCPEJICTBEHHOTO JOOABIEHUS B CPEAY PKBUBAICHTHBIX KOJHUYECTB CyNb(Ua HATPUS U COISTHON
KHCIOTHL. KOHIEHTpammio cepoBOOpOAa KOHTPOIUPOBAIH HOAOMETPHUECKUM THUTPOBaHHEM. B
HKCHEPUMEHTE HCIONb30BAIUCh TE€PMETUUYHbIE €MKOCTH 00BbeMOM 11 u cTajbHble 00pa3Iibl
pazmepom 30x20x1 mm. TecTsl MpPOBOAMINMCH Kak B cpele 0e3 MHTHOWTOpa, TaK W B Cpele B
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NPUCYTCTBUM HHruOuTopa B TedeHue 24 u 240 wyacoB. [lnacTukoBBI KOHTEWHEp CHaOXeH
FEPMETHYHON KPBIMIKOW M PYYKOH JJIs KPEIUICHHWS CTajdbHBIX o0Opas3uoB [71]. PesynbTaTh
MHOTOYHCIICHHBIX YKCIIEPUMEHTOB, IPOBEICHHBIX B J1a00paTOpuH, MPEACTaBICHBI B Ta0nuie 2.

Tabauya 2.
Cropocmwb kopposuu cmanu Cm3 6 cpede M1 u 3awyumnoiii s¢pgpexm peacenma MAP3A-1
(Cy,s =400 me /1) u (Po,= 1 amm)

Cpena Cour. M1/ K, r/m*-uac Y Ky, Mmm/ron Z, %
: 0,4326 - i -
01874 - i -
20 0,0506 8,54 0.0566 883
: 0,0504 371 0,0564 731
e o 0,0328 13.18 0,0367 92,4
2 : 0,0329 5,69 0,0368 82,4
4 0,0190 22.76 0,0212 95.6
: 0,0163 11.49 0,0182 91,3
00 0,0086 50.3 0,0096 98,0
: 0,0080 23.42 0,0089 95.7
0,2418 N § n
i 0,06231 - - -
20 0,0573 421 0,0641 76.3
! 0,0247 2,52 00276 60,22
0,0430 5.62 0,0481 82.2
CO; 50 0,0187 3.33 0,0209 69,86
4 0,0232 10,42 0,0259 904
: 0,0080 778 0,0089 87.15
100 0,0125 1434 0,0140 948
: 0,0032 1147 0,0035 94 83
0,3416 § § §
i 0,7612 - - -
20 0,0792 431 00887 76.8
: 0,1364 5.58 01527 82.07
0,0526 6,49 0,0589 816
H.S +CO, 50 0.0796 456 0,0891 89,54
4 0,0290 11.77 00324 915
! 0,0246 30,94 0.0275 46,76
100 0,0109 31,33 0,0122 968
: 0,0058 131.24 0,0064 99,23

IpooonsxxcumenvrHocmo sxcnepumenma - 24 uaca (vucaumens) u 240 uacos (3Hamenamens).

Kak BumHO U3 Tabmauubl 2, yBelndeHue KOHIeHTpauuu peareHta MARZA-1 B nuamasone
3-10 Mr/m BO BceX TpeX arpecCMBHBIX KOPPO3MOHHBIX Cpelax NMPHBOIUT K CHIKEHHIO CKOPOCTH
KOppO3uu Kak Ipu 24—, Tak u npu 240—4acoBbIX UCTIBITAHUSAX.

B o0oux ciyvasx Hambonbmui 3¢gdext Obul 3apUKCUpPOBaH NpU KOJIUYECTBE peareHra
10 mr/n. Kak BugHO 3 Tabauubl, 3ToT 3¢dexT coctaBmi 98.0 u 95.7% B cpene cepoBoaopoia,
94.80 1 94.83% B cpee TUOKCHIA YTIIepoia U COOTBETCTBEHHO 96.8 1 99.23% B cMemanHOM cpene
(H2S + COy). Takum 00pa3om, Ha OCHOBE aHalK3a PE3yJbTATOB JIAOOPATOPHBIX IKCIIEPHMEHTOB
OTIpeJIeTICHO, YTO ONTUMAaJIbHAsI KOHIIEHTpAIHs ucciaeayemoro naruontopa MAP3A-1 mis 3anuTel
0T Koppo3uu coctaBisieT 10 mr/m.
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Hccnedosanue s¢pghexmusrnocmu koppo3uonuou 3awumsl uneubumopa MAP3A-1
6 cpedax H,S, CO, u HpS + CO,

IMosyuyennbie pe3yabTaThl. |.BrnepBeie B maboparopun UCCIEIOBAHO 3alTUTHOE JCHCTBUE
naruoutTopa MAP3A-1 B arpecCUBHBIX cpenax 3JeKTpoxumMuieckoit kopposuun HjS, CO, u HpS +
CO,, B Teuenue 24, 240 yacos, B pactBope MI- amamora miacToBOW BOJbI. DKCIEPUMEHTHI 11O
OTIPEJICTICHUIO CKOPOCTH KOPPO3UHU CTAIBHBIX JUCTOB CT3 1O MOTEepe MacChl, MPOBOIWINCH MPHU
temneparype 25°C mia koHnentpauuii uaruoutropa MARZA-1 3.0, 5.0, 7.0 u 10.0 mr/m.

2.Hausbicumii 3¢ dext narnouropa MARZA-1 B TeueHHe OJTHOTO JHS U JACCATH JTHEH ObLI
obHapyxeH B konudectBe 10 mr / i1, 98.0 u 95.7% B cepoBomopoanoii cpene, 94.80 u 94.83% B
cpejie ¢ IMOKCHIOM yIiiepoja u coOTBeTCTBEHHO 96.8 1 99.23% B cmemannoii cpeae (H,S + COy).

3. Tlpoanamu3upoBaHBl PE3yIbTaThl MHOTOYHMCICHHBIX HWCIBITAHUN, TPOBEACHHBIX B
Pa3IMYHBIX arpeCCHUBHBIX KOPPO3WOHHBIX CpPeAax B JIAOOPATOPHBIX YCIOBHSIX M YCTAaHOBJICHO, UTO
oNTUMalbHasi HOpMa pacxoja uccienxyemoro naruoutropa MARZA-1 cocrasnser 10 mr/m.
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XULASO
H,S , CO, vo H,S+CO, MUHITLORDO MARZA-1 INHIBITORUNUN
KORROZiYADAN MUHAFiZO EFFEKTININ TODQIiQi
Pasayeva S.M.

Agar sozlar: hidrogen-sulfid, karbon qazi, inhibitor, MARZA-1, korroziya, miihafizo effekti,
qravimetrik tisul

Ik dofs olaraq laboratoriya soraitindo hidrogen-sulfid, korbon gazi vo hidrogen sulfidlo karbon
gazinin birgs oldugu aqressiv miihitlordo MARZA-1 inhibitorunun korroziyadan miihafizo effektivliyi
Oyronilmisdir. Laboratoriya sinaqlar1 lay suyunun oxsart olan MI mohlulunda aparilmisdir.Tocrubolor
inhibitorun 3.0, 5.0, 7.0, 10.0 mq/1 qatiliglart {iglin bir vo on gun miiddatinds yerino yetirilmisdir. Aparilmig
coxsayli laboratoriya simaglarinin naticalorindon molum olmusdur ki, biitiin hallarda MARZA-1
inhibitorunun qatiliginin artmasi zamani onun miihafizo effekti do artir. 24 vo 240 saat miiddstlorinds an
yiiksok effekt reagentin 10 mq/l miqdarinda qeyds alinmisdir. Uygun olaraq hidrogen-sulfid miihitinde bu
effekt 98.0 vo 95.7, korbon gazi miihitinds 94.80 vo 94.83, qarisiq mithitds iso ( H,S+CO;) 96.8 va 99.23 %
olmusdur.

SUMMARY
RESEARCH OF THE EFFICIENCY OF CORROSION PROTECTION OF THE MARZA-1
INHIBITOR IN THE MEDIA H,S, CO, and H,S + CO,
Pashayeva S.M.

Key words: hydrogen sulfide, carbon dioxide, inhibitor, MARZA-1, corrosion, protective effect,
gravimetric method

For the first time in the laboratory, the effectiveness of protection of the MARZA-1 inhibitor from
corrosion in aggressive environments with hydrogen sulfide, carbon dioxide and carbon dioxide in
combination with hydrogen sulfide was investigated. Laboratory tests were carried out in a solution of an
analogue of formation water MI. The experiments were carried out for one and ten days at an inhibitor
concentration of 3.0, 5.0, 7.0, 10.0 mg/l. The results of numerous laboratory studies have shown that in all
cases the protective effect of the MARZA-1 inhibitor increases with an increase in its concentration. The
greatest effect was recorded at 10 mg/I for 24 and 240 hours. This effect was 98.0 and 95.7% in a hydrogen
sulfide environment, 94.80 and 94.83% in a carbon dioxide environment, 96.8 and 99.23% in a mixed
environment (H,S + CO,).

Daxilolma tarixi: [lkin variant 22.01.2021
Son variant 04.03.2021
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Acar sozlar: Sumqayitcay, fiziki-kimyavi parametrlor, agir metallar, tizvi maddalor

Sumgayitcay Boylik Qafqazin conub yamaci caylari igorisinds on az sululuga malik olan
caydir. Uzunlugu 198 km, hovzasinin sahasi 1751 km?2-dir. [1]

Arasdirilmisdir ki, Sumqayit¢cay orazi yasayls massivi yaximliginda zibil poliqonu
yerlosdirilmisdir. Bu poliqona duzgiin nozarat olunmamasi naticosindo Sumgayitgay vo Sumqayit
yasayls massivindo pis qoxu miisahido olunur. Eyni zamanda geyd olunan orazilorinin atmosfer
havasinin ¢irklonmasi ¢ay sularinin da fiziki-kimyoavi parametrlorinin doyismasina sobab olur.

Sumgayitcay Samaxi, X1z1 rayonlart vo Sumqayit sohor inzibati orazi vahidlorinin orazisindon
axaraq Xozor donizina tokiiliir. [2,3]

Neft-qaz ehtiyati potensialina goro Xozor donizi diinyanin on iri karbohidrogen xammali
morkozlorindon biridir. Qapalt hovzalorin iso miivafiq problemlori var. Caylar vasitasilo har il
Xozors 40-45 km?® cirkab sular daxil olur ki, onun da 60 % Volqa ¢ayimn paymna diisiir. Xozor
sularimin ¢irklonmosinds Kiir vo Ural ¢aylar1 da az rol oynamir. Doniz dibi qruntlarindan gétiiriilon
niimunolorin torkibindo neft mohsullari, fenollar, bozi rayonlarda iso civo olmasi miioyyon
edilmisdir. Doniz sularinin ¢irklonmasi Xozarin ekoloji soraitinds boyiik gorginliyo sobob olmus,
onun bir sira sahil bolgslorinds iso ekoloji bohran yaratmisdir. [4,5]

Todgigat orazisinin yaxmligindan kegon Sumgayitcaydan gotiirilmiis su niimunslorinin fiziki-
kimyavi analizlormrdon malum olur ki, pH zaif golovi, CI' vo SO, jonlar tistiinlitk toskil edir. Agir
metallardan iso Sumgayitgayda Cd 0,018 mkg/l; Ni 3.399 mkg/l; Cu 3.305 mka/l; Pb 0.138 mkag/l taskil
edir. (Cadval 1)

Cadval 1.
Cay va doniz sularinda toyin olunmus agir metallarin Pb, Ni, Cd, Cu gatiliginin yol verilon haddi
Olcii Analizin naticolori
5. Parametrlor Vahcidi Sumqayit¢ay Xazar danizi
1 2 3 4 5
1 |(pH 7,64 1,77
2 |Duzlulug %, 0,3 0,4
3 [Qoxu Ball 3 3
4 | Xlorionu, CI ma/I 99,109 102,623
5 |Sulfat ionu, SO~ mg/l 240,399 246,922
6 |Nitrat ionu NOg mg/l 2,612 2,706
7 | Astlt hissaciklor ma/I 4211 4253
8 | Quru qaliq ma/I 722 770
9  |Neft mohsullar vo yaglar ma/I 6,8 1,6
10 |Cd mkq/I <0.018 0.018
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1 2 3 4 5

11 | Ni mkaq/I 3.399 8.993

12 |Cu mka/I 3.305 3.900

13 |Pb mka/I 0.138 0.174

14 |QHY mkag/I Cd-0,001; Ni-0,01 Cu-1,0; Pb-0,03

Cadvaldon goriindiiyii kimi, toyin olunan agir metallardan Ni vo Cu miqdar1 nisboton ¢oxdur.
Eyni zamanda ggtiiriilon su niimunslorindo mikroelementlorin (Mn, Co, Zn, Cu, Ni, Pb, Cd) miqdar1
fasillor (yaz, payiz) iizro 6yronilmisdir. (Cadval 2)

Cadval 2.
Sumqayit¢ayin su niimunalorinds mikroelementlarin migdari (fasillor iizra) mq/l
S.s. Mikroelementlorin adi Yaz (may) Payiz (oktyabr)
1 Mangan (Mn) 0,046 0,028
2 Kobalt (Co) 0,00078 0,00048
3 Sink (Zn) 0,0060 0,0041
4 Mis (Cu) 0,0021 0,0014
5 Nikel (Ni) 0,3399 0,2499
6 Qurgusun (Pb) 0,0138 0,0128
7 Kadmium (Cd) 0,000018 0,000014

Cadval 2-don gorindiiyii kimi yaz foslinds ¢ayin suyunda Mn - 0,046 mg/l; Co - 0,00078;
Zn - 0,0060; Cu - 0,3305; Ni - 0,3399; Pb - 0,0138; Cd - 0,000018 mg/l oldugu halda payiz faslindo
bu migdar Mn - 0,028; Co - 0,00048; Zn - 0,0041; Cu - 0,2605; Ni - 0,2499; Pb - 0,0128; Cd -
0,000014 mg/l arasinda doyisir. Yaz foslindo ¢aydan gotiiriilmiis su niimunalorinda
mikroelementlorin miqdar1 payiz faslino nisbaton c¢oxdur. Bu iso Sumgayitgayin su rejimi
xiisusiyyatlorino goro bas verir. Sumgayitcay Boyiik Qafgazin conub yamaci caylarin i¢inds on az
sululuga malikdir. Aximi asasan yagis (90 %) sularindan amalo golir. Orta illik su sorfi 1,34 m°/san-
dir. Bunun 80-85 %-i yaz-yay, 10-15 %-i iso payiz va qis faslindo kegir. Dasqinlar yagis sularindan
omalo goldiyine gora qisamiiddatli olur vo yagis kasilondon sonra qurtarir. Dasqin har il eyni vaxtda
misahido edilir. Homg¢inin suda hall olan kimyovi elementlorin, o ciimlodon mikroelementlorin
yazda donu agilan torpaqlardan yeralt1 vo soth sular vasitosilo ¢aya kegmosi ilo olagodar olaraq
mikroelementlorin miqdarinda forq 6ziinii gostarir.

Sumgayitcay Sumqayit sonaye orazisindo yerlosdiyindon, ora axidilan tomizlonmis sularin
torkibinds mikroelementlorls yanasi, tizvi maddolor do miisahids olunur. (Cadval 3)

Cadval 3.
Sumqayit¢aya axidilan tomizlonmis sularin torkibinda olan tizvi maddalarin migdari, mq/|
Sis Uzvi maddalor Migqdar
1 Neft mohsullari 0,05
2 Fenollar 0,1
3 Sathi aktiv maddalor (SAM) 0,05
4 Izopropil spirti 0,25
5 Diizopropil efiri 0,5
6 Benzol 0,5
7 Toluol 0,5
8 Ksilol 0,05
9 Stirol 01
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Cadval 3-don miioyyen olunmusdur ki, Sumqayit¢caya axidilan tomizlonmis sularin torkibinds
olan {lizvi maddslordon diizopropil efirinin, benzolun vo toluolun miqdari iistiinliik toskil edorak, 0,5
mq/l barabordir.
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PE3IOME
ONPEJAEJEHUE ®U3UKO-XUMHUNUYECKNX ITAPAMETPOB BO/]
PEKU CYMTAUT-YAH
Axmeodoea P.P., bavaesa T.M., Awyposa H./I.

Kntouesvie cnosa: pexa Cymeaum-uail, Quauxo-xumuueckue napamempsvl, msxiceivle Memalibl,
OpeaHuyecKue seujecmada

Ha ocHOBaHMM SKCIIEpHMEHTOB OBLIO yCTAHOBIIEHO, YTO B Boaax peku Cymrawt-uaii pH cimaOwiid, a
Takke npeodnanaroT noHsl Cl- u SO,% B peke Cymrant-daii TspKenble MeTayuiel  cocTtaBistor: Cd 0,018
Mkr/a; Nio 3,399 wmkx/m; Cu 3305 wmxx/m; Pb 0,138 wmkr/n, Takxke ObUT0 H3Y4eHO KOIMYECTBO
MUKPO3JIEMEHTOB B Mpobax Box peku Cymranmrt-dait mo BpemeHaMm roxa (Mn, Co, Cu, Zn, Pb, Cd). Tak,
BeCHOI Mn B peunoii Boje cocrasisier 0,046 mr/ix; Co - 0,00078; Zn - 0,0060; Cu - 0,3305; Ni - 0,3399; Pb -
0,0138; Cd - 0,000018 mr/i1, a ocennto Mn - 0,028; Co - 0,00048; Zn - 0,0041; Cu - 0,2605; Ni - 0,2499; Pb -
0,0128; Cd xomnebnercs B mpenenax 0,000014 wmr/n. Takum 00pa3oM, KOJMYECTBO MHUKPOIJIEMEHTOB B
pobax BOJI, B3SITBIX U3 PEKU BECHOM, BBIIIE, YEM B3SATBIX OCEHBIO. Tak jke ObLJIO ONPeIeeHO KOJIUYSCTBO
OpraHMYecKUX BemecTB B Bojax peku Cymraut-yaid. bBbuto  ompejeneHo, 4YTO — cojepiKaHUe
JTUU30IIPOIUIIOBOT0 3(upa, OeH30J1a 1 TOJyosa B Bojie cocrasiser 0,5 mr/i.

SUMMARY
DETERMINATION OF THE PHYSICO-CHEMICAL PARAMETERS
OF THE SUMGAYIT-CHAY RIVER WATERS
Ahmedova R.R., Babayeva T.M., Ashurova N.D.

Key words: Sumgayit-chay river, physical and chemical parameters, heavy metals, organic substances

Based on experiments, it was found that the pH is weak in the waters of the Sumgayit-chay river, and
Cl - and SO4-2 ions also predominate. In the Sumgayit-chay river, heavy metals are: Cd 0.018 mcg/l; Ni
3.399 mcg/l; Cu 3305 mcg / I; Pb 0.138 mcg/l, the amount of trace elements in samples of the Sumgayit-chay
river waters by seasons (Mn, Co, Cu, Zn, Pb, Cd) was also studied. Thus, in spring Mn in river water is 0.046
mg/l; Co-0.00078; Zn-0.0060; Cu-0.3305; Ni-0.3399; Pb-0.0138; Cd-0.000018 mg/l, and in autumn Mn -
0.028; C0-0.00048; Zn-0.0041; Cu-0.2605; Ni-0.2499; Pb-0.0128; Cd ranges from 0.000014 mg/l. Thus, the
amount of trace elements in water samples taken from the river in spring is higher than that taken in autumn.
The amount of organic substances in the waters of the Sumgayit-chay river was also determined. It was
determined that the content of diisopropyl ether, benzene and toluene in water is 0.5 mg/I.

Daxilolma tarixi: [lkin variant 25.07.2021
Son variant 10.09.2021
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Olgma soraiti, toyinati, dogiglik toloblori, texniki imkanlar1 va diger gostericilorindan asili
olaraq elo hallar olur ki, geodezik taminat magsadilo bu vo ya digar geodezik alot vo tisullardan
kombino edilmis sokilda istifado edilir [1]. Bu zaman kombina sxemds istirak edon alot vo ya
tisullardan birinin texniki ¢atigsmazliglari digerinin dstiinliiklari ilo kompensasiya olunmus olur.
Kombina sxemi geodezik tominat alot vo iisullar1 arasinda qrupdaxili, eloca do qruplararasi qurula
bilor. Bagqa sozlo desok, masalon, yeriistii isullar 6z aralarinda vo yaxud da peyk tisullar ilo birgoe
istifado oluna bilorlor.

Moalum oldugu kimi, miiasir dovrde peyk naviqasiya iisullar1 geodezik tominatin osas
vasitoloridir. Lakin bir sira hallarda geodezik tominatin tok onlarin totbiqi ilo aparilmasi miimkiin
deyildir. Masalon, bitki ortiiyiiniin six oldugu yerlorda, sohor vo gosabslordo hiindiir binalarin
ohatasindoa peyk vasitoalorindan istifado etmok miimkiin olmur vo yaxud da toyinetmonin doagiqliyi
ohamiyyatli dorocodo agagi diislir. Ona goro do belo hallarda peyk 6lgma sistemlori, masalon,
yeristli 6lgma vasitalari ilo (mosalon, elektron taxeometrlarlo) birlikds istifads edilir. Onu da geyd
etmok lazimdir ki, koordinat toyinetmolori zamani etibarliliq tomin edilmolidir. Basqa s6zls,
movqenin etibarli gostorilmoasi vacib mosolalordondir. Yalniz bir geodezik tominat vasitasine vo
onun realizo etdiyi iisula etibar etmok bir ¢ox hallarda boyiik problemlora sobob olmus va ola bilor
[2]. Bu fikri belo sorh etmok olar: Molum oldugu kimi, GPS (NAVSTAR) ABS dovlatino moxsus
Vo asason horbi mogsadlor iigiin yaradilmis peyk naviqasiya sistemidir. Onun idars olunmasi
Pentagonun(ABS miidafis nazirliyinin) miivafiq omr va Saroncamlari asasinda hoyata kegirilir. Bu o
demokdir Ki, istonilon zaman aninda Pentaqon torofindon miilki istifadagilorlo razilasdirilmadan
GPS peyk sisteminin ugus parametrlori, yoni YSP koordinatlart moxfi qaydada doyisdirilo bilar.
Aydndir ki, belo olan halda doyisiklordon xoborsiz olan miilki istifadagilorin movqe toyinetmolori
(koordinatlar1) do doyisdirilmis, yani tohrifli olacaqdir. Peyk sisteminin ugus parametrlarinin
xabardarligsiz doyisdirilmasi, xiisusilo do avtonom rejimdo geodezik tominat hoyata kegiron
istifadagilar ti¢iin (hava, doniz naviqasiyasi, doniz geodeziya islorinds va s.) ¢cox tohliikali ola bilar
(donizdo qayigin vo yaxud gominin dayaza oturmasi, hava gomisinin ugus trayektoriyasindan
uzaglasmasi va s.). Bunlara misal olaraq ABS va onunla miittafiq dlkalorin iraq orazisinds hoyata
kecirdiyi “Sohrada tufan” adla horbi amaliyyat1 géstormok olar. O vaxtlar omoliyyat soraitini nazoro
alaraq, ABS Miidafio Nazirliyi torofindon moaxfilik mogsadi ilo GPS peyk sisteminin
parametrlorinds doyisikliklor edilmisdi. Ona gora do etibarliligin artirilmasi ti¢iin istanilon nov isin
geodezik tominat iizro movqge toyinetmolori miixtolif nov {isullardan istifado etmoklo kombina
soklinds alinmig naticalorin uygunlugunu yoxlamagqla hoyata kegirilmalidir.

Yuxarida qeyd edilonlori nozors alaraq, geodeziya 6lgmo vasitalorinin istehsali ilo mosgul
olan sirkatlor miixtalif név qruplara moxsus alstlor vo onlarin realizo etdiklori tisullarin istiin
cohotlorindon birgo bohralonmok moqgsadi ilo kombins edilmis geodeziya 6l¢gmo cihazlarinin
istehsalin1 aparirlar. Bu istiqgamotdo, xiisusilo do, GPS (ABS) sistemi ilo yanasi ['JIOHACC
(Rusiya), GALILEO (Avropa Birliyi) vo Beydau (Cin) peyk navigasiya sistemlarinin birga
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istifadosina imkan veron peyk qobuledicilorinin hazirlanmasi olduqca toqdirslayiqdir. Bu
gebuledicilarin istehsalinda asasan iki magsad qoyulur:

1) toyinetmoalarin bir sistemdon asililigi aradan qaldirilsin (“Sohrada tufan” amaliyyatinda

oldugu kimi);

2) miisahido edilon YSP peyklorinin say1 na gador ¢ox olarsa, daha alverigli hondasi faktora

malik geodezik kosdirma aparmaqla daha yiiksok movqetayinetma daqiqliyi olds edilir,

Moasalon, iki sistem — GPS/TJIOHACC kompleksinin birga istifadasi ilo miisahido olunan
peyklorin say1 artirildigindan koordinatlarin tayinedilmoa daqiqgliyi do 1,3-1,5 dofo artir. [5] Peyk
sistemlorinin  kombino edilmasi ilo bir sira basqa ustiinliklor do, o climlodon, peyk
psevdomosafalorindon on yaxsi hondosi faktora (bucag kosdirmosine) malik olanlarindan
movqetayinetmalorinds istifado edilmosi imkani yaranir. Todqiqatlar gostorir ki, sohar miihitindo
nogliyyatin intensiv horokot etdiyi bir soraitds yalniz bir peyk sistemi ilo fasilosiz 6l¢malari tomin
etmok miimkiin deyildir, tokco GPS-dan istifads edilarss, tominat 50%, GPS/ I'JTOHACC kompleks
sistemi iso 90% fasilosiz 6lgmo aparilmasina sorait yaradir. [6]

Hal-hazirda Avropa Birliyi 6lkalorinin yaratdigi GALILEO peyk sistemi do istismara gobul
olunmusdur. Ona goéro bu sistemdon do goalon signallari gobul edon yeni GPS/ I''IOHACC/
GALILEO qobuledicilorinin istehsalina baslanilib. Hor ii¢ Qlobal peyk navigasiya sistemlori
qurulusca va is prinsipine gora bir-birino ¢ox yaxin olsalar da, forgli cohatlori do méveuddur, hoar
birinin {stiin cohatlori ilo yanasi, miisyyan mohdudiyyatlori do mévcuddur. Ona géra do onlarin
kombina edilmasi, yuxarida qeyd edildiyi kimi, bir-birini tamamlayir vo mdovqgetayinetmo
daqiqliyini yiiksaldir.

Digor torofdon peyk sistemlorine xas olan bir sira ¢atismazliglari yalniz onlarin 6z aralarinda
kombinalonmasi ilo aradan qaldirmaq olmur. Masalon, nogliyyat vasitosinds yerlosdirildiyi horokatli
halinda, basqa sozlo, kinematika rejimindo, GPS gabuledicisi ilo informasiyanin toplanilmasinda
hiss olunacaq ¢atinliklor yaranir. Goriintislorin mohdud oldugu orazilords, xiisusilo do, tunels,
boyiik olgiilii korpiiys daxil olan zaman Y SP-lardon galon signallar kasilir. Belo voziyyatlords ¢ixis
yolu Peyk naviqasiya sistemlorinin (PNS) Inersial naviqasiya sistemlori (INS) ilo kombino
edilmasinds goriiniir. INS avtonom sistem olub, yol boyu koordinatlarm doyisms tocilini dlgiir vo
bu 6lgma naticalorine asasan harakat siirati vo koordinat artimlari tayin edilir. Digar iistiin cohat isa
ondan ibaratdir ki, PNS dlgmaloring tosir edon faktorlar INS sistemino tosir etmir. Ona géra do PNS
sisteminin isinin dayandigi andan INS sisteminin iso salmmmasi ilo mdvqetoyinetmo omaliyyati
davam etdirils bilir.

PNS sisteminin faaliyyatinin dayandigi vo yaxud da 6l¢ma doaqiqliyinin asagi diisdiiyli zaman
vaziyyatdon basqa bir ¢ixis variant1 onlarin miasir elektron taxeometrlorlo (Total Station) kombina
edilmasindan ibaratdir. Bu isa yertistii vo peyk 6l¢ma tisullarinin birgs istifadosi demakdir. Xiisusilo
do, bitki oOrtliyiiniin (mesa Sahasi), hiindiir tikililorin vo basqa obyektlorin oldugu orazilords
RTK(Real Time Kinematics) rejimindo peyk navigasiya sistemlorinin totbigi miimkiin olmur vo
geodezik tominat yalniz miiasir elektron asasli teodolit vo taxeometrlorlo aparila bilor. Geodeziya
alotlori istehsal edon sirkatlor peyk gobuledicilori vo elektron taxeometrlorin istiin cohatlorini
oziindo birlosdiran xiisusi alatlor do istehsal edirlor.

XX osrin sonunda GPS sisteminin yaranmasi ilo oanonovi optik alatlorin onlarla tam avoz
edilmasi hadisasi bag vermadi. Peyk 6l¢cma texnologiyalari optik geodeziya dlgma texnologiyalari
qarsiliginda ohomiyyatli dstiinliiklore malik olmaqla yanasi, bir sira catismazhiqlart da
movcuddur(bunlardan on osas1 antenna otrafi sahonin miioyyon bir radiusda agiq olmasi talobidir).
Hal-hazirda elektron taxeometrlorlo yanasi optik geodeziya alotlori do tokmillosdirilir vo genis
istifado edilir. Eloco do elektron taxeometrlor vo GPS gobuledicilori ayri-ayriliqda istehsal edilir.
Ciinki hor bir geodeziya 06l¢ii alsti vo cihazinin 6ziinamoxsus texnoloji is prinsiplori mévcuddur.
Cox zaman GPS sistemlorindon dayaq geodeziya istinad sobokosinin yaradilmasi va
sixlagdirilmasinda, elektron taxeometrlordon iso relyef vo tofsilatin otrafli planalinmasinda istifado
edilir. Kompleks 6lgmolor zamani hor iki qrup alotdon ayro-ayriliqda istifado edilorss, Olgma
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montagalorine iki dofs getmok lazim golir (mantogolorin koordinatlarinin toyini vo planalmanin
yerina yetirilmosi). Bu sababdon 6lgmao naticalorinin birgs islonmosi zamani bozi anlasilmazliglar vo
sohvlor do meydana ¢ixa bilir. Ona goro do somaraliliyin artirilmasi magsadils bu alatlorin bir
govdado qurasdirilmasi ideyasi meydana ¢ixmisdir.

1983-cii ildo T.Stansell ABS Miidafio Nazirliyinin simpoziumunda «2000-ci ildo GPS» adli
¢ixis1 zamani sOylomisdi ki, geodezistlor anonovi geodeziya alotlori ilo GPS gobuledicilorini ¢6l
planalmasi islori ligiin kombino istifadosine (birlosdirilmasing) ¢alismalidirlar. Artiqg 1998-ci ildo
beynolxalq konqresdo Spectra Precision (Isveg) sirkoti universal (birlosdirilmis) GPS/Total Station
alotinin ilk niimunasini niimayis etdirdi. Universal funksiyali alotin yaradilmasi ilo her iki
texnologiyaya moxsus ¢atismazliglar aradan qaldirilmis oldu.

GPS-taxeometr universal alati yeni inkisaf morholosina
SmartStation alati qisminda yiiksaldi. [3] 2004-cii ildo Leica
Geosystems (Isve¢ro) kompaniyas1 yeni Leica System 1200
alotini toqdim etdi. Bu alot 6ziindo Leica TPS 1200 elektron
taxeometrini vo Leica GPS 1200 peyk qobuledicisini,
kontrolleri vo Leica Geo Office program tominatini
birlogdirir (sokil 1).

TPS 1200 seriyali peyk qobuledicilori ¢otin ¢ol
soraitindo (Smart Track texnologiyasi) GPS signallarimi
izlomok imkanlarina vo real vaxt rejiminds (RTK) planalma
vo naticalorin hesablanmasi zamani etibarli, homginin qisa
vaxt intervalinda tez naticolor (Smart Check texnologiyasi)
oldo etmok imkanlarina malikdir. SmartStation hor iki Smart
Track (peyk texnologiyasi) vo Smart Check (taxeometr
texnologiyasi) texnologiyalarinin kombinasiyasini ifads edir.

Leica Geosystems kompaniyasinin yeni geodezik
sistemi planalma zamani 6lgmalorin yerina yetirilmo vaxtini
80% azaldir. Planalmadan avval vo yaxud piket noqtolori
qurarkon miisahidogiya yer iizorindo dayaq moantogolorini
axtarmaq lazim deyildir. Sadoco SmartStation sistemini
rayonunun har hansi alverisli noqtasinds, yoni peyk signallarinin qobuluna manesgilik olmayan
yerds, qurmaq lazimdir. Universal alost RTK texnologiyas1 osasinda stansiyanin cari yerinin
koordinatlarin1 toyin edir. Baza stansiyasindan 50 km-dok uzaqglasmalarda toyinetmonin planda
doaqiqliyi (10 mm+1 ppm) vo
yiiksoklik cohotdon (20 mm + 1 ppm) toskil edir. Alotin dayandigi yerin koordinatlari toyin
edildikdon sonra alot elektron taxeometrin i rejimina kecir vo ononovi 6lgmolors baslamaq olur.
Bu zaman csahatlondirmak ticiin koordinatlar: avvalcadon malum olan va yaxud planalmadan sonra
toyin edilon ikinci ndqtodon istifads edilir.

SmartStation sistemi ¢6l dlgmalorinin somaraliliyini shomiyyastli doraceds artirmaq imkant
verir. Bu alotlo isloyarkon ¢6ldo planalma istinad sobokesinin olmasina, planalma gedislorinin
salinmasi1 vo tors geodezik kosdirmoloro ehtiyac yoxdur. [4] Bu alot orazico boyiik saholordo
planalma zamani, yasayis vo tikinti meydancasinda yerloson dayaq mentogalorinin goriiniisiing
maneo¢ilik oldugda (texnika, tikinti materiallar1 vo digor qurgularla) olduqca qiymatlidir. Bir odod
SmartStation alotindon istifads zamani vaxt qonaoti GPS gobuledicisi vo taxeometrin ayri-ayriliqda
isladildiyi varianta nisboton 30%-don ¢ox toskil edir.

Notica. 1. Bir ¢ox hallarda geodezik tominat moaqgsadi ilo bu vo ya digor geodezik alot vo
isuldan kombins edilmis sokilds istifads edilir. Mdvgetayinetmolori zamani hallin etibarliliginin
artirllmas1 vacib maosalolordondir. Ona goro do geodezik tominat kombino iisullardan istifads
etmakla alinmis naticolorin uygunlugunu yoxlamagqla hayata kecirilmalidir.

Sakil. SmartStation alati
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2. Geodeziya 6lgma vasitolori istehsali edon sirkotlor miixtolif qruplara moxsus alatlor vo
onlarin realizo etdiklori tisullarin {istiin cohstlorini 6ziindo birlosdiron geodeziya 6l¢gmo cihazlar
istehsal edirlor. Peyk navigasiya sistemlorinin birgo istifadosino imkan veron qobuledicilorin
istehsalinda asason iki moagsad qoyulur:

- Toyinetmolorin bir sistemdon asililig1 aradan qaldirilsin;

- Miisahido edilonYSP peyklorinin sayin artirmaqla olverisli hondosi faktora malik geodezik

kasdirma alds etmok vo yiiksok movqgetoyinetma doaqiqliyino nail olmag.

3. XX osrin sonunda GPS sisteminin yaranmasi ilo ononavi optik alatlorin onlarla tam ovoz
edilmasi hadisasi bag vermadi. Peyk 6lgma texnologiyalari optik geodeziya 6lgma texnologiyalari
qarsiliginda ohomiyyatli iistiinliikloro malik olmaqla yanasi, bir sira ¢atismazliglar1 da mévcuddur.
Geodeziya alotlori istehsal edon sirkotlor peyk qobuledicilori vo elektron taxeometrlorin {istlin
cohatlorini 6ziinds birlosdiron xiisusi alotlor (masalon, SmartStation sistemi) istehsal edirlor.
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PE3IOME
T'EOJE3UYECKOE OBECIIEYEHUE JIMHEVMHBIX OFBEKTOB
KOMBHUHHUNPOBAHHBIMHA CIIOCOBAMHA
T'ooscamanoe M.T.

K'moueeble caoea: KOM6uHup0661HHble Memoébz, CnymHuKoeas HasuzcayuoHHasA cucmema,
IJIEKMPOHHbIE MAXEOMENIPLL, UHEPYUATIbHbIE HABUCAYUOHHbIE CUCMEMDbL, cucmema
SmartStation
O,Z[HI/IM n3 Han6onee BaXHBIX BOHpOCOB HpI/I HpOBeI[eHI/II/I J]}O6OFO BUAa HACATCIIBHOCTH Ha
(U3UYECKONM TOBEPXHOCTH 3EMJIM SBJSIETCS TeoJIe3ndeckoe OOeCleueHUue BBIMOJMHAESMBIX pador. B
HCKOTOPBIX CliydasdX B 3aBUCUMOCTU OT YCJIOBUA pa6OTBI, Ha3Ha4YCHUAA, Tpe60BaHPII>i K TOYHOCTH,
TEXHHUUYCCKHUX BO3MO>KHOCT€fI U Jpyrux HOKaBaTGHGﬁ JIs1 T€OAE3NYECKOT'O O6CCH€‘I€HI/I$I HCIIOJIB3YCTCA TC
NI HUHBIC TCOAC3NYCCKUC I/IHCTPYMGHTLI, a TaKXe€ MU MCETOAbI B KOM6I/IHI/Ip0BaHHOM BUC. B TaKOﬁ
KOM6I/IHaL[I/II/I TCXHUYCCKHUEC HCIOCTATKU OAHOI0 M3 CpEeACTB WX METONOB, 3aﬂeﬁCTBOBaHHLIX B CXEMC,
KOMIICHCUPYIOTCS NPEUMYLICCTBAMU APYTOro.
B mpencraBieHHO# cTaThe pacCMOTPEHBI Pa3IUYHbIE BAPUAHTHl KOMOWMHUPOBAHUS CYIIECTBYIOIINX
TreoAC3NYECKUX CPEACTB U METOAOB U3MEPCHUS IIPU T'€COAC3INIECCKOM OGGCHC‘IGHI/IH pa60T ", OaHbI
PEKOMCHAAIIUH 1O UX UCITIOJIB30BAHUIO.
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SUMMARY
GEODETIC SUPPORT OF LINEAR OBJECTS BY COMBINED METHODS
Gojamanov M.H.

Key words: combined methods, satellite navigation system, electronic total stations, inertial
navigation systems, SmartStation System

One of the most important issues when conducting any type of activity on the physical surface of the
Earth is the geodetic support of the work performed. In some cases, depending on the working conditions,
purpose, accuracy requirements, technical capabilities and other indicators, certain geodetic tools are used
for geodetic support, as well as methods in a combined form. In this combination, the technical
disadvantages of one of the tools or methods involved in the scheme are compensated for by the advantages
of the other.

In the present article, various options for combining existing geodetic tools and measurement methods
in the geodetic support of works are considered and recommendations for their use are given.
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Agar sozlar: pilotsuz ilizon aparat, qeyri salis tonzimloyici, lingvistik qaydalar cadvali, geyri-xatti
model

Giris. Pilotsuz {izon aparatlar - su dronlar1 sualti robototexnikanin miihiim istigamatlorindon
biri olub, hal hazirda elmi tadqiqatgilarin vo miihondislorin digqatini calb edir. Buna sobab onlarin
su altinda olan qurgularin, naqliyyat komorlorinin inspeksiyasi va tomiri islorinin bilavasito insansiz
icrasi tolobinin olmasidir. Pilotsuz iizon aparatlar su hdvzolorinin fauna vo florasinin todqiqatgilar
torofindon Oyronilmasi, baliq¢iligin  somarsliliyinin artirilmasi, horbi strateji obyektlorin  vo
gomilorin qorunmasi - miidafiosi mosololorinin hallinds genis totbiq olunmasidir.

Ovvalki dovrlards su dronlar1 — sualtt mobil robotlar bilavasite insan operator torafindon idars
olunurdu. Lakin, miiasir dovrde informasiyanin 6l¢iilmasi, emali, siini intellekt texnologiyasinin
iisul vo vasitolorinin inkisafi artiq sualti robotlarin-dronlarin avtomatik olaraq idaro olunmasini
aktual masalos kimi todqiqatgilarin garsisina qoyur. [1-6 ]

Bir sira elmi islordo sualti robotlarin riyazi modellori vo klassik-adi PID ( Proporsional-
Inteqral-Diferensial) tipli tonzimloyicilor osasinda onlarn idaroetma sistemlori islonilmisdir. [5]
Lakin, dronlarin qeyri miioyyanlikli is soraitlorindo klassik PID tonzimloyicilor vasitesilo qurulan
AlS-lori idaroetmonin keyfiyyot gostaricilorine (doqigliys, dayamigliliga) olan yiiksok toloblori
0daya bilmirlar. [3,4]

Qeyd etdiklorimizi nozors alaraq, toqdim olunan mogqalodo su dronunda (PUA-da) dorinliys
dalmanin geyri-salis tipli intellektual PDPI tonzimlayicinin sintezi mosolosi formallasdirilmis, onun
biliklor bazasi vo digor parametrlori sintez edilmisdir. Sintez edilmis intellektual indaroetmo
sisteminin samaraliliyi MATLAB miihitinde (“Fuzzy Logic Toolbox” va “Simulink”-da) aparilmis
kompiiter simulasiyasi asasinda gostarilmisdir.

1. Pilotsuz iizon aparatin - sualti robotun dorinliyo dalmanin dinamik modelinin
miidyyanlasdirilmasi.

“Pilotsuz iizon aparat” (PUA) kimi, sualt: robot da alt1 sarbastlik doracasina malik olub, iic
olgiilii fozadaki kordinatlar (x, y, z) lizra yerdoyismo Vo uygun oxlar {izro donmalari “roll” (d6nmo),
“pitch”(sapma) vo “yaw” (ayilmo) (¢, 60,1) bucaqglar ilo xarakterizo olunurlar. Lakin toqdim
olunan maqalode asas mogsad sualti mobil robotun dorinliys dalmasiin (yaxud qalxmasinin)
intellektual avtomatik idarsetma sisteminin (IAIS) sintezi oldugundan su dronunun idaroetmo
obyekti kimi ilkin dinamik modelini miisyyonlosdirmak lazimdir. Sualti mobil robotun miisyyan
qadar geyri- miloyyanliys malik riyazi modelini asagidaki miilahizslor asasinda qurmaq olar [5].

Dronun su altinda darinliys dalarken (lizorkon ) agirliq qiivvasi - F; suyun (miihitin) galdirma
(Arximed) qiivvesi - F,, suyun hidrodinamik miigavimot (siirtiinma) qiivvesi F; vo miiharrikin
macmuu qiivvasi - Fyy  tosir edir. Bu qiivvalorin tosiri naticasinds su dronu harokat edir. Su
dronunun-robotun harokati Nytonun ikinci ganunu ilo miioyyanlosir. Qeyd etdiyimiz bu qiivvalor
asagidaki kimi toyin olunur:
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Fg =mg, (1.1)
F, = pgV, (1.2)
Fg = %pchvz : (1.3a)

Burada m [kq] —su dronun kiitlssi, g [m/s®] - gravitasiya tocili , p [ka/m®]- miihitin (suyun)
sixlig1, baxilan halda taqriban sabit oldugu gabul olunur , v [m/san] — robotun suda darinliys dalma
(galxma) horokatinin siirati , V [m?]- su dronun hocmi, yoni dronun sixigdirtb ¢ixardigi suyun
hacmidir, A [m?]-dronun miistavi proyeksiyasmimn sahasidir, c,, — suyun hidravlik miigavimotinin
miitonasiblik amsalidir. Qurgunun-dronun doarinliys dalmasinin (qalxmasinin) siiratinin miisbat va
ya manfi (aks istigamotli) olmasini nazars almaq iigiin (1.3a) ifadasinds v2 -nm v|v| ilo avazlomaklo
suyun hidrodinamik miiqavimat qiivvasinin Fg istigamoti miiayyonlosmis olur. Basqa sozlo (1.3a)
ifadoasini asagidaki kimi tasvir etmak olar:

Fs = > pc,Avlv] (1.3b)
Su dronunun — sualti mobil robotun idarsetma obyekti kimi riyazi-dinamik modelinin tayini
bilavasito dorinliys dalma harokatini Nyutonun ikinci ganununa asason drona tosir edon qiivvelorin
tarazlig1 sortindon asagidaki kimi toyin etmok olar:
Fog=F—-F+F;
Fy =F —F,=mg—pgV
F =ma (1.4)
ma =mg — pgV + %dpchvle (1.5)
Ogor drona harakati (dorinliys dalmasi) tligiin miiharrikdan (kompessordan) istifados
olundugunu nozars alarag, asagidaki isaraetmalari gabul edok:

x,(t) = h,
x2(8) = v(t), (1.6)
x3(t) = % -V,

%3(t) = =V ( konpessorlu halda)
Yuxaridaki (1.1)-(1.6) ifadalori nozoro alsaq, onda sualtt mobil robotun — su dronunun
idaroetmo obyekti kimi dinamik modelini vaziyyatlor fozasinda asagidaki kimi yazmaq olar:

X1 (t) = x2(1),

X2 (1) = kyx3(t) — koxo(0)|x2(B)] (1.7a)
X3(t) = ku(t),
Ku(t) = -V

Burada k4, k, omsallari uygun olaraq asagidaki ifadslorlo tayin olunur:

ki = 'Dg/m ;o ky = pcwa/zm

K - transmissiyanin (¢evirmonin) miitonasiblik oamsali olub miiharrikin giris gorginliyi ilo
kompessorun hacminin dayismasini xarakterizo edon kamiyyotdir.

Ogor [5]-doki tip sualtt mobil robotu iiglin riyazi model tayin etdikds su dronun kiitlasinin
0.434 kq , suyun sixhigmm p =~ 1200 kq/m3;c, = 0.75;K = 2.5 107°m3/s oldugunu gobul
etsok, onda k; = 2.258 10™*; k, = 6.91 kimi giymotloro malik olacaqdirlar.

Belaliklo pilotsuz iizon aparatin — sualti robotun voziyyatlor fozasinda sadologdirilmis-
Xattilogdirilmis dinamik modelini imumi sokilds asagidaki kimi tosvir etmok olar:

x(t) = Ax(t) + Bu(t) (1.7b)
y(t) = CTx
0 1 0 0
A=(0 —k,|x,] ki|.,B=|0|, CT=1[1,0,0]
0 0 0 k

(1.7) ifadasindoki transsmisiya (¢evirmo) amsalini k 6lgmoak olur.Robotun-dronu suyun i¢ino
yerlosdirib dasan (supplanted) su 6lgiiliir. Baxilan tip sualti robotun hocmi 425 sm® ilo 445 sm®
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arasinda doyisir, artim 20 sm® sudur. Kompressor bu doyisikliyi togribsn 8 san arzindo tomin edir.
Hocmin doyismo siirati V = 2.5 107°m3/s oldugundan kompressorun islomo miiddoti osasinda
miiharrikin firlanma siirati ilo sabit corayan manbayindon (batareyadan) miiharrikin girigine verilon
gorginlik arasindaki asliligini xarakterizo edon transmissiya omsali tayin olunur. Magalods baxilan
hal {i¢iin transmissiya amsalin1 sabit kamiyyat kimi gotiirmok olar , yoni k ~ 2.5 107°m3/s

2. Pilotsuz iizan aparatin — sualt1 robotun dorinliys dalmanmn intellektual idaraetma
sisteminin sintezi. Malum oldugu kimi, idaroetmo sistemi geyri —miioyyanlik soraitinds foaliyyat
gostaran hallarda adi tonzimloyicilor vasitasi ilo yiiksok keyfiyyat gostoricilori tomin etmok
miimkiin olmur[1, 2]. Bir sira hallarda konstruktor obyektin idars olunmast  haqqinda miioyyan
biliklora malik olur. Mahz bu biliklar asasinda idarsetmoanin sintezi daha samorali ola bilar [1-3].
Idaroetma obyektinin (1.1) - (1.7.) modeli asason PUA-1n — sualt1 robotun darinliyadalma doyisonin
real Olgiilon qiymoetini miioyyon doqiqliklo xarakterizo edir. Belo ki, suyun sothi dalgali
oldugundan soviyyo (dorinlik) Olgonin qiymati rogsi olacaqdir. Bu da idaroetmo sisteminin
foaliyyatindo geyri —miioyyonliyin olmasini gostorir.

Yuxarida geyd olunanlar1 nozors alaraq, toqdim olunan maoqalads intellektual tonzimloyici
kimi PDPI geyri- solis tipli tonzimloyici toklif edilir.

Sintez mosoalosinin qoyulusunu asagidaki kimi formallagdirmaq olar. Qeyri miioyyanliya
malik dinamik obyekt (sualti mobil robotun dorinliyo dalmasi) iciin elo qeyri-solis tipli
tonzimloyici

U, = f (&}, E}) (2.1)
sintez etmok lazimdir ki, sistemi istonilon baslangic vaziyyatdon x(t,) son x(t) vaziyyato
gatirsin vo tolob olunan keyfiyyat gostaricilori 6donsin, masalon, dinamik daqiqliy yiiksak, integral
kvadratik xotas1 minimum olsun.

Qeyri-salis tipli tonzimloyicinin sintezi {i¢iin [3-6] toklif olunan iisulundan istifado edok. Ilkin
marhalo  kimi idarsetmonin  Xotasinin e(t), onun doyismo siiratinin é(t) Vo idaroetmonin

miioyyenlosdirilmis universiumlarinda (E, E, U) geyri -salis term coxluglari (E ;= Ej, E ;= E s U, =u,)
toyin olunur.

) ={e,uje)le € Eu;(e) € [0,1LE; CE, j =19
E ={é,u;(&)é € E}, u;(e) € [0, 1],EJ CE j=19 (2.2)
U—{u,ur(u)|u€U},ur(ue)E[01]UCU j=19

Qeyri-salis lingvistik term g¢oxluglarin monsubiyyst funksiyalarim1 qaussokilli  segirik.
Burada, homginin tonzimlayicinin linqvistik qaydalar codvalinds (TLQC) lingvistik term
coxluglarin birinci horfi N—"“neqativ’ — monfi , P — “pozitiv”’ — miisbat, ikinci horflor iso uygun
olarag S—‘smol”— ki¢ik , M—“medium” — orta, B— “big” — boyiik vo Z— “zero” —sifr1 bildirir.

[ 2,3 ] tisulundan istifado edorok sintez edilmis geyri—salis tonzimloyicinin linqvistik gaydalar
cadvali ( TLQC) asagidaki kimi olacaqdir.

Qeyri-salis tonzimlayicinin lingvistik qaydalar cadvali (TLQC).

E.
Ej ! NB NM NS NZ |Z PZ PS PM | PB
NB PB PM NB |NB | NM Z
NM NB |NB | NM | NS Z PZ
NS NB NB | NM | NS NZ Z PZ PS
NZ NB NB NM | NS NZ | Z PZ PS PM
Z NB NM NS NZ | Z PZ PS PM | PB

PZ NM | NS NZ | Z PZ PS PM PB PB
PS NS NZ Z PZ PS PM PB PB
PM NZ Z PS PM | PB PB
PB Z PM | PB PB PB PB
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u,, = U, — Idaroetmonin geyri-salis term ¢oxluglari.

Lingivistik qaydalar codvali (LQC) idaroedici girisin u,;, = U, idareetmonin Xotasinin Ej va
onun doyisma siiratindon ( tiiromasinin) E"j asilligint gostoron model olub, asagidaki kimi
deyilmalari-hokiimlari oks etdirir.

9gar idaroetmonin Xotasinin E; miisbat boyiikdiirsa (PB) vo idaroetmonin Xxotasinin
doyismo siirati monfi kicikdirso (NS), onda idarsetmo u,., miisbat Kigikdir (PS), aks halda

........................................................................... (2.3)

3. Darinliys dalmanin intellektual - geyri-salis idaraetma sistemin texniki realizasiyasi.

Dinamik obyektlorin intellektual idaroetma sistemlorinin texniki realizasiyasi vo onun
simulyasiyasi ti¢lin effektiv olan [1, 3] verilmis metodikadan istifado olunmusdur. Su dronunun

dorinliyo dalmanin intellektual - geyri-salis idaroetmo sistemin MATLAB miihitinds texniki
realizasiyas1 Sokil 4.1.-do verilmisdir.

+J

——

Scooet

Sakil.4.1. Su dronunun — sualti mobil robotun MATLAB miihitinda qeyri-salis tonzimlayicili
idaraetma sisteminin ““S-modeli”

Yuxarida toklif olunan dorinliys dalmanin intellektual - geyri-salis idaroetmo sistemin
somoraliliyini tasdiginin oyanilyi mogsadi ilo geyri-miioyyanliyo malik sualti mobil robotun -
dinamik obyektin sadalosdirilmis (1.7) soklindoki modeli (yaxud 6tiirmo funksiyasi) va lingvistik
sintez edilmis qgeyri-salis tonzimlayicinin LQC ilo qurulmus idarsetmo sisteminin MATLAB
mithitindo  Fuzzy Logic Toolbox vo  Simulink  paketlori  osasinda  kompiiter
modellosdirilmosdirilmasi — kompiiter simulyasiyasi aparilmisdir vo bir eksperimentin-kecid
prosesinin grafiki Egrsviri asagida verilmisdir.

Dafinik [m]

H L | L L ¢ I I I |
0 20 40 60 80 100 120 140 160 180 200
Zaman [s]

Sakil 4.2. Sualti robotun darinliyadalmasimin intellektual
idaraetma sisteminin kegid prosesinin tasviri

Noatica. Sintez edilmis sualti robotun darinliyadalmasinin intellektual idarsetms sisteminin
MATLAB miihitindo texniki realizasiyas1 osasinnda aparilmig eksperimentlor tosdiq etdi ki,
sistemin harakati kifayst godor dayanigli olmaqla ham do yiiksok keyfiyyat gostoricilori — dinamik
doaqiqliyi tomin edir.
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PE3IOME
PA3PABOTKA UHTEJUIEKTYAJIBHOM CUCTEMBI YIIPABJIEHUS IIOT'PYKEHU S
FJIYBOKOBOJHOI'O BECITMJIOTHOTI'O AIIITIAPATA B ABTOHOMHOM PEXUME
[rcaghapoe C.M., Anuesa A.C., Hemaunoe 3.111.

Knioueevie cnoga: noogoowulii Opow, HeuemKuu pezyiamop, madauya JIUHSBUCTIUYECKUX NpPABUI,
HeluHeuHas Mooesb

becrmnoTHbIe TOABOTHBIE aNapaThl HIMPOKO MPUMEHSIOTCS UCCIEIOBATEISIMH JUTs N3yYEeHUs (ayHBI
1 QIopbl BOIHBIX OacCEHOB, MOBBIMICHUS 3(PPEKTHBHOCTH PHIOOIOBCTBA, PEIICHHUS BOIPOCOB OXPAaHBI-
3alIUThl BOCHHO-CTPATETHYEeCKUX OOBEKTOB W CydoB. B mpencraBieHHoi paboTe CHHTE3MpOBaHA
MHTEIUIEKTyaIbHAsl CHCTEMa YIPAaBJICHUS IUIi aBTOHOMHOTO (YHKIIMOHHMPOBAaHHS MOABOIHOTIO podoTa-
npoHa. [IpemyioxkeHa apXUTEKTypa HEYETKOTO PEryysiTopa, oOnpeneneHa 0a3a 3HaHUH W Jp. MapaMeTphl.
O (eKTUBHOCTh CHHTE3MPOBAHHOM MHTEIUIEKTYabHON CHCTEMBI MHEPIMU ObUIa MPOJAEMOHCTPUPOBAHA Ha
OCHOBE KOMIBIOTEPHOTO MOJICIHpOBaHUsI, BbimosHeHHOTo B cpene MATLAB (B“Fuzzy Logic Toolbox” u
“Simulink).

SUMMARY
DEVELOPMENT OF AN INTELLIGENT CONTROL SYSTEM FOR THE AUTONOMOUS
DIVING OF A DEEP-SEA UNMANNED VEHICLE
Jafarov S.M., Aliyeva A.S., Ismayilov E.Sh.

Key words: underwater drone, fuzzy controller, table of linguistic rules, non-linear model

Unmanned underwater vehicles are widely used by researchers to study the fauna and flora of water
basins, improve the efficiency of fishing, and solve issues of protection-the protection of military-strategic
objects and ships. In the presented work, an intelligent control system has been synthesized for the
autonomous functioning of underwater robot-drone. The architecture of the type fuzzy regulator has been
proposed as a control device, the knowledge base and other parameters have been defined. The effectiveness
of the synthesized intelligent inertia system was demonstrated on the basis of computer modeling performed
in MATLAB (in “Fuzzy Logic Toolbox” and “Simulink).
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JUis co3maHust COBPEMEHHBIX METOJOB MPHUHATHS pEUIeHHs s pa3fdyBKU KaHajia
ATIOMUHUEBBIX HCHApUTENEH MPUXOIUTCS pa3padaTbiBaTh W yTOYHSATh MAaTEMAaTUYECKHE MOJIEIH,
OIMCHIBAIONINE Pa3IMYHBIC OINEpalli B YCIOBUAX HeompeaeneHHocTU. [Ipu sToM mpoucxomut
MpoIecC HAKOTUICHHsI HH)OPMAIH — SMIHUPUIECKHE U IKCIIEPTHBIE MOAEIH JOJDKHBI JOMOTHITHCS
U YTOYHATHCS 1O MEPE HAKOIUJICHHS] HOBBIX OMNBITHBIX MAHHBIX, MOJYYEHHBIX B MOJEIBHBIX U
IKCIIEPUMEHTAIBHBIX yCIOBUsX. [1]

B mpencraBienHoit pabore paccMaTpUBaeTCs pealu3alus MPOrpaMMHOTO oOecreyeHUs
NPUHATUS PEUICHUH Uil pa3yBKH KaHajla aFOMUHUEBBIX HCTaputenei. VHCTpyMeHTalbHbIE U
MPOrpaMMHBIE CpPEJCTBAa MOJEIMPOBAHUS U pa3lyBKU KaHala aTlOMHUHUEBBIX HCIapUTeNel
peanmuzoBanbl B cpene MATLAB ¢ ucnons3oBanueM makera paciuupenust Fuzzy Logic Toolbox
[2,3].

Hnst hopmupoBanus 0a3bl MPaBUIJI CUCTEMbl HEYETKUX MPOJYKIWH B KadyecTBE BXOTHOU
JUHTBUCTUYECKON MEPEMEHHON UCIOIB3YIOTCS CIEAYIOIIUE TEPMBbI: aBICHUE BOJbI UCIIAPUTENS;
YCWIIMS JIaBJICHUs THAponpecca. B kayecTBe BBIXOAHOW JIMHIBUCTHYECKOM IEPEMEHHOU CIIEyeT
UCIIONIb30BaTh BEHTWJIbL KpaHa BOJSHOTO KpaHa. B pesymprate ¢az3upukanvd BXOAHBIX U
BBIXOJIHBIX JIMHTBUCTHYECKUX TMEPEMEHHBIX 0a3a HEYETKHX MPOAYKIUH IS pa3mayBKH KaHala
ATIOMHHHUEBBIX HCTIAPUTENEH COCTOUT U3 CIEIYIOIINX TPaBUIL.

Ilpasuno 1: ECJIU Oasnenue 600vi 8 Kanale ucnapumens ompuyamenbHoe OOabuioe U YCuiue
oasnenus euoponpecca ompuyamenvroe donvuioe, TO nosepHymos 6eHmulb KpaHa
8005IHO20 Hacoca cuoponpecca Ha 60TbUIOT Y201 8NPABO;

(1) [14.18 15.02 15.67 16.12], [5.28 5.45 5.65 5.97], [0.86 0.872 0.883 0.91]

Ilpasuno 2: ECJIU Oasnenue 600bl 6 Kanaie ucnapumesis ompuyamenvHoe cpedHee U YCuiue
dasneHus euoponpecca ompuyameinvHoe cpeonee, TO nosepnyms 6eHmMuilb Kpaua
80051HO20 Hacoca 2uoponpecca Ha HeOONbULOU Y20Jl 6NPaso;

(2) [12.3212.92 13.57 14.17], [2.79 2.94 3.48 3.62], [0.665 0.669 0.7 0.702]

Ilpasuno 3: ECJIH oasnenue 6001 6 Kanane ucnapumensi ompuyamenvHoe Manoe u ycuiue
oasnenus euoponpecca ompuyamenvHoe manoe, TO nosepnymv 6eHmMulb Kpaua
80051HO20 HACOCa 2uoponpecca Ha HeOONbULOU Y20l 6NPaAso;

(3)[10.111.01 11.7312.31],[1.1 1.35 1.67 1.98],[0.573 0.586 0.61 0.62]

IIpasuno 4: ECJIH oasnenue 600vl 8 Kauaie ucnapumeins ompuyameibHoe, O1u3Ko K HOPMATbHOMY
u ycunue OasieHus 2uoponpecca ompuyamenvHoe, 0IU3K0 K HopmanrvHomy, TO
0CMasums 8eHMUIb KPAHa 8005IHO20 HACOCA cuoponpecca 6e3 UsMeHeHUsl;

(4) [16.13 16.5317.32 17.94], [1.99 2.16 2.48 2.78], [0.51 0.54 0.551 0.572]

Ipasuno 5: ECJIU oasnenue 600bl 8 Kanaie ucnapumeins COOMEEmMcmayem HOpMAailbHOMY, OIU3KO K
HOPpMANbHOMY U YCuiue O0asienus cUOponpecca COOmeemcmeyem HOPMAIbHOMY,
onusko Kk HopmanvHomy, TO ocmasumv 6eHmMUNb KpaHA B00AHO20 HACOCA
euoponpecca b6e3 usmMeHeHus,;
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(5) [17.95 18.33 19.14 19.33], [3.651 3.86 4.192 4.45], [0.621 0.628 0.637 0.663]

IIpasuno 6: ECJIU 0asnenue 600bi 6 Kanaie ucnapumens noJOACUMENbHOE, DIUZKO K HOPMATIbHOMY

U ycunue 0asieHus 2uoponpecca Noaodcumenvroe, OIU3Ko K HopmanvHomy, TO
0CMasums 8eHMUIb KPAHa 8005IHO20 HACOCA cuoponpecca 6e3 UsMeHeHUsl,
(6)[19.34 19.87 20.46 21.01], [4.46 4.725 5.067 5.27], [0.755 0.764 0.772 0.8]

Ilpasuno 7: ECJIU oOasnenue 600vl 6 Kananie ucnapumeins NOJONCUMENbHOE MaAloe U YCuiue
oasnenus eudponpecca noaodxcumenvhoe manoe, TO noeepuymv GeHmuib Kpaua
8005HO20 HACOCA 2UOponpecca Ha HeOOIbLULOU Y20l 81€60;

(7) [21.02 21.61 22.15 22.41] , [5.98 6.27 6.41 6.62], [0.804 0.824 0.837 0.859]

Ilpasuno 8: ECJIU oasnenue 600vl 6 Kkauane ucnapumens Noi0dCUMeNbHOe CpedHee U YCuiue
oasnenus eudponpecca nonoxcumenvroe cpeonee, TO nogepnyms eeHmuib Kpaua
8005IHO20 HACOCA 2UOponpecca Ha HeOOILULOU Y20l 81€60;

(8) [21.02 21.61 22.15 22.41], [6.73 6.98 7.21 7.38], [0.917 0.938 0.953 0.968]

Ilpasuno 9: ECJIU Oasénenue 600vl 6 Kauaie ucnapumens noaodcumenbHoe O0abuioe u ycuiue
oasnenus euoponpecca nonoxcumenvroe boavuioe, TO nogepryms 6eHmMuUIb KpaHa
8005IHO20 Hacoca 2uoponpecca Ha 60IbULON Y20l 811€6O.

(9) [22.42 22.77 23.15 23.44],[7.39 7.47 7.75 7.98], [0.703 0.705 0.725 0.754]

Pe?;YJII)TaT (1)3.331/1(1)1/11(21111/11/1 BXOOHBIX JIMHTBUCTHYCCKUX IICPEMCHHBIX <«IaBJICHUC BOALI
HUCIIApUTCIIA» U KYCUIINA AABJICHUA THAPOIIPECCar» H306pa>I<eHa Ha puc. 1-2.

plat points: 181

Membership function plots
T T

oTpHLLManos OTPUL CPETHED OTpML GONbIIoe  OTPHY. BMMIK HOPM.  HOPM.BMM3.HOPM. NONTK GMUIHOPM,  NONANMANDE NDNAN CPBA NONAK. Gonbi.

FIS Variables

0A0N. B0k HCTIAPUTENA BEHTUML. KPaHE.B0f HA0OC,

XX

YCUNA. 438N TMAPENpoc.

input variable "gann.sonsl. wenaputensa.”

Puc.1. I paguru ¢hynxyuii npurnadneiscHocmu 0 mepmos 8X00HOU TUHLBUCTIUYECKOU NepeMeHHOU
«oasnenue 600l UCNAPUMensy

plot points: 181

FIS Variables Memhershlp function pluts

OTPHL|.MANOE OTPHL|.CPEOHER orpuy.Gonswoe  oTpu | muaxlwopu oTpMy. ﬁnmmlop»mnax Gnua.nopm. nonax.manog nonax.cpeq. nonax.bonew.

XX |
ARN BRI UCTIAPHTENA BEH THIs. KPaHa Bof HAcoC.
YCANA. GABN. THAPONPOC '

mput variable "ycuna.fjasn.rugponpoc.”

Puc. 2. I'pachuxu gpynxyuti npunadnredxcnocmu 0st mepmos 6X00HOU JTUHSEUCIUYECKOU NePEeMEHHOU
«ycuaue 0agneHus: 2UOPoOnpeccay
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Pes

yJIbTAT

byHKIMI

IMPUHAJICIKHOCTH

JUIA

TEPMOB

MEPEMEHHON «BEHTUJIb KpaHa BOASHOIO Hacoca» U300pak€H Ha puc.3.

BBEIXOJHOW JIMHTBUCTHUYECKOU

[ARN 8ok

MIA.BEH THNb. KpaHa, BOf, HACOE,

XX

YCANAJABN.MHOPONPOC.

File  Edit View
e - -
7 S
Oasrned 1A
08 an . BoObLl . MCNapuTanA. el e e i e N
_ - (mamdani)
-
-
st
Tk [ BOO
WEWMA . OB . N OjP=0arpe0eC
SN 181
e : ‘ : : Membership llunclmn plots : ‘ : :
Bonyronenp-1  Bonyron.enplBbon yron.snp-1  webon yron.enfeluamen nebonyron.ene-1 vebonyron.ene-2 Gon.yron.sne-1 Bon.yren. ne-2
XX T

WY

output variab le "BeHTUNL, KpaHa.BOO, HacoC.”

Puc. 3. I'papuxu @pynxyuil npunadnesrcnocmu 015 mepmos bIX0OOHOU TUHSBUCTHUYECKOU NepeMeHHOU

COKpaH_IeHI/Ie 3aIlUcCH IMMPOAYKIIMOHHBIX IMPaBUJI UMECT cnez[y}oumﬁ BU:

File Edit View Options

«6EHMUJb KpaHa B00SIHO20 HACOCAY

If (zaen.Bogbl.MCNapUTENS.
If (zaen.sogbl.MCNAPHTENS.
If (zaen.sogLl.HCNapHTENS.
If (zgaen.Bogel.HCNapUTENA.
If (zgaen.Bogel.HCNapUTENA.
If (aaen.eogel.HCNapUTENA.
If (qaen.BogbLl. HCNapUTENA.
If (aen. sogbLl. HCNapUTENA.
If (gaEn.sogs6. HCNapUTENA.

BRNC ~ 3 oen e Lo P =

is oTpuy. Gonbwee ) and (ycowna.gasn.rmgponpec. is oTpuy. Senswee) then (BeHTune. kpasa.eog. Hacoc. is Gon.yron.enp-1) (1)
is oTpuy.cpegHee) and (ycuna QaBn.rMgponpoc. is oTpul.cpegHee) then (BeHTUNE. kpaHa.Bog.Hacoc. is HeGon. yron.enp-1) (1)
is oTpuy.manoe) and (ycuna.gaen.rugponpoc. is oTpuy.manoe) then (BeHTHNL.Kpana.Bog.Hacoc. is Hebon.yron.enp.-2) (1)

is 0TpUU. Onuzk. HopM. ) and (youna.gaen. rugponpoc. is oTpuy. Bnusk. Hopm. ) then (BedTUNe.KpaHa.eog.Hacoc. is Des.uamen.) (1)
i Hopm.Gnuz.Hopm. ) and (ycuna.gasn.rugponpoc. is HopM.Gnuzk.Hops. ) then (BeHTHNE. KpaHa.Bog.HacocC. is Bez.usmen.) (1)

is nona.Gnus. HopM. ) and (YocunA. GaEn. rugponpoc. is nonax:.onus.Hopm. ) then (BEHTHNE. KpaHA.BO8. HACOC, is Ges.naMen. ) (1)
i= nonax.manoe) and (YounA. 4asn. rugponpoc. is nonas.Mance) then (BEHTUNL KpaHa.Bog. Hacec. is HeGon.yron.ane-1) (1}

i nonax.cpeq.) and (YCWnA. gasn.rugponpoc. is nonax.cpeq, ) then (BeHTUNL.KpaHa. Bog. Hacoc. is Hebon. yron.ene-2) (1)

is nonax.Gonbw. ) and (youna gasn. rmgponpoc. is nonas.Sonow. ) then (BeHTHNL. KpaHa.eog. Hacoc. is Gon.yron.sne-2} (1)

If

OaBn.BogLl MCTEapUTENS. is

and

yCcunA.gasn.rugpenpoc. is

OTPRUL. Manoe ~
OTPUL. CpEgHEs

oTpuy. Gonbwoe

oTpuL. Grnsk HopM.
HOPM.GNnz. HopM.

nonax. Gnus. Hopm.

nonas. fonbi.
nonas.Mance v

Frre
oTpHL,. Sonbwoe
nonax. Gnus. Hopm.
OTPHL. CpegHes
OTPHL. BIHZK. HOPM.
HOpM.GnusK. HOpM.
nonax.Mance
nonax.cped.
nonas. fonbi.

~
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Then

BEHTUNb.KpaHa.Bog.Hacoc.

Gon.yron.enp-2
Hefon.yron.enp.-2
Gon.yron.ene-1
Bon.yron.enp-1
Helon.yron.enp-1
Hebon.yron.ene-1
Hebon.yron.ene-2
Bon.yron.ene-2

]

L
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Pesynbprar akkyMy/nMpOBaHMS 3aKJIIOUYECHUNA HEYETKUX IIPaBUII IPOJYKLHUN C UCIIOIb30BAHUEM

METO/Ia IIEHTpa TsHKECTU U300paxkeH Ha puc. 4.

File Edit View Options

Aasn.Boakl.McnapuTens. = 17.5 younn.nasn.maponpoc. = 4.5 BB TH b KA. BOAHACOC. = 0.75
o | L [ | /A |
2 | | | | N |
s | | | | Ll |
‘| /] | | | | [\ |
5| '. | | A | | [\ |
s | | | ] | N\ |
- 1| | ] | [ |
s | 1] | 1] | |
o | Il | [ | |

10 25 : | 8 | | |

0.5 1
input. ! [17.5;4.5] s 101 Move: left | right | down | up

Puc 4. Pe3yromam axkymynuposanue 3aKmoyeHull Hedemkux npasui npooyKyut

Pesynprar nedazsuduranuy BHIXOJHOW JIMHIBUCTHYECKON IMEPEMCHHONW BEHTHIIL KpaHA

BOJAHOI'O HacocCa H306pa>KeHa Ha puc. 5

BE HT MMk . KPEHE . BOd. HACOC.
=T = - -
M~ @

o

2 15
10

O8EN.E0ObBI MENSDMTENA .

Puc. 5. Jlepazzugpurayuu 6bIX00HOU nEpeMeHHOU GEHMUIL KPAHA 800SIHO20 HACOCA

CnenuansHbiM si3ikoM B cpene MATLAB Fuzzy Logic Toolbox omucansl atpuOyThi

3JIEMEHTOB 0a3bl MMPOAYKIIMOHHBIX ITpaBUJI:

[System]

Name="'JaByieHusa"'
Type="'mamdani'

Version=2.0
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NumInputs=2

NumOutputs=1

NumRules=9

AndMethod="min'

OrMethod="'max"'

ImpMethod="min'

AggMethod="max'

DefuzzMethod="'centroid'
[Inputl]

Name="'naBJi.BOIL . UCTIAPUTEIIA .

Range=[10 25]

NumMFEs=9

MF1=' orpui.mayoe':'trapmf', [10.1 11.01 11.73 12.31]

ME2="' oTpun.cpenHee':'trapmf', [12.32 12.92 13.57 14.17]

MF3=' oTpui.bomnpmoe' :"'trapmf', [14.18 15.02 15.67 16.12]

MF4="oTpuy.bnmu3k.HopM. ': "trapmf', [16.13 16.53 17.32 17.94]
MF5=' HopM.Onu3.HOPM. ':'trapmf', [17.95 18.33 19.14 19.33]
MF6="nojsax.06amu3.HopM. ': "trapmf', [19.34 19.87 20.46 21.01]
MF7="'noJyax.majyioe.': 'trapmf', [23.463 23.71 24.35 24.71]
MEF8='mojax.cpen.':'trapmf', [21.02 21.61 22.15 22.41]
MEFO9="'nojsax.06onbw. "': 'trapmf', [22.42 22.77 23.15 23.44]
[Input?2]

Name=' ycwuiud.napJ.Iugponpoc. '

Range=[1 8]

NumMFEs=9

MFl="'orpuy.majoe."': "'trapmf', [1.1 1.35 1.67 1.98]
ME2="'orpuu.cpenHee': 'trapmf', [2.79 2.94 3.48 3.62]
ME3="'oTpuu.o6onsmoe. ': "trapmf', [5.28 5.45 5.65 5.97]
MF4="oTpuy.6amu3k.HopM. ': "trapmf', [1.99 2.16 2.48 2.78]
MF5="HopM.Oam3.HOopM. ' : "trapmf', [3.651 3.86 4.192 4.45]
ME6="nojsax.06amu3.HopM. ' :"trapmf', [4.46 4.725 5.067 5.27]
ME7="nojax.majyioe': ' 'trapmf', [5.98 6.27 6.41 6.62]
MEF8="'nmojax.cpen.':'trapmf', [6.73 6.98 7.21 7.38]
ME9="'nomax.06omnpm. ': "trapmf', [7.39 7.47 7.75 7.98]
[Outputl]

Name='BeHTWUJIb . KpaHa.BOJ.Hacoc. '

Range=[0.5 1]

NumMFs=9

MEl="'6Gom.yroja.Bnp.-2"':'"'trapmf', [0.573 0.586 0.61 0.62]
ME2="' Hebojy.yroj.Bnp.-2':'trapmf', [0.665 0.669 0.7 0.702]
ME3="' Gom.yroj.Bjye-1"':"'trapmf', [0.86 0.872 0.883 0.91]
MEF4="'Gom.yromxa.Bnp-1"':"trapmf', [0.51 0.54 0.551 0.572]
ME5="' nHebojy.yroja.Bnp-1':'trapmf', [0.621 0.628 0.637 0.663]
MEF6="Hebos.yromn.ejge-1":"trapmf', [0.755 0.764 0.772 0.8]
ME7="'HeboJs.yrTomn.Bje.-2"':'trapmf', [0.804 0.824 0.837 0.859]
ME8="' 6Gom.yroj.Bje-2':'trapmf', [0.917 0.938 0.953 0.968]

ME9="' 6esz.usmeH.':'trapmf', [0.703 0.705 0.725 0.754]
[Rules]

32, 4 (1) 1

2 4, 5 (1) 1

11, 2 (1) 1
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[TocTpoena 6a3za HeUETKHX MPOAYKIMOHHBIX MpaBui. C mpuMeHEeHHEeM airopuTMa MamaaHu
peanm3oBaHbl  (pa33uduKanK BXOMHBIX ¥ BBIXOJHBIX JMHTBHCTUYCCKUX TEPEMEHHBIX 0a3bl
NPOAYKIHUOHHBIX TpaBWwiI. OCYHIECTBICHBI MPOLEAYPhl arperupoBaHUsl MOAYCIOBUM BXOJIHBIX
JINHTBUCTUYECKUX MEPEMEHHBIX U aKKYMYJIUPOBAHUE 3aKIFOYEHU HEUETKUX MPABUI MPOIYKLIHM C
WCIIOIb30BAaHUEM  OIepallid  Mmax-Iu3bIOHKIMU. BeimosHeHa mnporeaypa naedasz3udpukaum
BBIXOJHOM JMHIBUCTHYECKOW MEPEMEHHOM «BEHTWJIb KpaHa BOISHOIO HAcocCa» METOAOM LEHTpa
TSKECTH.
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XULASO
ALUMINIUM BUXARLANDIRICILARINDA KANALACMA PROSESINDO QORAR
QOBULETMONIN PROQRAM REALIZASiYASI
Atayev Q.N.

Acgar sozlar: produksiyalar qaydasi, fazzifikasiya, defazzifikasiya, mansublug funksiyasi

Mogalodo aliiminium buxarlan diricilarinda kanalagma prosesindo qorar gobuletmonin program
realizasiyas1 verilmisdir. Giris va ¢ixis linqvistik dayigonlorinin fazzifikasiyasi ii¢iin trapesiya sokilli geyri-
salis interval soklinde mansubluq funksiyalar1 se¢ilmisdir. Biitiin linqvistik doyisenlorin aktivizasiyasi va
akkumuliyasiya prosedurlar1 reallagdirilmigdir. MATLAB miihitinde Fuzzy Logic Toolbox paketinden
istifado etmoklo vo Mamdani alqoritminin tatbiqi ilo giris vo ¢ixis linqvistik doyisonlorinin fazzifikasiyasi
reallagdirilmigdir. Agirliq morkozi {isulundan istifade etmokls ¢ixig linqvistik doyiseni defazzifikasiya
olunaragq mantiqi natica ¢ixarmanin kamiyyat qiymatlori alinmigdir.

SUMMARY
DECISION-MAKING IN THE PROCESS OF DUCTING IN ALUMINUM EVAPORATORS
SOFTWARE IMPLEMENTATION
Atayev G.N.

Key words: production rules, fuzzification, defuzzification, affiliation function

The article presents the software realization of decision-making in the process of sewer in aluminum
steamer conductors. For phasification of input and outputistikvistical variables, membership functions in the
form of trapezoidal fuzzy interval were selected. Activation of all statistical variables and akkomoliation
procedures were performed. Using Fuzzy Logic Toolbox package and applying Mamdani algorithm in
MATLAB environment, phasification of input and output statistics variables was performed. Using the
central method of weighting, the outputistikvistik variable was defazzified and the quantitative values of the
logical conclusion were obtained

Daxilolma tarixi: [lkin variant 29.07.2021
Son variant 10.09.2021
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KEYFiYYOT MENECMENTI siSTEMgaRiNiN MUOSSISONIN
STRATEJI MOQSODLORINO UYGUNLASDIRILMASI

SEYDOLIYEV ILHAM MOHOMMOD oglu
Azarbaycan Doviat Iqtisad Universiteti (UNEC), tex.e.n., dosent
ilham.seydaliyev@mail.ru

Agar sozlar: keyfiyyat menecmenti sistemi, raqabat, keyfiyyat sahasinda siyasat, 1SO standartlari,
proses, tatbiq, magsad, keyfiyyato nazarat

Azorbaycanin yiingiil sonaye miiossisolorinin qarsisinda dayanan strateji moqsodlordon biri
miiossisodo foaliyyot gostoron keyfiyyot menecmenti sistemlorinin  (KMS) somaraliliyini
yiiksoltmokdir. Miiassisado son mogsads ¢atmaq iisiin keyfiyyst sahosinda siyasotdo mogsadlorin
diizgiin miioyyon olunmasi ohomiyyatli rol oynayir. Keyfiyyot sahosindo siyasotdo
miioyyonlosdirilon mogsadlor istehlak¢ilarin momnunlugu ilo bilavasits slagolidir vo  keyfiyyot
menecmentinin  prinsiplorindon birinin, yaxsilasdirma prinsipinin reallasdirilmasina kdmok
etmolidir.

KMS-in tokmillogdirilmosi 6lko vo xarici Olko alimlorinin ononovi olaraq todqiqat
obyektlorindon biridir. KMS toskilatda keyfiyyot sahosinds siyasotin hoyata kegirilmasins,
maqsadlora ¢atmaga yonolon sistemdir. Keyfiyyat sahosindo magsadlor istehlak¢inin, miiossissonin
vo comiyyastin tolabatlarinin iist-listo diigmosi ilo toyin olunmalidir. Belo bir mdvgedon c¢ixis
etmoklo, KMS-in mogsadi bu sokildo miioyyonlosdirilmalidir: KMS istehlak¢ilarin gozlontilorini
tam hocmdo O6doyon mohsullarin (xidmatlorin) yiiksok keyfiyyotini tomin etmok maqsadi ilo
miiossisada proseslarin samarali garsililight slagasinin togkilidir.

KMS-in inkisafinin vacib mosalosi onun iimumi vo xiisusi proseslorinin idaro edilmasinin
maksimum avtomatlasdirilmasidir.

ISO 9001 beynslxalq standartt KMS-in islonmasi, monimsonilmosi vo foaliyyot gdstormosi
prosesini miioyyanlosdirir. Homin standarta uygun qurulan keyfiyyat menecmenti sistemlori totbiq
edilorkon onlarin sertifikatlagdirilmas1 hoyata kegcirilir. ISO 9001 standartina uygunluga
serifikatlagdirilan KMS-in olmasi mohsullarin insanin hayati vo saglamlig {igiin tohliikasizliyini
tosdiq edir. Beloliklo, KMS-in sertifikatlagdirilmas: mohsulun miioyyon standartlarin toloblorine
uygunlugunun tosdiqi formasidir.

KMS xammalin alinmasindan mohsullarin son istehlak¢iya catdirilmasi morholosino kimi
onun biitlin yaradilmasi prosesini ohato edir. Bu qirilmayan zoncirin biitiin marhslslordo mohsulun
keyfiyyatina tosir edo bilocak har bir halgast KMS-in bir hissasidir. [3]

Keyfiyyatin yiiksoldilmasinin tocriibado istifads edilon metodlarina asagidakilar aid edilo
bilor:

¢SO 9004:2009 “Toskilatin davamli miivoffoqiyyotloro nail olmasi iiglin menecment —
Keyfiyyat menecmenti asasinda yanasma” [5];

¢ QFT — keyfiyyat funksiyasinin genislondirilmasi texnologiyast,

e Kaydzen — yapon yaxsiliga doyigmolar sistemi;

¢ 0 qlisur — prosesa statistik nozarato osaslanan konsepsiya;

¢ “6 Sigma” — qilisurlar1 vo meyillonmolori minimallagdirmaq tigiin istiqgamatlonon konsepsiya;

ePDCA Deminq tsikli — proseslorin fasilosiz yaxsilagdirilmasi ti¢lin genis istifado edilon
model;

e keyfiyyat qruplar - tokmillogdirmays personalin calb edilmasing asaslanan qrup yanasmasi;
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Keyfiyyat menecmenti sistemlorinin miiassisanin strateji magsadlarina uygunlasdiriimasi

eTaquti metodlar1 — eksperimentin planlagdirilmast vo keyfiyyoto nozarstin statistik
metodlarini, omoliyyatlarini ohato edir;

¢ BPT — biznes-proseslorin reinjiniringj;

¢5S (5 Step) —is yerlorindo miioyyan amaliyyatlarin yerina yetirilmasi iiglin optimal soraitin
yaradilmasina istigamatlonan metod;

8D (EIGHT DISCIPLINE) — istehsal proseslorindo asagi keyfiyyot soviyyasinin olma
sobablorinin aradan galdirilmasina istigamatlonon metodika. [2]

Keyfiyyot sahosindo mogsadlordon ¢ixis edoarak ilk névbada potensial istehlak¢ini colb etmok,
maraqli toroflorlo garsiligli oalagoni qurmaq {i¢lin mohsulun zoruri olan keyfiyyot gostoricilori,
homginin garstya qoyulan mogsodloro c¢atmaq iiciin  miivafiq proses vo metodlar
mioyyanlosdirilmalidir.

Moansub oldugu faaliyyst noviinden vo sahasindon asili olmayaraq, har bir toskilat KMS-in
totbigindon asagidakilara nail olur:

eosas biznes-proseslora fasilosiz nozarot, bu da toskilatin foaliyystinin somaraliliyini
yiiksoltmoyo sorait yaradir;

e togkilatin foaliyyatinin idars edilmasi prosesinin yaxsilasdirilmasi;

e geyri-istehsal xorclorinin azaldilmasi;

e mohsullarin vo xidmatlorin keyfiyyatinin yiiksoldilmasi;

e sifarig¢inin toloblorinin etibarlt yerina yetirilmasine zomanat;

e risklorin idars edilmoasinin yaxsilasdirilmast;

e yiiksok raqabotqabiliyyatlilik;

eidaroetmo sisteminin tokmillosdirilmosi, biitiin idaragilik vo icraciliq soviyyelorindo
omokdaslarin isinin somoaraliliyinin yiiksoldilmasi. [4]

ISO 9001-2015 standartinda mocburi qaydada daimi yaxsilasdirmaya toloblor qoyulur. Bu,
totbiq edilon KMS-in miitomadi tohlilini, agskar olunan qiisurlar ssasinda onun somaorsliliyinin
yiiksaldilmasini nozards tutur. [7]

Mbohsullarin keyfiyyetinin, istehlak¢ilarin momnunluq doracasinin yiiksaldilmasinag yonsldilon
KMS-in tokmillosdirilmasi yiingiil sonaye miiossisolorinin raqabot gabiliyyetini yiiksaltmok {igiin
mithim ohamiyyat dasiyir. Yiixarida gostorilon metodlardan hotta bozilorinin 6z proseslorindo
totbiqi, hor hansi bir togkilatin foaliyyatini shomiyyatli doeracaeds yaxsilagdirmaga imkan verar.

Hal-hazirda daha praktiki ohomiyyatli olan nozari islomolords toskilatlarin foaliyyatlorindo
doyisikliklori ohatoli sokildo oks etdiron todqiqat istiqgamotlori 6n planda durur. Bu, yeni
texnologiyalarin totbiqi, riskli sarmayslor problemi, tosoriiiifatin yiiksok somoroli idars edilmasi
qaydalari, istehlak¢i toloblorinin proqnozlasdirilmasi, roqiblorin davranisi, idarsetmaye strateji
yanagmanin hakimliyi kimi masalalorls olagalidir.

Faaliyyatin naticolorinin keyfiyyatinin vo raqabetqabiliyyatliliyinin miiasir idare edilmosi
toskilatda ii¢ asas strategiyaya sahib ola bilor:

* Toskilatin yuxart vo orta menecment saviyyalorinde menecment faaliyyatinin keyfiyyatinin
formalagsmasi strategiyasi keyfiyyot menecmentino sistemli yanasma nozordo tutur. Bu zaman
ovvalco toskilatin idarogilik foaliyyetinin timumi keyfiyyoti, sonra istehsal texnologiyasinin
keyfiyyoti ohamiyyat dasiyir;

* Mohsul iiciin KMS-do menecment keyfiyyotinin formalasdirilmasi strategiyas1 keyfiyyot
problemlorinin hollinds vahid yanasmaya osaslanir. Osast mohsullarin keyfiyyotino birbasa tosir
edon istehsal vo menecment elementlorinin keyfiyyatinin prioritetidir;

+ Istehsal texnologiyasi soviyyossindo keyfiyyatin formalasmas: strategiyasinda (lokal
yanagma) diqqot istehsal lisuluna yonalmisdir.

Movcud soraitdo keyfiyyot anlayisi nogteyinozorindon nozori {imumilogdirmolor vo
istigamatlordon daha perspektivli olanlardan birini togkilatin idarsetmo vo foaliyyot mexanizminin
Oyranilmasi taskil edir vo keyfiyyatin iimumi idars edilmasi prinsiplorino voa KMS iigiin standartlara
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istigamatlonmok tolob olunur. Bu onunla alagoadardir ki, hazirki bazar soraitindo miisssisalor, onlarin
mohsullar1 yox, miiossisalorin keyfiyyot menecmenti sistemlori roqabot aparir vo belo roqabot
xuisusilo “todartiik¢ii-togkilat” zoncirinde daha koskin xarakter dasiyir. Bu giiniin keyfiyyat
folsofasini keyfiyyot tlizorindo togkilatin idaro edilmasi toskil edir. KMS nozoron bozi anlayislarin
toyinini nazardon kegirak [6]:

1. Sistem qarsiligli alagali va qarsiligl tasirds olan elementlarin macmusudur.

2. Menecment sistemi siyasati, magsadlori miioyyonlosdirilmok vo bu mogsadlors ¢atmagq ii¢iin
sistemdir.

3. Keyfiyyat menecmenti sistemi — toskilatt keyfiyyoto nozoron istigamotlondirmok vo idars
etmok liclin menecment sistemidir.

4. Keyfiyyot moxsusi xarakteristikalarin toloblors uygunluq dorocosidir.

5. Tolob miioyyonlosdirilon (rosmi formalasdirilan) tolobatlar vo gdzlontilordir. Bir qayda
olaraq onlar koniillii vo ya macburi olur.

6. Keyfiyyot xarakteristikast mohsulun, prosesin vo ya sistemin tolobo aidiyyati olan
xarakteristikasidir.

Ohato miqyasina goro KMS -o boyiik sistem kimi baxila bilor. Bu, qarsiligli slagads va tosirdoe
olan boyliik sayda elementlor kompleksidir. Onlar xiisusi vohdotdo olmagla miirokkob funksiyalarin
yerina yetirilmasini tomin edir. [3]

Belo sistema tam sokildo KMS-o uygun golon dord keyfiyyat monsubdur:

1. Hor bir boyiik sistem qarsiligli olagsli elementlorin miirokkob kompleksidir. KMS ¢ox sayda
yarimsistemlorin (elementlorin) vo onlarin qarsiligh slagslerinin ¢oxlugudur (KMS ¢arcivasinda
belo yarimsistemlori funksional slamato gors miioyyonlosdirmok olar (sokil 1)).

1Y 1 — Idarzetma ~  IY2
. o siztemi

Kevfivyat mensementi
sistemd

kil Idarsetma

- obyelti [° —
IT 4 - IY 3
[ ]
Eevfivyatin Keyfiyyetn Kevfiyyetin
planlagdmlmas tamina b idara edilmaszi
I ]
[ | I |
Texniki So=oloj MNormativ Informasiya
vanmesistem |- yarumsistam 1 wanmsistem |77 yanmsisiemm
Mazarat eden | hEtodoloji | Teminat
yanmsistzm vanmsistem yarmsistemi

Sakil 1. KMS-in funksional alamata géra ayrilan yarimsistemlorinin strukturu

2. Hor bir bdyiik sistem xarici miihitlo vohdot togkil edir (KMS g¢orgivesindo xarici miihitlo
daim informasiya vo material miibadilosi hoyata kegirilir).
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Keyfiyyat menecmenti sistemlarinin miiassisanin strateji magsadlorina uygunlasdirilmasi

3. Hor bir boyiik sistem daha yiiksok soviyyo sisteminin yarimsistemini (elementini) toskil edir
(KMS -5 taskilatin iimumi menecmentinin tarkib hissasi kimi baxila bilar).

4. Boylik sistemin yarimsistemlori (elementlori) asagi soviyye sistemlorini (yarimsistemlorini)
togkil edir (KMS-in biitiin yarimsistemlorino toskilat ¢orgivasindo bir vohdst soklindo foaliyyot
gostoron vo qarsiligh tosirdo olan miioyyon olamatloro malik yarimsistemlor kimi baxila bilor,
toskilata iso daha yiiksok soviyyali sistem kimi baxila bilor).

Idaroetmo obyekti kimi mohsullarin, proseslorin vo sistemlorin onlara xas olan biitiin
mixtolifliklor vo tosirlor nozoro alinmaqla keyfiyyoti gobul edilir. KMS {i¢ osas masoloni hall
etmolidir: keyfiyyotin planlasdirilmasi, keyfiyyotin tomin edilmasi vo keyfiyyatin idaroe edilmasi.
Mohsulun keyfiyyotinin planlasdirilmas1 baxilan halda, yaxud verilmis vaxt intervali orzindo
keyfiyyot gostoricilorinin tolob olunan qiymotlori ilo mohsulun buraxilist {izro osaslandirilmis
tapsiriglarin iglonib hazirlanmasi vo miivafiq qaydalarla gobul edilmasi prosesidir.

Mohsulun keyfiyyatinin planlagdirilmasinin mogsodi miioyyon edilmis norma vo parametrlora
uygun keyfiyyotin tomin olunmasindan vo keyfiyyot gostoricilorinin yaxsilasdirilmasi {izro
istiqgamotlorin agkara ¢ixarilmasindan (miioyyon edilmosindon) ibaratdir. [1]

Keyfiyyatin tominati dedikdo keyfiyyat soviyyasino nozarot do, keyfiyystin idars edilmasi
dedikdo iso mogsodlorin qoyulusu vo keyfiyyoti yaxslasdirmaq iiclin yanasmalarin iglonmosi do
nazords tutulur.

KMS iiglin qlivvads olan standartlar, o cimlodon ISO 9000 seriyali standartlar menecment
sisteminin daha rasional layihalondirilmasi vo totbiqi iiglin hazir model vo toloblori togdim edir.
Lakin asagidaki masalalorin halli togkilatlarin iizorino diisir:

e homin sistemlarin harmonik isini tomin etmok;

¢ KMS-in tokamiil doyismolarinin vacibliyini miioyyon etmok;

esistemdo zoruri olan vo kifayst edon qarsiligli olagolori qiymotlondirmak, sistemin
elementlarinin vo yarimsistemlorinin xiisusiyyatlorini, miirokkab asililiqlarin1 miioyyanlosdirmak;

e sistemdo miixtolif montiqi saviyyalori forqlondirmok vo ayirmag.

Hor bir idarsetmo sistemi kimi KMS faaliyyatin vo tokamiiliin 6ziinomaxsus hayat tsikling
malikdir (sokil 2).

Yiiksalis

Yaradilma Midkammallik

Sakil 2. Keyfiyyat menecmenti sisteminin hayat tsikli

Yuxarida gostorilon xlisusiyyatli sistemin maksimum somoraliliyini tomin etmok moqgsadilo
KMS-in hoyat tsiklinin marhoalolorini, onun elementlorinin tamligini izlomok ii¢iin KMS-in daha
adekvat modelinin yaradilmasi, KMS-in foaliyyst konsepsiyasinin vo qiymatlondirmo kriterlorinin
miioyyonlosdirilmasi, islonmasi osas vo miirokkob masalo kimi qarsya qoyulur. Bu, KMS
yarimsistemlorindo zoruri doyisikliklori vaxtinda etmoyos vo sistemin biitdvliylinii qoruyub-
saxlanmaga imkan verir.
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PE3IOME
HNPUBEJEHUE CUCTEMbI MEHEJ)KMEHTA KAUECTBA B COOTBETCTBHUE
CO CTPATETr'MYECKHUMMU LHEJISIMU NPEAIIPUATUSA
Cenoanuese HU.M.

Knrouesvle cnosa: cucmema MmeHeONCMeHMA KA4eCmed, KOHKYPEHYUs, HNOIUMuUKa 6 obnacmu
xauecmsa, cmanoapmul HMCO, npoyecc, npumeHenue, yeib, KOHMPOJb
Kavyecmea

B crarpe mokazaHoO, YTO NPUMEHEHHWE W COBEPIICHCTBOBAHWE CHCTEMBI MEHEKMEHTa KadecTBa
00yCIIOBJIEHBI U3MEHYMBOCTHIO MOTPEOHOCTEH PHIHKOB. 3aBOCBaHUE JTUACPCKUX TO3MIIMN HA PHIHKAX COBITA
MPUHAMAIOTCS KaK CTpaTeTHYeCKHe IIeNM BEIyIIUMHU TPEANPHUITHAMA JIETKOW MPOMBIIUIEHHOCTH. 31€Ch
WCCIIEMYIOTCS OCOOCHHOCTH W BOIIPOCHI, CBSI3aHHBIE C TMPHMEHEHHWEM CHCTEM MEHEeIKMEHTa KadecTBa,
CITy XaIlue JIJIs peaau3aluy dTUX 1eneil. B ctaThe yka3pIBaeTCs, UTO HA COBPEMEHHBIX PHIHKAX KOHKYPCHIIHS
MEXy MPEANPUATUIMUA B KOHEYHOM UTOTE BEAECTCS MEXIY COOTBETCTBYIONIMMHU CUCTEMaMHU MEHEIKMEHTA
KayecTBa.

Cucrema MeEHEKMEHTa KadecTBA MOXET paccMaTpHUBAThCS KaK COCTaBHAs 4dacTh OOIIETO
MEHE/DKMEHTA TMPESANPHUATHS ¢ OCOOCHHOCTSIMH, CBOHCTBEHHBIMH OoJibliMM  cucreMaMm. CucreMa
MEHE/DKMEHTa KadecTBa B CBOIO O4YepeNb SBISIETCS COBOKYITHOCTHEO TIOJICHCTEM U DIIEMEHTOB,
B3aMMOJICHCTBYIOMINX MEXKAY CO00M U (PYHKIIMOHUPYIOIIUX B €TUHCTBE.

SUMMARY
BRINGING THE QUALITY MANAGEMENT SYSTEM IN LINE WITH
THE STRATEGIC OBJECTIVES OF THE ENTERPRISE
Seydaliyev .M.

Key words: quality management system, competition, quality policy, ISO standards, process,
application, purpose, quality control

The article shows that the application and improvement of the quality management systems is
conditioned by the variability of market requirements. Gaining leadership positions in sales markets are
accepted as strategic goals by leading enterprises in the light industry. It examines the features and issues
associated with the application of quality management systems that serve to achieve these goals. The article
points out that in the current market conditions, quality management systems of enterprises compete. They
can be considered as an integral part of the overall management of the enterprise with the characteristics
inherent in large systems. The quality management system is a set of subsystems and elements that interact
with each other and function in unity
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QEYRI-MUOYYON MUHITDO NEFT MOHSULLARININ SIXLIGININ
TOYIN EDILMOSININ PROQRAM TOMINATININ REALIZASIYASI

ALLAHVERDIYEVA KONUL 9SVOR qiz1
Sumgqayit Dovlat Universiteti, bas miiallim
konul636@mail.ru

Acar sozlar: neft mohsulunun sixligi, produksiyalar qaydasi, fazzifikasiya, trapesiya sakilli, qeyri-salis
interval

Qeyri-miioyyon miihitdo neft mohsullarinin sixliginin toyin edilmosini tomin etmok {igiin
mohsulun saxlanildig1 rezervuarlarda miixtolif proseslorin tosvirini vo diiriistlogdirilmosini tomin
edon riyazi modellorin islonmosini zoruri edir. Bu baximdan eksperimental verilonlorin
modellogdirmo miihitindo istifadosinin effektivliyini tomin etmok moqsadi ilo yeni tip tocriibi
verilonlorin toplanmasi, onlarin emprik vo ekspert modellorlo analizi, dogiglosdirilmasi vo alinmasi
aktual elmi texniki mosalodir. [1]

Toqdim olunan isds geyri-miisyyon miihitdo neft mohsullarinin sixliginin toyin edilmasinin
program tominatinin realizasiyasina baxilir. Qeyri-miioyyon miihitdo neft mohsullarinin sixligimin
toyin edilmasinin modellasdirilmasinin instrumental vo proqram vasitolori MATLAB miihitinda
Fuzzy Logic Toolbox genislondirilmis proqram paketinin istifadosi ilo reallagdirilmigdir. Neft
mohsullarinin geyri-miisyyon miihitdo sixliginin toyin edilmasi ili¢lin formalasdirilan qgeyri-solis
produksiyalar gaydasinda istifado olunan giris linqvistik doyisonlor asagidakilardir: «neft
mohsulunun temperaturu», «neft mohsulunun izafi tozyiqi», «neft mohsulunun soviyyasinin
hiindiirliiyti».

Neft mohsulunun sixliginin toyin edilmosinin ¢ixis linqvistik doyisoni olaraq «neft
mohsulunun sixlig» gotiirilmiisdir. Giris vo ¢ixis linqvistik doyisonlorin fazzifikasiyasi {iciin
trapesiya sokilli geyri-salis interval monsubluq funksiyasi secilmisdir. MATLAB miihitinda «neft
mohsulunun temperaturu», «neft mohsulunun izafi tozyiqi», «neft mohsulunun saviyyasinin
hiindiirliiyli» giris linqvistik doyisonlorinin fazzifikasiyasi reallagdirilmis (cadvel 1-3), mansubluq
funksiyalarinin qrafik tosvirlori iso sokil 1-3-do verilmisdir. Cixis linqvistik doyisoni - «neft
mohsulunun sixhigi»-nin  aktivlosmasi ve fazzifikasiyasinin noticesi cadvel 4-ds, monsubluq
funksiyasinin qrafik tosviri isa sokil 4-da verilmisdir. [2]

Cadval 1.
Neft mahsulunun temperaturu girig linqvistik dayigoninin fazzifikasiyasinin naticalori
Termlor a b c d X
TF1 10.01 10.12 10.30 10.55 10.245
TF2 10.57 10.68 1091 11.00 10.525
TF3 11.09 11.30 11.62 12.00 11.502
TF4 12.00 12.43 13.67 14.00 13.025
TFS 14.07 15.30 16.48 17.00 15.712
TF6 17.08 17.98 18.30 21.00 18.59
TF7 21.70 22.67 22.92 23.00 22.572
TF8 23.09 23.40 23.79 24.00 23.57
TF9 24.07 24.19 24.37 24.50 24.282
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Sakil 1. Neft mahsulunun temperaturu giris linqvistik dayigoninin monsublug funksiyasimn qrafik

tasviri
Cadval 2.
Neft mahsulunun saviyyasinin hiindiirliiyii giris lingvistik dayisaninin fazzifikasiyasinin naticalori
Termlar a b c d X
VF1 -18.99 -18.91 -18.80 -18.75 -18.862
VF2 -18.5 -17.3 -16.1 -15.40 -16.825
VEF3 -15.3 -15.2 -15.1 -14.45 -15.012
VF4 -14.2 -13.5 -13.1 -12.25 -13.262
VF5 -12.27 -12.1 -11.5 0.00 -8.967
VF6 0.09 5.79 9.87 12.28 7.000
VF7 12.30 13.29 14.07 14.47 13.532
VF8 14.50 15.70 16.03 16.65 15.72
VF9 16.67 17.05 18.09 18.83 17.66

File Edit  View

FIS Variables

Membership function plots Pt points: 181
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Sakil 2. Neft mohsulunun saviyyasinin hiindiirliiyii giris linqvistik dayigoninin mansubluq funksiyasinin
qrafik tasviri
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Qeyri-miiayyan miihitds neft mahsullarimin sixligimin tayin edilmasinin
program tominatinin realizasiyast

Cadval 3.
Neft mahsulunun izafi tozyiqi giris lingvistik dayisaninin fazzifikasiyasinin naticalori
Termlor a b C d X

DF1 1.00 1.08 1.10 1.12 1.075
DF2 1.15 1.20 1.29 1.35 1.142
DF3 1.40 1.47 1.53 1.59 1.497
DF4 1.62 1.75 1.79 1.82 1.745
DF5 1.93 2.29 3.20 3.69 2.777
DF6 3.79 4.70 5.60 7.12 5.302
DF7 7.15 1.27 7.35 7.52 7.322
DF8 7.54 7.59 7.65 7.73 7.627
DF9 7.74 7.85 7.89 7.92 7.85

=

Bt View

fs Membership function plots Pt omts [ 131
‘ i

temperatur _sixiq

Sakil 3. Neft mahsulunun izafi tazyiqi giris lingvistik dayisoninin mansublug funksiyasimin qrafik tosviri

Cadval 4.
Neft mahsulunun sixligi ¢ixis lingvistik dayisoninin aktiviagmasi
va fazzifikasiyasinin naticalori
Termlor a b c d X
PF1 0.501 0.510 0.518 0.525 0.513
PF2 0.527 0.533 0.540 0.545 0.536
PF3 0.547 0.550 0.561 0.565 0.555
PF4 0.567 0.570 0.581 0.595 0.578
PF5 0.597 0.607 0.700 0.755 0.664
PF6 0.759 0.800 0.840 0.925 0.831
PF7 0.927 0.932 0.940 0.945 0.936
PF8 0.947 0.951 0.959 0.965 0.955
PF9 0.968 0.973 0.980 0.985 0.976

74



Allahverdiyeva K.O.

Fils Edit  View
FIS Membership function plots POt points: 181
PFFBEF4 PF5 PF6 PP
1k ]
X XN
tamperatur  sixdiq
o
seviyye
XX
izafi-tezyiq
1]
1] 01 ©02 03 04 05 06 07 08 09 1
output variable "sixlig

v

[0.501 0.51 0.518 0.525]

—

Sakil 4. Neft mahsulunun sixlig1 ¢ixig lingvistik dayisaninin mansubluq funksiyasinin grafik tasviri

Giris vo ¢ixis linqvistik doyisenlorinin fazzifikasiyasinin naticalorine asason neft mohsulunun
sixliginin toyin edilmosi iiglin yaradilmis qeyri-solis produksiyalar bazasi asagidaki qaydalardan
ibaratdir [3].

Qayda 1. OGOR neft mohsullarinin temperaturu yol verilo bilon hadds uygundursa (10.01,
10.12, 10.30, 10.55) VO neft mohsullarinin soviyyasi sifir, sifira yaxindirsa, normal hala yaxindirsa
(-18.99, -18.91, -18.80, -18.75), VO neft mohsullarinin izafi tozyiqi normal hala uygun golirso,
normal hala yaxindirsa (1.00, 1.08, 1.10, 1.12), ONDA neft mohsullarinin sixligin1 normal hesab
edirlor (0.501, 0.510, 0.518, 0.525).

Qayda 2. OGOR neft mohsullarinin temperaturu yol verilo bilon haddon bir qodor asagidirsa
(10.57, 10.68, 10.91, 11.00) VO neft moahsullarinin saviyyasi manfidirsa, sifira yaxindirsa (-18.5, -
17.3, -16.1, -15.40), VO neft mohsullarinin izafi tozyiqi monfidirse, normal hala yaxindirsa (1.15,
1.20, 1.29, 1.35), ONDA neft mohsullarinin sixligt normal hesab olunur (0.527, 0.533, 0.540,
0.545).

QAYDA 3. OGOR neft mohsullarinin temperaturu yol verilo bilon haddon bir qoador
yiiksokdirso (11.09, 11.30, 11.62, 12.00) VO neft mohsullarinin soviyyasi miisbotdirss, sifira
yaxindirsa (-15.3, -15.2, -15.1, -14.45), VO neft mohsullarinin izafi tozyiqi miisbatdirsa, normal
hala yaxindirsa (1.40, 1.47, 1.53, 1.59), ONDA neft mohsullarinin sixlig1 normal hesab olunur
(0.547, 0.550, 0.561, 0.565).

QAYDA 4. OGOR neft mohsullariin temperaturu yol verilo bilon hoddon agagidirsa (12.00,
12.43, 13.67, 14.00) VO neft mohsullarinin saviyyasi manfi kigikdirss (-14.2, -13.5, -13.1, -12.25),
VO neft mohsullarinin izafi tozyiqi menfi kicikdirso (1.62, 1.75, 1.79, 1.82), ONDA neft
mohsullarmin sixlig1 nozarat sistemins daxil edilir (0.567, 0.570, 0.581, 0.595).

QAYDA 5. 9GOR neft mohsullarinin temperaturu yol verilo bilon haddon yiiksokdirse (14.07,
15.30, 16.48, 17.00) VO neft mohsullarinin soviyyasi miisbat kigikdirss (-12.27, -12.1, -11.5, 0.00),
VO neft mohsullarinin izafi tozyiqi miisbat kicikdirso (1.93, 2.29, 3.20, 3.69), ONDA neft
mohsullarmin sixlig1 nozarat sistemins daxil edilir (0.597, 0.607, 0.700, 0.755).

QAYDA 6. OGOR neft mohsullariin temperaturu yol verilo bilon hoddon shomiyyatli
doracado asagidirsa (17.08, 17.98, 18.30, 21.00) VO neft mohsullarinin soviyyasi monfi orta
soviyyadadirso (0.09, 5.79, 9.87, 12.28), VO neft mohsullarinin izafi tozyiqi monfi orta
soviyyadadirss (3.79, 4.70, 5.60, 7.12),

ONDA neft moahsullarinin sixlig1 genis yol verils bilon hodd araligina daxil edilmir (0.759,
0.800, 0.840, 0.925).

QAYDA 7. OGOR neft mohsullariin temperaturu yol verilo bilon hoddon shomiyyatli
doracado yliksokdirse (21.70, 22.67, 22.92, 23.00) VO neft mohsullarinin soviyyasi miisbat orta,
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(12.30, 13.29, 14.07, 19.47) VO neft mohsullarinin izafi tozyiqi miisbat orta soviyyadadirsa, (7.15,
7.27, 7.35, 7.52) ONDA neft mohsullarinin sixlig1 genis yol verilo bilon hadd araligina daxil
edilmir (0.927, 0.932, 0.940, 0.945).

QAYDA 8. OGOR neft mohsullarinin temperaturu ohomiyyatli doracads asagidirsa (23.09,
23.40, 23.79, 24.00) VO neft mohsullarinin saviyyasi monfi boyiikdiirsa, (14.50, 15.70, 16.03,
16.65) VO neft mohsullarinin izafi tozyiqi monfi boyiikdiirss, (7.54, 7.59, 7.65, 7.73) ONDA neft
mohsullarmin sixlig1 nazarat sistemina daxil edilmir (0.947, 0.951, 0.959, 0.965).

QAYDA 9. OGOR neft mohsullarinin temperaturuyol verila bilon haddon yiiksokdirsa (24.07,
24.19, 24.37, 24.50) VO neft mohsullarinin saviyyasi miisbat boyiikdiirse (16.67, 17.05, 18.09,
18.83), VO neft mohsullarinin izafi tozyiqi miisbotdirso (7.74, 7.85, 7.89, 7.92), ONDA neft
mohsullarmin sixlig1 nazarat sistemina daxil edilmir (0.968, 0.973, 0.980, 0.985).

Giris vo ¢ixis linqvistik doyisonlors uygun termlor ¢oxlugunun elementlorinin qisaldilmis
isarolorlo MATLAB muihitinds generasiyasi sokil 5-do verilmisgdir.

4]
File Edit View Options

is TF1) and iyye is VF1) and (izafi-tezyiq is DF1) then (sixliq is PF1) (1)

is TF2) and
is TF3) and
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is TF6) and

Sakil 5. Termlor ¢coxlugunun elementlarinin qisaldilmis identifikatorlarla generasiyasi

Qeyri-solis produksiyalar bazasinda termlor g¢oxlugunun elementlorinin generasiyasinin
reallagdirlmasindan sonra har bir qaydanin icra olunmasinin naticalari sokil 6-da verilmisdir.
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Sakil 6. Qeyri-salis produksiyalar bazasinda qaydalara uygun naticalorin qrafik tosviri

Neft mohsullarinin sixliginin toyin edilmasinin qeyri-salis produksiyalar gaydalar1 bazasina
min-aktivlosmo metodunun totbigindon sonra, noticado alinan qaydalar monsubluq funksiyasi sokil
7-do verilmis geyri-salis coxlugu formalagdirir.
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File Edit View Options
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Sakil 7. Neft mahsullarinin sixligi lingvistik dayisoninin mantiqi natica ¢ixarma qrafik tasviri
Cixis linqvistik doyisoninin defazzifikasiyasi naticasinds onun adadi qiymatlori tapilmisdir.
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PE3IOME
PEAJIM3ALIUA ITPOT'PAMMHOI'O OBECHEYEHUS JUISI ONIPEAEJIEHUS INIOTHOCTH
HE®TEITPOAYKTOB B HEOIIPEAEJIEHHOU CPEAE
Annaxeepouesa K. A.

Kniouesvie cnoea: niomnocmos HepmenpoOdykma, npoOyKyuoHHwvle npasuid, azzupurayus,

mpaneyuesuoHbll, HeuemKull UHMeEpPEA.

Jlns obecrieueHust ONPECTICHUS MIIOTHOCTH He()TEMPOYKTOB B HEONPEICICHHON cpejie HeoOXoqumMa
pa3paboTka MaTeMaTHIECKUX Mo/iesiel, 00SCTICUNBAIOIINX OMMCAHKUE U JICTATH3AIUI0 PA3JIMYHbIX MTPOIIECCOB
B I1aCTax, B KOTOPBLIX XPAaHUTCA IMPOAYKT. B cBa3u ¢ atuM AKTyaJIbHbIM HAaYYHO-TECXHHUYCCKHUM BOIIPOCOM
SIBIISIETCS COOP DKCIEPUMEHTAIBHBIX JAHHBIX HOBOTO THIA, UX AHAJH3 C UCTIOJIb30BAHUEM SMIUPHUYCCKUX U
SKCHEPTHBIX MOJIENEH, UX YTOUHEHHE M TIONyUYEHHE C eNbio obecneueHus 3h(HEKTUBHOCTH HCITOIB30BAHUS
AKCTIEPUMEHTAIBHBIX JaHHBIX B CPE/IC MOJICTUPOBAHHSI.

B npencraBieHHoi paboTe paccMOTpeHa peanu3alds MPOrpaMMHOTO OOeCTeUeHHs OIpeaeIeHHs
TUIOTHOCTH HE(TENPOJAYKTOB B HEOMpenesieHHON cpese. MHCTpyMeHTalbHbIE W MPOrpaMMHBIC CPEICTBA
MOJICTTMPOBAHUS OTPE/ICIICHHUS MIIOTHOCTH HEPTEMPOIYKTOB B HEONPEICIICHHOM Cpejie peau30BaHbl B CPE/Ie
MATLAB c ucrnosib30BaHHEM pacuIMpeHHOTo MporpaMmHoro makera Fuzzy Logic Toolbox.
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SUMMARY
IMPLEMENTATION OF SOFTWARE FOR DETERMINING THE DENSITY
OF PETROLEUM PRODUCTS IN AN UNCERTAIN ENVIRONMENT
Allahverdiyeva K.A.

Key words: oil product density, production rule, fuzzification, trapezoidal, fuzzy interval.

To ensure the determination of the density of petroleum products in an uncertain environment, it is
necessary to develop mathematical models that provide a description and detail of various processes in the
layers in which the product is stored. In this regard, an urgent scientific and technical issue is the collection
of experimental data of a new type, their analysis using empirical and expert models, their refinement and
obtaining in order to ensure the effectiveness of the use of experimental data in the modeling environment.

In the present paper, the implementation of software for determining the density of petroleum products
in an uncertain environment is considered. Instrumental and software modeling tools for determining the
density of petroleum products in an uncertain environment are implemented in the MATLAB environment
using the extended Fuzzy Logic Toolbox software package

Daxilolma tarixi: [lkin variant 23.04.2021
Son variant 28.05.2021
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Fuzzy inference occupies a major place in fuzzy logic and fuzzy control systems. The process
of fuzzy inference is a certain procedure or algorithm for obtaining fuzzy conclusions based on
fuzzy conditions or prerequisites using the tools of the fuzzy logic apparatus. This process combines
all the basic concepts of fuzzy set theory: membership functions, linguistic variables, fuzzy logical
operations, methods of fuzzy implication and fuzzy composition. Fuzzy inference systems are
designed to implement the fuzzy inference process and serve as a conceptual basis for fuzzy logic.

The main feature of fuzzy rules used in fuzzy inference systems, the conditions and
conclusions of individual fuzzy rules are formulated in the form of all kinds of fuzzy statements
regarding the values of certain linguistic variables. The inference mechanism or algorithm is the
next important part of the basic architecture of fuzzy inference systems. The information that enters
the input of the fuzzy output system is the measured input variables. These variables correspond to
the real variables of the control process. The information that is generated at the output of the fuzzy
output system corresponds to the output variables, which are the control variables of the control
process.

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. In systems of fuzzy inference, the
rules of fuzzy productions are used, in which the conditions and conclusions are formed in terms of
fuzzy linguistic statements of the following type[1-3]:

RULE"#":

IF A thereis o, , AND A, thereis «, ,AND A , thereis ¢, , , THAT A there is
a.;

A, A, ..., A - the names of the linguistic variable; «,, «,, @, ,,..., «,- their values, which

correspond to individual linguistic terms from the base term-the set of individual linguistic
variables.

The input and output linguistic variables are considered to be given if the 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.

The purpose of fuzzification is to establish correspondences between the specific value of the
variable of the fuzzy inference system and the value of the membership function of the
corresponding term of the input linguistic variable [3]. After completing this procedure, specific
values of membership functions for each of the linguistic terms that are used under the conditions of
the fuzzy inference system rule base should be determined for all input variables.

The fuzzification procedure is performed as follows: before the start of this process, the
specific values of all input variables must be known, i.e. the set of values V ={a,, a,,...,a, }

m
where each a, € X

79


mailto:irada0907@mail.ru

Fuzzy output control of the movement of the cassette conveyor in the production
of mechanical processing

Next, we consider each of the sub-conditions of the form " A is « "of the fuzzy inference
system, where a certain term with a known membership function z(X) , thereby the quantitative
value of these values is b, = z(«,). the result of fuzzification under the conditions " A is o "

The fuzzification procedure ends when all the values for each b = u(«,) of the sub-

conditions of all the rules included in the considered rule base of the fuzzy inference system are
found. For fuzzification of input variables, the trapezoidal membership function, which is given by
the following expressions [4]:

0, if x<a
ﬂ, if a<x<b;
b-a

f(x,a,b,c,d) =11 if b<x<c;
d—x, if c<x<d:
d-c
0, if a<d<x;

where a, b, c,d are some arbitrary real numbers satisfying the condition a<b<c<d.

As a result of fuzzification of input and output linguistic variables, the base of fuzzy products for
controlling the movement of the cassette conveyor in the production of mechanical processing
consists of the following rules [5]:

Rule 1: IF the load factor of the input drive processing device is zero; close to zero [ 1, 1.2, 0.20,
0.20,], And the speed of movement of the cassette conveyor is minimal [3, 3, 5, 10] , THEN
turn the valve of the controller of the pneumatic motor of the cassette conveyor to the large
coal to the right [5, 5, 74, 80];

Rule 2:  IF the load factor of the input drive processing device is zero, close to zero [0.20, 0.20, 1.3,
1.5], And the speed of the cassette conveyor is average [3, 3, 11, 16], THEN turn the valve of
the controller of the pneumatic motor of the cassette conveyor to the large coal to the right [5,
5, 70, 76];

Rule 3:  IF the load factor of the input drive processing device is zero, close to zero [0.20, 0.20,
1.6,1.8], And the maximum speed of the cassette conveyor is [3,3, 17, 22], THEN turn the
valve of the controller of the pneumatic motor of the cassette conveyor by a small angle to
the right [5, 5, 65,71];

Rule 4:  IF the load factor of the input drive of the processing device is negatively close to normal
[0.20, 0.20, 1.9 2.1], and the speed of the cassette conveyor is minimal [3, 3, 17, 22], THEN
turn the valve of the controller of the pneumatic motor of the cassette conveyor on a small
coal to the right [5,5,35,41];

Rule 5:  IF the load factor of the input drive processing device is negatively close to normal [0.2, 0.2,
2.0 ,2.4], And the speed of the cassette conveyor is average [3, 3, 29, 34], THEN leave the
valve of the controller of the pneumatic motor of the cassette conveyor unchanged [5, 5, 38,
43];

Rule 6:  IF the load factor of the input drive processing device is negatively close to normal [0.20,
0.20, 2.5, 2.7], And the maximum speed of movement of the cassette conveyor [3, 3, 35, 41],
THEN turn the valve of the controller of the pneumatic motor of the cassette conveyor on a
small coal to the left [5,5,42,45 ];

Rule 7:  IF the load factor of the input drive processing device is positively close to normal [0.20,
0.20, 2.8, 3.0], And the speed of movement of the cassette conveyor is minimal [3, 3, 42,46],
THEN turn the valve of the controller of the pneumatic motor of the cassette conveyor by a
small angle to the left [5, 5, 30, 34] ;

Rule 8:  IF the load factor of the input drive processing device is positively close to normal [0.20,
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Rule 9:

0.20, 3.1, 3.4] , And the speed of the cassette conveyor is average [3, 3, 48, 55], THEN turn
the valve of the controller of the pneumatic motor of the cassette conveyor to the large coal to
the left [5, 5, 25, 31];
IF the load factor of the input drive processing device is positively close to normal [0.20,
0.20, 3.5, 3.7], And the maximum speed of movement of the cassette conveyor [3, 3, 50, 56],
THEN turn the valve of the regulator of the pneumatic motor of the cassette conveyor to the

large coal to the left [5, 5, 20, 24].

Table 1.
Load factor of the input drive processing device
a b C d
FD 1 1.0 1.2 0,20 0,20
FD 2 1.3 1.5 0,20 0,20
FD 3 1.6 18 0,20 0,20
FD 4 1.9 2.1 0,20 0,20
FD 5 2.0 2.4 0,20 0,20
FD 6 2.5 2.7 0,20 0,20
FD 7 2.8 3.0 0,20 0,20
FD 8 3.1 3.4 0,20 0,20
FD 9 3.5 3.7 0,20 0,20
Table 2.
The speed of movement of the cassette conveyor
a b C d
SM 1 5.0 10.0 3.0 3.0
SM 2 11.0 16.0 3.0 3.0
SM 3 17.0 22.0 3.0 3.0
SM 4 23.0 28.0 3.0 3.0
SM 5 29.0 34.0 3.0 3.0
SM 6 35.0 41.0 3.0 3.0
SM7 42.0 46.0 3.0 3.0
SM 8 48.0 55.0 3.0 3.0
SM 9 50.0 56.0 3.0 3.0
Table 3.
Starting the valve of the controller of the pneumatic motor of the cassette conveyor
a b C d
SV1 74.0 80.0 5.0 5.0
SV 2 70.0 76.0 5.0 5.0
SV3 65.0 71.0 5.0 5.0
SV 4 35.0 41.0 5.0 5.0
SV 5 38.0 43.0 5.0 5.0
SV 6 42.0 45.0 5.0 5.0
SV7 30.0 34.0 5.0 5.0
SV 8 25.0 31.0 5.0 5.0
SV9 20.0 24.0 5.0 5.0

The result of fuzzification of the input linguistic variables "load factor of the input storage of
the processing device" and "speed of movement of the cassette conveyor" is shown in Fig. 1-2.

81



Fuzzy output control of the movement of the cassette conveyor in the production
of mechanical processing

File Edit View

- . lot Doints:
FIS Variables Membership function plots ™ L 181
mfinfInfinf4nfnfanfifd mfd
PO XN
A AN AN

L\:briveumpys:al TN ]

PP .TI..HZlM)I(OII we

]

' . 2 2.
inout vadable "wo'| chcbmumenT arpvaku®

Current Variable Current Membership Function (click on MF to select)

MName koOdguument_sarp | | Name mf1

Type |n|::ut Type trapmf v
T 04 Params 0202112

Display Range [0 4] ‘ Help Close ‘

Ready ‘
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Fig. 2. Graphs of the speed functions of the cassette conveyor movement

The result of the membership functions for the terms of the output linguistic variable "valve
of the controller of the pneumatic motor of the cassette conveyor” is shown in Fig. 3. The
abbreviation of the record of production rules has the following form Fig. 4:

The aggregation procedure is the determination of the degree of truth of the conditions for
each of the rules of the fuzzy inference system. When performing the aggregation procedure, the
truth values of all the conditions of the fuzzy inference system are assumed to be known. Therefore,
when using calculation formulas to determine the results of fuzzy conjunction and fuzzy
disjunction, it is advisable to use pair-wise consistent calculation methods for all the rules of the
system of fuzzy productions. If in a fuzzy inference system the result of a fuzzy conjunction is
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determined by the form of an algebraic product, then it is preferable to use an algebraic sum to
determine the result of a fuzzy disjunction
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Fig. 3. Graphs of functions angles of the rotated valve of the controller of the pneumatic motor of the
cassette conveyor
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Fig.4. Abbreviated records of production rules

Activation in fuzzy inference systems is a procedure for finding the truth system of each of
the sub-conclusions of the rules of fuzzy productions. In fact, when forming the rule base of the
fuzzy inference system, weight coefficients are set for each rule. If the weight coefficients are not
explicitly specified, then its value is assumed to be equal to one. It is not excluded that the
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weighting coefficient can be set individually for individual sub-conclusions, while the activation
procedure remains the same.

Accumulation in fuzzy inference systems is a procedure for finding the membership function
for each of the output linguistic variables. The purpose of the accumulation is to combine all the
degrees of truth of the sub-conclusions to obtain a membership function for each of the output
variables. The reason for the need to perform this procedure is that the sub-conclusions relating to
the same output linguistic variable belong to different rules of the fuzzy inference system.

The result of the accumulation of conclusions of fuzzy production rules using the center of
gravity method is shown in Fig. 5.
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Fig. 5. Result accumulation of conclusions of fuzzy rules
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Fig. 6. Defuzzification of the output variable of the valve of the controller
of the pneumatic motor of the cassette conveyor
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Defuzzification in fuzzy inference systems is a procedure for finding a non-fuzzy value for
each of the output linguistic variables. The purpose of defuzzification is to use the results of the
accumulation of all the output linguistic variables to obtain the usual quantitative value of each of
the output variables, which can be used by special devices external to the fuzzy inference system.

The defuzzification procedure is considered complete when the final quantitative values in the
form of some real number are determined for each of the output linguistic variables.

The result of defuzzification of the output linguistic variable valve of the controller of the
pneumatic motor of the cassette conveyor is shown in Fig. 6.
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XULASO
MEXANIKI EMAL iSTEHSALINDA KASET KONVEYERIN HOROKOTININ iIDARO
OLUNMASINDA QEYRI-SOLIS NOTICOCIXARMA
Zeynalabdiyeva LS.

Agar sozlor: Qeyri-salis naticogixarma, produksiyalar qaydasi, fazzifikasiya, kaset konveyeri,
mansubluq funksiyast
Mogalodo mexaniki emal istehsalinda kaset konveyerin horokstinin idars olunmasinin qeyri-salis
mantiqi naticagixarma mexanizmi verilmisdir. MATLAB miihitinde Fuzzy Logic Toolbox paketinden
istifado etmoklo, giris vo ¢ixis linqvistik doyisonlorin fazzifikasiyasi reallagdirilmigdir. Mamdani alqoritminin
totbiqi ilo agirliq morkazi metodundan istifado etmoklo ¢ixig linqvistik doyigeninin kemiyyst giymatlori
almmusdir.

PE3IOME
HEUYETKHU BbBIBO/I YITPABJIEHUA ABUXEHUSA KACCETHOI'O KOHBEWEPA
B ITIPOU3BOJCTBE MEXAHOOBPABOTKUA
3ennanaoovieca U.C.

Kniouesvie cnoga: neuemkuii 6v18600, NPOOYKYUOHHblE Npasuid, Gaszsugurkayus, KaccemHulil
KOH8ellep, (OYHKYUS NPUHAOTIEHCHOCU.

B crartbe mpenctaBieH MeXaHW3M HEYETKOI'O JIOTUYECKOTO BBIBOJA JUISl YIIPABICHHS JBIKCHHEM
KOHBelepa KOCETThl MpH NPOHM3BOACTBE MexaHWdeckoil obOpabotku. B cpene MATLAB peanuzoBana
¢dasudukanys BXOJHBIX M BBIXOJIHBIX JIMHTBUCTHYECKHUX IEPEMEHHBIX C HCIIOJIb30BaHUEM Iakera Fuzzy
Logic Toolbox. C mnpumeneHueMm anroputMa MamIaHH C MOMOIIBIO METOAA LEHTPa TSDKECTH ObUIHN
MOJTYYEHbI KOJINYECTBEHHBIC OIEHKH BBIXOJHON JTMHIBUCTUYECKON MEPEMEHHOM.
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Knrwouesvie cnosa: acunxponuwviil 91eKmpoogueamens, ypogeHb wyma, eubpayus, 3040805 4acmoma,
KOppeasyust, OUAZHOCMUKA.

[TocTostHHO pacTymue TpeOOBaHUS K TMOBBIIMICHUIO OSKCIUTyaTallMOHHON HAaJEKHOCTH
ANEKTPUYECKUX MAIMH JIeNal0T aKTyaJlbHOM 3aJady KOHTPOJS HX TEXHUYECKOTO COCTOSHUS
JTMArHOCTHPOBAHHUEM B Ipoiiecce GyHKITMOHUPOBaHUs. B HacTosIIee Bpems JJisl JTUarHOCTUPOBAHHUS
HEUCIPABHOCTEH aCHHXPOHHBIX ABUrareneil (AD) mupoko UCIOIB3YIOTCS METO/bI, TO3BOJISIIOIINE
HE TOJBKO Ha paHHefI CTaauu BbIABUTDH 06pa303aHHe HGI/ICHpaBHOCTef/'I B 2JICMCHTAax MalllMHbI, HO U
MOJIYYUTh HH(POPMAIIUIO O XapaKTepe U3MEHEHUs 1e(PEeKTOB.

B mpomecce oskcrumyaranmu  AJl B MarHMTHOM CEpJACYHHKE CTaTOpa MPOUCXOMIMT:
MOBPEXKICHUST MEXIY JMCTOBOM H3OJSAIMEH BBI3BIBAIOIICH MECTHBIE IEpPEerpeBbl, OCIa0IeHHE
IMPECCOBKU BbI3BIBAIOLICC BI/I6paIII/II/I IJIACTUH CTAJIM C MOBPCIKACHHUEM MCKIY JINCTOBOM H30JI$IIII/I€ﬁ
U K PacHylIeHHIO KpalHMX MaKeTOB M pas3lioM JUCTOB. Bce 3THM HEHCHpaBHOCTH YCYTyONSIFOT
HOPMaJIbHBIA MpOLECC padOThl, YXYALIAIOT BUOPOLIYMOBBIE XapaKTEPUCTHUK MAIIMHbBI, a TaKXKe
MIPUBOJIAT K 00pa30BaHUIO MEKBUTKOBBIX U MeX(a3HbIX 3aMbIKaHUU B 0OMOTKE CTaTopA.

IlocranoBka 3amaum. [l oOHapyKeHHUs BBbILIEYKa3aHHBIX HEUCIPABHOCTEH B paHHEH
CTaJuM UX OOpa30BaHMs B MAarHUTHOM CEpACYHHKE CTaTopa M POTOpa M APYrHX y3jJaX MAalIMHbI
11eJ1ec000pa3HO MPOBOIUTH TUATHOCTUPOBAHKE IO YPOBHIO IIyMa.

W3BecTHO, 4YTO BHOpPOIIYMOBBIE XapakTepucTUku AJ] moxapas3zienstorcs Ha MarHUTHBIE,
MeXaHUYECKHE U adPOTMHAMHYECKHE.

lym, co3maBaeMblii BEHTWISILIMOHHBIM Yy3JIOM, Ha TMapaMeTpbl BHUOpalud BIMSHUSA
IMPAKTUYCCKNU HEC OKa3bIBACT [1] MoxHOo A0IYCTUTB, YTO JIA KaXXJ0ro MCIIOJITHCHUA I[BHF&TCHCﬁ
a’pOJMHAMUYECKUNA IIyM SBIISICTCSA BETMYMHOMN MPaKTHUECKHU MOCTOSHHOM [2].

MarauTHbIe COCTaBJIAIOIIME IIyMa H BI/I6paHI/II/I MMPOABJIAIOTCA Ha BY6HOBBIX qacToTax,
00YCIIOBJIEHbI NMEPHOAMUYECKUM UYepeJOoBaHuEM (eppUMarHUTHBIX 3yOI[OB M Ia30B Ha CTAaTOpe U
potope [1]. 3yOmoBast vactora craropa 3aBUCHT OT KOJHMYECTBa 3yOIIOB M YHCJa Tap MOJIOCOB, a
poTOpa — OT YaCTOTHI BPALEHUs U KOJIMUYECTBA 3yOLI0B pOTOpA.

Pe?;y.]'IBTaTI)I HU3MCPCHHA IIyMa B 3HAYNTCILHOMN MECpPE 3aBUCAT OT AKYCTHYCCKHUX CBOMCTB
MOMEIICHUSI U MEXaHHYECKOT0 COCTABISIOMIErO IIyMa, BBI3BAHHOTO MOJIIMITHUKOBBIMH Y3JIaMH,
MPOABIAIOMICTOCA IMPAKTUYCCKHU BO BCEM YaCTOTHOM JHAIIA30HE. 9TtoT HEOOCTATOK YCTpaHUM IIpH
OpraHu3alii KOCBEHHOTO KOHTPOJIA YPOBHA IIyMa HAa OCHOBAaHUHM W3MEPEHHsS BUOpAIHH.
[IpumeHeHne KOHTPOJS BUOpalMM MPU HAJIMYUU KOPPEJSLUH C HIYMOBBIMU XapaKTepUCTHUKaMU
3HAYUTEIBHO YIPOCTUT MPOLIECC KOHTPOJIS YPOBHS U3JIy4aeMOro IIyma, YTO M MO3BOJUT OLICHUTH
TEXHUYECCKOC COCTOAHUE DJIEMCHTOB MAIlIMHBI, ONIPEACICHUEM MArHUTHBIX COCTABIAIOIINX IITyMa Ha
3yOLOBBIX YacToTaX. [Ipy KOHTPONBHBIX M3MEPEHUSAX BBIXOJ 3HAUEHUS 3a IpeJiesl MOpora MOKET
CIIYKUTbh IPEIYNPEXICHUEM O BO3HUKHOBEHUM HEMCIPABHOCTH B MallMHE. B kauecTBe mpenena
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JOMyCKa M OTYT OBITh MCIOJIb30BAHbI 3HAUEHUS, YCTAHOBIIEHHBIE TOCYAapCTBEHHBIMHU CTaHAApTaAMU
JUIs BUOPAIIMOHHBIX M aKYCTUYECKUX MapaMmeTposB [2].

B Hacrosmiei cratbe paccMaTpUBAIOTCS BOIIPOCHI BBISBJICHUS M OLIEHKU B3aMMOCBSI3U MEXTY
MarHuTHON BHOpalueil ¥ ypoBHEM IIymMa B 3yOLIOBOM dYacToTe JUIsi KOHTPOJIS TEXHUYECKOTO
COCTOSIHMSI MAarHUTHOTO CEpJeYHHKA CTaTopa AaCMHXPOHHOTO JBUTaTenss 0e3 OTKIIOYCHHS OT
paboTHI.

JKCcepuMeHTAlbHbIEe  Hccael0BaHuA. s  SKCIEPUMEHTAIbHOTO  MOJITBEPXKACHUS
U3JIOKEHHBIX TMIOJIOKEHUM M TOJY4YeHHs] JAaHHBIX, XapaKTepU3YIOUIMX B3aUMOCBSI3U MEXKIY
YpOBHEM IIyMa W BHOpanueil ObUIM MPOBEAEHBI 3KCIepuMeHTh. VcmbiTanuio moasepraics A/l
tuma 4A100S4Y3;1,5 KBT,1450 06/MuH. B nensx nHarpy3ku AJl ucmosnp3oBajcs TeHEpaTop
nocrossHHoro Toka tuna 2[1TH132M;1,5kBt, 1500 06/MuH.

[ym wm3mepsincs B coorBerctBuu ¢ ['OCT 11929-87, BubGpammonHoe yckopenus-I'OCT
12379-7 na 3yO10BOIi 4acTOTE Ha KOPILyCE JBUTaTelNs B pauajbHOM HarpaBlieHHH. V3mepeHus
mapaMeTpoB MPoBoaAMIKCh pubopamu 2511 u 1621 (bupmsr Breul-Kyaer).

CHUManIUCh 3aBUCUMOCTH YpPOBHEHW ILIymMa M BUOpPALIMOHHOIO YCKOpPEHHUS Ha KOpIyce B
paauaIbHOM HAmpaBlIeHUH OT moTpebisiemoro Toka AJl, 1O JaHHBIM TOTYYEHHBIX U3
sKcriepuMeHToB (puc.l). Ha ocHOBaHMM XapakTepUCTHK, HPUBEIEHHBIX Ha pHC.l, MOXKHO
3aKJIIOYNTh, YTO BUOpalusg Ha 3yOIIOBOM YacTOTe Ha KOpIyce [BUraTelis B pPagualibHOM
HaIpaBJIEHUH, BbIpaXEHHAsI B Je[n0esnax, MPaKTUYECKH COBMA/IaeT C YPOBHEM IIyMa, U3J1y4aeMbIM
JBUTATEJIEM Ha ATOU 4acToTe.

V, L,nb
90 —
80 P
/ g
L~
7~
70 i
1
— I—\ - -
—
’f
60 — /\\ V
50 T I T T I
0 0,6 1,2 18 24 30 I, A

Puc. 1. 3asucumocmo yposuei utyma u subpayuu om moxa

CnenoBarenbHO, 3HAYEHHE MarHUTHOW BHUOpanuy Ha 3yOLIOBOM 4YacTOTE€ MOMKET CIIYXHTb
KPUTEPUEM ONPEIEIIEHUS YPOBHSI MATHUTHOTO LIyMa.

JUis  TOATBEpKIEHHUS, CKa3aHHOTO OINpeAeNsUINCh CpEeIHEKBaJpaTHUecKas MarHUTHas
BUOpalMsi ¥ YpOBEHb IllyMa IpPH Pa3IUYHBIX 3HaueHusX Toka AJl. Pesymprarhl m3MepeHUs
BUOPALIMOHHOTO YCKOPEHUS U IlIyMa MpeACTaBIeHbl Ha pUc.2.
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Puc. 2. P€3yﬂbmambl M3M€p€Huﬁ wyma u 6u6paz4uu 6 3asucumocmu om 6ejIU4YUHbl MoKa

Teopernuyeckasi 4acTb. AHaIW3 pPE3yJIbTATOB, IPUBEACHHBIX Ha pHC.2, IMOKA3bIBaCT
11e1eco00Pa3HOCTh OMPEICIICHUS B3aMMOCBSI3H BUOPAIMK U IITyMa TI0 JTMHCHHON 3aBUCHMOCTH
L=aV +b. Q)
[To mpuBeACHHBIM 3HAYCHUSM IIIyMa W BUOpAIMM JBUTATENSI ONPEICIICHBI 3HAYCHUS
k03 durenToB, @, b U KOdIPPUIHMEHT KOppeIIIUH I METOJOM HAMMEHBIIMX KBaJPaTOB IO
BBIpaKeHMsIM [3]:

F(a,b) = Xy (L — b — aV;)? )
OF(a,b) _
da o
O0F(a,b) _ 0 ®
ob
6% Vil — YoV XS L . (4)
6 ¥6vz—(xévy)®
61 _o y6u.
b: Zl Li 6a Zl Vi : (5)
r=WVL-V L)/[o( V) a(L)] . (6)

Pacuer no BeipaskeHusM (2) — (6) Aaet Clenyromme pe3yabTaThl:
a=1,04;b=-0,23; r=0,886.
B npennonoxxeHny npuOIM3UTEIBHO TUHEHHON KOPPENSIUH ' €CTh Mepa CHIIbI CBSI3U MEXTY
Vu L. Bennunna | r | O1n3ka K eMHMIIE, YTO O3HAYACT JAOCTATOYHO TECHYIO CBSI3b HCCIIEIYEMBIX
¢daxropoB. IlomcraBuB monydeHHble KOd(pHUIMEHTH, a W D B Bepaxenue (1), momydum
SMIUPUYECKYIO 3aBUCUMOCTh B3aUMOCBSI3U BUOPAIIUU U 1IyMa:
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L=104V-0,23. (7)
st anpobGanuu 3aBucuMocTd (7) MO pe3ysibTaraM 3aMepoB BHOpanuu ObLI OINpEeiicH
YpOBEHb IiryMa 1o BeipaxkeHuto (7). Pe3ynpTaTel pacuera u u3MepeHuil mpuBecHbI B TabmuIel.

Tabnuya 1.
e TOK YposeHs myma, L, 1b Bubpanus, V, b
) I A WU3MEPCHHBII pacUeTHBIN M3MEpeHHAs
1 0,6 60 60,09 58
2 1,2 63 63,81 61
3 18 68 68,41 66
4 2,4 74 75,69 73
5 3,0 76 76,73 74
6 3,6 80 80,89 78

3ak/rodyenue. J[anHbie TaOIUIBI U TIOTYyYEHHBIC 3aBUCUMOCTD (pHc.112) MO3BONSIIOT CAENaTh
BEBIBOJIBI:

Pacuernblit K03QPUIHEHT KOPPETAHH I TIO 3aMepaM BUOPAIITMOHHOTO YCKOpeHUs V U ypoBHS
myma L mokaspiBaeT XOpoIyro B3auMOCBS3b UCCIIEAYEMBIX XapaKTePUCTUK

MaruutHas BuOpanusi Ha 3yOLIOBOM 4YacToTe Ha KOpIyce JBWUraTelis B pagralbHOM
HaIlpaBJICHUH, BbIpaKEHHAs B Jlenin0enax, MpakTUUeCKH COBIAJIaeT C YPOBHEM MArHUTHOTO IIyma,
M3ITy4aeMoro JBUTaTelieM Ha 3Tod yactore. CienoBaTelbHO, 3HAYEHHE MAarHUTHOTO IIyMa Ha
3yOIIOBOM YacTOTEe MOXKET CIYKHTh TUATHOCTHYCCKHM IMPU3HAKOM JIJIsi OIICHKH HEHCIPaBHOCTEH
MarHuTHOTO cepaeunuka A/l
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XULASO
ASINXRON MUHORRIKIN NASAZLIQLARININ MAQNIT SOSININ
SOVIiYYOSINO GORO DIAQNOSTIKASI
Ohmadov A.D., Ohmadov D.A., Abdulova N.A., Hasanova U.E.

Acar sozlor: asinxron miihorrik, sasin saviyyasi, vibrasiya, dis tezliyi, korrelyasiya, diagnostika.

Magqalads asinxron miiharrikin fiziki prosesini icra etdikdo nasazliglarina nazarati sasin saviyyasinin
dolay1 vibrasiya tocilinin soviyyesini &lgmokls aparilmast masalalarine baxilmigdir. Eksperimental
tadqiqatlarin naticalari asasinda asinxron mithorrikin  gévdasinin radial istiqamatinds dis tezliyinds desibello
ifado olunan maqnit vibrasiyasi bu tezlikdo miihorrik slialandiran maqnit sasin soviyyasina praktiki uygun
olmasi miioyyan edilmisdi. Asinxron miiharrikin, maqnit vibrasiyasi ilo sosin arasinda dis tezliyindo
garsiligh s1x alaganin oldugu korrelyasiya amsalinin vahide yaxinligi ilo do tosdiq edilmisdir. Buna goérs do
asinxron miiharrikin nasazliglarinin diagnostikasini sosin soviyyesina gore apardiqda va eloco do sosin
saviyyasini dolayr miioyyan etdikds sinaglardan maqnit vibrasiya tacilinin dis tezliyindo qiymatlarini tayin
etmok lazimdir.
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SUMMARY
DIAGNOSING MALFUNCTIONS OF AN ASYNCHONOUS ELECTRIC MOTOR
BY THE LEVEL OF MAGNETIC NOISE
Ahmadov D.A., Ahmadov A.D., Abdulova N.A., Hasanova U.E.

Key words: asynchronous motor, noise level, vibration, cog frequency, correlation, diagnostics

The article deals with the control of faults in the physical process of an induction motor by measuring
the level of indirect vibration acceleration. Based on the results of experimental studies, it was determined
that the magnetic vibration expressed in decibels at the tooth frequency in the radial direction of the body of
an induction motor is practically consistent with the level of magnetic noise emitted bu the motor at this
frequency. It was also confirmed by the closeness of the correlation coefficient of the induction motor that
there is a close correlation between magnetic vibration and sound at the tooth frequency. When diagnosing
faults in an induction motor according to the noise level, as well as for indirect determination of the noise
level in test processes, it may be convenient to use the values of magnetic vibration acceleration measured at
the tooth frequency.

Daxilolma tarixi: [lkin variant 13.04.2021
Son variant 28.05.2021
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Ha nunuto snexkrponepenaun (JISII) mNOCTOSHHO OKa3bIBaIOT BO3JIEUCTBHE IIOTOJIHBIC
ycnoBusi. TemmepaTypa OKpY’Karollleil cpenbl, Ocaaku, aTMOC(PEpHOE NaBJICHHE, BIAXHOCTh, a
TAKK€ CKOPOCTh M HAIPaBJICHHUE BETpa SIBJISIIOTCS BAXKHBIMH IapaMETpaMH, U3MEPEHUE KOTOPBIX
HE0oOXOIUMO MJii MOHUTOPUHIa MOrofHblX ycnmoBuil mia JIOII. 3nanme Tekymied morogHoin
CUTyallUH BJOJIb JIMHUM BJEKTPOINEPENIadyd MO3BOJAET YMEHBIIUTHh KOJIUYECTBO OTKIOYEHUMN
9JEKTPO3HEpPruu. JlaTyuku M CHCTEMbl CJIEKEHUS 3a TMOTOJHBIMU YCIOBHUSMHU JOJIKHBI
pacnonaratecss Bmosib JIOII. HanmexHoe m Oecriepe0oifHOE 3JIEKTpOCHAOKEHUE TOTpEOHTENCH
BO3MOXXHO JIMIIb TNPU BHEAPEeHUU S(P(EKTHBHBIX MEPONPUATUNH IO MOHUTOPHHTY HOTOAHBIX
YCI0BHH BIOJb JIMHHUHM 3JJeKkTpomepenaud. llpexnaraercss aiaroputM  MOJEIMPOBAHMS
TeMIeparypsl IpoBoja U napamerpoB JIDII C yueTom COTHEYHOro U3Iy4eHUs NyTEM JEICHUS Ha
SKBUBAJICHTHBIE YYACTKH IO BBICOTE HAJl YPOBHEM MOpPS U MHTEHCUBHOCTH paauanuu. [lpuBenena
OJIOK-CXeMa TPOoTrpaMMBbl MOJICTTUPOBAHUS TEMIIEpaTyphl IpoBoaa. i ydera BIUSHUS peaTbHOTO
COCTOSIHMSI COJIHEYHOTO W3JIYy4YE€HUs, MOTOJHBIX YCIOBUM M HMX BIMSHHUS Ha ee mapamerpsl JIOII
JIETIUTCA HA YYaCTKH I10 BBICOTE HaJl YPOBHEM MOpPS, MHTEHCUBHOCTHU TEIUIA COJIHEYHOTO HU3J1y4EHUS
U ee HallpaBJICHUs, CKOPOCTH U HallpaBiieHus BeTpa. [IpuBenensl sxpanHbie GopMbl pa3paboTaHHBIX
nporpamm. Pe3ynbTaThl pacuera I€eMOHCTPUPYIOTCA Ha MpUMEpax.

BBeaenue. BJI oanexrporepenaud B OCEHHE-3UMHUW TNEPUOA Ui NPEIOTBPALLICHUS
TOJIOJICIHBIX aBapuil U B JIETHUW mepuoi Juisi  0oJiee TOJHOTO HCIOJIb30BAHMS HArpy304HOM
cnocobnoctn BJI. Vcnonb3oBaHue ammapaTypbl MOHUTOPHHIA B JIETHUM TMEPHOJ MPH BBICOKUX
TeMIlepaTypax BO3JyXa M COJIHEUHOW paJualliid MOXKET MO3BOJIUTH 0OJiee TMOJHO HCIOJIb30BATh
Harpy3ouHyo crnocodHocts BJI anektpornepenayn, n30exarh WM 3HAUUTEIHHO YMEHBIIUTH 00bEM
OrpaHUYEeHUs] MOTpeduTeneld mpu OOJBIINX TOKOBBIX HArpy3kax Ha JMHUU 32 CYET KOHTPOJIA
TeMIIepaTypbl TPOBOJAa W ONPEAEICHUS NPENETbHbIX TOKOBBIX HAarpy3oK JUisi KOHKPETHBIX
KJIIMMAaTHYeCKUX YCJIOBUH. BO3MOXKHBI JIBa OCHOBHBIX CITOCO0A: HETIOCPEJACTBEHHBIN W KOCBEHHBIM
(pacueTHblil).

MoHUTOPUHT U HArpy3o4Hasi cnnocooHocTh BJI ajiekTponepenayu B 3KCTpeMAaJbHBIX
NMOrOAHBIX YcJOBUSIX. [IpU OTCYTCTBHM [aHHBIX O TeMmIepaType MPOBOJAa OHA MOXKET OBITh
paccuMTaHa ¢ IMOMOIIBIK INporpaMMbel MoHuTopuHra BJI. IIporpamma, kpome TOro, mo3BojisieT
pacCUMTHIBATh 3HAYEHHS] TOKOBOW HArpy3KH IO YCIOBHIO MEXAHMYECKOW MPOYHOCTH MPOBOJA U HE
HapylIeHUs JOMYCTUMBIX radaputoB BJI mpu pazmuyHBIX MOTOAHBIX YCIOBHSX B TOM YHCIE C
y4eTOM COJIHeYHOUW paauanuu. [IporpamMma Mmo3BoJisieT pacCUUTHIBATH W3MEHEHHE TeMIEepaTyphbl
MPOBOJIa M CTPEN TMpoBeca B JUHAMHKE WU OMNPEACNATh JOMycTUMOe Bpems pabotrsl BJI mpu
BO3HHUKHOBEHUU NEPErPY3KHU MPOBOJIOB.

CucremMbl MOHUTOPHHTA BO3AYIIHBIX 3JiekTpocered JIDII obecrieunBarOT JOMOTHUTEIHHBIC
(GYHKITUH, TTO3BOJISIS MOBBICUTH 3(h()EKTUBHOCTD TIEpeadn ANEKTPOIHEPTHH U YMEHBIIUTH MOTEPH.
MOHUTOPUHT HE TOJIBKO 00ECTICUNBACT MOBBIIICHUE HAJICKHOCTH TPAHCIIOPTA DJICKTPOIHEPTHUH, HO
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U CIIOCOOCTBYET YMEHBIICHHIO PAcXOJ0OB Ha OOCTy)KMBaHWE JIMHUHM 3JEKTpoOINepesadd 3a CYUeT
0ojee ONEpaTUBHBIX W TOYHBIX JAHHBIX HPHU JIOKAIHM3AIMM aBAPUNHBIX CETMEHTOB, a TaK¥Ke
MIPOTHO3UPOBAHMS NPOOJIEMHBIX CHTyalud Ha Tpacce. VIcronb30BaHHE NEPCHEKTHBHBIX CHCTEM
MOHHUTOPHHIa BO3AYLIHBIX AJIEKTPOCETE B TMOCIEIHEE BpeMsl CTal0 OCOOCHHO aKTyallbHbIM B
ceuennu JIDIT 220-330-500kB Aszepbaiimkanckoit 39C, MOCKONBKY, BO-TIEPBBIX, CYIIECTBEHHO
BO3pOCa CTOUMOCTH yiiepOa MpU KPYMHBIX aBapusiXx, a BO-BTOPBHIX - B CBSI3U C YMEHBIICHHEM
HA/IKHOCTH YHEPTOCHCTEM BCIIEJCTBHE CHIBHOIO M3HOCA KAaK MCIOIb3yeMOro 00OpYAOBaHUs, TaK
Y TIPOBOJIHBIX JIMHHM.

B utoHe-aBrycTe MecsIeB rojia B CBS3H C XKapKOW MOTOJ0M ¥ OOJIBIION TOKOBOW HATPY3KOU
Ha BJI 220-330-500kB ceuennun A3sepOaiimkanckoir D9C TpeOyercsi BBOJA OTpaHUYCHUN Ha
Harpy3kd. beumi mpoBeneHbl 3aMepbl (AKTUYECKUX 3HAYCHHWH TOKOBBIX HArpy30K, TeMIlepaTypbl
MPOBOJA U Bo3ayxa U rabaputoB BJI B HECKOIBKUX ydacTKax.

[IpeBblieHHEe TeMIEpaTypsl MPOBOJOB HAJl TEMIEPATYpOil OKpYXKAIOIMIETO BO3AyXa MOXKET
ObITh CYIIECTBEHHBIM BCJIEACTBHE OJHOBPEMEHHOI'O BO3JEUCTBUS NPOTEKAIOUIMX TOKOB U
COJIHEYHOTO wu3NmydeHHus. [Ipu 3TOM yBEIMUYMBAIOTCS NPOBHUCAHWE IPOBOJOB M HX AaKTHBHOE
COINPOTUBIICHUE, BBI3BIBAIOT YBEIWYCHHE IMOTEPh MOIIHOCTH, OJJIEKTPOIHEPTHMH B JAIbHUX
ANIEKTpOIepeaayax M CeTsAX. TeM caMblM 3aMETHO YXY/IIAIOTCS SKOHOMHUYECKHE ITOKa3aTeln
PEXHUMOB PaOOTHI.

B pesynbrare TOBBIIICHHOTO HAarpeBa MOTYT HapYyIIAThCSd HOPMHUPYEMBIC IO YCIOBHUSIM
0€30MacCHOCTH PACCTOSIHUS OT MPOBOJOB JO MOBEPXHOCTH 3E€MIIM, a TaKKe JI0 eCTECTBEHHBIX
MPEISITCTBHIA M MHXKEHEPHBIX COOPY)KEHUH, TepecekaeMbIX JTUHUAMU. [103TOMy HarpeB mpoBOJIOB
paccMatpuBaeTcsi Kak (PaKkTop, OTrPaHWYHMBAIONIMK TEpeaBacMylH) MOIIHOCTh WM TOKOBYIO
Harpy3Ky IpOBOJIOB.

[Tockonbky Tpacca BJI He mpsimasi, a CKOPOCTh M HampaBieHHE BETpa HEMOCTOSIHHBI,
orpenenuTh ydactok BJI ¢ HaumXyammMMu YCIOBHSIMH TEIUIOOTJAYd HE IPEICTaBIISETCS
BO3MOXXHBIM. Eciiu ipu pacu€THOM ONpeIeICHHH TeMIIepaTypbl IPOBOAA U TOMYCTUMOTO 3HAUYCHUS
TOKa HEKOHTPOJHMPYEMbIE IapaMeTpbl BHEIIHEH cpelbl CleAyeT MPUHUMATh 0 HMX Hamboiee
TOKENBIM 3HaueHusM[ 1,2], 3TO MPUBOAUT K CYIIECTBEHHOMY HEIOUCHOIB30BAHUIO MPOMYCKHON
cocobnoctu BJI.
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Cucrema MOHUTOPUHTA COCTOUT M3 CETH M3MEPUTENHHBIX OJIOKOB, CBS3aHHBIX Yepe3 KaHa
CBSI3U C 00OpY/IOBAaHUEM Ha JUCIETUEPCKOM MyHKTE. M3MepuTenbHble OJI0KK pacipeesieHbl BIOIb
tpaccel JIDII u MOHTHPYIOTCS Ha OMopax JUO0 HEMOCPEICTBEHHO HA BBICOKOBOJBTHBIX IMPOBOJAX.
B ngucnerdyepckux mMyHKTax, Kak MPaBHIIO, UCHONB3yiOTCs cucTteMbl SCADA, obecneunBaromue
00pabOTKy ¥ MHTEPIIPETALHUIO TOTYYECHHBIX OT U3MEPHUTEIBHBIX OJIOKOB JaHHBIX. B 3aBHUCHMOCTH
0T (YHKIIMOHAJILHOTO Ha3HAYEHHS] B CUCTEMaX MOHUTOPUHIA MOTYT HCIOJIB30BATHCS Pa3INYHbIC
TUMBl JATYUKOB: JJII H3MEPEHUsT TOKa B MIPOBOJE; TEMIIepaTypbl MpPOBOAa B TIPOJETE;
MEXaHMYECKOTO HAINpsDKeHHsI MPOBOJA B TOUYKAaX IMOJBEca; JUIl M3MEPEHHUs 3aTyXaHus (azHOro
MIPOBOIA; JUTSl U3MEPEHUSI KPUTHUYECKUX CTPEN NPOBECa; KIIMMATUYECKUX YCIIOBUH; BUOPAIIMOHHBIX
XapaKTepUCTUK MpoBOAOB. Jljis M3MepeHHs TOKa HCIOJB3YIOTCS NaTYUKU Ha OCHOBE 3d¢ekrta
Xomnna win karymku Poroeckoro.

Hentp
MOHHUTOPHHI A
M3mepurtenbHblii 6510k Ha ipoBoae JIDTI
APM
omeparopa
[Mutanue T
,, l | |
Tpancusep GSM Monem
Hatanku IIpomeccop [¢ >becnpoBoHOro* €CIPOBOJHOTIO
KaHaJa CBs3U KaHaJIa

Puc 2. Cucmema monumopurea npogooa JIDI1

BeckoHTakTHbIe H3MepHTeJM TOKAa M TeMIepaTypbl NpoBoaa. B Hacrosiuee Bpems
MOJIyYHJIa HIMPOKOE PACIIPOCTPAHEHUE U APYyras KOHLEMLHS pealn3aluid U3MEPUTEIbHOTO MOYJIs
s cucteM MorutopuHra OTLM (Over head Transmision Line Monitoring), T. €. MOHUTOPHHT
nponyckHoi crioco6HocTH BJIL.

Jlazepunas kaprorpadus JIIII. JocTurnyresie B mocaeaHNE TObl TEXHOJOTUYECKHUE YCIIEXU
MO3BOJISIOT UCMOJIb30BaTh MPUHIUINAIBHO HOBBIE TIOJXO/IbI AJIS TOMOrpaUueckoro MOHUTOPUHTA
JIDTI. C momomipio Ja3epHOTO a’dpoKapTOorpaduyecKoro CKaHUPOBAHUS B HACTOSIIUM MOMEHT
MOJKHO I0JyyaTh TOYHBIE KapThl pacnojioxkeHus Bcex o0bekToB JIDII, B ToM umcine omop u
MPOBOJIOB ¢ mpuBszkoi k 3D-penbedy mectHocTH. [Ipy azepHOM CKaHHUPOBAHUM BIIOJIH TPACCHI
JIDII MOXHO mapaeNnbHO MPOBOAUTH TEIUIOBU3MOHHYIO ChEMKY. Kilaccmueckumu NpumepaMu
SBIIAIOTCS. OOHapyXeHHE Ae(PEKTOB M3OJSIIUU U U3MEpPEHHE TeMIepaTyphbl IPOBOIOB MPU ChEMKE
JIDII m TEepMOKOHTPOJIb COCTOSHHS TEIUIOBBIX KOMMYHHUKALlUHd M OrpakJalOUIMX KOHCTPYKLHN
3/1aHUH Ha MPEeJMET CBEPXHOPMATUBHBIX IOTEPh SHEPTUH.

Harpysku pacTyT HOBOJBHO BBICOKHMHU TEMIIAMH, a CETEBOE CTPOMTEILCTBO IIOKA SIBHO
orcraeT. MakcUMaJIbHOE HCIOJIb30BAHKUE MPOIMYCKHOW CIIOCOOHOCTH BO3AYIIHBIX JIMHUM MOXKET
ObITh JOCTUTHYTO MpH HAJMYUU JOCTOBEPHOM HH(POPMALMM O COCTOSHUM JIMHHM, a TaKxkKe
aKTyaJIbHBIX JAHHBIX O TEMIIEPAType IPOBOJOB U IJIOTHOCTH ITPOTEKAOLIETO TOKA.

OaHuM W3 HampaBJIGHWH TMOBBIIIEHUS TOYHOCTH pacyera IEePeMEHHbIX IOTepb
EKTPO’HEPTMHM B BO3AYIIHBIX JIMHMSIX D3JIEKTPOIEpPENadyu SIBJISETCS ONpPENEICHUE aKTUBHBIX
COIPOTHBIIEHUI MPOBOJOB C yYETOM MPOTEKAIOUIEro MO JMHUSIM paboyero TOKa, TeMIEepaTypbl
OKPY>KaIOILIEro BO3/lyXa, CKOPOCTU BETPA U TEIUIOTA COJIHEYHOTO U3JIy4EHUS.

B A3 HU u IIM HUD pa3zpaboTaH airopuT™M pealn30BaHHBIA B BUAE MPOTPAMMBI
MOJICJIMPOBAaHUS TEMIepaTyphbl MPOBOAA C Y4eTOM Toka Harpy3ku BJI u BaustHHS aTMocgepHBIX
daxtopoB[3-8]. IIporpammbl pacuera MO3BOJSIOT MOJCIUPOBAHUE BIHMSHUS TOKA HArpy3Kd U
aTMoc(epHbIX (aKTOPOB HA TEMIIEpATypy MPOBOJA:
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Biustnue Temneparypbl Ha CONPOTUBIICHUE MTPOBO/IA.

Bnusinue Toka Harpy3Kku.

Bnusinue ckopoctu Berpa.

BnusiHue MHTEHCUBHOCTH COJIHEYHOW paiualiiu.

MonenupoBaHusi U3MEHEHHS TEMIIEpaTypbl MPOBOJA OT BPEMEHH MPU CKAYKOOOpa3HOM
U3MEeHeHuH (3abpoce U oTOpOCe) HArPY3KH.

Takum 00pa3oMm, onpeneauTh MPOMYCKHYIO criocoOHocTh BJI 1 B 3aBUCHMOCTH OT TEeKyIIeh
temneparypsl BJI ¢ yueTom Toka u BiusiHHE aTMOC(EpHBIX (haKTOPOB.

Omnpenesienne AONMYCTUMOM TeMmepaTypbl NpoBoaa. B Hacrosiee BpeMs JIATEIHLHO
JONyCTUMasi TeMmIlepaTtypa TMpoBOJa JUIsi HOPMaJIbHOTO pexuMa mpuHsaTa paBHout 70°C.
3aBHCHMOCTb TEMIIEpaTyphl IPOBOJA OT CKOPOCTH BeTpa M Toka mposoxa AC150 mpu t,=20°C u
tra;=0 °C nokaszana Ha puc.3.

s mpoBoga AC 330/39 morpemHocT pacyeTa COMPOTHBIICHHUN JTHHHUMA JICKTpOTepeaadn
MOTYT OBITh TOCTATOYHO OOJIBIIMMH M COCTaBIIATH OT MUHYC 8 10 24% u Ooree.

Beimonneno MozenupoBaHue Temmeparypbl npooga BJI ¢ ydetoM TOka, TemriiepaTypbl
BO3/lyXa M CKOPOCTU BeTpa. Pe3ynpTaThl MomenupoBanusi TemmepaTtypsl nmpoBojga AC-185 ot Toka
Harpy3Ku IpH TeMieparype Bo3ayxa ts:=20°C, 15,,=0°C o1 ckopocTtu BeTpa V M/C U TOKa Harpy3Ku
B IIPOBO/IC MMPHUBEIEHBI B [3-5].
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Puc. 3. 3asucumocms memnepamypuvl npo8ooa om CKOpOCmu 6empa u moKd nposood

Bo3moxHOoCcTh noBbIIIEHHsT TOKOBOM Harpy3ku BJI 110 kB npu nomyctumoi TemmepaTtype
nposojga 80°C, ¢ y4eToMm CONHEYHOH paamanuu t,,;=18.5°C B 3aBHCHMMOCTH OT TeMIepaTypbl
BO3AyXa IOKa3aHa Ha puc.4. Pe3ynbTaTel pacuera MONYy4eHbl IO pPa3pabOTaHHOM mIporpamme
BIUSIHUE TEMIIEpaTypbl OKpYXaroIled Cpenbl, TOKa Harpy3kd, CKOPOCTH BETpa MHTEHCHUBHOCTH
COJTHEUHOH pajualliy Ha CONPOTUBJIEHHUE MPOBOJIA. DKpaHHas (opma MporpaMMbl MOJIETUPOBAHUS
TEMIIEPATYPHI, CONPOTUBIIEHMSI IPOBOJA PUBEEH HA PUC.S.

K uncny BakHBIX 3JIEMEHTOB yKa3aHHBIX HMH(OPMALMOHHBIX PECYpCOB CIEAYyeT OTHECTU
JaHHblE O MMHUMAIBHBIX TabapuUTax TMPOBOAOB JO 3E€MJIM U TIepeceKaeMbIX OOBEKTOB.
Hcnonb30BaHWe METOJOB MaTeMaTHYECKOIO0 MOJEIUPOBAaHUS TO3BOJIIET BBIABUTH HArpy3ku U
TEMIIEPATYpPbl HAarpeBa MPOBOJOB, IIPU KOTOPHIX BO3HUKAET ONACHOCTh HAPYLIEHWs] MUHHUMAaJIbHO

94



Acaxanosa K. A.

JOMyCTHUMBIX rabapuToB. Ha ocHOBE MOJOOHOrO aHanw3a BBISBISIOTCS TE€ KPUTHUECKUE yYACTKH
BJI, koTOpble OrpaHUYMBAIOT MOBBIIIEHUE TPOITYCKHOM CIIOCOOHOCTH.
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Puc. 4. 3asucumocms donycmumori mokoeou Hazpysku npogooa AC-185 om ckopocmu eempa

® g L — = — — = e = Elﬂ |
IcTpykumn  baza ganmesx B/l O nporpamme
R :
t(D) 1(t) R() DP()
TTapameTps! Ipoona BIT ‘ ‘ | ‘
Bribop CeteHHe, MM *MM JuameTp mu R 6 Macea 1 xu nposonia, KT MeTeo napameTpsl Tpaccsl BJI
HoMmHATbHO®  pacteroe Amowumnd Cramh nposena cramsmoro cepn. (F20)  pap  Pawmp. yewme, H Amowummit Crames cepn.. Ilpozona T [
c 70 733 (3 113 114 E 022 0 -] [em i ] 276
CropocTs BeTpa. 05
& 5 118 %54 153 135 15 0,306 0 | [z 261 124 £
Ilpene/tLi HIvMeHeHHS TeMIePaTYPE,
c 120 1368 {iE 188 152 56 0243 0 -] [as2 324 147 471 wn
sl 150 1732 143 242 171 63 e 0 | |[seera 409 150 559 max [0
c 165 210 Gl 2 i 63 016z 0 | |05 500 228 728 M B ]
c 240 2757 238 386 218 8 0121 0 | |08 650 302 952 T _—— |
c 330 ES EE3 431 %52 B4 0083 0 -] [i0ared 518 337 1255 Hposoaa &
c 400 4451 B GE 275 92 00733 0 -] [rzoee 1090 400 1450 Vaemsnas TeruroemsocTs K Lxsr*C
Amomuruit Crans
c 500 5076 500 346 3009 752 00577 0 -] [r19407 1193 344 1537
052 0,066
c 200 3396 =m ED 21 8 0032 0 -] (w057 830 302 3 i
3aBHCHMOCTS TeMmepaTyps! Buposoxa JI3II or 3aBHCEMOCTH cONpoTHBIeHHs nposoaa JIIIT 3aBHCHMOCTE JONycTEMOMH TemmepaTypsl JISTT
PaTyp Tp! ore TN L PaTyp
MeTeoaKTOPOR H TOKOBOH HATPY3IKH oT MeTeoaKTOPOB H ToKa 0T MeTeoaKTOR H TOKa OPoBOAA
P TPy e g
a = [Ev meftlinin burasia bilen temperaturunun havanin temperatundan,
B toe wad weky Iprov Meftiin sususi muqavimetirin havanin temperatundan, kuleyin Kuieyin surelinden, guneshin radissipasindan ve cereyandan asiligi
d0 o Go or Grm surelinden, guneshin radiasipasindan ve cereyandan asilig Meftiin en kesipi 95,00 mm*rm
50 400 00 05 1263 Weitiin burasila bilen temperaturu 80,0 der-Selsi
510 400 00 05 15217 Meftiin en kesii 35,00 mm'mm Guneshin radiasiyasi 0.0 derSelsi
0 00 00 05 17517 Havanin temperatuny 40,0 derGelsi Kuleyin sursti 0.5 m/san
G0 w0 00 05 qsasr Guneshin radiasijasi 0.0 der Selsi thava _Imeft :
S50 400 00 05 2050 Kuleyin sureti 0.5 m/san E 000 32449 I
700 40 00 05 21806 || [T 155%% 33‘D555233
750 400 00 05 23186 .,
G0 400 00 05 Saies Imef  Amelt  Mominaldan Ferg % 1500 25678
EERE L BE s a8 = |
00 400 00 05 zem: 15217 AU 19m M wR19 s

Puc.5 Dxpannas popma npoepammspl MOOEIUPOBANUS MEMNEPAMYPbL NPOBOOA

I'paduk 3aBucumoctn pomyctumoro toka nposoga AC 240/39 mpu temmeparype Bo3ayxa -
40°C, 0°C u 40°C u cxopoctu Betpa v = 0,5 M/c mpuBeieH Ha puc. 6.

Bpemsi HapacTtaHusi TeMmmepaTrypbl INpoBoaa. TemmeparypHas  XapaKTepUCTHKa
MEPEXOHOTO TpoIlecca MOKET OBITh pacCCUYMTaHa B COOTBETCTBUU C METOJIOM OIMCAaHHBIM B [7].
Jlnst HarpeBa MpoBoJa OT TeMIepaTypbl IpoBoa oT ty ¢ TokoM |1 10 to ¢ TokoM | TpeGyercst Bpems
ompenenseMoe MUHyTamu. [locTostHHAs BpeMEHH pacCYUTHIBAETCS 10 opMyIie
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Puc.6. I'pauxu oonycmumoeo moxa nposoda AC 240/39

DOkpaHHbIe (HOPMBI TPOrpaMMbl MOJIEIMPOBAHUS TEMIIEPATyphl IPOBOJAa HA puc 6 u 7.
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Puc. 7. 3asucumocms memnepamypsi npo6ooa om moxa u HapacmaHus memnepamypsl npoeood npu
sxmouenuu BJI noo nazpysxku
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¥ Meteoroloji parametrler ve yukden asili olaraq HX temperaturunun hesablanmasi

@'\/ =7 Telimat _Program hagqinda
¥YnopagotuTs| _HX meftilinin parametrle
£, systes Sec [Enke|id¥ Temperatur grafidery [—
Adr v*m
AP c 7 -
10469 2000 Mefilin temperaturunun cereyandan asililiqi
DRI} ~ = 14434 2500 2
o 17426 3000 o
Y 13894 3500 1
EET) & 120 22020 4000 V.
73898 4500 7
EET) o iED 26587 5000
EET] 27125 5500 prd
23538 6000
EET] ol 65 29847 6500 g
o 067 7000
e 240 32209 7500 L
Inp 3264 6000
233 8500 A
Inte| c 330 328 anm s
¥ol 3175 9500
MA EVX meftilini| 7048 10000 160 180 200 220 240 260 250 300 320 340 350 380 400 420
s temperaturu,
cerevandan as| 10463 0.243 . . . L. I
MU = 14434 0254 Meftilin xususi muqavimetinin cereyandan asililiqi Al
e 17426 0259
Pery 19834 0264 a
- .
0s
PO1 MEE“;‘Q:;:?;{‘D; 75587 0279 o
7125 0284 s
PO1 Guneshin ra
i 28538 0269 [
101 1 I — 29847 0294 o
F067 0293
Pre o tvoz 32203 0304 [ = =
Pro 00 200 2810303 a ———
S50 200 342593 0314 >
Reg W1 200 26 0319 [)
o B0 200 /TS 032 Q
s w0 200 7046 0329 °
RUR 40 200 37878 033 01 =l
500 200 38675 0338 160 130 200 220 240 260 280 300 320 340 360 330 400 420
Rurl 20 900 39433 034

BrpiBOABI.

1. B coBpeMeHHBIX YCIOBUSAX HKCIUTyaTallMM 3JIEKTPUUYECKUX CETeH BaKHOE 3HaYEHHUE MUMEEeT
[IpOrpaMMHOE oOOecriedeHue [Uisi MOHUTOPHHIA TEeMIIepaTypbl IpPOBOAA C YYETOM IIOTOJHBIX
YCJIOBUH, pealn30BaTh BO3MOKHOCTh TOBBIILIEHHS TPOINYCKHOM CTOCOOHOCTH JIMHUM U BBIIIOJIHEHHE
MEPOIPUATHUIH 110 pa3rpy3Ke AJs IPeJOTBPAICHUs [IEPErPY3KHU JIMHUH.

2. Pa3zpaboTaHbpl aJrOpUTM W TPOTrpaMMa pacdera YIAeNbHOTO0 AaKTUBHOTO COMPOTHBIICHHS
npuBosioB BJI ¢ yuerom Temmeparypsl Bo3ayxa, pabouyero TOKa, CKOPOCTH BETpa U COJHEYHOU
paguauuu. IlpoBeneHa KoiMyecTBEHHas OLICHKA BIIMSHMUS TOKAa Harpy3kH, TeMIIepaTypsl
OKpY>Karollel cpelibl, COJIHEYHOM paaualMd M CKOPOCTHM BETpa Ha aKTUBHOE CONPOTUBIIECHUE
IIPOBOJIOB BO3YIIHBIX JIUHUH.

3. Ilpu pacdere mOTEph OHIIEKTPOIHEPTUW IS TPOBOAOB 0O€3 ydera TeMIlepaTypHOU
3aBHCUMOCTH COIIPOTHBIICHHUS] OTHOCUTENIbHBIE MOTPEUTHOCTH MOTYT AocTHraTh 26 % u Goiee, 4yTo
HE JIONyCTHUMO.

4. MOHUTOPHHT TeXHHUYECKOro coctosiHus BJI, Toka 1 Temmeparypsl IPOBOIOB U COTHEYHON
panuanum, CKOpoCTH BeTpa MO3BOJISIET MOBBIIIATH MPOIYCKHYIO criocoOHOoCTh BJIL.

5. CoBpeMeHHbIE TEXHOJIOTUH MOBBIEHUS 3PPEKTUBHOCTH Hcmoyib3oBaHus BJI Ha ocHoBe
MOHHUTOPHUHTA UX COCTOSTHUS TTO3BOJISAIOT MOBBICUTH 3()()EKTUBHOCTD M HAAECKHOCTH Nepeaadn 0.

6. YCTaHOBIEHO, YTO MPOITyCKHAs CIMOCOOHOCTH BO3AYIIHOW JIMHUM TIPH ydYeTa pPeXHMa,
aTMoc(epHBIX (GaKTOPOB U COJIHEYHOI'O U3JTy4YEHUsI MOXKET ObITh yBennueHa oosee yem Ha 20 %.
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XULASO
HAVA X9TTININ YUK BURAXMA QABILIYYOTININ NAQILLORIN
TEMPERATURUNA 9SASON MONITORINQI
Agaxanova KA.

Agar sozlar: elektrik verilis xotti, havanin temperaturu, giinas siialanmaswn intensivliyi,atmosferin
saffafligi, orta temperatur, miigavimot, giic itkisi, yiik buraxma gabiliyyati

Elektrik verilisi xotti boyunca movcud hava soraitini bilmok elektrik enerjisinds fasilalorin
azaldilmasina imkan yaradir. Bunun ii¢lin hava soraiti haqqinda melumat almaq ii¢iin sensorlar vo noazarat
sistemlori elektrik verilisi xatlori boyunca yerlosdirilmolidir. Istehlakgilara etibarli vo fasilosiz enerji tochizati
yalniz elektrik xotlori boyunca hava goraitini izlomak {igiin tosirli tadbirlorin totbiqi ilo miimkiindiir. Giinas
radiasiyasini nazors alib, doniz saviyyasindon yiiksokliys vo radiasiya intensivliyine gors ekvivalent hissolora
boliinerak moftilin istiliyi vo elektrik oOtiiriicii xatlorinin parametrlorinin modellagdirilmasi {igiin alqoritm
toklif olunur. Moaftilin temperaturunun modellosdirilmasi proqraminin blok sxemi toqdim olunur. Giinos
radiasiyasinin real voziyyetinin, hava soraitinin vo onlarin parametrlorine tosirini, deniz soviyyesinden
hiindiirliiyti, glines radiasiyasinin istiliyi, kiiloyin siireti vo istigamstini nozers almagq iigiin elektrik verilig
xotti hissalora boliiniir. Islonmis programlarin ekran formalari taqdim olunur. Hesablamalarin naticalari
niimunolorls niimayis etdirilir.

SUMMARY
THE TRANSMISSION LINE CAPACITY MONITORING BASED
ON WIRING TEMPERATURE
Aghakhanova K.A.

Key words: power transmission line, air temperature, solar radiation intensity, atmospheric
transparency, average temperature, resistance, power losses, line capacity

Knowing the current weather situation along the power line can help reduce power outages. Sensors
and monitoring systems for weather conditions should be located along the power lines. Reliable and
uninterrupted power supply to consumers is possible only with the introduction of effective measures to
monitor weather conditions along power lines. An algorithm is proposed for modeling the temperature of the
wire and the parameters of power transmission lines, taking into account solar radiation by dividing into
equivalent sections by height above sea level and radiation intensity. The block diagram of the wire
temperature simulation program is presented. To take into account the effect of the real state of solar
radiation, weather conditions and their influence on its parameters, the intensity of solar radiation heat and its
direction, wind speed and direction the power transmission line is divided into sections by height above sea
level. Screen forms of the developed programs are presented. The calculation results are demonstrated by
examples.

Daxilolma tarixi: flkin variant 14.07.2021

Son variant 10.09.2021
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